VU Research Portal

Clinical Perspective on the Vaginal Microbiome
Dols, J.A.M.

2016

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Dols, J. A. M. (2016). Clinical Perspective on the Vaginal Microbiome. [PhD-Thesis – Research external,
graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
E-mail address:
vuresearchportal.ub@vu.nl

Download date: 08. Jan. 2023

Clinical
Perspective
on the Vaginal Microbiome

J.A.M. Dols

Clinical Perspective
on the Vaginal Microbiome
Joke Arlette Mascha Dols

Paranimfen
Janine van Kooten
Sietse Dols

Members of the Doctoral Examination Committee
Dr. M.E. Boon
Leids Cytologisch en Pathologisch Laboratorium
Prof.dr. G. Reid
University of Western Ontario, Lawson Health Research Institute, Canada
Dr. D. Molenaar
Vrije Universiteit Amsterdam
Prof.dr. H. de Vries
Universiteit van Amsterdam
Prof.dr. W. Bitter
Vrije Universiteit Amsterdam
Prof.dr. J. van de Wijgert
University of Liverpool, UK

VRIJE UNIVERSITEIT

Clinical Perspective on the Vaginal Microbiome

ACADEMISCH PROEFSCHRIFT
ter verkrijging van de graad Doctor aan
de Vrije Universiteit Amsterdam,
op gezag van de rector magnificus
prof.dr. V. Subramaniam,
in het openbaar te verdedigen
ten overstaan van de promotiecommissie
van de Faculteit der Aard- en Levenswetenschappen
op woensdag 13 januari 2016 om 15.45 uur
in de aula van de universiteit,
De Boelelaan 1105

door
Joke Arlette Mascha Dols
geboren te Naarden

promotoren:
		
copromotor:

prof.dr. R. Kort
prof.dr. J.H. Richardus
prof.dr. H.V. Westerhoff

Contents
Chapter 1. Introduction						

1

Chapter 2. The vaginal microbiome in relation to BV		
2.1 Microarray-based identification of clinically relevant vaginal
bacteria in relation to bacterial vaginosis.
2.2 Bacteria associated with bacterial vaginosis in HIV-positive
Tanzanian women: Correlation analysis between results from
16S-rDNA-based microarrays, microscopy and Whiff tests.
2.3 Molecular analysis of the vaginal microbiome: an alternative
for the diagnosis of bacterial vaginosis?

19
21

Chapter 3. Perspective on probiotics
3.1 Targeting the vaginal microbiota with probiotics as a means to
counteract infections.
3.2 Probiotics and nutrients for the first 1000 days of life in the
developing world.
3.3 The impact of probiotic yogurt on HIV-positive women in
Tanzania.

69
71

Chapter 4. The vaginal microbiome in relation to HPV infection
4.1 PCR-based identification of eight Lactobacillus species and 18
hr-HPV genotypes in fixed cervical samples of South African women
at risk of HIV and BV.
4.2 HPV type distribution and cervical cytology among HIV-positive
Tanzanian and South African women.
4.3 The Cellient system for cytohistology to analyze p16 positive
dyskeratocytes in paraffin sections of HPV-positive cervical scrapes.

37
43

81
113
123
125
139
151

Chapter 5. General discussion
5.1 Defining an unhealthy vaginal microbiome in BV.
5.2 BV biomarker species.
5.3 Improvement of treatment.
5.4 Association between BV and HPV.
5.5 Methodology issues.
5.6 Practical problems related to research in Africa.
5.7 Conclusions.

165
169
173
177
183
185
187
195

Summary

197

Samenvatting

201

Acknowledgements

205

Curriculum Vitae

209

1

1
General Introduction

2

3

Introduction
This thesis will focus on the clinical perspective of the vaginal microbiome
because vaginal health is pivotal to the health of women. Vaginal symptoms are
the most common gynaecological complaint in general practices seen by health
care professionals. Vaginal symptoms are highly prevalent with an incidence of
40 to 50 per 1000 female patients per year.1 The impact of vaginal symptoms
on anxiety, social relationships, and sexual function can be severe.2

Bacterial Vaginosis infection
Prevalence
Bacterial vaginosis (BV) is a common cause of symptomatic and asymptomatic
vaginal infections. Prevalence is especially high in sub-Saharan Africa (7.9%58.3%), and Latin America (9.0%-49.1%). However, BV is also common in
Western Europe (5.9%-23.2%).3 An increased prevalence of BV is related to
vaginal hygiene practices, like intravaginal washing.4,5,6

Diagnosis
For a long time BV was thought to be related to an overgrowth of Gardnerella
vaginalis and a shortage of lactobacilli. In current clinical practice, Amsel
criteria or the Nugent score are used to diagnose the clinical expression known
as BV.7
In 1983, Amsel and others defined clinical criteria to diagnose BV. BV is
diagnosed with the presence of at least three criteria: characteristic vaginal
discharge, elevated pH, clue cells, and a characteristic fishy odor.8 The
characteristic fishy odor - also known as a positive Whiff test - is performed
by adding a small amount of potassium hydroxide to a microscopic slide
containing the vaginal discharge.
In 1991, Nugent and others developed the Nugent score, which can range
between 0 and 10 and is calculated based on three laboratory tests described
below. A vaginal swab is taken and streaked onto glass slides and examined
using a Gram stain. Glass slides are scored for large Gram-positive rods
(Lactobacillus morphotypes; decrease in Lactobacillus scored from 0 to 4), small
gram-variable rods (Gardnerella vaginalis morphotypes; scored as 0 to 4), and
curved Gram-variable rods (Mobiluncus morphotypes; scored as 0 to 2). A
cumulative score ranging between 7 and 10 is consistent with a BV Nugent
score; a score between 4 and 6 is consistent with an intermediate score; a score
between 0 and 3 is consistent with a normal score.9
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Interobserver and intraobserver differences in Nugent score are low compared
to Amsel criteria; therefore it has been recommended to use the Nugent score
as the gold standard of BV diagnosis.
In the LCPL (Collaboration in Chapter 2.1, Leids Cytologisch en Pathologisch
Laboratorium) in the Netherlands, a laboratory we worked together with in
this thesis, BV is diagnosed by the so-called liquid-based cytology (LBC). The
bio-films of adhesive material on which the bacteria are caught are visible in the
stained LBC slide. The bio-films covering the epithelial cells are indicated as
“glue” cells in the LCPL (in literature also known as “clue” cells). This allows us
to adjust the Nugent score to LBC slide.

Current knowledge and situation
In recent years, new techniques are being used to better define the clinical
expression known as BV. PCR qualification of Gardnerella vaginalis, and
Lactobacillus species, microarray analysis and 454-sequencing are being used to
understand more about the vaginal microbiome.
However, within the Dutch primary healthcare setting, no sequence
techniques are currently available, and therefore understanding the vaginal
microbiome is still a challenge. In the national Dutch cervical screening
program the prevalence of Gardnerella is up to 5 times higher in immigrants
from Suriname, Turkey and the Dutch Antilles compared to native Dutch
women.10 On average, anually 4-5 out of every 100 patients that consult a
general practitioner in the Netherlands complain of vaginal discharge. Candida
infection is the most prevalent (33%), followed by BV in 20% of women.11 The
Dutch national guidelines for general practitioners state that there is a positive
predictive value of 70% for a Candida infection if someone has complaints
of vaginal itching combined with white non-smelling discharge.12 However,
symptoms might be present in different combinations. Diagnostic techniques
vary by practice and laboratory. Some practices use a microscope to diagnose
BV, some have potassium hydroxide present to do a Whiff test. However, most
sites rely on symptomatic diagnosis based on vaginal itching and white nonsmelling discharge.

Treatment and efficacy
Two grams of metronidazole administered once orally is still the traditional first
choice for treatment of BV. However, recurrence rates are high. Oduyebo and
others7 reviewed twenty-four trials involving 4422 women. All were diagnosed
with BV based on the Amsel or Nugent criteria.
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Clindamycin and metronidazole were comparable and superior to the placebo,
regarding the effectiveness for eradication of symptoms, irrespective of the dose
regimen. In 91% and 91.9% of patients respectively were classified as clinically
cured after two to three weeks; and 84.8% and 84.3% were after four weeks
(RR 1.01, 95% CI 0.69 to 1.46; RR 0.91, 95% CI 0.70 to 1.18, respectively).7
Metronidazole is readily available worldwide and cheaper than clindamycin.
Compared to clindamycin it has more side effects including a metallic taste and
gastro-intestinal complaints. However, it is clear that neither clindamycin or
metronidazol are 100% effective and both have high recurrence rates, showing
the need for other beneficial agents that can increase their effectiveness or
provide good alternatives.
Anukam and others showed that oral Lactobacillus rhamnosus GR-1 and
Lactobacillus reuteri RC-14 combined with metronidazole was more effective
than metronidazole alone when taken for 30 days.13 They also found that an
intravaginal gelatin tablet of Lactobacillus rhamnosus GR-1 and Lactobacillus
reuteri RC-14 was also more effective than oral metronidazole.14 Not many
trials in asymptomatic women have been done. Because of the differences
in methods used to diagnose BV, as well as the lack of studies done among
asymptomatic women, as well as the high rates of treatment failure in
symptomatic BV, there is still a need to further study BV and its possible
therapies.

Health Impact
Sexually Transmitted Diseases
In non-pregnant women, BV has been frequently identified among women
with post-hysterectomy infections and PID.15,16 Cervicitis is common as
well among women with BV.17 BV is associated with a higher prevalence of
sexual transmitted diseases (STDs), including HSV-1, HSV-218, gonorrhoea,
chlamydial infection19 and human immunodeficiency virus (HIV).20

Pregnancy
BV is also found to be associated with a higher risk of pre-term labour. In a
meta-analysis done by Leitich and others in 2007, a statistically significant
increased risk of preterm birth was found among BV positive women.
BV more than doubled the risk for prematurity (OR 2.16, 95% CI 1.563.00), for postpartum endometritis (OR 2.53, 95% CI 1.25-5.08), and for late
miscarriage (OR 6.32, 95% CI 3.65-10.9).21
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However, despite the association between BV and adverse outcomes, screening
and treatment of asymptomatic BV during pregnancy in the general population
is not recommended.22 The available evidence of treating BV in subgroups
is however controversial; certain risk groups might profit from treatment,
however future research needs to be done.22

HPV infection
Persistent infection with high-risk human papillomavirus (hr-HPV) is the
main risk factor for developing high-grade dysplasia and cervical carcinoma.
Cervical carcinoma is currently the third most commonly diagnosed cancer
and the fourth leading cause of cancer death in females worldwide. Yearly,
530,000 women globally are diagnosed with cervical cancer (9% of total new
cancer cases), of whom 75,000 are in the developed countries and 450,000 in
developing countries.23
Ho and others monitored female students (mean age 20±3 years) over an
average of 2.2 years. The study found that 12 months after a new infection of
HPV, 70% of the women were no longer infected; and 24 months after a new
infection only 9% continued to be infected.24 The persistence of HPV infection
for more than 6 months was related to a higher age, types of HPV infection
associated with cervical cancer, and infection with multiple types of HPV
infection. It was not associated with smoking. The risk of an abnormal Pap
smear increased with persistent HPV infection.24
National screening programs have improved cervical cancer mortality by
detection of preliminary stages of cancer and detection of cancer at earlier
stages.25 In the Netherlands, about 800,000 Dutch women receive invitations
to attend screening each year.26 Once every five years, every woman between
the age of 30 and 60 is invited to have a Pap smear taken. From 1 January
2016, the screening program will extend to include a Pap smear and a test for
determining the presence of the hr-HPV virus.26
Vaccination against HPV infection was introduced in 2009 in the Netherlands.
In 2009, girls born between 1993 and 1996 were invited for a catch-up
vaccination. From 2010, the new cohort of 12-year-old girls is invited each
year to receive the HPV vaccination. Up to January 2014, girls received three
injections (baseline, at one month and at six months). However, new research
showed that girls under age of 15 years old are sufficiently protected with 2
vaccinations, based on geometric mean antibody titers measured by ELISA
techniques.26,27,28 Since January 2014, the new cohorts of 12-year-old girls are
offered two vaccinations against high-risk genotypes 16 and 18 over a period of
6 months.
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It is thought that vaccines against the high-risk genotypes 16 and 18 could
prevent 70% of cervical cancers in the future.29 However, the prevalence of
hr-HPV differ by country, underscoring the importance of better defining
hr-HPV types in different populations. High-risk HPV, established using the
INNO-LiPA HPV genotyping extra system used in this thesis is differentiated
into the following 18 types: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58,
59, 66, 68, 73, and 82. Furthermore, the relation of the vaginal microbiome
with hr-HPV will be studied in this thesis.

Microbiome and genomics
In 1864, Louis Pasteur showed that life does not arise in areas that have not
been contaminated by existing life; “Omne vivum ex vivo, all life is from life”;
Pasteur and others showed that microorganisms play a role in the development
of diseases by developing culture methods. Nowadays, it is known that not all
diseases are caused by a single gene or nutrition deficit and the pathogenesis is
much more complex.
By the development of new methods, like polymerase chain reaction (PCR)
and PCR-based microarray, which enable the analysis of complex bacterial
systems that are often difficult to culture, new species could be discovered.
However, a problem with microarray analysis is cross-hybridization between
(highly) similar sequences, resulting in false or weak positive reactions of arraybound probes with labelled DNA. Detection of low-abundant sequences can
be hampered by high background signals resulting in a poor detection limit.
Normalisation issues of “between-array” differences (e.g. due to differences
in sample DNA quality, labeling intensity and scanning) can only (partly)
be corrected via special controls and calculation methods (e.g. foreground /
background ratios).30
Genomics expresses the study of genomes, the complete set of DNA within
a single cell of an organism. In amplicon sequencing a certain region of the
genome is analyzed;
In contrast to arrays with known pre-designed probes, next generation
sequencing (NGS) technologies, like 454-sequencing, can detect known and
unknown sequences (without prior knowledge), facilitating the in-depth
analysis of microbial community diversity and detection of new species.31,32
The 454-sequencing method generates massive parallel DNA sequence reads
from amplified PCR products through a sequence-by-synthesis approach and
detection of pyrophoshate release upon nucleotide incorporation.
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Newer techniques even make it possible to sequence and analyze all DNA
present in a sample (shotgun metagenomic analysis) or all RNA is sequenced
and analyzed (metatranscriptomic analysis). In this way not only the bacteria
are determined, but also which genes and genes functions are present.32
The pan-genome of a collection of genomes represents all genes encountered in
these genomes. Genes are considered to belong to the same gene family, when
their amino acid sequence is at least 50% identical over at least 50% of the
length of the longest gene.33 Lukjancenko and others compared the genome
sequence of six bacterial genera, including 21 Lactobacillus genomes. The pangenomes of all six genera were combined to calculate the core genome shared
by all genera. A core genome is defined as all gene families conserved in all
analyzed genomes, and this decreases in size as more genomes are analyzed.
By the use of a high-throughput method based on pyrosequencing of
barcoded 16S rRNA genes Ravel et al, identified five different clusters in the
BV associated microbiome. Clusters were dominated by four Lactobacilli:
Lactobacillus crispatus, Lactobacillus gasseri, Lactobacillus jensenii, and
Lactobacillus iners. The fifth cluster identified included anaerobic bacteria, such
as Atopobium, Dialister, Gardnerella, Mobiluncus, Prevotella, and Sneathia.34,35
Hummelen and others36 did 454-sequencing of the V6 region of the 16s
rRNA gene of 132 HIV-positive Tanzanian women from Mwanza, including
39 who received metronidazole treatment for BV. Gardnerella vaginalis and
Lactobacillus iners were detected in each sample constituting core members
of the vaginal microbiome. Eight major clusters were detected with relatively
uniform compositions. Two clusters dominated by Lactobacillus iners or
Lactobacillus crispatus were strongly associated with a normal microbiome. The
Lactobacillus crispatus dominated microbiome was associated with low pH, but
when Lactobacillus crispatus was not present, a large fraction of Lactobacillus
iners was required to predict a low pH. Lack of both Lactobacillus iners and
crispatus is strongly predictive of a high pH. Hummelen and others described
furthermore, four clusters, which were strongly associated with BV, and were
dominated by Prevotella bivia, Lachnospiraceae, or a mixture of different
species. Metronidazole treatment reduced the microbial diversity and perturbed
the BV-associated microbiome, but rarely resulted in the establishment of a
lactobacilli-dominated microbiome.36
Gajer and others37 followed 32 reproductive women over a period of 16 weeks,
and found a fluctuation in community dynamity across women. Six samples
were processed for metabolic profiling; they were selected because each sample
belonged to one of the five major community classes observed.
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Three of these clusters were dominated by Lactobacillus crispatus, Lactobacillus
gasseri, or Lactobacillus iners, respectively. A cluster differentiated by
Lactobacillus jensenii could not be found either, probably because of the low
prevalence of this cluster type and the sampling of too few women. The fourth
cluster lacked significant numbers of Lactobacillus species, and could be divided
in two different clustered based on species composition. Low Nugent scores
were associated with modest proportions of either Lactobacillus crispatus,
Lactobacillus iners, or other Lactobacillus spp., along with low proportions
of various species of strictly anaerobic bacteria such as Anaerococcus,
Corynebacterium, Finegoldia, or Streptococcus. In contrast, high Nugent scores
were most often associated with higher proportions of the genus Atopobium,
in addition to Prevotella, Parvimonas, Sneathia, Gardnerella, Mobiluncus, or
Peptoniphilus and several other taxa. Genera has been shown to be associated
with BV.
Furthermore, Gajer and others found that over time, during the menstrual
cycle, the community function is maintained despite changes in composition.
This might be because part of the fluctuation takes place in just a limited
number of lactic acid producing bacteria. In one subject, abundance of
Lactobacillus iners increased, whereas that of Lactobacillus crispatus decreased,
without effect on the metabolome of the community.
Also, Borgdorff and others found high abundances of Gardnerella, Prevotella,
and Atopobium species, and lower abundances of Dialister, Megasphaera, and
Mobiluncus species and BVAB1 among women with BV. Women with a
microbiome dominated by Lactobacillus crispatus were less likely to have HIV,
herpes simplex virus type 2, and high-risk HPV and had no bacterial STIs.20
Macklaim and others38 showed that in a BV environment Lactobacillus iners
increased expression of a cholesterol-dependent cytolysin, and of mucin and
glycerol transport and related metabolic enzymes. The predicted end-products
of metabolism under BV conditions include an abundance of succinate and
other short-chain fatty-acids, while healthy conditions are predicted to largely
contain lactic acid.
Metabolomic studies are now confirming this, with compounds such as
succinate, putrescine, and cadaverine produced by certain organisms and
leading to malodor signs in the host. Further insights gained through gas
or liquid chromatography with mass spectros- copy, and nuclear magnetic
imaging methods, could make it possible for new interventions to be created
to nullify, block or alter production of certain compounds, and influence the
bacterial composition of the vagina.39
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The core genome of the genus Lactobacillus varied most33, however MendesSoares and others40 found that the genomes of the vaginal species were
significantly smaller than those of the nonvaginal species. Each genome coded
for species-specific protein families. Even though no general adaptation of
the species to their surrounding was found, each species had specific ways to
interact to the host or other microbes. Research needs to establish the role of
lactobacilli and others microbes to the dynamic vaginal microbiome.

Research questions
The objective of this thesis is to get better insight into the vaginal microbiome,
and its relation to health and disease in BV and HPV infection. By using and
comparing various diagnostic techniques in BV and HPV infection, we tried to
get a better understanding of the differences found in the vaginal microbiome
among women. In particular we shall address the following issues:

Figure 1. The health impact of the vaginal microbiome and its association with BV;
An overview of the subjects discussed in this thesis. Inside the loop a BV-associated
microbiome is shown.

11

Problem definitions
1. Is it possible to better define an ‘unhealthy’ vaginal microbiome in terms of
predicting or accompanying BV?
2. Is it possible to identify biomarker species for BV?
3. How can treatment be improved?
4. Is there an association between BV and HPV? And could this possibly lead
to better treatment strategies?

Thesis outline
Chapter 2. The vaginal microbiome in relation to BV
In Chapter 2.1, BV in South African women was examined by the use of
a tailor-made DNA microarray containing probes representing the vaginal
microbiome.
In Chapter 2.2, a study of the vaginal microbiome of HIV-positive women in
Tanzania is shown. The objective of this study was to examine Whiff testing
and microscopy in relation to 22 DNA probes published previously as being
important for the vaginal microbiome associated with BV in HIV-positive
Tanzanian women.
In Chapter 2.3, the differences in bacterial composition of the vaginal
microbiome in Dutch women screened for STDs with and without BV using
454-sequencing were established.

Chapter 3. Perspectives on probiotics
A review is presented in Chapter 3.1 examing the current understanding of
the vaginal microbiome and assessing how probiotic bacteria might reduce
infectivity.
In Chapter 3.2, a review was written to investigate the application of probiotics
and selected nutrients in the first 1000 days of life, which is a critical time.
This is particularly challenging in resource disadvantaged countries.
Chapter 3.3 shows the results of a randomized controlled trial done in a
resource disadvantaged African community, in Tanzania, testing the impact of
daily yogurt intake on the vaginal microbiome and well-being of HIV-positive
women.
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Chapter 4. The vaginal microbiome in relation to HPV infection
In Chapter 4.1, microarray analysis of the Lactobacillus spp. of the South
African women in combination with HPV analysis was performed.
In Chapter 4.2, a study to determine the prevalence of HPV genotypes among
HIV-positive women in Africa with normal and abnormal cervical cytology
scores was done.
The objective of Chapter 4.3 was to test the CellientTM system on HPV-positive
cervical scrapes collected in Tanzania.

Chapter 5. Discussion
Chapter 5 places all our results in a common perspective. It discusses the
progress achieved by this study and similar ones. Limitations as well as
potentials are discussed and suggestions are made on how best to proceed with
genomic and systems medicine approaches in this context.
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2.1

Microarray-based identification of
clinically relevant vaginal bacteria
in relation to bacterial vaginosis
Dols JAM, Smit PW, Kort R, Reid G, Schuren FHJ,
Tempelman H, Bontekoe R, Korporaal H, Boon ME
American Journal of Obstetrics and Gynecology 2011;
204: 305.e1-7

Objective
The objective was to examine the use of a tailor-made DNA microarray
containing probes representing the vaginal microbiota to examine bacterial
vaginosis (BV).

Study Design
One hundred one women attending a health center for HIV testing in South
Africa were enrolled. Stained, liquid-based cytology slides were scored for BV.
An inventory of organisms was obtained using microarray technology, probing
genera associated with BV in more detail, namely Gardnerella, Atopobium,
Dialister, Leptotrichia, Megasphaera, Mobiluncus, Peptostreptococcus, Prevotella,
and Sneathia.

Results
Of 101 women, 34 were diagnosed positive for BV. This condition was
associated with an increased microbial diversity. It is no longer useful to base
the diagnosis of BV on Gardnerella alone. Rather, its presence with Leptotrichia
and Prevotella species, and especially Atopobium was more indicative of an
aberrant state of the vaginal flora.

Conclusion
To understand the vaginal microbiota in more detail, microarray-based
identification can be used after microscopic scoring.

Key words
bacterial vaginosis, microarray, microscopy, South-African, vaginal microbiota.
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Introduction
The vaginal microbiota play a pivotal role in maintaining health. When this
predominantly Lactobacillus community is disrupted, decreased in abundance
and replaced by Gardnerella, Atopobium, Dialister, Leptotrichia species,
Megasphaera, Mobiluncus, Peptostreptococcus, Prevotella, and Sneathia, bacterial
vaginosis (BV) results.1-4 This diverse microbiota, detected by microscopy and
clinical means is extremely common among HIV-positive patients,5-7 with 1
study of 2292 pregnant HIV-positive women in Tanzania showing a prevalence
of 47.8%.8
Recently, bacteria associated with BV have been detected by polymerase chain
reaction (PCR) and PCR-based micro arrays,methods which enable the analysis
of complex bacterial systems that are often difficult to culture.9-11 In mainstream
medical practice, and particularly in developing countries, diagnosis and
treatment of BV is undertaken with mostly clinical signs of discharge and
malodor and the finding of a pH elevated above 4.5. BV can be established
light microscopically on stained conventional smears (Nugent score), or in
so called liquid-based cytology (LBC). The biofilms of adhesive material of
which the bacteria are caught are visible in the stained LBC slide. The biofilms
covering the epithelial cells are indicated as “glue” cells. This allows us to adjust
the Nugent score to LBC slide. The inability to determine the actual organisms
present and their abundance means that medical intervention of BV is
suboptimal. We hypothesized that a tailor-made DNA microarray, containing
probes that represent BV-associated genera, could be developed with a longterm view of providing a more insightful diagnosis of this aberrant condition.
The objective of the current study was to assess the usefulness of a microarray
on fixed vaginal samples from South African women.

Material and methods
Subjects
Women attending the Ndlovu Medical Centre in Elandsdoorn in Moutse
District, South Africa, for HIV testing were offered enrollment. Information
was provided to the study participants and oral consent was obtained by the
doctors for a vaginal sample to be examined for microbiota. Pregnant women
or women ≤16 years were excluded. None of the HIV-positive women were
receiving antiretroviral therapy at the time of sample collection. After collection
of a vaginal sample with a standard sampling brush, the physician placed the
brush head into a vial with coagulant fixative, BoonFix (Denteck, Zoetermeer,
The Netherlands), which consists of ethyl alcohol,
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low molecular weight PEG, and acetic acid. This substance has no detrimental
effects on DNA preservation.12 The fixed samples, coded by a method that
did not disclose any subject names, were sent to the Leiden Cytology and
Pathology Laboratory (LCPL) in The Netherlands.
Light microscopic scores and the diagnosis of BV
All microscopy scores were performed on stained LBC slides. These were
scored by 2 experienced microscopists. The score for Gardnerella was based
on the presence of cells staining dark blue due to the thick biofilm containing
coccoid bacteria, adhering to squamous cells. These glue cells are also known
as Blue Mountain cells (Figure 1).13-15 This is determined as follows: in 10
random fields of view, at low magnification. The mean for the 10 fields of view
determines the Gardnerella score: a score of G0 is given when zero percent of
the squamous cells are glue cells: a score of G1 = 1-5%, a score G2 = 6-20%,
and a score G3 for >20%. Biofilms adhering to squamous cells which contain
presumptive lactobacilli rods can be seen. Dislodged biofilms with lactobacilli
can also be noted, because the biofilms containing lactobacilli are less
prominent. The scoring was performed at high magnification, with the mean
calculated from ten fields of view.

Figure 1. Microphotograph of a BV positive slide according to Nugent-Boon method

Note the glue cells, staining dark blue due to the thick layer of blue coccoid
bacteria. This slide was scored as G3, L0 (low magniﬁcation).
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A Lactobacillus score of L0 is given for absence of long, thin bacteria indicative
of lactobacilli: a score of L3 is large numbers of lactobacilli (>20%), scores of
L1 (1-5%), and L2 (6-20%) are in between scores.
The cases diagnosed as BV positive include G2+L0, G3+L0, and G3+L1
The cases diagnosed as BV intermediate include G1+L0, G1+L1, G2+L1,
G2+L2, and G3+L2. The cases diagnosed as BV negative include all remaining
combinations (Tables 1 and 2). This methodology of defining BV light
microscopically on thin layer slides, is similar but not identical to the Nugent
scoring16 used for conventional smears, therefore, we refer to this scoring
system as the “Nugent-Boon” method. The latter was used in our cytology
practice for over 5 years and proved to correlate well with quantitative PCR of
Lactobacillus crispatus and Gardnerella vaginalis.
The microarray
The results of massive parallel sequencing, performed according to described
procedures,17,18 of a number of vaginal microbiota samples as well as literature
research have laid the foundation for the probe design. Taxonomic selection
was confirmed and expanded based on DGGE analysis (data not shown). For
each bacterial genus represented on the microarray 1 or more unique short
oligonucleotide sequences from within the 16s rDNA gene were selected.
Criteria for sequence selection, apart from being unique, included length and
melting temperature. Short oligonucleotide sequences (approximately 20 nt)
were used with a melting temperature of 60°C according to the Wallace rule19
for which a 1 nucleotide mismatch already resulted in an absence (or very
strong decrease) of signal after hybridization.
Although the emphasis in probe selection was on unique species specific probes
sequences representing groups of organisms (at higher taxonomic levels than
species) were also selected. These latter sequences mostly represent a large part
of a higher taxonomic unit (genus, family, order). These sequences were selected
by ARB software.20
Construction of a vaginal microbiota representing microarray
Microarrays were constructed according to previously described methods.21,22 In
brief, oligonucleotides with a 5’ NH2-C6 extension for improved attachment
were dissolved in 50 mM phosphate buffer (pH 9) at 25 µM and spotted
on CodeLink slides (GE Healthcare, Little Chalfont, Buckinghamshire,
UK) through TeleChem SMP3 quill pins in a SDDC-2 Eurogridder (ESI,
Mississauga, Ontario, Canada).
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After spotting, microarray slides were blocked according to the manufacturer’s
instructions and stored at room temperature under nitrogen.
DNA isolation for microarray analysis
DNA was isolated from the BoonFixed vaginal samples. For this, the samples
were mixed with 150 µL lysis buffer BL, 350 µL zirconium beads (0.1 mm),
and 200 µL phenol and introduced into a BeadBeater (BioSpec Products
Inc, Bartlesville, OK) for 2 minutes. Samples were then allowed to cool, and
centrifuged for 10 minutes at 4000 rpm. The water phase was transferred to a
new tube and mixed with 2 volumes binding buffer and 10 µL magnetic beads
(both Agowa). After mixing, magnetic beads were captured with a magnetic
separator. Supernatant was removed and beads were washed twice with
buffer. After the last washing step, elution buffer was added for 10 minutes
incubation at 55°C, before beads were captured with a magnetic separator and
the supernatant containing the eluted DNA was stored at –20°C until further
use. The concentration of the nucleic acids was determined visually after
electrophoresis on an ethidium bromide stained agarose gel by comparison with
standards of known concentration.
DNA labeling and hybridization
PCR was performed on each of the samples in mixtures containing
0.2 mM dNTPs: 2.5 mM MgCl2, 12.5 pmol each of primers
16s-8-F (AGAGTTTGATCHTGGYTCAG) and 16s-1061-R
(TCACGRCACGAGCTGACGAC), 1.25 U Goldstar Taq DNA polymerase
(Eurogentec, Seraing, Belgium), 1 times Gold-star reaction buffer, and 5
ng of bacterial DNA. Primer 16s-8-F contained a 5’ phospho modification,
primer 16s1061-R a 5’ -C6 Cy3 modification. PCR was performed using the
following program: 94°C for 2 minutes, 30 cycles of 94°C for 30 seconds,
50°C for 40 seconds, 72°C for 80 second, 1 cycle of 72°C for 2 minutes, and
a cool down to 4°C. The PCR products were purified with a Sephadex column
(Autoseq G-50; GE Healthcare), according to the manufacturer’s instructions.
The concentration of the PCR products was estimated by electrophoresis on
an ethidium bromide stained agarose gel. The PCR products were purified
with a Sephadex column (Autoseq G-50, GE Healthcare), according to
the manufacturer’s instructions. The samples were dried by speed-vacuum
centrifugation and a mixture of 0.5 µL Strandase enzyme (NovaGen, Merck,
Madison, WI), 1 µL Strandase buffer, and 6.5 µL water was added and

26

incubated for 30 minutes at 37°C, followed by inactivation during 10 minutes
at 75°C. Next, 12 µL water was added to the solution; DNA was purified again
with an Autoseq G-50 column and dried. The concentration and integrity
of the PCR product (1053 bp) and single-stranded DNA were analyzed by
electrophoresis on an ethidium bromide stained agarose gel.
The single-stranded sequences were dissolved in 40 µL hybridization buffer
(Easyhyb; Roche, Basel, Switzerland) and the solution was heated for 2 minutes
in a thermoblock at 95°C. Oligonucleotide microarray slides were covered
with hybridization mix and cover slips and were placed in an incubator shaker
during 4 hours (37°C and 170 rpm). After hybridization, the slides were
washed with 1 x SSC, 0.2% SDS, then 0.5 x SSC at 37°C. Two additional
washing steps were conducted at room temperature: 5 minutes 0.2 x SSC at
280 rpm. The slides were dried with N2 flow and scanned with a ScanArray
Express 4000 Scanner at 10 µm pixel size (Perkin-Elmer, Waltham, MA).

Data analysis

Imagene 5.6 software (BioDiscovery, Marina del Rey, CA) was used to analyze
the results. Signals were quantified by calculating the mean of all pixel values
of each spot and calculating the local background around each spot. For
each spot, a signal-to-background ratio was calculated. For further analysis,
those spots were selected that had a minimal number of observations more
than 2 times above the local background. This cutoff was selected based on
the observation that negative control spots never resulted in signals above
this cutoff (data not shown). The minimal number of observations more
than 2 times above the local background for each spot was set at 10, and this
criterion was mainly used to discard data resulting from technical noise. The
data matrix obtained in this way was used for hierarchical clustering and SAM
analysis programs (TM4).23 Each microarray probe was scored by counting
only positive detection, ie, having a value above the detection threshold (≥5
signal-to-background ratio). Only probes with high numbers of detections were
used for further analysis. In prior publications, a wide range of bacteria using
nonculture test were described24,27,31,36; however, from the published literature
and after discussions with prominent microbiologists, we chose BV-relevant,
potentially pathologic bacteria and highlighted them in more detail to clarify
and strengthen the analysis of 4 Prevotella species, 3 Sneathia/Leptotrichia
species, 2 Mobiluncus species, and 5 other bacteria (Table 3).
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Results
Table 1 presents the results of the Nugent-Boon scoring based on the light
microscopy of LBC slides. The dark gray cells of Table 1 are coded as BV
positive (n = 34), the light gray cells indicate an intermediate score (n = 25).
The remaining 42 slides are Nugent-Boon BV negative.
Lactobacillus code
Gardnerella code

L0

L1

L2

L3

G0

4

19

15

3

G1

9

12

1

0

G2

14

3

1

0

G3

19

1

0

0

The 34 dark grey cells are coded as BV positive, the 25 light grey cells as BV
intermediate, and the reminder (42 white cells) as BV negative.
Table 1. Results of the Nugent-Boon scoring based on the light microscopy of liquid-based cytology slides

A few lactobacilli were detected in 1 of the 34 BV positive slides: this case was
coded as G3+L1. There were 4 slides without detectable bacteria (G0+L0)
and these cases were diagnosed as BV negative. None of the slides were coded
as G1+L3, G2+L3, or G3+L3. Of the 101 women included in this study, 52
(51%) were HIV positive, as shown in the contingency Table 2. The prevalence
of HIV is related to an increase in BV prevalence, but they do not coincide.

BV
HIV

Negative

Intermediate +
positive

Sums

Positive

12

40

52

Negative

30

19

49

Sums

42

59

101

Table 2. BV scoring classiﬁed on the basis of HIV status

The microarray results provide direct evidence of increased microbial diversity
for BV or HIV-positive women. Counting the number of positive probes, of a
total of 459, for the 4 subgroups gives a measure of this evidence, as shown in
the Figure 2, A (for the 42 BV negative women) and Figure 2, B (for the 59 BV
intermediate and positive women combined).
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The HIV-negative and positive fractions are indicated. The large proportion
of BV negative subjects with 21-40 positive probes, align with various
Lactobacillus species in the microarray. The Pearson’s chi-square test shows that
the differences in the distributions between BV negative and BV intermediate
plus positive groups are statistically significant; the test yields the value 58.6
that is far beyond the 99% point of 11.3.
In Table 3, the microarray results of Gardnerella and 13 other BV-associated
organisms are presented. Two Mobiluncus, four Prevotella, and three Sneathia/
Leptotrichia species are given in more detail (P. bivia is part of Prevotella
species). This table shows that, for example, A. vaginae was detected in 43% of
all subjects: in 10% who had a Nugent-Boon BV negative score, and in 79%
of subjects with a BV positive score. G. vaginalis and A. vaginae were the most
commonly detected organisms in Nugent-Boon BV subjects. In 70% women
with Gardnerella, coinfection with A. vaginae was found. Likewise, Gardnerella
presence was also associated with Prevotella species and Leptotrichia species
(68% and 63%, respectively).
Variable

% NugentBoon BV
negative

% NugentBoon BV
intermediate

% NugentBoon BV
positive

% all women
in which this
organism was
detected

Atopobium vaginae

10

48

79

43

Dialister

2

24

62

28

Gardnerella vaginalis

24

92

85

61

Megasphaera

2

32

56

28

Mobiluncus curtisii

0

0

18

6

M. mulieris

0

24

41

18

Peptostreptococcus

0

8

15

7

Prevotella bivia

0

24

41

20

P. disiens

2

12

21

11

Prevotella spp.

5

60

76

43

P. nigrescens

0

12

26

12

Leptotrichia spp.

48

40

74

54

Sneathia amnionii

5

24

53

26

S. sanguinegens

0

12

35

15

Table 3. Microarray results of Gardnerella and 13 other BV-associated organisms and
Nugent-Boon BV scoring.
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BV negative

A.
Percentage of women

100

HIV+

80

HIV-

60
40
20
0

0-20

21-40

41-60

Number of positive probes

61-100

BV intermediate + positive

B.
Percentage of women

100

HIV+

80

HIV-

60
40
20
0

0-20

21-40

41-60

Number of positive probes

61-100

Figure 2. Number of positive probes vs the percentage of women, with HIV status
indicated. A, BV negative; B, BV intermediate + positive.
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Figure 3 illustrates the number of different pathogens detected by microarray
(from Table 3) vs the percentage of women. The increased bacterial complexity
of the vaginal flora in BV-positive women is presented in more detail. Not
to count bacteria from the same family twice or more, we used M. mulieris,
Prevotella species, and Leptotrichia species from the multiple groups.
100

Percentage of women

80

60

BV negative
BV intermediate

40

BV positive
20

0

0-1

2-3

4-5

6-9

Number of pathogens

Figure 3. Number of different pathogens detected by microarray (from Table 3) vs the
percentage of women.

This figure shows that BV-positive subjects have significantly more pathogens
detected in the vagina than BV-intermediate or normal subjects. A clear trend
in the complexity of the vaginal microbiota can be seen between BV-positive
and BV-negative patients. Most of the BV-negative women have 3 or fewer of
the 8 genera, whereas most of the BV-positive women have 4 or more.

Comment
This is the first time that a microarray assessing the vaginal microbiota has
been tested on South African women with BV. The results confirm the findings
of PCR-based technologies that BV is associated with an increased microbial
diversity and presence of certain pathogens.5,24-31 Although the technique
described is far from being rapid and easily practiced in developing countries,
the findings here show the potential of a diagnostic tool that is based on
organisms associated with a common aberrant condition in women.
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Future steps would include studying L. crispatus, L. gasseri, and L. jensenii
using the microarray, to verify their absence in BV-positive subjects. Additional
steps to expedite detection of the BV pathogens and their relative abundance
could then lead to an onsite rapid detection system applicable anywhere, albeit
depending on cost.
An advantage of the microarray is that it includes detection of nonculturable
organisms, as well as a means to give data on coexistence of certain pathogens.
It is no longer useful to base the diagnosis of BV exclusively on Gardnerella.32
This organism is widely present and its detection does not correlate well
with BV status. For instance, 24% of the Nugent-Boon BV negative women
proved to harbor Gardnerella in their vaginal flora (Table 3). The coexistence
of Leptotrichia and Prevotella species with Gardnerella noted here and by
others is so far poorly understood.33,34 Studies are needed to examine whether
these organisms have some sort of codependency, or increased virulence. The
copresence of Gardnerella with organisms such as Atopobium (in 79% of the
subjects who were Nugent-Boon BV positive) is a better indication of an
aberrant state. A. vaginae is a fastidious anaerobic, Gram positive elliptical
coccus or rod-shaped organism, known to produce large amounts of lactic
acid. Some strains are also known to have dipeptidyl peptidase activity and
produce significant amounts of ammonium in other environments, possibly
providing a substrate for G. vaginalis.33 Most strains of Atopobium are resistant
to metronidazole, the first choice treatment for BV. Therefore, the continuing
presence of Atopobium could explain not only some symptomatic signs
of BV (odor), but also account for high recurrence rates of BV.35
The presence of acid producers in BV subjects is interesting in light of a
reduced acidity being a diagnostic for the disease.
It is not clear why pH is abnormal (<4.5) in BV subjects colonized heavily with
A. vaginae, and this warrants further investigation. The findings also raise the
question of what is the ultimate set of determinants for treatment and cure? If
the aim is to eradicate Atopobium because of its prevalence and odor production
then clearly this would not be achieved by metronidazole therapy unless it
caused depletion of other BV organisms that Atopobium depends on. If the goal
is to restore a pH of <4.5, why would eradication of a lactic acid producer do
this? Answering these questions is fundamental and could be clarified by the
use of microarray diagnostic data, leading to improved care of the patients.
Infection with HIV has been shown to increase prevalence of BV and also
increase the diversity of the vaginal microbiota,3 but the correlation is not
1-to-1 (Table 2).
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Some studies have suggested that race plays a role in BV, in that black women
have a higher incidence and lactobacilli are less commonly the dominant
organisms.36 However, this may be due to many reasons such as hygienic and
sexual practices rather than race per se. However, much about the vaginal
microbiota is still unclear. For future analysis the microarray’s ability to
detect pathogens that are complicated to culture give major advantages of
understanding the bacterial and fungal role they play within the vaginal flora.
The Nugent-Boon BV scoring method has shown an incidence of 34%, in this
cohort of South African women, much higher than in slides of LBC slides of
Dutch women (5-10% BV, unpublished data). Still, this incidence is relatively
low compared with other HIV-positive BV cohorts.37
The presence of Gardnerella in healthy women and the fact that some
lactobacilli have been found in women with BV,38 illustrates the complexity
of the vaginal microbiota and the need for further functional and community
profiling. Such studies must also take into account issues such as vaginal
douching, age, ethnicity, hygiene, and sexual contact. Given the importance of
BV in pre-term labor, understand the coexistence of species such as Leptotrichia
and Prevotella with Gardnerella noted here, can only help to better direct
appropriate treatment.33,34
In summary, we have developed a microarray that enables fixed vaginal samples
to be used as a first step to diagnose an aberrant microbiota state without the
need for cultivation. The resultant data from South African women show that
BV, as in women from other countries, is an aberrant condition depicted by
a multispecies colonization of the vagina. There is a real need to develop an
interventional strategy that not only eradicates this microbiota, but also restores
the vagina back to a normal, healthy state.
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2.2

Bacteria associated with bacterial vaginosis
in HIV-positive Tanzanian women:
Correlation analysis between results from
16S-rDNA-based microarrays, microscopy
and Whiff tests
Dols JAM, Bontekoe TR, Richardus JH, Reid G,
Boon ME, Schuren FH, Kort R
Poster presentation - Microbiome Metahit Meeting 2012

Objectives
To examine Whiff testing and microscopy in relation to 22 DNA probes
published previously as being important for the vaginal microbiota associated
with bacterial vaginosis (BV) in HIV-positive Tanzanian women.1,2
BV comprises an elevation of vaginal pH, loss of lactobacilli normal flora,
increased discharge and fishy odor, and alteration of disease-fighting immunity.
It is more frequently and generally more persistent in HIV-infected patients.3

Study design
A cross-sectional study in 136 women was conducted as part of a RCT.
Cervical samples were collected from women attending the HIV treatment
clinic in Tanzania. A Whiff test was done, this means potassium hydroxide
(KOH) was added to a sample to see whether a fishy odor is produced. Samples
were fixed in formalin free Boonfix, stained, and microscopically scored for
BV (Leiden BV score) by determining the balance between thin rod-shaped
bacteria (mainly lactobacilli) and coccoid bacteria (mainly Gardnerella), which
is translatable to the Nugent score. An inventory of organisms based on
16S-rDNA amplicon sequencing was used to create a microarray, including
genera associated with vaginal health.
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Results
In 76% of women with a microscopic score indicative of BV the Whiff test
was positive, compared to 21% women with a normal score. A positive Whiff
test, as well as microscopic scoring suspect for BV, was not only associated with
an increased presence of Gardnerella vaginalis, but also other BV-associated
genera were found. Namely Atopobium vaginae, Dialister spp., Megaspaera spp.,
Mobiluncus mulieris, Sneathia sanguinegens, and Prevotella spp. A negative Whiff
test and a normal microscopic score were associated with strong signals in the
microarray for Lactobacillus iners, and L. vaginalis. Microarray analysis showed
a significant negative correlation of microscopic scoring with L. crispatus,
L. jensenii, L. johnsonii, and an abundance of M. curtisii in BV.
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Figure 1. Microscopic analysis of BV and Whiff test.
Red: positive Whiff test, Blue: negative Whiff test.
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Figure 2. Correlation of the vaginal microbiome with the Whiff test.
+ probe detection; - no probe detection; * exact Chi-square, p< 0.05.
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Conclusions
Microarray-based identification can be used for the validation of conventional
microscopy in comparison to Whiff testing. The findings show that the Whiff
test could be used in resource limited countries to diagnose a BV-associated
vaginal flora, but also exclude it.

100%
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Abstract
Background

To date many studies of women diagnosed with bacterial vaginosis (BV) are
based upon conventional diagnostic methods including Nugent scoring or
Amsel criteria. However, the accuracy of defining BV is less than optimal,
with various organisms identified using different methods. In this study BV
associated organisms were identified and the variation was assessed with three
methodologies, 454-sequencing, microarray, and IS-profiling.

Methods

Analyses of bacterial compositions were carried out by the use of 454 amplicon
sequencing of the V5-V7 region of 16S rRNA, a tailor-made oligonucleotidebased microarray, and a PCR-based profiling technique termed IS-profiling,
which is based on fragment variability of the 16S-23S rRNA intergenic
spacer region. Of 40 females attending a Dutch sexually transmitted infection
outpatient clinic, 20 of whom were diagnosed with BV (Nugent score 7-10)
and 20 of whom were BV negative (Nugent score 0-3), an inventory of
bacterial species was obtained.

Results

Analysis of 454-sequencing revealed two clusters in the BV negative women,
dominated by either Lactobacillus iners or Lactobacillus crispatus and three
clusters in the BV positive women. In BV negative women, there was a virtually
complete, negative correlation between Lactobacillus crispatus and Lactobacillus
iners. BV positive subjects were dominated by Gardnerella vaginalis,
Family Lachnospiraceae or Sneathia sanguinegens/ Leptotrichia amnionii.
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Coriobacteriaceae (Atopobium vaginae), Leptotrichiaceae (Sneathia sanguinegens/
Leptotrichia amnionii), and Veillonellaceae (Dialister micraerophilus) families
were the most discriminating in the Nugent score. Furthermore women with
BV were deficient of Lactobacillus crispatus. The BV microbiome showed an
increased diversity of species. Most results were confirmed by microarray and
IS-profiling.

Conclusion

An increased diversity of species in combination with a depletion of
Lactobacillus crispatus and Lactobacillus iners and an abundance of
Coriobacteriaceae, Leptotrichiaceae, and Veillonellaceae could be a good
diagnostic of BV.

Keywords

bacterial vaginosis, microarray, 454-sequencing, IS-profiling.
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Background

Despite many studies of women diagnosed with bacterial vaginosis (BV)
based upon Nugent scoring, Amsel or other methods such as microarrays,1 the
accuracy of defining BV is less than optimal, with various organisms identified
using different methods. Treatment failure rates and recurrence rates remain
high.2, 3 Vaginal malodor is a common reason for women to consult a physician,
but BV can occur without malodor and its association with pre-term birth and
increased risk of sexually transmitted infection (STI) makes it important that
diagnosis is made.
A study we performed on samples from South African women1 showed low
specificity when diagnosis of BV was based upon Gardnerella for the Nugent
score. In 24% of women who were Nugent-Boon BV negative, Gardnerella
was present. In 79% of the subjects who were Nugent-Boon BV positive, there
was a co-presence of Gardnerella and Atopobium vaginae.1 Microscopic analysis
has shown an increased diversity of G. vaginalis, A. vaginae, Dialister species,
Megasphaera species, Mobiluncus mulieris, Sneathia sanguinegens, and Prevotella
species in women with BV.4, 5 A similar finding was reported using 16s rRNA
Illumina sequencing on Tanzanian BV subjects as compared to a healthy
state.6 Antibiotic treatment can sometimes reduce the microbial diversity and
can decrease BV-associated microbiome, but does not restore a Lactobacillus
dominated profile.7
Microarray analysis1, 4, 5, 8 requires pre-selection of the organisms expected in the
samples and is subject to cross-hybridization between highly similar sequences.
This can result in false or weak positive reactions of array-bound probes
with labeled DNA. High background signals can result in poor detection
limits. Normalization issues of “between-array” differences due to differences
in sample DNA quality, labeling intensity and scanning can only partly be
corrected via special controls and calculation methods such as foreground to
background ratios.9 Analysis needs to be performed with relative abundances
and not absolute readings.
Next generation sequencing (NGS) technologies, such as Illumina and
454-sequencing, can detect known and unknown sequences without prior
knowledge of the species in the sample, facilitating the in-depth analysis of
microbial community diversity.10 The 454-sequencing method generates a
large number of parallel DNA sequence reads from PCR products through
a sequence-by-synthesis approach and detection of pyrophosphate release
upon nucleotide incorporation. The processing of multiple samples by NGS
technologies can be laborious and expensive.
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However, as a result of the rapid development of sequencing platforms, they
become more and more affordable and identify bacterial species with more
accuracy than 454 or microarray analysis. A third, relatively fast methodology
to assess the composition of microbial communities is based on the profiling of
16S–23S rRNA intergenic spacer (IS)-regions and has been called IS-profiling.
The aim of the present study was to apply and compare three methodologies,
454-sequencing, microarray, and IS-profiling to identify BV associated
organisms.

Methods

Subjects and sampling
For women with high-risk for STIs, routine screening is offered at the STI
outpatient clinic of the Public Health Service Amsterdam (GGD, Amsterdam).
The subjects included in this study had either vaginal signs and/or symptoms,
were referred by a physician for STI testing or tested because a sexual partner
with a proven STI had notified them. Samples were collected in June and
July 2012. A standard cervical examination was performed and a cotton swab
was used to remove abundant mucus prior to the collection of a sample for
Chlamydia trachomatis and Neisseria gonorrhoeae screening. The swab to remove
abundant mucus is not normally used for routine testing and is discarded.
However, for this study the cotton swab was re-suspended in screw-cap coded
tubes with Amies transport media to which additional 15% glycerol and
cysteïne solution had been added. Immediately, the tubes were placed in liquid
nitrogen and stored at -80 °C. Samples did not disclose any subject names or
other patient identification (date of birth, patient file number etc.), and were
sent on dry ice to the Netherlands Organisation for Applied Scientific Research
(TNO) for further analysis. Because of financial reasons we could only recruit
20 subjects with BV and 20 without, however differences can become apparent
with low numbers of subjects.11-13
Ethical approval
The research proposed in this study was approved by the Ethics Review Board
of the Academic Medical Center, University of Amsterdam, the Netherlands.
STI status
STI screening consisted of HIV status (determined by serology), syphilis
(serology and/or nucleic acid amplification test (NAAT)), gonorrhoea (culture
and/ or NAAT), chlamydia (urogenital, anogenital and throat region; NAAT),
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herpes type 1 and 2 (PCR), Trichomonas (PCR), hepatitis B (serology),
Moluscum contagiosum (clinical appearance), scabies (clinical appearance),
ulcus (clinical appearance), and pelvic inflammatory disease (PID; clinical
appearance).
BV and Vulvovaginal Candidiasis
To determine if women met the criteria for BV or had vulvovaginal candidiasis
(VVC), microscopic scoring was performed (potassium hydroxide (KOH)
preparation and Gram stain). The pH was not used. A vaginal smear was
examined using the Nugent scale,14 which includes the scores 0-3: Normal,
4-6: Intermediate and 7-10: BV. The diagnosis of BV was based on the Nugent
Gram stain and the presence of three Amsel criteria,15 characteristic vaginal
discharge, clue cells, and positive amine test.
DNA Isolation
The DNA isolations were performed as described in detail by Zhao and
others.16 Briefly, samples were mixed with 150 µL Agowa lysis buffer BL, 350
µL zirconium beads (0.1 mm; suspended in MQ-water), and 200 µL phenol
and lysed in a BeadBeater (BioSpec Products, Bartlesvile) for 2 minutes. The
aqueous phase was collected after spinning (5 min ~9.000 g) and DNA was
isolated via Agowa binding beads (mag Mini DNA isolation kit art. nr. 40401)
and used for 16S rRNA gene qPCR quantification and 454-mass sequencing
analysis.
454-sequencing
Mass sequencing was performed as described.17 Bar-coded 16S
rRNA gene fragments were amplified with the forward 785F (5’gcctccctcgcgccatcagggattagatacccbrgtagtc-3’) and reverse 1175R (5’gccttgccagcccgctcagnnnn-acgtcrtccccdccttcctc-3’) primer. 16 The amount
of bacterial template in the isolated DNA samples was determined with a
universal quantitative PCR for 16S rRNA gene.18 Afterwards, a 16S rRNA gene
amplicon library spanning variable regions V5-V7 was generated.17 Sequence
analysis of the amplicon library was performed on a 454 GS-FLX-Titanium
Sequencer (Life Sciences (Roche), Branford, CT). FASTA-formatted sequences
and corresponding quality scores were extracted from the data file generated
by the GS-FLX Titanium sequencer using the GS Amplicon software package
(Roche, Branford, CT) and processed using modules from the Mothur v.
1.22.2 software platform.19
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For 40 amplified samples, on average 2745 (min 96, max 5932) ± 1304 (SD)
raw sequence reads were generated per sample. Only one sample (TCMID116)
gave insufficient reads (<100). The total frequency of sequence reads in this
sample was 96, and only consisted of “background” genera, such as Halomonas,
and Shewanella. This is possibly a result of bacterial DNA present in the sample
but not extracted from vaginal microbial species. This sample was excluded in
the subsequent analyses. The following sample with a low frequency (TCMID
126), had a total frequency of 733 sequence reads. Sample TCMID 126 had >7
times as much sequence reads compared to sample TCMID 116 (de-noised by
Halomonas,and Shewanella = 3.1%; Quality of TCMID 126 is acceptable).
Sequences were de-noised using a pseudo-single linkage algorithm with the
goal of removing sequences that are likely pyrosequencing errors using the “pre.
cluster” command.20 Potentially chimeric sequences were detected and removed
using the “chimera.uchime” command.21 Fragments were aligned and a
consensus was made for identification purposes. High quality aligned sequences
were classified using the RDP-II naive Bayesian Classifier.22 The 454 sequences
and numbers of reads for each sequence have been indicated in additional
file 1 (available upon request).
Microarray analysis of the microbiome
Literature research as well as parallel sequencing from a number of vaginal
microbiome samples was used for the design of a nucleotide-based microarray
as reported in detail.1,8 Taxonomic selection of vaginal bacterial species for the
microarray was expanded based on denaturing gradient gel electrophoresis
(DGGE) analysis (data not shown). For each bacterial species represented on
the microarray, one or more unique short oligonucleotide sequences from
within the 16s rRNA gene were selected as published previously.1,8 The
obtained microarray data, based on consistent signal to background ratios of
fluorescence intensity after hybridization, have been indicated for each selected
oligonucleotide probe in additional file 2 (available upon request).
IS-profiling of the microbiome
A PCR-based profiling technique for high-throughput analysis of the
microbiome was performed as described by Budding and others.23 The
amplification of the IS-regions was performed with the IS-pro assay (ISDiagnostics, Amsterdam, the Netherlands). IS-pro involves bacterial species
differentiation by the length of the 16S-23S rRNA intergenic spacer region
with taxonomic classification by phylum-specific fluorescent labeling of PCR
primers.
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The IS-pro procedure consists of two multiplex PCRs: a first PCR for the phyla
Firmicutes, Bacteroidetes, Actinobacteria, Fusobacteria, and Verrucomicrobia,
and a second PCR for the phylum Proteobacteria.23, 24 The IS-profiling was
performed on 13 samples, randomly selected from the different clusters.
Because of financial reasons IS-profiling could not be performed on all samples.
The samples analysed by IS-profiling included six BV negative and seven BV
positive samples: TCMID 101 (cluster 1), TCMID 103 (1), TCMID 113
(1), TCMID 102 (cluster 2), TCMID 111 (2), TCMID 112 (2), TCMID
126 (cluster 3), TCMID 135 (3), TCMID 134 (cluster 4), TCMID 136 (4),
TCMID 117 (cluster 5), TCMID 118 (5), and TCMID 120 (5). As a control,
IS-pro analysis was performed on a L. crispatus strain, isolated from TCMID
103 (BV negative, nugent score: 0), and on a L. iners strain, isolated from
TCMID 134 (BV positive, nugent score: 10).

Data analysis

Unique sequences from the RDP database that were not found in any of the 40
STI clinic samples were discarded. In 454-sequencing the correlation structure
of sequence types was investigated by calculating the Pearson correlation
coefficient between each pair of sequence count data. The samples were
clustered on the Pearson correlation distance using hierarchical clustering with
complete linkage, to obtain a better impression of the structure of the data.
Cluster analysis showed distinct groups. Highly correlated sequence types were
summarized to sets of one virtual variable. Sets of correlated sequence types that
only occur in one species and sets summing up the sequence counts for each
set of correlated sequence types that occur in multiple species were identified.
The family, genus and species determination is based on the comparison of the
specific probe sequence with sequences derived from type strains in the RDP
database.25 A sequence matched with the RDP database with a homology score
of 1 is named after the species if possible. A homology score <1 is named after
the genus or family name. Therefore, it is possible that in the results of the
analysis names of certain species, genera or families might be presented more
than once, representing a difference on sequence level. An asterisk indicates the
species that are considered to be a result of isolation of background DNA from
bacterial species of a non-vaginal origin, as based on systematic comparisons
with previously reported compositions of the vaginal microbiome.8,26
Two asterisks indicate multiple hits with identical similarity in RDP database:
the species Streptococcus salivarius, which cannot be discriminated from
Enterococcus faecium and Sneathia sanguinegens, which cannot be discriminated
from Leptotrichia amnionii.
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The cut-off for summarizing variables was a Pearson correlation coefficient of
0.95. The resulting 454-sequencing data were clustered. Data were normalized
by calculating thr relative numbers per sample. The square root of these values
was taken. The Kruskal-Wallis test (a robust variant of one-way ANOVA), was
performed on the relation between relative species abundance and the five main
sample clusters.
Using random forest analysis, correlations between relative abundances of
bacterial sequences and the clinical variables with a moderate variability
were examined by calculating a “Node Purity value” (IncNodePurity). The
mean increase in node purity is a measure of how each variable, the sequence
abundance of a specific species, genus or family, contributes to the classification
of the sample by minimizing the residual sum of squares in regression.
Species diversity based on 454-sequencing is evidenced by the Gini-Simpson
index.27 The IS-profiling was examined by the mean log2 intensity in Relative
Fluorescence Units (RFU) per phylum for BV positive clusters and BV negative
clusters. Analysis was conducted using the software environment for statistical
computing and graphics R version 3.2.2 28 and the MeV microarray software
suite version 4.9.29
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Results

In total, 400 samples were collected from women >18 years of age. The first
twenty consecutive patients with a BV positive score (Nugent scale 7-10), and
the first 20 consecutive patients with a BV negative score (Nugent scale 0-3)
were enrolled in this study for analyses. Of the BV negative women 18 (45%)
were of European or Asian origin and 2 (5%) had a Hispanic background.
Of the BV positive women 9 (23%) were of European or Asian origin versus
11 (28%) had a Hispanic background (Additional file 3). Characteristics of
the women and STI status are shown in Table 1. According to the Amsel
criteria, 21 were positive for BV, with only one discrepancy between the
Amsel and Nugent method. Two subjects (5%) tested positive for VVC. A
STI was detected in 10 women (25%), with C. trachomatis being the most
prevalent (18%). None had HIV, Syphilis, Gonorrhoea, Hepatitis B, Moluscum
contagiosum, Scabies, genito-ulcerative disease, or PID.
BV negative women
n = 20
(% of BV negative women)

BV positive women
n = 20
(% of BV positive women)

Referred by physician or notified by sexual partner

4 (20%)

4 (20%)

Vaginal complaints

16 (80%)

20 (100%)

Median age (years) (IQR)

23 (22 - 25)

22.5 (21 - 27)

Any STI

3 (15%)

7 (35%)

Chlamydia

2 (10%)

5 (25%)

Inclusion criteria

Patient characteristics

Herpes type 1

1 (5%)

0

Condyloma

1 (5%)

1 (5%)

Trichomoniasis

0

1 (5%)

HIV, Syphilis, Gonorrhoea,
Hepatitis B, Moluscum Contagiosum, Scabies, Ulcus, PID

All negative

Table 1. Patient characteristics and Sexually Transmitted Infection (STI) status of 20
women with bacterial vaginosis (BV) and 20 women without BV, as diagnosed by the
STI outpatient clinic Public Health Service Amsterdam, in June and July 2012. The
subjects included in this study had either vaginal signs and/or symptoms, were referred by a
physician for STI testing or tested because a sexual partner with a proven STI had notified
them. The number of women based on the inclusion criteria and STI status is shown (n).
The percentage (%) of women with STIs is shown.
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Figure. 1. Cluster analysis of 454-sequencing data of women without and with various
extents of bacterial vaginosis (BV). At the top the first color bar from the left shows
the numbering and color-coding of the grouping that the clustering of the women (the
dimension of the abscissa) suggests. The second color bar refers to the low (blue) to high
(red) Nugent score of the women. On the abscissa the family, genus, species identities are
shown clustered on the basis of this 454-sequencing data set. An asterisk indicates the
species that are considered to be a result of isolation of background DNA from bacterial
species of a non-vaginal origin, as based on systematic comparisons with previously reported
compositions of the vaginal microbiome.8,26 Two asterisks indicate multiple hits with
identical similarity in RDP database: the species Streptococcus salivarius, which cannot
be discriminated from Enterococcus faecium and Sneathia sanguinegens, which cannot be
discriminated from Leptotrichia amnionii.
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Species

KWranksum

Cluster
1 (‰)

Cluster
2 (‰)

Cluster
3 (‰)

Cluster
4 (‰)

Cluster
5 (‰)

BV neg.

BV neg. BV pos. BV pos. BV pos.

L. crispatus

33

0.03

790

3.6

0

0

Family Lachnospiraceae

31

0

0

0

0.71

0

S. sanguinegens/ L. amnionii

30

0.43

0

1.8

84

220

Family Coriobacteriaceae
cluster

28

0.38

0

13

4.3

20

Dialister micraerophilus

26

0.63

0

4.8

1.6

3.6

A. vaginae

25

0.44

0

17

10

18

Genus Geobacillus*

24

0

0

0

0.34

0

Veillonellaceae bacterium

23

13

0

107

58

120

Genus Parvimonas

22

1.80

0

22

9.1

17

Genus Saccharofermentans
cluster

22

0.12

0

66

7.6

21

Sn. sanguinegens/ L. amnionii

21

26

0

120

49

66

G. vaginalis

21

13

0.72

430

41

150

Family Lachnospiraceae
cluster

21

1.16

0.12

4.2

520

0.54

P. amnii

18

0

0

0.27

65

130

Family Lachnospiraceae

17

0

0

0

0.12

0

Genus Campylobacter cluster

16

0

0.14

0

15

0

L. iners

16

810

168

54

55

55

Peptoniphilus lacrimalis
cluster

15

0

0

2.2

1.3

0

L. jensenii

15

4.6

7.1

2.7

0

0

Genus Dialister

15

0.43

0

10.9

1.1

6.7

Table 2. The relation between species abundance and the five main sample clusters
using the Kruskal Wallis test. Per cluster the abundance of the species per mille is shown
(p ≤ 0.02). For each cluster the most dominant species was printed in boldface.
Values were rounded to 2 significant digits.
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454-sequencing
The 454-sequencing results (Figure 1) revealed five distinct types (clusters) with
some subgrouping perhaps within the fifth type. Three clusters were identified
in the BV subjects and two in the BV negative controls (Nugent score ≤3).
Sample TCMID 121, positive for BV according to the Nugent criteria, was
classified as cluster 1. Next to a high abundance of L. iners, we observed a
high abundance of Prevotella, G. vaginalis, and Sn. sanguinegens/ L. amnionii
species in this sample. Results of a Kruskal Wallis Test, which determined
which species distribution differentiated most significantly between clusters, are
shown in Table 2.
In BV negative samples, the microbiome was dominated by L. crispatus or L.
iners: cluster 1 was characterized by L. iners at 81%. Cluster 2 was dominated
by L. crispatus at 79% with L. iners present at 17%. Cluster 3 comprised a
group of mainly BV positive women (5 out of 6), with the vaginal microbiome
dominated by G. vaginalis (43%) and Sn. sanguinegens/ L. amnionii (12% ).
Sample TCMID 109, scored negative for BV according to the Nugent criteria
(score 1), however according to the Amsel score this sample was BV positive
(vaginal discharge clue cells, and positive amine test; in combination with
pseudohyphae). With 454-sequencing a high abundance of G. vaginalis was
observed in this sample, thereby classifying it as cluster 3. Sequences of the
Family Lachnospiraceae were the most abundant in cluster 4 (52%). Cluster 5
could be identified by the presence of Sn. sanguinegens/ L. amnionii (22%).

1.00

●
●
●
●
●
●
●

0.75

Lactobacillus crispatus

Amsel

● negative

●

positive

●

Nugent score
10.0

0.50

7.5

●

5.0
2.5
0.0

●

0.25

0.00

● ●●●
●

●
0.00

0.25

0.50

Lactobacillus iners

0.75

1.00

Figure. 2. Correlation between
Lactobacillus crispatus and
Lactobacillus iners based on
454-sequencing. The abscissa and
ordinate show, respectively, the fractions
of Lactobacillus iners and Lactobacillus
crispatus sequences relative to the total
number of sequences. The color bar
shows the color code: low (blue) to high
(red) Nugent score of the women.
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The DNA from the spore-forming genera Geobacillus and Bacillus as well as
from Halomonas, and Shewanella (which are not commonly found as members
of the vaginal microbiome) might reflect a minor contamination with spores
from the environment (water or glycerol), but should not compromise the data
obtained for the non-spore formers.
Figure 2 shows the correlation between L. crispatus and L. iners abundance
across the women. In BV negative subjects, there was a negative correlation of
almost 1 between L. crispatus and L. iners. These women had a high abundance
of L. crispatus or L. iners. All women with BV and only some 37% of the
women without BV were deficient of L. crispatus.
Variable importance for
prediction of nugentscore

Figure. 3. Predictive power (variable
importance) of various microbial
species for BV. The abscissa shows
the mean “increase in node purity”
for the prediction of the Nugent
score (a measure of how the sequence
abundance of the specific species
or family denoted on the ordinate
contributes to the classification of the
sample). The ordinate presents the
family, genus, species determination on
the basis of 454-sequencing.

Family Coriobacteriaceae cluster
Sneathia sanguinegens**
Veillonellaceae bacterium
Atopobium vaginae
Genus Saccharofermentans cluster
Dialister micraerophilus
Genus Parvimonas
Sneathia sanguinegens**
Lactobacillus crispatus
Lactobacillus jensenii
Genus Aerococcus
Family Lachnospiraceae cluster
Genus Shewanella*
Genus Dialister
Lactobacillus iners
Genus Halomonas*
Gardnerella vaginalis
Gardnerella vaginalis
Mycoplasma hominis cluster
Anaerococcus tetradius
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The power of various 454-sequence based identifiers for the prediction of the
Nugent score is shown using the Node Purity value (Figure 3). The strongest
correlation between sequence abundance and Nugent score was found with
sequences belonging to non-lactic acid bacteria, including the Family of the
Coriobacteriaceae (including A. vaginae), Leptotrichiaceae (Sn. sanguinegens/
L. amnionii), and of Veillonellaceae (including D. micraerophilus). The presence
of sequences belonging to the Family of the Coriobacteriaceae, including
A. vaginae, was the most differentiating comparing the two BV negative clusters
1 and 2 with the three BV positive clusters 3, 4 and 5 (see Figure 3).
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Figure. 4. A boxplot relating species
diversity based on 454-sequencing to BV.
Individuals were first classified in clusters
shown in sequence of increasing BV
diagnosis on the abscissa. The dots give the
Gini-Simpson index for individuals in
different clusters. The boxes represent the
distributions of the Gini-Simpson index
and show its median and interquartile
range (IQR) for each cluster. Whiskers
extend to the furthest data point that is
within 1.5 times the IQR.

There was no correlation between the sequence abundances and other clinical
variables, namely STI status, VVC, age, or symptoms and signs reported by
patients. A larger sample size may be needed to detect these variants.
The species diversity of the various clusters is shown based on 454-sequencing
as calculated by the Gini-Simpson index (Figure 4). In the clusters of BV
positive women (cluster 3, cluster 4 and cluster 5) the microbiome showed a
higher diversity of species than in the clusters of BV negative women based on
the Gini-Simpson index (cluster 1 and cluster 2), although there were a few
individual exceptions.
Microarray
Figure 5 presents clustering analysis of microarray results. The abscissa orders
the women on the basis of their cluster defined as found by the previous
cluster analysis of 454-sequencing. Firmicutes, mainly Lactobacillae, were
much more present in BV negative than in BV positive clusters. Bacteroidetes
abounded in the BV positive clusters. Cluster 2, again (cf. Table 2) identified
by the presence of L. crispatus, and cluster 4, again identified by the presence
of Family Lachnospiraceae, could also be distinguished. A separate cluster 3
marked by G. vaginalis or Sn. sanguinegens/ L. amnionii (cf. Table 2) could not
be distinguished.
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Figure. 5. Organism clustering on the basis of microarray analysis, plotted versus clustering
on the basis of the 454-sequencing. In the middle, the uppermost color bar represents the
color coding of the fluorescence intensity (arbitrary units, numbers 0.0 - 50.0) of DNA
hybridisations, the middle color bar shows the cluster the individual was classified into and
the lower color bar shows the low (blue) to high (red) Nugent score of the individuals. On
the right, the upper color bar shows the clustering color code and the lower color bar the
Nugent score color code.

59

IS-profiling
In Figure 6, the mean log2 intensity in Relative Fluorescence Units (RFU)
is shown per phylum for BV positive clusters and BV negative clusters.
Firmicutes, including the Family of Lachnospiraceae, and Lactobacillae, was the
most diverse in the BV positive clusters. An increased diversity of species in BV
positive women as compared to BV negative women could be seen by the use
of IS-profiling. Cluster 4 included the samples with the highest diversity index.
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II

II

II

L. crispatus

I

I

L. iners
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438
482
515
569

Proteobacteria

604
713
759
822
875
898

Figure. 6. IS-profiling of phyla found in BV negative and BV positive women in relation
to cluster group based on 454-sequencing data. The abscissa quantifies the cluster of each
of 13 samples and 2 cultured strains. In dark green the Lactobacillus-dominated samples
are shown, in light green two strains of Lactobacillus crispatus and Lactobacillus iners,
and in red the other samples. On the ordinate the phyla are shown, Bacteroidetes (pink),
FAFV (blue), and Proteobacteria (yellow). The numbers shown in the ordinate represent
the IS-profiling length in the nucleotides. The mean log2 intensity in Relative Fluorescence
Units (RFU) is shown by the color intensity as defined by the color bars on the left.
FAFV: Firmicutes/ Actinobacteria/ Fusobacteria/ Verrucomicrobia.
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Discussion

Three groupings of microbiome patterns were identified in Dutch women with
BV, and two groupings in women without BV. The division of BV negative
women in two groupings is quite similar to previous findings in a cohort of
Tanzanian women, 6 but differed from clusters, referred to as community state
types (CSTs), found in US subjects who did not have BV where clusters were
dominated by L. iners, L. crispatus, L. gasseri, L. jensenii or strictly anaerobic
organisms.30
L. amnionii, one of the dominant species in cluster 5, is a fastidious gramnegative non-motile fusiform rod, part of the Family Fusobacteriaceae, and
described as a pathogen of the female urogenital tract. This species and another
Fusobacterium, Sn. sanguinegens, were more prevalent in BV. Since cultureindependent methods have been used to uncover the vaginal microbiome,
Atopobium species have been found more prevalent in women with BV.31 Some
strains of Atopobium are resistant to metronidazole, the first choice treatment
for BV, possibly explaining high recurrence rates.32
All women with BV were deficient in L. crispatus. On the other hand,
L. iners was detected in various ratios among women with BV, albeit with lower
abundance than BV negative subjects. This has been a consistent finding,1,2,6
and may reflect different clones of the species.
In women without BV, the vaginal microbiome was dominated by L. iners
or L. crispatus or a mixture of both. In the cluster where L. crispatus is highly
abundant, L. jensenii was also found. L. crispatus has been regarded as an
important marker for health, yet it is not present in all women deemed
healthy26 and in our study particularly not in the women with cluster 1
microbiome (Table 2). It appears that this species is not solely responsible for
maintaining a BV negative state, and it is easily displaced when BV occurs.33
In BV negative subjects, there was a negative correlation of almost 1 between
L. crispatus and L. iners. This might imply an increased risk of developing BV
for negative subjects with a vaginal microbiome dominated by L. iners and
deficient of L. crispatus. In a study of 163 Swedish women, L. iners was the
most abundant species in intermediate cases between BV and health,34 further
indicating its ability to persist in the vaginal microbiome.35
In the present study only BV positive and BV negative women were selected:
none with an intermediate Nugent score. All the subjects were at high risk of
STIs and for that reason attended the clinic for regular check-up.
Not all five clusters found by 454-sequencing were also identified by microarray
or IS-profiling.
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However, all three techniques identified Firmicutes as the dominant Phylum in
BV negative samples, whereas Bacteroidetes, Actinobacteria, and Fusobacteria,
were dominant in BV positive samples. Microarray analysis could not
distinguish a cluster marked by L. iners, G. vaginalis or Sn. sanguinegens/ L.
amnionii, perhaps as a result of cross-hybridization. IS-profiling data suggested
that cluster 3 and 5 included different clades of Sneathia and G. vaginalis.
One of the limitations of IS-profiling is the inability to split the FAFV group
(Firmicutes/ Actinobacteria/ Fusobacteria/ Verucomicrobia) into four separate
sub-groups, because the used oligonucleotides amplify DNA fragments of
all these phyla. However comparing the BV positive and negative clusters,
IS-profiling (Figure 6) as well as 454-sequencing (Figure 4) showed that
BV correlates with increased species diversity and by looking at clusters by
molecular identification tools, one may well be able to increase the predictive
value of diagnostics compared to traditional methods.
Hummelen and others found that the L. crispatus-dominated microbiome was
associated with low pH.6 When L. crispatus was absent, a large fraction of L.
iners was required to predict a low pH. Lack of both L. iners and crispatus is
strongly predictive of a high pH.
Muzny et al. also identified a BV positive cluster dominated by
Lachnospiracea.36 P. amnii, found highly abundant in cluster 5 (BV positive) is
closely related to the species P. bivia, found highly abundant in one of the BV
positive clusters described by Hummelen.6
In summary, unlike the gut,37 the aberrant or disturbed vaginal microbiome
is highly diverse. An increased diversity of species in combination with a
depletion of L. crispatus and L. iners and an abundance of Coriobacteriaceae,
Leptotrichiaceae, and Veillonellaceae would seem a better way to diagnose BV
than Nugent scoring, the Amsel test or other commercial methods.
Of the methods currently available, the IS-pro technique or PCR-denaturing
gradient gel electrophoresis (DGGE) are relatively inexpensive, and available
tests could be developed using these techniques to examine species diversity.
T-RFLP is a fingerprint method that is more reliable than DGGE, but DGGE
costs are low in materials but very tedious and also difficult to standardize.
T-RFLP is a better candidate in this perspective. Although the 454 platform is
all but obsolete, other NGS platforms are more readily available at reasonable
cost. Life technologies provides a bacterial community analysis platform for the
Ion Torrent PGM system, but not validated for clinical application. The current
error rates are too high for discriminating Lactobacillus species.
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For research of the vaginal microbiome, 16S rRNA amplicon sequencing is
more suitable (Table 3), or one based upon Chaperonin 60 as universal target.
Technique

454-sequencing

Advantages

In-depth analysis of Relatively Inexpensive
vaginal microbiome
and new species

Disadvantages Laborious and
expensive

Microarray

Preselected choice of species
making it less optimal for research
Cross-hybridization between
similar sequences

IS-profiling
Fast, easy to
perform in
clinical labs
Not the same
level of detail
as in
454-sequencing

Limited detection of low-abundant
sequences because of high
background signals

Table 3. Advantages and disadvantages of 454-sequencing, microarray, and IS-profiling.

For clinician uptake, an inexpensive, accurate method is needed to determine
the presence of BV and the cluster. This method can be used to test for markers
identifying women with a vaginal microbiome less resilient to (at risk for)
negative health consequences. Ideally, treatment should be more targeted and
allow restoration of the subject’s indigenous microbiome associated with health,
although the failure of industry to develop new treatments leaves patients with
sub-optimal care. With no new therapeutic agents on the horizon, making
the best use of current agents, perhaps in combination with (personalized)
probiotics,7,38 could provide better management to billions of women around
the world.

Conclusion

An increased diversity of species in combination with a depletion of
Lactobacillus crispatus and Lactobacillus iners and an abundance of
Coriobacteriaceae, Leptotrichiaceae, and Veillonellaceae assessed by the use
of 16S rRNA amplicon sequencing could serve as an alternative diagnostic
method for bacterial vaginosis identifying women with a vaginal microbiome
less resilient to negative health consequences.
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3.1

Targeting the vaginal microbiota
with probiotics as a means to
counteract infections
Reid G, Dols J, Miller W
Current Opinion in Clinical Nutrition and Metabolic Care
2009; 12(6): 583-587

Purpose of review
The microbial composition of the vagina of healthy and infected women is
becoming more fully elucidated with molecular techniques. The purpose of this
review is to examine our current understanding of the vaginal microbiota and
assess how probiotic bacteria might reduce infectivity.

Recent findings
It appears that there are some remarkable similarities in the bacterial species
that inhabit the vagina of women from diverse ethnic backgrounds. Yet,
distinct outliers exist in which a small portion of apparently healthy women
have extremely complex microbiota, whereas most have a relatively simple
microbiota. Bacterial vaginosis (BV) is the most common aberrant condition in
women, yet its pathogenesis is poorly understood and it is often asymptomatic.
Vulvovaginal candidiasis is better known, yet many women selftreat with
antifungals when in fact they have BV. Urinary tract infection (UTI) remains
extremely common, with no real breakthrough treatment or prevention strategy
developed in the past 30 or more years. The ability of lactobacilli probiotic
interventions to prevent, treat and improve the cure of these infections has long
been considered and is now supported by some clinical evidence.

Summary
The mechanisms whereby certain probiotic lactobacilli improve urogenital
health include immune modulation, pathogen displacement and creation of a
niche less conducive to proliferation of pathogens and their virulence factors.
Probiotics offer a potential new means to prevent urogenital infections and help
maintain a healthy vaginal ecosystem.

Keywords
infection, lactobacilli, probiotics, urogenital, vaginal.
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Introduction
This review will focus on studies reported primarily in the past 2 years, plus
others that provide context. Papers deemed to be the most interesting or
pertinent to the clinical situation will be highlighted.

Current understanding of the vaginal microbiota
Over the past 6 years, molecular methods have allowed scientists to better
decipher the composition of the human vaginal microbiota in healthy
women and those with various disorders such as BV.1,2,3,4,5 Beginning with
density gradient gel electrophoresis and sequencing of the V2–V3 region of
the 16S rRNA gene, new species of bacteria have been discovered, especially
Lactobacillus iners, the most common vaginal Lactobacillus species, and
Atopobium vaginae, the most common cause of BV.6 A combination of broadrange PCR amplification of 16S rDNA with clone analysis, bacterium-specific
PCR assay of 16S rDNA, and fluorescence in-situ hybridization (FISH),2
terminal restriction fragment length polymorphisms (T-RFLPs) of 16S rRNA
genes,3 and dideoxy sequencing of cloned chaperonin-60 universal target
(cpn60 UT) amplicons, as well as pyrosequencing of amplicons4 have all
significantly improved our understanding of the complexity of the vaginal
microbiota.

Figure 1. Examples of microbial species recovered from the vagina and associated with infection (clear
boxes), potential infection (black boxes) and health (shaded box) as taken from various published
studies.
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Firmicute organisms, primarily Lactobacillus species, dominate in healthy
women, followed by Proteobacteria such as Escherichia coli, then Actinobacteria
such as Gardnerella and Bifidobacteria, then Fusobacteria and Bacteroidetes.5
The number of possible species present is quite high, which is not unexpected
considering they primarily come from the intestinal tract via the rectum, and
well over 1500 species have been identified there. But, there is a difference
between finding an organism in a niche, and it being a long-term colonizer.
In that regard, lactobacilli appear to be the most dominant colonizers of the
vagina, with L. iners present even when the host is engulfed by BV microbes.7
The balance between the microbes present in women who appear to be healthy
by physical examination and how they feel, and those present when they either
have symptoms and signs of discomfort or a distinctly aberrant microbiota
is detected, is not easy to generalize. Based on the literature on the vaginal
microbiota, Figure 1 illustrates some of the more commonly isolated organisms
from the vagina, with those associated with infection in clear boxes, and those
potentially in aberrant conditions in black boxes. Nevertheless, it is not a case
of always present or absent, and indeed lactobacilli can be found with Candida
and Gardnerella, among other species. Care is needed in overly generalizing the
interpretation of this figure. Kim et al.5 found one of eight ‘healthy’ women
to have an extremely diverse microbiota depending on where the sample was
taken. This raises the question of whether in some women a BV-like microbiota
may be ‘normal’ and one that does not increase the risk of other complications.
The role that microbes play in health of the host is far less understood than
that of pathogens. In the latter, numerous virulence factors have been identified
that allow the organisms to infect the host. The long held view that lactobacilli
were simply the source of lactic acid is now recognized to be simplistic. Other
organisms, such as Atopobium, produce lactic acid, and a number of pathogens
are not inhibited by acidic conditions. Likewise, hydrogen peroxide (H2O2) has
been regarded as critical for health, yet L. iners does not produce it, and H2O2producing strains are displaced quite readily by pathogens that infect the vagina
and bladder, thereby questioning their protective effects.
The ability of indigenous microbes to inhibit pathogen spread (adhesion and
growth) and dislodge them appears to be an important factor in retention of
a healthy microbiota. In-vitro studies describing these phenomena have been
reported for over 20 years.
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However, although displacement of pathogens has been shown for lactobacilli
in humans,1 in-vitro data suggest that other mechanisms are involved in
protecting the host. These include biosurfactant inhibition of pathogens,8
coaggregation,9 bacteria–bacteria signalling,10 immune modulation via H2O2,11
G-CSF,12 defensins and IL-8 neutrophil recruitment13“ and other mediators,
plus antibiofilm effects.14 This diversity of factors is not surprising given the
changing environment of the vagina, especially during reproductive years,
including transfer of organisms with sexual activity, and the diversity of
microbes that may ascend from the rectum.
The microbes in the vagina clearly can influence the host’s response.
Witkin et al.15 have shown that vaginal epithelial cells produce a range of
antimicrobial compounds that possess membrane-bound Toll-like receptors
(TLRs) that recognize pathogen-associated molecular patterns. This leads to
proinflammatory cytokine production and antigen-specific immunity. Local
production of IgG and IgA antibodies can also be initiated in the endocervix
and vagina in response to infection. A microbial-induced inhibition of TLR
expression and/or activity has been hypothesized to block induction of
pro-inflammatory immunity and to lead to the proliferation of atypical vaginal
bacteria.16

Probiotic applications to the urogenital tract

The rationale for urogenital probiotics comes from the belief that replenishing
the normal microbes will counter pathogens and lead to a return to the
lactobacilli dominated state found in healthy women. This concept makes
sense to prevent and treat BV, and to prevent urinary tract infection (UTI)
and vulvovaginal candidiasis (VVC). In the case of UTI, the pathogens emerge
from the vaginal area and ascend into the bladder, in some cases forming
a constant source of reinfection. In the case of VVC, lactobacilli are not
necessarily displaced by the yeast and, therefore, antifungal therapy is needed
before probiotics can be effective.
In order to develop the first probiotic for urogenital health in women, we
examined properties of lactobacilli that might be most suitable. In the early
1980s, these comprised an ability to competitively exclude uropathogens from
cells and inhibit their growth. Of the strains that showed the most promise,
a combination of two, Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri
RC-14 were eventually developed in a dried capsule formulation.
Numerous studies have reported the different attributes of these two organisms,
with several recent studies further illustrating clinical effectiveness and potential
application to prevent preterm labour.
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The increasing problem of antimicrobial resistance and the limited pipeline
of new products led to a hypothesis that probiotics could augment the cure
of urogenital infection. Four studies have shown improved cure of BV and
VVC with drug treatment plus 1 month daily use of oral probiotics.17,18 ,19,20
The mechanisms have not yet been fully elucidated, but some insight has
been gained as to how this could occur. In the case of conjoint treatment with
metronidazole, the lactobacilli have been shown to survive in the presence of
the antimicrobial.21 As these orally administered lactobacilli pass through the
bowel and ascend into the vagina, the cure of BV and restoration of a ‘normal’
vaginal microbiota may be due to this process, as might reduction in seeding of
the pathogens from the rectum to the vagina.22
In the case of VVC, in-vitro cell culture studies showed that L. reuteri
RC-14, alone or in combination with L. rhamnosus GR-1, decreased the yeast
population recoverable from the cells and increased antimicrobial cytokine IL-8
levels.23 This immuno-modulatory effect agrees with a genomic array analysis
of the vagina postadministration of L. rhamnosus GR-1.13 Further studies are
needed to unravel these mechanisms.
Probiotic remedies are mostly used to restore and maintain health rather
than frontline agents to treat disease. We decided to assess the potential for
lactobacilli to actually treat BV. Even though the oral capsules are not ideal for
vaginal use, in that the organisms are coated to survive stomach passage and
this is not needed for vaginal application, the capsules were inserted vaginally
for 5 days to treat BV compared with antimicrobial administration. The
outcome was a higher cure of BV with the probiotics, as determined at 30day follow-up.24 A larger repeat study is warranted, but the findings suggest a
new approach is possible to a patient population susceptible to repeated BV
infections, a condition that increases the risk of sexually transmitted infections
and preterm delivery.
The process of preterm labour essentially involves an inflammatory cascade that
leads to increases in COX-2 and prostaglandin levels. In order to investigate
any potential role of lactobacilli in interfering with these reactions, placental
trophoblast cells were incubated with lipopolysaccharide or supernatants from
L. rhamnosus GR-1 and tested for the effect on TNF-a, IL-1b and IL-10 using
enzyme-linked immunosorbent assay, and on COX-2, and prostaglandinendoperoxide synthase 2 (PTGS2), 15-hydroxy prostaglandin dehydrogenase
(PGDH), and TLR-4 using western blotting. The result was a significant
downregulation of TNF-a and COX-2 and upregulation of PGDH.25
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This and further unpublished studies support the rationale that probiotic
lactobacilli could reduce the risk of preterm labour, although clinical studies
are needed to prove this. The importance of lactobacilli in pregnancy may even
involve conception itself. In-vitro fertilization studies have shown that women
who suffer from BV (absence or depletion of lactobacilli) are far less likely to
become pregnant.26 Furthermore, of those who are successfully impregnated,
lactobacilli were found to be present.27 Whether this is an immuno-modulatory
effect is yet to be determined.
There may be a link between BV and UTI, in that patients who suffer from
recurrent UTI have been found to have an altered immunity and high
incidence of BV.28 In 1988, we reported the first effort to delay recurrences
of UTI by instilling lactobacilli into the vagina with the goal of interfering
with uropathogen ascension.28 Further studies by our group have since
supported this concept, but only recently has an independent study of
120 children confirmed this. They were given Lactobacillus acidophilus or
trimethoprim/sulfamethoxazole prophylaxis for 1 year and no difference was
found in incidence of recurrent UTI (18.3 versus 21.6%; P = 0.926).29 This is
encouraging, as it provides an alternative to the once daily use of antibiotics.

Not all probiotics may be probiotic

The definition of probiotics ‘live microorganisms which when administered in
adequate amounts confer a health benefit on the host’ requires that products
be tested clinically and be shown to provide measurable benefits before being
referred to as probiotics. This is critical so that consumers and caregivers know
what they are dealing with and know what to expect when the products are
used.
It is even more perplexing when authorities approve products not only
as probiotics but with specific vaginal applications, even though there
are insufficient clinical data published on the product (http://www.
nutraingredients.com/Industry/Winclove-targets-female-niche-withprobiotichealth-claim). In some cases, companies refer to work on other strains
not included in their product, even though it is clear that strain-to-strain
differences occur and the one they used may act in a different manner to
another.
In other cases, products have been created without a complete descriptive
rationale in terms of strain properties and advantages of their combination, and
then shown not to improve efficacy of BV therapy.30
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Conclusion

Clearly, if clinical study data are not readily available or supportive of an
application, it is difficult for consumers to know which products to purchase,
and caregivers to recommend which products might help a patient. The sooner
companies undertake such studies, the more credible the field of probiotics will
become and the better able the scientific and medical communities will be to
judge their potential and limitations.
Urogenital infections continue to cause significant morbidity around the
world. The introduction of antimicrobial therapies, mostly over 30 years ago,
has helped significantly to relieve suffering but has not altered the incidence
of infection nor indeed should it, as such treatments are designed to cure not
prevent infection. Probiotics offer the potential to be truly prophylactic, but
for this approach to become optimal and widely accepted, we need to more
fully understand the microbiota of the host and differences between individuals
at various time-points throughout life; why a normal ‘microbiota’ changes so
rapidly to an aberrant one; how the host’s defences deal with pathogens and
probiotic strains; and which probiotics can be most beneficial and why.
The application of this knowledge needs to benefit women around the world,
including those in developing countries at high risk of acquiring HIV. This risk
is significantly elevated with a BV microbiota. The financial returns may not be
sufficient to either perform clinical studies in these countries or take products
to market, but the ethical responsibility of human kind to do so is irrefutable.
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Abstract
Clinically proven probiotics are, for the most part, not available in the
developing world and certainly not affordable for the majority of people. This is
unconscionable considering these products can alleviate diarrhoea and various
infections, which are by far the major cause of death in children and in adults
who are HIV positive. Indeed, some of these products have been proven in
developing world settings. Distribution networks exist along with pharmacies
and clinics that dispense drugs and products that require refrigeration. So, are
lack of profit or company resources the problem? Our university has shown
that alternative community based kitchen models that produce probiotics can
be established. These empower local people, are socially responsible, produce
affordable products and deliver benefits to over 3,000 children and adults daily.
Surely, other institutions and corporations can multiply this effect and develop
social business models across the developing world that are supported by
clinical and basic science studies? In this review, we will discuss the application
of probiotics and selected nutrients in the first 1000 days of life, a critical
timepoint which is particularly challenging in resource disadvantaged countries.

Keywords
nutrition, maternal, newborn, health, probiotics.
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Introduction
The plight of people in the developing world with respect to disease, nutrition,
and economics has been well documented elsewhere.1 Management of HIV and
AIDS relies heavily upon governments, aid agencies and provision of anti-retro
viral agents at low cost. But even in countries with sufficient infrastructure such
as South Africa, 5.6 million people live with HIV, which is more than in any
country in the world and only 1.4 million of these have access to anti-retroviral
therapy (ART).2 The primary aims of therapy are to control viral replication
and destruction of the immune system, prevent opportunistic infections and
increase longevity with as best a quality of life as possible. Highly active ART
is designed to control viral replication for several years, but low level HIV
replication continues even when plasma HIV RNA is below the current level of
detection (i.e. below 50 copies/ml).
Adverse events occur with these therapies, and given that they are used more
and more over long periods of time, some effects manifest as selective organ
damage.3 This is due to a complex interaction between individual risk factors,
HIV-factors themselves, and anti-retroviral drug toxicity.4
Malnutrition is a major issue in resource disadvantaged countries, further
complicating management of HIV, malaria and other highly prevalent diseases.
It is now recognised that simply providing more food to an individual who is
malnourished and has HIV is not the answer, and in fact, can be harmful.5
The disease itself can be a factor in weight loss. Energy requirements must
match total daily energy expenditure (TDEE) when weight maintenance is the
goal, and TDEE also takes into account the level of physical activity.6
In addition, for pregnant and lactating women, the TDEE must account for
feeding the baby. In resource-rich settings, the energy cost of lactation has
been estimated at 500 kcal/day, thus a further 500-kcal increase to daily caloric
intake is recommended for normal-weight, breastfeeding women.7 The problem
in developing countries is that many women cannot easily increase their caloric
intake to support lactation, and they have low fat stores that can be utilised
to meet this need. Adults who are HIV positive and are with or without ART,
have a higher resting energy expenditure than healthy subjects. Thus, energy
intake needs to increase in order to maintain body weight in these individuals.
This again is a challenge for people who are poor and have limited access to
affordable nutrition.
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A further consideration is that energy intake is influenced by how food is
processed in the body. Bacteria present in the oral cavity, stomach, small
and large intestine play a role in this processing, which results in a variety of
metabolic end products, including short-chain fatty acids, p-cresol, phenol,
ammonia, hydrogen sulfide, secondary bile acids, and colonic enzymes.8 It
is not only through metabolites that the microbiota can influence energy
harvesting, but they can also alter immune function, the integrity of the
epithelial barrier, gut motility and hormone levels.9 These bacterial-induced
effects have led to studies into whether bacterial content of the gut may play
a role in obesity and other metabolic diseases. This is not yet clear, but the
microbiota can certainly modulate host gene expression in various tissues,
and therefore influence fat deposition.10
Given that probiotic bacteria can produce short-chain fatty acids and vitamins,
and alter the gut epithelium and immunity, as well as provide relief from the
burden of disease,1 it makes sense to explore their potential to manipulate
energy metabolism, especially in malnourished and obese women carrying a
foetus or breastfeeding a child. Indeed, animal studies have shown that gut
bacterial transplants involving various combinations of donor and recipient
diets influence the initial structure of the microbial community, and dietary
interventions such as with the Western diet, can then increase adiposity.11

Nutrition, bacteria and pregnancy
Nutrition is most important in the development of the foetus and infant.
For under-nourished pregnant women, especially in resource disadvantaged
countries, or poorly nourished but lacking in essential vitamins, minerals and
omega-3 fatty acids, there is an increased risk of preeclampsia, miscarriage,
preterm birth, low birth weight, gestational diabetes and poor long-term health
of the baby.12 In Africa, the consequences of this, along with poor accessibility
to care, are 150,000 maternal deaths, over 2 million foetal and infant deaths
and millions of children cognitively impaired.13
Many nutrients, especially zinc, iron, copper, folate, iodine and vitamin D are
critical for the various stages of organ, vascular and skeletal growth.14,15,16,17
The rapid rate of growth of the brain in the third trimester and the early
postnatal stage makes it vulnerable to an inadequate diet, with long-term
implications for cognitive development.14 It is this cognitive impairment that
is believed to be a major barrier to education and economic empowerment in
many developing countries.

84

A community-based, double-blind, randomised controlled trial of 676
children in Nepal, showed that iron/folic acid given prenatally, and not iron/
folic acid/ zinc, or multiple micronutrients containing these plus 11 other
micronutrients or vitamin A alone, resulted in improved intellectual and
motor function.18 This emphasises that it is not simply a case of administering
multi-vitamins and nutrients to optimise pregnancy outcomes, but rather a
selective supplementation that works best. In fact, the optimal state may even
require a more sophisticated and targeted approach with certain supplements
being administered at times in the pregnancy to match certain developmental
processes. For example, an animal study showed that maternal iron restriction
initiated prior to conception and during the first trimester caused problems
with auditory brainstem development, while iron restriction initiated later in
pregnancy did not have the same effect.19 Such windows of vulnerability most
certainly exist for other parts of the developing foetus.
The overall health of the reproductive tract is critical for a successful term
pregnancy. Nutritional status can influence the gut and reproductive tract
directly, as shown by folate depletion increasing the risk of preterm labour19
and indirectly by influencing the vaginal microbiome. Microbes that originate
from the intestine and colonise the vagina via ascension from the rectum and
perineum, are extremely important in the health of the mother and foetus.
Indeed, depletion of Lactobacillus species has been associated with poor
likelihood of conception,20 as well as increasing the risk of preterm delivery.21
The reasons are not entirely clear, but modulation of host immunity, reduction
in pathogen abundance and enhanced vaginal epithelial barrier function appear
to be likely candidates of Lactobacillus function.22
Once the baby is born, mothers in the developing world mostly attempt to
breastfeed unless they are HIV positive. Lactating mammary glands deliver
proteins, fat and other nutrients essential for growth, plus antibodies, such as
secretory immunoglobulin A (SIgA), that protect the infant from infectious
agents.23,24 In addition, the mother transfers to the newborn a range of bacteria
through her milk.25,26 These organisms play a role in priming the immune
system, maturing the intestine and digesting food.27,28,29 This evidence comes
mostly from animal experimentation with Bacteroides species, which by its
nature has limitations. In humans, it is more likely that a range of species
perform this function, as not all babies inherit Bacteroides thetaiotaomicron from
their mother or environment.30 Studying the microbiome sequentially and
plotting it with nutrient intake, metabolic profiles, transcriptomic readouts and
clinical markers of foetal development will provide a comprehensive picture of
how the microbiome shapes, or is shaped by specific nutrients.31
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Thousand days
The 1000 days initiative has become the backbone of many organisations
looking to eradicate under-nutrition in mothers and their infants in the
developing world. Increasing evidence has shown that the period between
conception and a child’s second birthday is critical for the long-term healthy
development of infants. Nutrient interventions have been the focus for
targeting under-nutrition during this 1000 day window, however, further
research into the type, amount and timing of nutrient intervention is needed.
Below, we outline some of the important nutrients and the effect of their
supplementation during the first 1000 days of life.
Zinc
Zinc is an essential trace element that plays a number of important roles in the
body. It is an essential component of enzymes and transcription factors and is
important in cell growth, development and differentiation.32,33 In addition, it is
required for immune system function, cognitive function and reproduction.32,34
Zinc deficiencies can occur in individuals at all ages with deleterious effects.
One of the main clinical features of zinc deficiency is growth retardation and
since the period of rapid growth development is greatest during the first three
years of life, zinc supplementation during this time is essential. A meta-analysis
of studies done on zinc supplementation of infants less than five years old
showed that supplementation for up to 24 weeks, had a positive effect on linear
growth.35 However, more studies need to be conducted to pinpoint exactly
when supplementation of children under five should occur as another metaanalysis found that zinc supplementation can reduce the incidence of diarrhoea
by ~20% and in pneumonia lower respiratory infections by ~15%, and can
reduce mortality by 6%, but only if supplementation is given to children 12
months and older.36 In addition, infants receive zinc from their mother’s milk,
thus maternal zinc supplementation is needed for mothers who are deficient,
especially during the first 6 months after the child is born when exclusive
breastfeeding should occur. Zinc supplementation could also affect brain
development, as a recent study has shown that maternal zinc supplementation
daily starting at 10-14 weeks of gestation can improve foetal autonomic
regulation as assessed at 54 months of age.37 Accordingly, zinc supplementation
appears to be important for the mother during gestation and during the six
months of exclusive breastfeeding, and for infants 12 months and older
(Figure 1).
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Iodine
The most important use of iodine in the human body is as an essential
component of hormones produced by the thyroid gland, thus, iodine
deficiencies can affect all ages and the disorders that result are some of the most
common human diseases.38 Severe iodine deficiencies in the foetus are known
to cause abortion, still-birth, congenital anomalies, and perinatal mortality,
while deficiencies in the neonate can increase infant mortality and endemic
cretinism.38 The recommended dietary intake of iodine for non- pregnant
women is 150 µg/day, but increases to 250 µg/day for pregnant women.39 The
additional iodine supplementation during pregnancy is due to an increase in
thyroid hormone production by the mother and the passing of iodine to the
foetus for foetal thyroid hormone production, beginning approximately during
the second half of the first trimester.40
The effect of iodine supplementation for mildly deficient mothers is still
not clear but it is known that iodine supplementation of severely deficient
mothers, greatly improves pregnancy outcomes and neurological and cognitive
development of infants. A study in China showed that the administration of
iodine before the third trimester resulted in improved cognitive development
of infants,41 and a study in Algeria showed that maternal supplementation
decreased prematurity and still-birth rates.42

0 wk 10 wk 20 wk

40 wk (Birth)

6 mo

1 yr

24

48
Age

2 yr

Zinc
Iron
Iodine
Folate
Vitamin D
Vitamin A
Weeks 0

20
Time postfertilization

40 0

Maternal supplementation

Infant supplementation

72

96

Maternal and infant supplementation

Figure 1. The first 1000 days from conception to 2 years of age. Nutrients deemed to
be important in aiding in alleviating undernutrition and the adverse health effects
that result, are listed along with predicted time periods of administration based on
randomised clinical trials reviewed from the literature.
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In addition, a study conducted in Java showed that iodine supplementation
of 100 mg administered orally to newborns at 6 weeks of age reduced the risk
of death by 72% during the first 2 months of follow-up.43 Finally a metaanalysis in 1994 on studies reported up to that point, showed that children
with iodine deficiencies had lower IQs by 13.5 points.44 The World Health
Organization (WHO) thus recommends 50 µg/day of iodine for children up
to 12 months of age and 90 µg/day for children 2-6 years of age.45 From this,
iodine supplementation can assumed to be essential for mothers beginning
approximately at 6 weeks of pregnancy and continuing during the period
of breastfeeding, while supplementation of infants is beneficial beginning
at 6 weeks of age and continuing throughout child hood if sufficient iodine
supplementation does not come from the diet or breast milk (Figure 1).
Folate
Folate is a water soluble B vitamin that is involved in many bodily functions
including purine and thymidylate biosynthesis, amino acid metabolism and
formate oxidation.46 Since purine and thymidylate are important in DNA
and RNA synthesis and repair, a folate deficiency can have many devastating
effects, especially for foetal development, which relies on this process. It is
recommended that pregnant women need an additional 200-300 µg/day of
folic acid to supplement dietar y folate in order to prevent deficiency during
pregnancy.46 Folate deficiency is thought to be associated with a number of
complications including placental abruption, preeclampsia, spontaneous
abortion and stillbirth, and is known to cause megaloblastic anemia.46,47 A
study analysed preconceptional folate supplementation by mothers and found
that supplementation for a year or longer before pregnancy was associated
with a significant decrease in the risk of spontaneous pre-term birth.48 Folate
deficiencies can also cause neural tube defects (NTD) in the developing
foetus. In 1991 a randomised double-blind prevention trial was conducted
on women who were at a high risk of having a child with an NTD due to
having had a child with NTD previously. These women were given folic
acid supplementation around the time of conception and it was found that
supplementation created a 72% protective effect in preventing a second child
born with an NTD.49
Another study was done in 1992 on women who did not have a
previous pregnancy with an NTD. Women in this trial were given folate
supplementation daily one month prior to conception and up until the third
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month of gestation. This trial showed that folate supplementation was able to
reduce the first occurrence of NTD in these women.50 A more recent study has
also shown that folate deficiency during pregnancy may also impair foetal brain
development and affect hyperactivity and inattention in childhood.51 There is
limited research indicating a benefit of folate supplementation for infants, but
a study conducted on 2,296 Indian children aged 6-30 months showed that a
folate deficiency was associated with a risk of persistent diarrhoea in boys but
not girls.52 Thus, maternal folate supplementation is extremely important and
supplementation should begin before conception and continue for the first
trimester during neural tube development and until the baby is born (Figure 1).
Folate supplementation for infants at 6 months of age may be beneficial, but
more research is needed.
Vitamins D and A
Vitamin D is a prohormone that can be synthesised from sunlight through
the skin with the use of a derivative of cholesterol.53 Vitamin D is essential
throughout life and is important in the formation of bone. It is also thought to
affect immune processes and function, as well as processes within macrophages
and monocytes.54 Maternal vitamin D deficiency has a greater impact on foetal
bone health and can aid skeletal development, tooth enamel formation and
general foetal growth and development.54 Research is lacking as to the benefit
and recommended amount of vitamin D supplementation during pregnancy.
However, studies have shown that vitamin D supplementation from the 12th
week of gestation and onward, lead to mothers with greater weight gain and
protein-calorie nutrition55 and infants with higher birth weights and weight
gain than the un-supplemented group.55,56 Of course in obese women, weight
gain is not a desired outcome per se. Another study showed that children of
un-supplemented mothers at three years of age had higher rates of defect in
dental enamel formation.57 Rickets is attributed to inadequate vitamin D intake
and can affect infants and young children, with a peak incidence occurring
between 3 and 18 months of age. Human milk may not be a sufficient source
of vitamin D, so it is recommended that infants start to receive 400 IU/day
of vitamin D at 2 months of age and that this continues throughout infancy
and adolescence.58 Thus, in order for optimal maternal and infant health, it
is recommended that mothers receive vitamin D supplementation beginning
at 12 weeks of gestation and continuing to birth, and that infants receive
supplementation beginning at 2 months and continuing into adolescence if
dietary supplementation is inadequate (Figure 1).
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Vitamin A plays a number of important roles in the body including immune
cell differentiation and proliferation, integrity of epithelial cells, vision and
differentiation of the cornea, conjunctival membranes and photoreceptor cells
of the retina.59,60 Vitamin A deficiencies are responsible for a range of adverse
health effects, the most common and first observed being night blindness as a
result of xerophthalmia. They can also result in the reduction of the number
of lymphocytes, natural killer cells and CD4+ counts and can affect mucosal
immunity by altering the integrity of the mucosal epithelia of the eyes,
respiratory, gastrointestinal and genitourinary tracts.60 In addition, vitamin
A deficiencies have been shown to be linked to higher rates of mortality and
morbidity in young children with measles, respiratory infections and diarrhoea.
Three studies have shown that giving newborn infants a single 50,000 IU
dose of vitamin A within several days after birth, improves all cause mortality
during the first 6 months of life by 15%,61 22% 62 and 64%.63 In addition, a
meta-analysis conducted on 43 trials involving oral vitamin A supplementation
of children aged 6 months to 5 years, showed that this significantly decreased
the incidence of vision problems, diarrhoea and measles, as well as mortality
from diarrhoea and measles.64 Despite the promising implication of vitamin
A supplementation for children in low and middle income countries, there
is conflicting evidence as to the benefit of vitamin A supplementation in
preventing maternal mortality. A study in Nepal showed that a weekly dose
of 25,000 IU of retinol decreased maternal mortality during pregnancy and
up to 12 weeks postpartum by 40%.65 However, two studies that followed in
Bangladesh66 and in Ghana67 showed that the same weekly dose of vitamin A
did not affect the survival of mothers or the infants. Differences between the
Nepal and Bangladesh trial could have been that the Bangladesh mothers had
a skilled health worker attend the birth and their diets could also have been
different, resulting in better vitamin A status.66 Another trial in Nepal did not
assess maternal mortality, but found that the rates of neonatal death, postneonatal death and cumulative infant mortality before 6 months of age were
not improved with weekly maternal vitamin A supplementation of the same
dose.68 This indicates that especially in populations under-nourished other
micro-nutrient deficiencies could be a factor in preventing positive outcomes of
a single nutrient supplement.
Despite the inconclusive results of the benefits of vitamin A supplementation
on maternal mortality, a recent study suggests that weekly vitamin A
supplementation of pregnant women may reduce the prevalence of bacterial
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vaginosis (BV) which is thought to be associated with pre-term birth. The
study was done in Bangladesh and pregnant mothers were given 25,000 IU
beginning in their first trimester and continuing to three months postpartum.
This resulted in a 30-40% reduction in the incidence of BV as compared to the
placebo.69 Based on the studies reviewed, it was recommended that pregnant
women receive vitamin A supplementation for the prevention of BV up to
3 months postpartum, while infants should receive a dose at birth, as well as
supplementation beginning at 6 months of age (Figure 1).
Iron
Iron deficiency is particularly prevalent in developing countries, and it is
estimated that 24.8% of the world population suffers from a deficiency.70
Iron deficiency anemia (IDA) in children can cause suboptimal motor and
mental development, which can potentially be irreversible later in life. A
study comparing South African mothers who were non-anaemic, or anaemic
receiving daily iron supplementation or anemic receiving a placebo, showed
that the latter displayed ‘negative mothering’ characteristics and their children
were developmentally delayed.71 IDA is also responsible for 18% mortality
in maternal women due to low haemoglobin levels resulting in an increased
probability of death due to postpartum haemorrhaging.72 Iron supplementation
daily during pregnancy has been shown to increase haemoglobin levels and
prevent anaemia.73 In addition, two studies in China and Nepal have shown
that maternal iron supplementation also decreased preterm births, neonatal
mortality,74 long term mortality and reduced the number of low birth weight
infants.75 Upon delivery, women are at risk for iron deficiency due to blood
loss. Thus, it is recommended that women who have haemoglobin levels less
than 100 g/l after delivery receive 100-200 mg of iron daily for at least three
months.70 Of note, the iron found in human milk of a healthy mother is
sufficient for the newborn to sustain haematopoiesis for the first six months
of life.72 After this time, however, dietary iron requirements increase and
additional iron must be supplied. Studies determining if iron supplementation
of infants can benefit mental and psychomotor development are inconclusive,
but do suggest that supplementation for two to four months can have a positive
effect in children 1 to 5 years old.76 The WHO recommends that women of
reproductive age in developing countries receive weekly iron and folic acid
supplementation, which increases to daily once pregnant.72 Thus, maternal iron
supplementation is needed during foetal development and for a period of 3
months after if haemoglobin levels are low, and infant supplementation could
be beneficial after 1 year of age (Figure 1).
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The administration of probiotics
An estimated two million women die in Africa because of pregnancy
complications, and an estimated additional two million babies die within
days of birth. There are several measures of maternal mortality,77 but
aside from haemorrhage at delivery,78 major reasons are malnutrition and
infection. The emergence of an aberrant vaginal microbiota can also lead to
increased risk of preterm delivery. This is true for BV, a condition frequently
occurring in women, and depicted by depletion of lactobacilli in most cases
and elevation of a mixed microbiota dominated by strict anaerobes, such
as species of Atopobium, Prevotella, Megasphaera, Mobiluncus, Clostridium
and Lachnospiraceae.22, 79-83 Aerobic vaginitis (AV) also arises in some women
and is caused by aerobic organisms such as Escherichia coli, streptococci and
enterococci.84 AV is accompanied by an increase in localised production of
interleukin (IL)-1, IL-6 and IL-8, and in pregnancy it is associated with an
increased risk of preterm delivery, chorioamnionitis and funisitis of the foetus.
The concept of administering probiotic lactobacilli to the vagina, either directly
or via oral administration and ascension from the rectum, has been considered
for 25 years to be a means of restoring and maintaining homeostasis.85
Although no definitive clinical trials have shown that preterm labour can be
prevented, studies have shown that probiotic Lactobacillus rhamnosus GR-1
can mechanistically reduce this risk through modulation of the inflammatory
cascade.86-88 The question is when would a probiotic be administered and for
how long? By the time BV or AV occurs, often without symptoms and signs,
it may be too late to intervene according to clinical trials that failed to show
alteration in outcomes with administration of antibiotics,89 possibly due to
failure of the antibiotic to prevent the increase in matrix metalloproteinase-8
levels, which cause degradation, cervical ripening and preterm delivery.90
Since aberrant vaginal microbiota conditions cannot be predicted and can
occur rapidly and repeatedly if a woman has a history of them, it may be
advisable to use probiotics prior to and during pregnancy in the hope of
maintaining homeostasis. The problem, however, for developing countries is
that only one probiotic, L. rhamnosus GR-1, that is designed and tested for
vaginal health is not available in Africa except under a small social enterprise,
as will be discussed later.
Three strains, L. rhamnosus GR-1, Lactobacillus reuteri RC-14, and Lactobacillus
crispatus CTV05 have been studied for their effects on women’s health. The first
two were chosen to interfere with Gram-positive and Gram-negative pathogen
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growth and biofilm development, while the CTV05 strain was selected because
the species is commonly found in the vagina and produces large quantities of
H2O2, which may be antagonistic to pathogens. The GR-1 and RC-14 strains
administered orally have been shown to reach the vagina, reduce pathogen
ascension into the vagina, reduce recurrences of BV, prevent recurrences
of urinary tract infection, and shift the microbiota to one dominated by
Lactobacillus species.91,92 These strains have been administered vaginally and
shown to cure BV in a small study in non-pregnant women,93 indicating that
they could be applied instead of antibiotics during pregnancy. Alternatively,
they could be administered with antibiotics to improve efficacy and reduce side
effects of the drugs,94,95 including resistance to antibiotics. Furthermore, use of
probiotics over a nine month period would not be expected to adversely affect
the foetus,96 whereas some antibiotics are counter-indicated in pregnancy.
The interesting question is to what extent could probiotic lactobacilli influence
the foetus beyond maintaining it to term by reducing risk of miscarriage? In
theory this could happen several ways. Firstly, it could alter the metabolic
products in the maternal gut that are adsorbed into the bloodstream and reach
the baby. This is not only to try and modulate weight gain97 or reduce the
incidence of gestational diabetes mellitus,98 but to influence actual specific
organ development. Secondly, it could perhaps have a signalling role in priming
the foetus to recognise and ‘accept’ a certain microbiome post-natally. Of the
studies that have suggested probiotic lactobacilli can affect the development of
conditions such as atopic dermatitis and allergy,99 it is not easy to determine
how much this was due to programming in utero or to administration of the
probiotics to the mother and baby after birth. Certainly, probiotic bacterial
DNA can reach the foetus, according to a study of 34 human placentae in
which bifidobacterial DNA was detected in 33 and L. rhamnosus DNA in 31
samples.100 But, L. rhamnosus GG treatment of mothers did not influence foetal
antigen-specific immune responses in one study, suggesting foetal immune
responses are not the major mechanism through which probiotics prevent
eczema.101 On the other hand, if L. rhamnosus HN001 and Bifidobacterium
lactis HN019 taken 2-5 weeks before delivery and continuing for 6 months
in lactating women, could induce higher interferon-gamma levels and higher
transforming growth factor beta 1 levels in early human milk (week 1).102
It seems likely that future studies will involve a range of probiotics being tested
during pregnancy, and it will be interesting to see if variations of these species
could make a difference in pregnancy outcomes. L. reuteri harbours the genes
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that can utilise glycerol and synthesise vitamin B12.103 This vitamin is critical
during pregnancy, with more insulin resistant children being born to mothers
deficient in vitamin B12 and with high folate concentrations.104 Thus, not only
might L. reuteri be administered, but it might be done at specific times during
pancreas development in the foetus.
The L. crispatus CTV05 strain is intended for intravaginal administration for
the treatment of recurrent urinary tract infections and BV. If the probiotic is
used weekly for a month, numbers of pathogens, like Gardnerella vaginalis,
Atopobium vaginae, Megasphaera spp., Leptotrichia/ Sneathia spp. and BVAB2
fall significantly,105 and recurrences of urinary tract infection are reduced.106
However, this strain is not approved in any country yet, and there is no
indication that it will soon be available and affordable for women in developing
countries.
In an effort to determine practical means to make probiotics available to people
in resource disadvantaged countries, we established a community kitchen
project in Tanzania in 2004. This project has now expanded to a network of
kitchens around the East African region. The concept is relatively simple, albeit
not without its problems in implementation. It was driven by the recognition
that women are invariably responsible for feeding families, and caring for
husbands, brothers, and extended family members who have become ill due
to HIV infection. However, these women tend not to be empowered, do not
own or inherit their home when their husband dies, and are often subjected
to violence by their partners. Thus, the community kitchen project was
established to empower women to set up small social businesses, produce food
of high nutritional value, and act as a nidus for the spread of probiotics in the
region, including studies into their benefits.
The production of probiotic yogurt was made possible because of the large
number of dairy cows in and around Tanzania, and because of the many
health-conferring properties of milk.107 This cow milk is preferred to goat’s
milk, but when cows are not available milk from other animals could be used.
Reliable electricity supplies are not the norm, and so back-up generators are
needed to support the fridges and freezers that store the yogurt. Propane is
readily available and is used to pasteurise the milk and sterilise equipment.
While bacterial contamination is always a threat, especially given the living
conditions, dust, and scarcity of clean water, the number of times that batches
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have been spoiled is extremely low, perhaps because of inherent antimicrobial
properties of fermented milk.108
The yogurt making process retained the viability of L. rhamnosus GR-1 and led
to a product that was well-received with respect to taste and texture.23,109,110 A
range of health benefits have been previously described for probiotics targeting
the developing world,1 but in relation to the first 1000 days of life, no specific
data is available. Despite this, amelioration of diarrhoea and infection, and
increase in energy levels found with daily use of the probiotic yogurt111-113
would be expected to be important in mothers and infants under two years
of age, especially since, as indicated above, TDEE requirements are increased
during pregnancy and lactation.
In order to increase the health benefits of the yogurt, various micronutrients
were added, initially from a commercial source, then later using readily
available wild plants (Moringa). The commercial powdered source was based
upon a formula by,114 but prepared to deliver 25% of the daily required amount
of nutrient per 125 g of yogurt product115 as shown in Table 1.
Ingredients micronutrient-probiotic yogurt Amount per 175 g yogurt serving
Lactobacillus rhamnosus CAN-1
Vitamin A (as β-carotene and palmitate)
Vitamin E (as acetate)
Niacinamide
Vitamin B1 (thiamin)
Vitamin B12 (cyanocobalamin)
Vitamin B6 (pyroxine)
Vitamin C (ascorbic acid)
Iron (as ferric pyrophosphate)
Selenium (sodium selenite)
Zinc (zinc sulphate)
DHA (omega-3 fatty acid from fish oil)

min. 107 cfu/ml
1,500 IU
5.7 IU
3.8 mg
0.3 mg
0.6 µg
0.3 mg
21 mg
3.3 mg
13.8 µg
2.4 mg
13 mg

Table 1. The nutrient composition of the formulation developed for addition to
probiotic yogurt in Mwanza. This micronutrient mix was only used for a clinical
study116 and is not part of the daily probiotic yogurt taken by subjects today.
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The formulation was designed in order to maintain the viable count of the
probiotic and starter culture strains. Another approach would be to include
nutrients that actually stimulate the propagation of the probiotic strains once
they enter the host. Examples would be inulin and fructooligosaccharide
prebiotics. The plant based product used Moringa leaves, which are wild plants
readily available in the regions, recommended by governments for use by AIDS
patients, and contain a range of micronutrients (Table 2).116
Nutrients
Amount per 100g
Vitamin A
18.9 mg
Vitamin B1 (thiamin)
2.64 mg
Vitamin B2
20.5 mg
Vitamin B3
8.2 mg
Vitamin C
17.3 mg
Calcium
2,003 mg
Calories
205 cal
Carbohydrates
38.2 g
Copper
0.57 mg
Fat
2.3 g
Fibre
19.2 g
Iron
18.2 g
Magnesium
368 mg
Phosphorous
204 mg
Potassium
1,324 mg
Protein
27.1 mg
Zinc
3.29 mg
Arginine
1,325 mg
Histidine
613 mg
Isoleucine
825 mg
Leucine
1,950 mg
Lycine
1,325 mg
Methionine
350 mg
Phenylalanine
1,388 mg
Threonine
1,188 mg
Tryptophan
425 mg
Valine
1,063 mg
Table 2. Nutritional content per 100 g of Moringa oleifera dried leaf powder.
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The advantage of the Moringa is its ease of accessibility and affordability. These
fortified probiotic foods are certainly worthy of testing in pregnancy and as
early additions to the diet of the weaned infant. With more research, it should
become possible to determine whether the formulation needs to be altered
to increase the concentration of certain nutrients or apply different probiotic
strains, as a means of optimising foetal development and pregnancy outcome.
Other probiotics have been used in resource disadvantaged countries for
children beyond the first 2 years of life. For example, an infant formula
containing Bifidobacterium bifidum with Streptococcus thermophilus successfully
increased the CD4 count of HIV-positive Brazilian children 2-12 years of
age.117 For malnourished children who are not growing optimally, the use of
B. lactis supplemented formula has been shown to have a positive effect on
growth.118 If available, this could be a good substitute for babies born to HIV
infected mothers. Congenital exposure to HIV-1 is a risk factor for growth
delay in both infected and non-infected infants, and as nutritional intervention
alone after 6 months of age appears to be largely ineffective, the addition of
probiotics has great potential.119
Finally, given the enormous burden of impaired cognitive function of children
as a result of nutritional deficiency in the first 1000 days of life, it is worth
exploring whether probiotics might make a difference, even beyond their
administration in a nutritious food. Relatively recent studies have shown a
clear link between the gut microbiota and brain function,120,121 which includes
memory and stress. Strains of lactobacilli and bifidobacteria are well known
for their ability to produce neurochemicals, some of which could play a role in
cognitive function.122 It begs the question: could probiotics help infants during
and after the first 1000 days of life, through some gut-brain modification?

Moving forward
The problem of malnutrition, both over- and under-, is resulting in a double
burden of disease in developing countries, which collectively adds to impede
social and economic growth and national productivity. Unfortunately, the
most sensitive population to this pandemic are mothers and their infants.
The human microbiome, with over 1014 organisms expressing millions of
genes, plays critical roles in how nutrients are processed. Studies have shown
that the gut microbiota differs in infants fed human versus formula milk123,124
and with diet125 indicating the role of specific members of the microbiota in
nutrient processing. In addition, recent studies in gnobiotic mice, with gut
microbial communities composed of 10 sequenced human gut microbes,
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have shown that ingredients in refined diets can be linked to changes in the
microbiota community and these in turn can be extended to foods consumed
by humans.126
Because of the obesity epidemic affecting both developed and developing
worlds, studies have focused on defining a core microbiome that could be
manipulated to aid in combating this disease. However, in order to fully
understand how the microbiota influences host metabolism we also need to
study the opposite end of the malnutrition spectrum, i.e. under-nutrition. To
date, two studies have been conducted on the microbiota of undernourished
children in the developing world. Both utilised high- throughput sequencing
technologies but were limited in their sample size and did not take into account
the dietary history of the subjects. Still, differences between the microbiota
of malnourished and healthy children were observed with the former having
higher numbers of pathogenic species.127,128
Many organisations such as the WHO, the International Micronutrient
Malnutrition Prevention and Control, the Bill and Melinda Gates Foundation,
UN agencies and the World Bank have launched nutrition strategies
mainly based on micronutrient supplementation to aid maternal and foetal
health. Thirteen highly cost-effective interventions have been proposed to
combat under-nutrition in the first 1000 days of life and improve maternal
malnutrition. These include promoting good nutritional practices such as
breastfeeding, increasing intake of vitamins and minerals, micronutrient
provision through food fortification and therapeutic feeding for malnourished
children with ready-to-use therapeutic foods.129 The estimated cost to
implement these interventions is approximately $11.8 billion annually, with
about $1.5 billion coming from households financially able to pay food related
expenses. Such a solution has the potential to succeed, but would involve
continual funding in order to permanently eradicate under-nutrition.
The progress of the yogurt kitchens in East Africa demonstrates that practical,
local resource based interventions have the potential to relieve under-nutrition,
but community engagement and commitment by external partners are essential
for success. The kitchens rely on start-up costs for supplies and training that
come from donations to the project, but are designed to be self sustaining after
the initial investment and contribute to the local economy as well as to the
empowerment of women. The encouraging data that probiotics can contribute
to the treatment of HIV, BV and other chronic diseases warrants further study.
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In addition, the use of accessible and affordable plants and herbs, like Moringa,
rich in various nutrients, needs to be embraced. Reliance solely on expensive
pharmaceutical products imported from developed countries is not the ideal
scenario. In the end, promoting the health of mother and baby during the first
1000 days of life could have a significant impact on the economy of developing
countries, through emergence of a healthier, cognitively sound population.

99

References
1.
Monachese M, Cunningham-Rundles S, Diaz MA, Guerrant R,
Hummelen R, Kemperman R, Kerac M, Kort R, Merenstein D, Panigrahi P,
Ramakrishna B, Safdar N, Shane A, Trois L, Reid G. Probiotics and prebiotics
to combat enteric infections and HIV in the developing world: a consensus
report. Gut Microbes 2011; 2: 198-207.
2.
AVERT. HIV and AIDS in South Africa 2011; Available at: http://
www.avert.org/aidssouthafrica.htm.
3.
Carr A. Toxicity of antiretroviral therapy and implications for drug
development. Nature Reviews Drug Discovery 2003; 2: 624-634.
4.
Maggi P, Bartolozzi D, Bonfanti P, Calza L, Cherubini C, Di Biagio
A, Marcotullio S, Montella F, Montinaro V, Mussini C, Narciso P, Rusconi S,
Vescini F. Renal complications in HIV disease: between present and future.
Aids Reviews 2012; 14: 37-53.
5.
Murray MJ, Murray AB. Anorexia of infection as a mechanism of host
defense. American Journal of Clinical Nutrition 1979; 32: 593-596.
6.
Kosmiski L. Energy expenditure in HIV infection. American Journal of
Clinical Nutrition 2011; 94: 1677S-1682S.
7.
Butte NF, King JC. Energy requirements during pregnancy and
lactation. Public Health Nutrition 2005; 8: 1010-1027.
8.
Hamer HM, De Preter V, Windey K, Verbeke K. Functional analysis
of colonic bacterial metabolism: relevant to health? American Journal of
Physiology – Gastrointestinal and Liver Physiology 2012; 302: G1-G9.
9.
Flint HJ. Obesity and the gut microbiota. Journal of Clinical
Gastroenterology 2011; 45: S128-S132.
10.
Venema K. Role of gut microbiota in the control of energy and
carbohydrate metabolism. Current Opinion in Clinical Nutrition and
Metabolic Care 2010; 13: 432-438.
11.
Turnbaugh PJ, Ridaura VK, Faith JJ, Rey FE, Knight R, Gordon JI.
The effect of diet on the human gut microbiome: a metagenomic analysis in
humanized gnotobiotic mice. Science Translational Medicine 2009; 1: 6ra14.
12.
Barker DJP, Bull AR, OsmondC. and Simmonds, S.J., 1990. Fetal and
placental size and risk of hypertension in adult life. British Medical Journal
301: 259-262.

100

13.
Laitinen K, Collado MC, Isolauri E. Early nutritional environment:
focus on health effects of microbiota and probiotics. Beneficial Microbes 2010;
1: 383-390.
14.
Benton D, ILSI Europe a.i.s.b.l. Micronutrient status, cognition and
behavioral problems in childhood. European Journal of Nutrition 2008;
47: 38-50.
15.
Dror DK. Vitamin D status during pregnancy: maternal, fetal, and
postnatal outcomes. Current Opinion in Obstetrics and Gynecology 2011;
23: 422-426.
16.
Gambling L, Kennedy C, McArdle HJ. Iron and copper in fetal
development. Seminars in Cell and Developmental Biology 2011; 22: 637-644.
17.
Nuttall JR, Oteiza PI. Zinc and the ERK kinases in the developing
brain. Neurotoxicity Research 2012; 21: 128-141.
18.
Christian P, Murray-Kolb LE, Khatry SK, Katz J, Schaefer BA, Cole
PM, LeClerq SC, Tielsch JM. Prenatal micronutrient supplementation and
intellectual and motor function in early school-aged children in Nepal. Journal
of the American Medical Association 2010; 304: 2716-2723.
19.
Mihaila C, Schramm J, Strathmann FG, Lee DL, Gelein RM, Luebke
AE, Mayer-Proeschel M. Identifying a window of vulnerability during
fetal development in a maternal iron restriction model. PLoS ONE 2011;
6: e17483.
20.
King JC. The risk of maternal nutritional depletion and poor outcomes
increases in early or closely spaced pregnancies. Journal of Nutrition 2003;
133: 1732S-1736S.
21.
Eckert LO, Moore DE, Patton DL, Agnew KJ, Eschenbach DA.
Relationship of vaginal bacteria and inflammation with conception and early
pregnancy loss following in vitro fertilization. Infectious Diseases in Obstetrics
and Gynecology 2003; 11: 11-17.
22.
Hay PE, Lamont RF, Taylor-Robinson D, Morgan DJ, Ison C, Pearson
J. Abnormal bacterial-colonization of the genital- tract and subsequent preterm
delivery and late miscarriage. British Medical Journal 1994; 308: 295-298.
23.
Reid G. The potential role for probiotic yogurt for people living with
HIV/AIDS. Gut Microbes 2010; 1: 411-414.
24.
Reid G, Younes JA, Van der Mei HC, Gloor GB, Knight R, Busscher
HJ. Microbiota restoration: natural and supplemented recovery of human
microbial communities. Nature Reviews Microbiology 2011; 9: 27-38.

101

25.
Hunt, KM, Foster JA, Forney LJ, Schuette UME, Beck DL, Abdo
Z, Fox LK, Williams JE, McGuire MK, McGuire MA. Characterization of
the diversity and temporal stability of bacterial communities in human milk.
PLoS ONE 2011; 6: e21313.
26.
Martin R, Langa S, Reviriego C, Jimenez E, Marin ML, Olivares
M, Boza J, Jimenez J, Fernandez L, Xaus J, Rodriguez JM. The commensal
microflora of human milk: new perspectives for food bacteriotherapy and
probiotics. Trends in Food Science and Technology 2004; 15: 121-127.
27.
Macpherson AJ, Harris NL. Interactions between commensal intestinal
bacteria and the immune system. Nature Reviews Immunology 2004;
4: 478-485.
28.
Mazmanian SK, Liu CH, Tzianabos AO, Kasper DL. An
immunomodulatory molecule of symbiotic bacteria directs maturation of the
host immune system. Cell 2005; 122: 107-118.
29.
Stappenbeck TS, Hooper LV, Gordon JI. Developmental regulation of
intestinal angiogenesis by indigenous microbes via Paneth cells. Proceedings of
the National Academy of Sciences of the USA 2002; 99: 15451-15455.
30.
Favier CF, De Vos WM, Akkermans ADL. Development of bacterial
and bifidobacterial communities in feces of newborn babies. Anaerobe 2003;
9: 219-229.
31.
Bisanz, JE, Reid G. Unraveling how probiotic yogurt works. Science
Translational Medicine 2011; 3(106): 106ps41.
32.
Chasapis CT, Loutsidou AC, Spiliopoulou CA, Stefanidou ME. Zinc
and human health: an update. Archives of Toxicology 2011; 86: 521-534.
33.
Hambidge M. Human zinc deficiency. Journal of Nutrition 2000;
130: 1344S-1349S.
34.
Maggini S, Wenzlaff S, Horning D. Essential role of vitamin C and
zinc in child immunity and health. Journal of International Medical Research
2010; 38: 386-414.
35.
Imdad A, Bhutta ZA. Effect of preventive zinc supplementation on
linear growth in children under 5 years of age in developing countries: a metaanalysis of studies for input to the lives saved tool. BMC Public Health 2011;
11: S22.
36.
Brown KH, Person JM, Baker SK, Hess SJ. Preventive zinc
supplementation among infants, preschoolers, and older prepubertal children.
Food and Nutrition Bulletin 2009; 30: S12-S40.

102

37.
Caulfield LE, Zavaleta N, Chen P, Lazarte F, Albornoz C, Putnick DL,
Bornstein MH, DiPietro JA. Maternal zinc supplementation during pregnancy
affects autonomic function of Peruvian children assessed at 54 months of age.
Journal of Nutrition 2011; 141: 327-332.
38.
Zimmermann MB. The role of iodine in human growth and
development. Seminars in Cell and Developmental Biology 2011; 22: 645-652.
39.
Zimmermann MB. Iodine deficiency in pregnancy and the effects of
maternal iodine supplementation on the offspring: a review. American Journal
of Clinical Nutrition 2009; 89: 668S-672S.
40.
Skeaff SA. Iodine deficiency in pregnancy the effect on
neurodevelopment in the child. Nutrients 2011; 3: 265-273.
41.
Cao X, Jiang X, Dou Z, Rakeman MA, Zhang O’Donnell K, Ma T,
Amette K, DeLong N, DeLong GR. Timing and vulnerability of the brain
to iodine deficiency in endemic cretinism. New England Journal of Medicine
1994; 331: 1739-1744.
42.
Chaouki ML, Benmiloud M. Prevention of iodine deficiency disorders
by oral administration of lipiodol during pregnancy. European Journal of
Endocrinology 1994; 130: 547-551.
43.
Cobra C, Muhilal Rusmil K, Rustama D, Suwardi SS, Permaesih D,
Muherdiyantiningsih MS, Semba RD. Infant survival is improved by oral
iodine supplementation. Journal of Nutrition 1997; 127: 574-578.
44.
Bleichrodt N, Born MP. A meta-analysis of research on iodine and its
relationship to cognitive development. In: Stanbury, J.B. (ed.) The damaged
brain of iodine deficiency. Cognizant Communication, New York, USA 1994;
195-200.
45.
World Health Organization (WHO). Recommended iodine levels
in salt and guidelines for monitoring their adequacy and effectiveness 1996;
Available at: http://whqlibdoc.who.int/hq/1996/ WHO_NUT_96.13.pdf.
46.
Tamura T, Picciano MF. Folate and human reproduction. American
Journal of Clinical Nutrition 2006; 83: 993-1016.
47.
Herbert V. Folic acid. Annual Review of Medicine 1965; 16: 359-370.
48.
Bukowski R, Malone FD, Porter FT, Nyber DA, Comstock CH,
Hankins GDV, Eddleman K, Gross SJ, Dugoff L, Craigo SD, Timor-Tritsch
IE, Carr SR, Wolfe HM, D’Alton ME. Preconceptional folate supplementation
and the risk of spontaneous preterm birth: a cohort study. PLoS Medicine
2009; 6: e1000061.

103

49.
MRC Vitamin Study Research Group. Prevention of neural tube
defects: results of the medical research council vitamin study. The Lancet 1991;
338: 131-137.
50.
Czeizel AE, Dudas I. Prevention of the first occurrence of neural-tube
defects by periconceptional vitamin supplementation. New England Journal of
Medicine 1992; 327: 1832-1835.
51.
Scholtz W, Jones A, Phillips DIW, Gale CR, Robinson SM, Godfrey
KM. Lower maternal folate status in early pregnancy is associated with
childhood hyperactivity and peer problems in offspring. Journal of Child
Psychology and Psychiatry 2010; 51: 594-602.
52.
Manger MS, Taneja S, Strand TA, Ueland PM, Refsum H, Schneede
J, Nygard O, Sommerfelt H, Bhandari N. Poor folate status predicts persistent
diarrhea in 6- to 30-month- old north Indian children. Journal of Nutrition
2011; 141: 2226-2232.
53.
DeLuca HF. Overview of general physiologic features and functions of
vitamin D. American Journal of Clinical Nutrition 2004; 80: 1689S-1696S.
54.
Wagner CL, Taylor SN, Dawodu A, Johnson DD, Hollis BW. Vitamin
D and its role during pregnancy in attaining optimal health of mother and
fetus. Nutrients 2012; 4: 208-230.
55.
Maxwell JD, Ang L, Brooke OG, Brown IR. Vitamin D supplements
enhance weight gain and nutritional status in pregnant Asians. British Journal
of Obstetrics and Gynaecology 1981; 88: 987-991.
56.
Brooke OG, Butters F, Wood C. Intrauterine vitamin D nutrition and
postnatal growth in Asian infants. British Medical Journal (Clinical Research
Edition) 1981; 283: 1024.
57.
Cockburn F, Belton NR, Purvis RJ, Giles MM, Brown JK, Turner
TL, Wilkinson EM, Forfar JO, Barrie WJ, McKay GS, Pocock SJ. Maternal
vitamin D intake and mineral metabolism in mothers and their newborn
infants. British Medical Journal 1980; 281: 11-14.
58.
Wagner CL, Taylor SN, Hollis BW. Does vitamin D make the world go
‘round’? Breastfeeding Medicine 2008; 3: 239-250.
59.
Gerster H. Vitamin A – functions, dietary requirements and safety
in humans. International Journal for Vitamin and Nutrition Research 1997;
67: 71-90.
60.
Semba RD. The role of vitamin A and related retinoids in immune
function. Nutrition Reviews 1998; 56: S38-S48.

104

61.
Klemm RD, Labrique AB, Christian P, Rashid M, Shamim AA, Katz J,
Sommer A, West Jr. KP. Newborn vitamin A supplementation reduced infant
mortality in rural Bangladesh. Pediatrics 2008; 1: e242-250.
62.
Rahmathullah L, Tielsch JM, Thulasiraj RD, Katz J, Coles C, Devi
S, John R, Prakash K, Sadanand AV, Edwin N, Kamaraj C. Impact of
supplementing newborn infants with vitamin A on early infant mortality:
community based randomised trial in southern India. British Medical Journal
2003;
327: 254.
63.
Humphrey JH, Agoestina T, Wu L, Usman A, Nurachim M,
Subardia D, Hidavat S, West Jr. KP, Sommer A. Impact of neonatal vitamin
A supplementation on infant morbididty and mortality. Journal of Pediatrics
1996; 128: 489-496.
64.
Mayo-Wilson E, Imdad A, Herzer K, Yakoob MY, Bhutta ZA. Vitamin
A supplements for preventing mortality, illness, and blindness in children aged
under 5: systematic review and meta- analysis. British Medical Journal 2011;
343: d5094.
65.
West Jr. KP, Katz J, Khatry SK, LeClerq SC, Pradhan EK, Shrestha
SR, Connor PB, Dali SM, Christian P, Pokhrel RP, Sommer A. Double blind,
cluster randomised trial of low dose supplementation with vitamin A or beta
carotene on mortality related to pregnancy in Nepal. The NNIPS-2 Study
Group. British Medical Journal 1999; 318: 570-575.
66.
West Jr. KP, Christian P, Labrique AB, Rashid M, Shamim AA,
Klemm RDW, Massie AB, Mehra S, Schulze KJ, Ali H, Ullah B, Wu LSF,
Kaatz J, Banu H, Akhter HH, Sommer A. Effects of vitamin A or beta
carotene supplementation on pregnancy-related mortality and infant mortality
in rural Bangladesh. Journal of the American Medical Association 2011;
305: 1986-1995.
67.
Kirkwood BR, Hurt L, Amenga-Etego S, Tawiah C, Zandoh C, Danso
S, Hurt C, Edmond K, Hill Z, Asbroek G, Fenty J, Owusu-Agyei S, Campbell
O, Arthur P. Effect of vitamin A supplementation in women of reproductive
age on maternal survival in Ghana (ObaapaVitA): a cluster-randomised,
placebo-controlled trial. The Lancet 2010; 375: 1640-1649.
68.
Katz J, West Jr. KP, Khatry SK, Pradhan EK, LeClerq SC, Christian P,
Wu LS, Adhikari RK, Shrestha SR, Sommer A, the NNIPS-2 Study Group.
Maternal low-dose vitamin A or beta-carotene supplementation has no effect
on fetal loss and early infant mortality: a randomized cluster trial in Nepal.
American Journal of Clinical Nutrition 2000; 71: 1570-1576.

105

69.
Christian P, Labrique AB, Ali H, Richman MJ, Wu L, Rashid M, West
Jr. KP. Maternal vitamin A and beta-carotene supplementation and risk of
bacterial vaginosis: a randomized controlled trial in rural Bangladesh. American
Journal of Clinical Nutrition 2011; 94: 1643-1649.
70.
Pavord S, Myers B, Robinson S, Allar S, Strong J, Oppenheimer C. UK
guidelines on the management of iron deficiency in pregnancy. British Journal
of Haematology 2012; 156: 588-600.
71.
Perez EM, Hendricks MK, Beard JL, Murray-Kolb LE, Berg A,
Tomlinson M, Irlam J, Isaacs W, Njengele T, Sive A, Vernon-Feagans L.
Mother-infant interactions and infant development are altered by maternal iron
deficiency anemia. Journal of Nutrition 2005; 135: 850-855.
72.
Stoltzfus RJ. Iron interventions for women and children in low-income
countries. The Journal of Nutrition 2011; 141: 756S -762S.
73.
Pena-Rosas JP, Viteri FE. Effects and safety of preventive oral iron or
iron + folic acid supplementation for women during pregnancy. Cochrane
Reviews 2009; Issue 4. Art. No.: CD004736.
74.
Zeng I, Dibley MJ, Cheng Y, Dang S, Chang S, Kong L, Yan H.
Impact of micronutrient supplementation during pregnancy on birth weight,
duration of gestation, and perinatal mortality in rural western China: double
blind cluster randomised controlled trial. British Medical Journal 2008;
337: a2001.
75.
Christian P, Khatry SK, Katz J, Pradhan EK, LeClerq SC, Shrestha
SR, Adhikari RK, Sommer A, West Jr. KP. Effects of alternative maternal
micronutrient supplements on low birth weight in rural Nepal: double blind
randomised community trial. British Medical Journal 2003; 326: 571.
76.
Hermoso M, Vucic V, Vollhardt C, Arsic A, Roman-Vinas B,
Iglesia-Altaba I, Gurinovic M, Koletzko B. The effect of iron on cognitive
development and function in infants, children and adolescents: a systematic
review. Annals of Nutrition and Metabolism 2011; 59: 2-4.
77.
AbouZahr C, Wardlaw T Maternal mortality in 2000: Estimates
developed by WHO, UNICEF and UNFPA 2003; Available at: http://
whqlibdoc.who.int/hq/2000/a81531.pdf.
78.
Khan KS, Wojdyla D, Say L, Gulmezoglu AM, Van Look PFA. WHO
analysis of causes of maternal death: a systematic review. The Lancet 2006;
367: 1066-1074.

106

79.
Hill JE, Goh SH, Money DM, Doyle M, Li A, Crosby WL, Links M,
Leung A, Chan D, Hemmingsen SM. Characterization of vaginal microflora
of healthy, nonpregnant women by chaperonin-60 sequence-based methods.
American Journal of Obstetrics and Gynecology 2005; 193: 682-692.
80.
Hummelen R, Fernandes AD, Macklaim JM, Dickson RJ,
Changalucha J, Gloor GB, Reid G 2010. Deep sequencing of the vaginal
microbiota of women with HIV. PLoS ONE 2010; 5: e12078.
81.
Kim TK, Thomas SM, Ho M, Sharma S, Reich CI, Frank JA, Yeater
KM, Biggs DR, Nakamura N, Stumpf R, Leigh SR, Tapping RI, Blanke SR,
Slauch JM, Gaskins HR, Weisbaum JS, Olsen GJ, Hoyer LL, Wilson BA.
Heterogeneity of vaginal microbial communities within individuals. Journal of
Clinical Microbiology 2009; 47: 1181-1189.
82.
Oakley BB, Fiedler TL, Marrazzo JM, Fredricks DN. Diversity
of human vaginal bacterial communities and associations with clinically
defined bacterial vaginosis. Applied and Environmental Microbiology 2008;
74: 4898-4909.
83.
Ravel J, Gajer P, Abdo Z, Schneider GM, Koenig SSK, McCulle
SL, Karlebach S, Gorle R, Russell J, Tacket CO, Brotman RM, Davis CC,
Ault K, Peralta L, Forney LJ. Vaginal microbiome of reproductive-age
women. Proceedings of the National Academy of Sciences of the USA 2011;
108: 4680-4687.
84.
Donders, GGG, Bellen G, Rezeberga D. Aerobic vaginitis in pregnancy.
British Journal of Obstetrics and Gynaecology 2011; 118:1163-1170.
85.
Bruce AW, Reid G. Intravaginal instillation of lactobacilli for
prevention of recurrent urinary tract infections. Canadian Journal of
Microbiology 1988; 34: 339-343.
86.
Yeganegi M, Watson CS, Martins A, Kim SO, Reid G, Challis JRG,
Bocking AD. Effect of Lactobacillus rhamnosus GR-1 supernatant and fetal sex
on lipopolysaccharide-induced cytokine and prostaglandin-regulating enzymes
in human placental trophoblast cells: implications for treatment of bacterial
vaginosis and prevention of preterm labor. American Journal of Obstetrics and
Gynecology 2009; 200: 532.e1-8.
87.
Yeganegi M, Leung CG, Martins A, Kim SO, Reid G, Challis JRG,
Bocking AD. Lactobacillus rhamnosus GR-1- induced IL-10 production in
human placental trophoblast cells involves activation of JAK/STAT and MAPK
pathways. Reproductive Sciences 2010; 17: 1043-1051.

107

88.
Yeganegi M, Leung CG, Martins A, Kim SO, Reid G, Challis JRG,
Bocking AD. Lactobacillus rhamnosus GR-1 stimulates colony-stimulating
factor 3 (granulocyte) (CSF3) output in placental trophoblast cells in a fetal
sex-dependent manner. Biology of Reproduction 2011; 84: 18-25.
89.
McDonald HM, Brocklehurst P, Gordon A. Antibiotics for treating
bacterial vaginosis in pregnancy. Cochrane Database of Systematic Reviews
issue 4 2007; Art. No. CD000262.
90.
Diaz-Cueto L, Dominguez-Lopez P, Tena-Alavez G, Cuica-Flores A,
Rosales-Ortiz S, Arechavaleta-Velasco F. Effect of clindamycin treatment on
vaginal inflammatory markers in pregnant women with bacterial vaginosis
and a positive fetal fibronectin test. International Journal of Gynecology and
Obstetrics 2009; 107: 143-146.
91.
Morelli L, Zonenenschain D, Del Piano M, Cognein P. Utilization
of the intestinal tract as a delivery system for urogenital probiotics. Journal of
Clinical Gastroenterology 2004; 38: S107-S110.
92.
Reid G, Charbonneau D, Erb J, Kochanowski B, Beuerman D,
Poehner R, Bruce AW. Oral use of Lactobacillus rhamnosus GR-1 and
Lactobacillus fermentum RC-14 significantly alters vaginal flora: randomized,
placebo-controlled trial in 64 healthy women. Fems Immunology and Medical
Microbiology 2003; 35: 131-134.
93.
Anukam KC, Osazuwa E, Osemene GI, Ehigiagbe F, Bruce AW, Reid
G. Clinical study comparing probiotic Lactobacillus GR-1 and RC-14 with
metronidazole vaginal gel to treat symptomatic bacterial vaginosis. Microbes
and Infection 2006b; 8: 2772-2776.
94.
Anukam K, Osazuwa E, Ahonkhai J, Ngwu M, Osemene G, Bruce
AW, Reid G. Augmentation of antimicrobial metronidazole therapy of bacterial
vaginosis with oral probiotic Lactobacillus rhamnosus GR-1 and Lactobacillus
reuteri RC-14: randomized, double-blind, placebo controlled trial. Microbes
and Infection 2006a; 8: 1450-1454.
95.
Martinez RCR, Franceschini SA, Patta MC, Quintana SM, Gomes
BC, De Martinis ECP, Reid G. 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. Canadian Journal
of Microbiology 2009 55: 133-138.

108

96.
Krauss-Silva L, Moreira ME, Alves MB, Braga A, Camacho KG, Batista
MR, Almada-Horta A, Rebello MR, Guerra F. A randomised controlled trial
of probiotics for the prevention of spontaneous preterm delivery associated
with bacterial vaginosis: preliminary results. Trials 2011; 12: 239. Available at:
http://www.ncbi. nlm.nih.gov/pubmed/22059409.
97.
Luoto R, Kalliomaki M, Laitinen K, Isolauri E. The impact of
perinatal probiotic intervention on the development of overweight and obesity:
follow-up study from birth to 10 years. International Journal of Obesity 2010a;
34: 1531-1537.
98.
Luoto R, Laitinen K, Nermes M, Isolauri E. Impact of maternal
probiotic-supplemented dietary counselling on pregnancy outcome and
prenatal and postnatal growth: a double-blind, placebo-controlled study. British
Journal of Nutrition 2010; 103: 1792-1799.
99.
Kalliomaki M, Salminen S, Poussa T, Arvilommi H, Isolauri E.
Probiotics and prevention of atopic disease: 4-year follow-up of a randomised
placebo-controlled trial. The Lancet 2003; 361: 1869-1871.
100. Satokari R, Gronroos T, Laitinen K, Salminen S, Isolauri E.
Bifidobacterium and Lactobacillus DNA in the human placenta. Letters in
Applied Microbiology 2009; 48: 8-12.
101. Boyle RJ, Mah LJ, Chen A, Kivivuori S, Robins-Browne RM,
Tang MLK. Effects of Lactobacillus GG treatment during pregnancy on
the development of fetal antigen-specific immune responses. Clinical and
Experimental Allergy 2008; 38: 1882-1890.
102. Prescott SL, Wickens K, Westcott L, Jung W, Currie H, Black PN,
Stanley TV, Mitchell EA, Fitzharris P, Siebers R, Wu L, Crane J, the Probiotic
Study Group. Supplementation with Lactobacillus rhamnosus or Bifidobacterium
lactis probiotics in pregnancy increases cord blood interferon-gamma and breast
milk transforming growth factor-beta and immunoglobin A detection. Clinical
and Experimental Allergy 2008; 38: 1606-1614.
103. Santos F, Spinler JK, Saulnier DMA, Molenaar D, Teusink B, De Vos
WM, Versalovic J, Hugenholtz J. Functional identification in Lactobacillus
reuteri of a PocR-like transcription factor regulating glycerol utilization and
vitamin B12 synthesis. Microbial Cell Factories 2011; 10: 55.
104. Yajnik CS, Deshmukh US. Fetal programming: maternal nutrition and
role of one-carbon metabolism. Reviews in Endocrine and Metabolic Disorders
2012; 13: 121-127.

109

105. Ngugi BM, Hemmerling A, Bukusi EA, Kikuvi G, Gikunju J, Shiboski
S, Fredricks DN, Cohen CR. Effects of bacterial vaginosis-associated bacteria
and sexual intercourse on vaginal colonization with the probiotic Lactobacillus
crispatus CTV-05. Sexually Transmitted Diseases 2011; 38: 1020-1027.
106. Stapleton AE, Au-Yeung M, Hooton TM, Fredricks DN, Roberts PL,
Czaja CA, Yarova-Yarovaya Y, Fiedler T, Cox M, Stamm WE. Randomized,
placebo-controlled phase 2 trial of a Lactobacillus crispatus probiotic given
intravaginally for prevention of recurrent urinary tract infection. Clinical
Infectious Diseases 2011; 52: 1212-1217.
107. Kaktcham PM, Zambou NF, Tchouanguep FM, El-Soda M,
Choudhary MI. Antimicrobial and safety properties of lactobacilli isolated
from two Cameroonian traditional fermented foods. Scientia Pharmaceutica
2012; 80: 189-203.
108. Ebringer L, Ferencik M, Krajcovic J. Beneficial health effects of milk
and fermented dairy products. Folia Microbiologica 2008; 53: 378-394.
109. Irvine SL, Hummelen R, Hekmat S, Looman CWN, Habbema
JDF, Reid G. Probiotic yogurt consumption is associated with an increase
of CD4 count among people living with HIV/AIDS. Journal of Clinical
Gastroenterology 2010; 44: E201-E205.
110. Whaling MA, Luginaah I, Reid G, Hekmat S, Thind A, Mwanga J,
Changalucha J. Perceptions about probiotic yogurt for health and nutrition in
the context of HIV/AIDS in Mwanza, Tanzania. Journal of Health, Population
and Nutrition 2012; 30: 31-40.
111. Hekmat S, Reid G. Sensory properties of probiotic yogurt is
comparable to standard yogurt. Nutrition Research 2006; 26: 163-166.
112. Hekmat S, Reid G. Survival of Lactobacillus reuteri RC-14 and
Lactobacillus rhamnosus GR-1 in milk. International Journal of Food Science
and Technology 2007; 42: 615-619.
113. Hekmat S, Soltani H, Reid G. Growth and survival of Lactobacillus
reuteri RC-14 and Lactobacillus rhamnosus GR-1 in yogurt for use as a
functional food. Innovative Food Science and Emerging Technologies 2009;
10: 293-296.

110

114. Kaiser JD, Campa AM, Ondercin JP, Leoung GS, Pless RF, Baum
MK. Micronutrient supplementation increases CD4 count in HIV-infected
individuals on highly active antiretroviral therapy: a prospective, doubleblinded, placebo-controlled trial. Journal of Acquired Immune Deficiency
Syndromes 2006; 42: 523-528.
115. Hemsworth J, Hekmat S, Reid G. The development of micronutrient
supplemented probiotic yogurt for people living with HIV: laboratory testing
and sensory evaluation. Innovative Food Science and Emerging Technologies
2011; 12: 79-84.
116. Van Tienen A, Hullegie YM, Hummelen R, Hemsworth J,
Changalucha J, Reid G. Development of a locally sustainable functional food
for people living with HIV in sub-Saharan Africa: laboratory testing and
sensory evaluation. Beneficial Microbes 2011; 2: 193-198.
117. Trois L, Cardoso EM, Miura E. Use of probiotics in HIV-infected
children: a randomized double-blind controlled study. Journal of Tropical
Pediatrics 2008; 54: 19-24.
118. Steenhout PG, Rochat F, Hager C. The effect of Bifidobacterium lactis
on the growth of infants: a pooled analysis of randomized controlled studies.
Annals of Nutrition and Metabolism 2009; 55: 334-340.
119. McLean PG, Bergonzelli GE, Collins SM, Bercik P. Targeting the
microbiota-gut-brain axis to modulate behavior: which bacterial strain will
translate best to humans? Proceedings of the National Academy of Sciences of
the USA 2012; 109: E174-E174.
120. Grenham S, Clarke G, Cryan JF, Dinan TG. Brain-gut-microbe communication in health and disease. Frontiers in Physiology 2011; 2: 94.
121. Heijtz RD, Wang S, Anuar F, Qian Y, Bjorkholm B, Samuelsson A,
Hibberd ML, Forssberg H, Pettersson S. Normal gut microbiota modulates
brain development and behavior. Proceedings of the National Academy of Sciences of the USA 2011; 108: 3047-3052.
122. Reid G. Neuroactive probiotics. Bioessays 2011; 33: 562.
123. Bezirtzoglou E, Tsiotsias A, Welling GW. Microbiota profile in feces of
breast- and formula-fed newborns by using fluorescence in situ hybridization
(FISH). Anaerobe 2011; 17: 478-482.

111

124. Harmsen HJM, Wildeboer-Veloo ACM, Raangs GC, Wagendorp AA,
Klijn N, Bindels JG, Welling GW. Analysis of intestinal flora development
in breast-fed and formula-fed infants by using molecular identification and
detection methods. Journal of Pediatric Gastroenterology and Nutrition 2000;
30: 61-67.
125. De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet JB,
Massart S, Collini S, Pieraccini G, Lionetti P. Impact of diet in shaping gut
microbiota revealed by a comparative study in children from Europe and rural
Africa. Proceedings of the National Academy of Sciences of the USA 2010;
107: 14691-14696.
126. Faith JJ, McNulty NP, Rey FE, Gordon JI. Predicting a human gut
microbiota’s response to diet in gnotobiotic mice. Science 2011; 333: 101-104.
127. Monira S, Nakamura S, Gotoh K, Izutsu K, Watanabe H, Alam
NH, Endtz HP, Cravioto A, Ali SI, Nakaya T, Horii T, Iida T, Alam M. Gut
microbiota of healthy and malnourished children in Bangladesh. Frontiers in
Microbiology 2011; 2: 228.
128. Sen Gupta SS, Mohammed MH, Ghosh TS, Kanungo S, Nair GB,
Mande SS. Metagenome of the gut of a malnourished child. Gut Pathogens
2011; 3: 7.
129. United Nations System Standing Committee on Nutrition (UNSCN),
2010. Scaling up nutrition: a framework for action. Available at: http://www.
unscn.org/files/Annual_Sessions/2009_Brussels/ SUNframework_sept2010.
pdf.

112

113

3.3

The impact of probiotic yogurt on
HIV-positive women in Tanzania
Dols JAM, Boon ME, Monachese M, Changalucha J,
Butamanya N, Varriano S, Vihant O, Hullegie Y,
van Tienen A, Hummelen R, Reid G
International Dairy Journal 2011; 21(8): 575-577

Abstract
In a randomized, double blind study, 145 HIV+ women receiving antiretroviral therapy at Sekou-Toure Regional Hospital in Mwanza, Tanzania
were enrolled. Participants were randomly allocated to receive 125 mL daily
regular yogurt or 125 mL probiotic supplemented yogurt for 29 days. Subject
interviews at day 0 and 29 revealed fewer vaginal symptoms and signs, better
appetite, less stomach gas and more energy for work, irrespective of the
treatment group. The Nugent scoring showed almost 40% women
had improved vaginal microbiota over the month, albeit the addition of the
probiotic did not differ from the standard yogurt group. Therefore, yogurt
provides a safe nutritious food that can be made locally and taken daily by
HIV-subjects receiving anti-retroviral therapy. It has the potential to transfer
health benefits to the gut and vagina, but the extent to which a probiotic can
add to this through rectal to perineal transfer remains to be determined.
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Introduction
In Africa, the HIV/AIDS epidemic has signiﬁcantly affected health, economy,
social infrastructure and education. Women in particular are bearing the brunt
of the disease through having to care for infected spouses and children and ﬁnd
alternative income, and they suffer from a high prevalence of bacterial vaginosis
(BV)4, 14 and other urogenital infections which affect their quality of life.2, 11
Problems with access to, and cost of, pharmaceutical therapies and medical
facilities, and toxicity of these agents, further add to the plight of women.
The establishment of a community kitchen, at which local women produce
yogurt containing probiotic Lactobacillus rhamnosus GR-1,12 provided an
opportunity to assess the effect of daily yogurt intake on the health of women.
An observational retrospective study of 150 participants had shown an increase
in CD4 count of 0.17 cells mL-1 per day (95% CI; 0.01-0.34, p = 0.04) with
probiotic yogurt use in the same population in Mwanza.8 The present study
was set up as a randomized, double blind trial on HIV-positive women in this
resource disadvantaged African community.

Materials and methods
Subjects
Participants were recruited from women attending the HIV treatment clinic of
Sekou-Toure regional hospital or surrounding hospitals in Mwanza, Tanzania.
Eligible subjects were non-pregnant, HIV-positive females, over 18 years of age
who had used anti-retroviral therapy (ART) for at least 6 months. Subjects were
excluded if breastfeeding, intolerant to lactose or fermented milk. The Medical
Research Coordinating Committee of the National Institute for Medical
Research, Tanzania, approved the study design and protocol. Participants were
informed of the purpose of the trial and gave their signed or thumb printed
informed consent before participation. No stratiﬁcation was undertaken in
terms of starting CD4 count, as the intent of this study was to determine the
impact of introducing a probiotic food into the everyday life of people living
with HIV, irrespective of other factors. The mean body mass index (BMI) of
the subjects 23.2 SI units, indicative of a normal weight for this population. In
order to detect a difference in proportion of women with non-BV microbiota
at follow-up of 95% in the probiotics group and 80% in the placebo group the
calculated sample size was 168 patients (84 in each group, two-sided test with
alfa = 0.05, beta = 0.80 and an attrition rate of 10%).
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Randomization and compliance
Subjects meeting the inclusion criteria were randomized blindly, using a block
randomization scheme, to receive daily a 125 mL cup of probiotic yogurt, or
125 mL regular yogurt daily for 29 days. The yogurts were undistinguishable
in taste and texture. To ensure the blinding of the researchers and participants
the yogurt was labelled at the production site by study staff not involved in the
data collection. The subjects collected and ate their yogurt at the clinic on a
daily basis, thus compliance was monitored closely. The probiotic stock culture
was produced at the National Institute for Medical Research in Mwanza, and
added to the yogurt by the mamas in the community kitchen using procedures
previously described.5 The yogurt inoculum comprised 2% starter cultures and
4% probiotic yogurt cultures obtained from the stock/mother culture. The
mamas had received extensive food safety and yogurt production training over
a ﬁve-year period and were extremely efﬁcient at producing the yogurts. All
operating procedures were available in the local language. The randomization
code was broken following all the analyses.
Sample collection and self-reporting
The referring physician collected samples using a vaginal brush on day 0 and
day 29. This was streaked onto a glass slide and examined using the Nugent
scale (0-3 Normal; 4-6 Intermediate; 7-10 Bacterial Vaginosis).10 Any subject
menstruating at the planned follow-up was requested to continue the yogurt
till the end of menstruation and return for the follow-up visit. On both
sampling days, the subjects were asked to complete a questionnaire and state
whether they had abnormal vaginal discharge, ﬁshy odour, pain or itchiness. In
addition, all subjects were asked to report any perceived side effects each day
they came to collect their yogurt.
Statistics
Data were logged using Excel, Mathematica, and SPSS, and signiﬁcant
differences calculated with SPSS version 17 using an exact chi-square test
comparing two groups, and p-values were calculated using one degree of
freedom.

116

Subjects

Yogurt type

Total subjects

Probiotic

Standard

Mean age

40

41

145

Pre-menopausal

56

53

109

Menopausal

16

20

36

Those receiving co-trimazole
prophylaxis

39

48

87

Reported regular vaginal washing

37

40

77

One or more sex partners last
month

37

31

68

Stavudine, lamivudine, nevirapine

30

34

Zidovudine, lamivudine, nevirapine

26

26

Zidovudine, lamivudine, efavirenz

9

9

Efavirenz, emtricitabine, tenofovir
disoproxil fumarate

4

4

Abacavir, didanosine, lopinavir
boosted by ritonavir

1

0

Abacavir, didanosine, aluvia

2

0

Subjects on anti-retroviral therapy:

Table 1. Characteristics of the 145 women randomized to probiotic or placebo yogurt.
No statistical differences between the groups were found.

Results
Of the 145 women who ﬁnished the study (mean age 40.5 years: range 2573 years), 72 received yogurt supplemented with L. rhamnosus GR-1, and 73
were randomized to receive unsupplemented yogurt. An additional 23 subjects
(12 in probiotic, 11 in standard yogurt) were enrolled but did not start or
stopped early because of issues with daily travel to the site, and they were
excluded from the study. The two groups were similar in being pre-menopausal
or post-menopausal, number of sex partners and hygiene practices, type of
ART, and age (Table 1).
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Nugent score

Probiotic group
(n=72)

Standard yogurt
(n=73)

Normal

13 (18%)

12 (16%)

Intermediate

15 (21%)

13 (18%)

Bacterial Vaginosis

6 (8%)

8 (11%)

Table 2. Results of Nugent scoring: number (percentage) of subjects whose condition was
not changed by 29 days yogurt. Nugent score is a Gram stain method of assessing the
normality or healthy status of the vaginal microbiota, and the extent to which dense multispecies pathogen biofilms associated with BV occur.

Of note, 87 subjects were receiving prophylactic co-trimoxazole as part of their
HIV care. In addition, various antibiotics were administered during the study
period, including metronidazole for six subjects, although none for BV.
All subjects complied with the daily yogurt intake, supervised by the research
staff. No major side effects of the yogurt were disclosed at any daily visit during
the study. Only in 9% of samples of women who reported vaginal itchiness,
was there microscopic evidence of yeast. The vaginal discharge was not
purulent.
Compared with before entry into the study, no differences were noted with
intestinal symptoms following treatment, but although not signiﬁcant, the
subjects generally reported an improved appetite, less “stomach gas” and being
less tired for work with taking both yogurt types.
Symptom/ sign

Probiotic yogurt
Baseline

Standard yogurt
Day 29

Baseline

Day 29

Vaginal discharge

19

8

24

10

Vaginal itching*

25

19

33

24

Vaginal odour

9

6

13

4

44

35

41

No symptoms/ signs 35

Table 3. Vaginal symptoms stratified by type of yogurt.
*
In only 9% of these samples was microscopic evidence of a yeast infection found.
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None of the 32 subjects with asymptomatic BV at baseline were treated
with antibiotics. No signiﬁcant changes in vaginal pH or BMI were noted
between baseline and day 29. Half of subjects treated with probiotic yogurt
had unchanged Nugent scores (Table 2) while 38% had improved scores. This
compared with 45% unchanged and 39% improved with standard yogurt
(p > 0.1). The subjects reported fewer vaginal symptoms and signs at day 29
compared to baseline, although no differences were found between those taking
probiotic versus regular yogurt (Table 3). In total, 92% women in the probiotic
group and 89% in the standard yogurt group did not have BV at the end of the
trial.

Discussion
This randomized controlled study showed that once daily intake of probiotic
yogurt, produced locally in a resource disadvantaged community in Africa,
was well tolerated by HIV infected subjects. This is important given that the
subjects were receiving potentially toxic ART. There are many similar subjects
living in rural communities in Africa, who are malnourished, with poor or no
access to ART and whose quality of life is compromised. By providing local
people with the means to produce yogurt, many beneﬁts can accrue in terms of
empowerment, supporting farmers, and adding milk nutrients to an otherwise
corn and rice based diet.
In this study, gut health was not the priority but the subjects did report some
general beneﬁts of improved appetite and less gas, plus being less tired for
work. The latter is critical in this setting, as daily work is the difference between
life and starvation for most families.
It was hoped that there would be a measurable improvement in the Nugent
score with probiotic addition indicative of vaginal microbes and health,
as previous studies on otherwise healthy adults had shown that orally
administered lactobacilli can reduce pathogens and increase lactobacilli
ascension from the rectum to the vagina.3, 9, 13 Over one third of the women
had improved Nugent scores, which is encouraging even though the addition
of the probiotic did not add to the standard yogurt effect. Differences have
been shown from studies in which probiotics improved cure of BV when given
with metronidazole in HIV-negative subjects,1 but did not alter the cure rate in
HIV-positive women.6, 7 The most obvious explanations are that the
L. rhamnosus GR-1 was not in high enough numbers in the yogurt or did not
survive intestinal passage and transfer to the vagina, or the vaginal microbiota is
somehow more recalcitrant to change in HIV-positive hosts.
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In future studies, higher doses and longer treatment duration could be assessed,
in conjunction with sequencing of the gut and vaginal microbiota to better
understand the impact of both yogurt and probiotics.

Conclusions
In summary, the use of locally resourced yogurt in rural Africa has the potential
to transfer health beneﬁts to the gut and vagina to people infected with HIV,
whether or not they are receiving ART, but the extent to which a probiotic can
add to this through rectal to perineal transfer remains to be determined.
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18 hr-HPV genotypes in fixed
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Abstract

Vaginal lactobacilli assessed by PCR-based microarray and PCR-based
genotyping of HPV in South African women at risk for HIV and BV.
Vaginal lactobacilli can be defined by microarray techniques in fixed cervical
samples of South African women. Cervical brush samples suspended in the
coagulant fixative BoonFix of one hundred women attending a health centre
for HIV testing in South Africa were available for this study. In the Ndlovu
Medical Centre in Elandsdoorn, South Africa, identification of 18 hr-HPV
genotypes was done using the INNO-LiPA method.
An inventory of lactobacilli organisms was performed using microarray
technology. On the basis of the Lactobacillus and Lactobacillus biofilm
scoring, the cases were identified as Leiden bacterial vaginosis (BV) negative
(BV-; n = 41), Leiden BV intermediate (BV±; n = 25), and Leiden BV
positive (BV+; n = 34). Fifty-one women were HIV positive and 49 HIV
negative. Out of the 51 HIV-positive women, 35 were HPV infected. These
51 HIV-positive women were frequently infected with HPV16 and HPV18. In
addition, HPV35, HPV52, HPV33, and HPV66 were often detected in these
samples. Lactobacillus salivarius and Lactobacillus iners were the most prevalent
lactobacilli as established by the microarray technique. In women with HPV
infection, the prevalence of Lactobacillus crispatus was significantly reduced.
In both HIV and HPV infection, a similar (but not identical) shift in the
composition of the Lactobacillus flora was observed.

126

We conclude that there is a shift in the composition of vaginal lactobacilli
in HIV-infected women. Because of the prominence of HPV35, HPV52,
HPV33, and HPV66, vaccination for exclusively HPV16 and HPV18 might
be insufficient in South African HIV+ women.
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Introduction

The colonization of lactobacilli in the vagina has been shown to play an
important role in health and disease. When lactobacilli are displaced or
eradicated, bacterial vaginosis (BV) can occur.1 Aberrant vaginal microbiota
appears to be a risk factor for acquisition of HIV but are more common in
human papillomavirus (HPV)-infected women.2 Long term infection with
high-risk HPV (hr-HPV) is the main risk factor for the development of cervical
carcinoma, the second most prevalent cancer in the world. Currently, vaccines
protect against two high risk types of HPV, 16 and 18, potentially preventing
about 70% of cervical cancers worldwide.3
In this article, hr-HPV genotypes present in South African women at risk
of HIV and BV are presented. Using microarray techniques, it has become
possible to establish a multitude of lactobacilli. This technique was used to
study the presence and types of a number of lactobacilli in these women,
and determine whether certain species might be more easily displaced in the
HIV- and HPV-infected South African women.
Mentioned in
text

Probe number Perfect match

1 mismatch

L. brevis

o2719_c197

L. brevis/ hammesii/ parabrevis

No

L. crispatus

o3371_c1531

L. crispatus/ kefiranofaciens

No

L. fermentum

o1447_c653

L. fermentum

No

L. iners

o3377_c1537

L. iners

No

L. jensenii

o3379_c1539

L. jensenii/ saerimneri

Yes, L. fornicalis/ salivarius

L. johnsonii

o3381_c1541

L. johnsonii/ gasseri/ taiwanensis

Yesa

L. panis

o3382_c1542

L. vaginalis/ panis/ pontis/ psittaci Yes, L. (para)collinoides

L. salivarius

o1452_c658

L. salivarius

Yes, L. hayakitensis

29 other lactobacilli

a

Table 1. The eight Lactobacilli probes used in the study.

Materials and Methods
Subjects
Women attending the Ndlovu Medical Centre in Elandsdoorn in Moutse
District, South Africa for HIV testing were offered enrollment. Information
was provided to the study participants and oral consent was obtained by the
doctors for a cervical sample to be examined. Pregnant women or women
under 16 years were excluded. None of the HIV-positive women were receiving
antiretroviral therapy (ART) at the time of sample collection.
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Following collection of the sample with a standard sampling brush, the
physician placed the brush head into a vial with coagulant fixative BoonFix,
which consists of ethyl alcohol, low molecular weight Polyethylene glycol
(PEG), and acetic acid. This substance has no detrimental effects on DNA
integrity.4 Aliquots of the fixed samples were used for cytologic morphotyping
of the vaginal flora in order to establish the Leiden BV status and for assessing
the abnormal cells.
In addition, an aliquot was used for HPVgenotyping and for the microarray.
Samples were coded by a method that did not disclose any subject names,
and sent to the Leiden Cytology and Pathology Laboratory (LCPL) in the
Netherlands.
HPV Genotyping
In the LCPL, purification of DNA was performed in the BioRobot M48
(Qiagen, Germany), using the MagAttract DNA Mini M48 Kit. The magneticparticle technology provides high-quality DNA. Afterward, samples were
analyzed using a highly sensitive PCR-reverse hybridization Line Probe Assay,
the so-called INNO-LiPA HPV genotyping extra system (Innogenetics,
Belgium). The SPF10 primer set used amplifies a 65-bp region in the L1
open reading frame.5 Detection after PCR is based on the principle of reverse
hybridization. Amplification products are subsequently hybridized using
specific oligonucleotide probes in a single typing strip. The INNO-LiPA HPV
genotyping extra system tests for 18 high-risk types.
High-risk HPV is differentiated into the following types: 16, 18, 26, 31, 33,
35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82.
The Microarray
The results of massive parallel sequencing, performed according to described
procedures,6,7 of a number of vaginal microbiota samples as well as literature
research have laid the foundation for the probe design. Taxonomic selection
was confirmed and expanded based on denaturing gradient gel electrophoresis
(DGGE) analysis (data not shown). For each bacterial genus represented on the
microarray, one or more unique short oligonucleotide sequences from within
the 16s rDNA gene were selected as published previously.8
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DNA Isolation for Microarray Analysis
DNA was isolated from the BoonFixed samples. For this, the samples were
mixed with 150 µL lysis buffer BL, 350 µL zirconium beads (0.1 mm), and 200
µL phenol and introduced into a BeadBeater (BioSpec Products, Bartlesvile) for
2 minutes. Samples were then processed for microarray analysis.
Data Analysis
Imagene 5.6 software (BioDiscovery, Marina del Rey, CA) was used to analyze
the results. Signals were quantified by calculating the mean of all pixel values
of each spot and calculating the local background around each spot. For each
spot a signal to background ratio was calculated. For further analysis, those
spots were selected which had a minimal number of observations more than
two times above the local background. This cut-off was selected based on the
observation that negative control spots never resulted in signals above this
cut-off (data not shown). The minimal number of observations more than
two times above the local background for each spot was set at ten, and this
criterion was mainly used to discard data resulting from technical noise. The
data matrix obtained in this way was used for hierarchical clustering and SAM
analysis programs (TM4).9 Each microarray probe was scored by counting only
positive detection, i.e., having a value above the detection threshold (signal
to background ratio ≥ 5). The specificity and naming of the eight lactobacilli
probes used are listed in Table I.
The specificity determination is based on the comparison of the specific probe
sequence with sequences derived from type strains in the RDP database.10
The perfect match column shows those species for which the probe sequence
perfectly matches the type strain sequence, and if this is the case for multiple
species multiple names are shown. The one mismatch column shows those
species for which there is a single mismatch between probe sequence and
type strain sequence. This column is included as a single mismatch might
still result in cross hybridization signals that cannot be discriminated from
specific hybridization signals for the expected species. If one mismatch occurs,
for example on the probe ‘‘Lactobacillus jensenii’’ it might detect Lactobacillus
fornicalis.
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Figure C-1.

Figure C-3.

Figure C-2.

Figure C-4.

Figure C-1. Gardnerella biotic biofilm. Note fuzzy cell border. This slide is BV+.
Figure C-2. Gardnerella biotic biofilm. Note fuzzy cell border. This slide is BV+.
Figure C-3. Lactobacillus biotic biofilm. Note sharp cell borders. This slide is BV-.
Figure C-4. Lactobacillus abiotic biofilm.This slide is BV-.
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Results
In total, 100 women were included in this study (one subject was excluded
because of insufficient DNA),8 of which 51 tested positive for HIV.
Cytology and BV Scoring
Cytologic morphotyping of the vaginal bacteria was performed on ThinPrep
slides. To identify BV, the balance between thin rod-shaped bacteria (mainly
lactobacilli) and coccoid bacteria (mainly Gardnerella) was taken into account.
For both morphotypes, scores ranging from 0 (not present) to 3 (present in
abundance) were rendered. Special attention was given to biofilms.
We can distinguish biotic biofilms relating to squamous cells (Figs. C-1–C-3)
and abiotic biofilms not relating to squamous cells (Figure C-4). In cases
with coccoid biofilms the cell borders have a fuzzy appearance (Figs. C-1 and
C-2). In cases with lactobacilli biofilms, the cell borders are sharp. Biofilms of
lactobacilli were less dense and were more scattered over the slide.
In addition there were less lactobacilli biotic biofilms. A Lactobacillus score of
L0 is given for complete absence of lactobacilli. This score is only given when,
also at high magnification, no lactobacilli are detected. A score of L3 is for large
numbers of biofilms of lactobacilli. The L2 score is given when a moderate
number of Lactobacillus biofilms is observed. Finally, the score L1 is rendered
when only a few lactobacilli biofilms are observed or when the few lactobacilli
are present in a completely scattered fashion. The Gardnerella scores, based on
the presence of mainly biotic coccoid biofilms, were given in a similar fashion.
On the basis of the Leiden BV scoring, the cases were identified as Leiden BV
negative (BV-; n = 41), Leiden BV intermediate (BV±; n = 25), and Leiden BV
positive (BV+; n = 34). In this context it is important to mention that for this
Leiden BV scoring, cases with L0G0, L1G0, L2G0, L1G1, and L2G1 were
classified as BV-, cases with L0G1, L1G1, L1G2, and L2G2 as BV±, cases with
L0G2, L0G3, and L1G3 as BV+. The combinations of L3G1, L3G2, L3G3,
and L2G3 were not encountered.
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20%
Percentage of women

18%
16%
14%
12%
10%
8%

HIV positive women (n=51)

6%

HIV negative women (n=49)

4%
2%
0%
16 35 52 18 33 66 51 74 58 69 39 31 68 82 26 45 56 73
hr-HPV genotypes

Figure C-5. hr-HPV genotyping in HIV-positive and negative South African
women, hr-HPV is ordered in descending prevalence.
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20%

HIVHIV+
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Figure C-6. HIV-positive and negative women, 8 types of lactobacilli.
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40%
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20%

HPVHPV+

10%
0%

Figure C-7. HPV-positive and negative women, 8 types of lactobacilli.
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HPV Genotyping and Microarray
Fifty-three samples tested positive for hr-HPV, including 35 out of 51 HIVpositive women. The hr-HPV genotypes are shown in Figure C-5. All hr-HPV
genotypes were more often established in samples of HIV-positive women.
These 51 HIV-positive women were frequently infected with HPV16 and
HPV18. The data concerning the eight Lactobacillus species detected by the
microarray are presented in Table II and Figures C-6 and C-7. Lactobacillus
salivarius and Lactobacillus iners were the most prevalent. HPV infection
and HIV are related to a shift in strains. It should be noted that these results
cannot be quantitatively interpreted. In HIV-positive women, we observe less
frequently Lactobacillus crispatus (chi-square = 4.23; P = 0.04), Lactobacillus
panis (chi-square = 2.62; P = 0.11), and Lactobacillus fermentum (chi-square
= 2.50; P = 0.11). In women infected with HPV infection, we observe more
frequently Lactobacillus brevis (chi-square = 5.13; P = 0.02) and Lactobacillus
iners (chi-square = 2.50; P = 0.11). In contrast, Lactobacillus crispatus (chisquare = 5.03; P = 0.03) was less often observed in HPV-infected women.
Lactobacillus salivarius was found to be highly prevalent in these South African
women with a colonization in 74% of the HIV-HPV population.
HIV+HPV+
(n=35)

HIV+HPV(n=16)

HIV-HPV+
(n=18)

HIV-HPV(n=31)

L. brevis

20%

0%

33%

10%

L. crispatus

6%

25%

22%

35%

L. fermentum

6%

19%

22%

23%

L. iners

63%

44%

72%

42%

L. jensenii

17%

6%

17%

16%

L. johnsonii

6%

31%

28%

32%

L. panis

17%

6%

33%

26%

L. salivarius

51%

50%

67%

74%

Percentages are given for the number (in brackets) of women who had detectable
levels by the applied microarray.

Table 2. The Eight Lactobacillus species, HIV and HPV infection.
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Discussion
The results of this study indicate that the South African women visiting the
Ndlovu Medical Center were at risk to be BV+ and in addition to be infected
with HIV.
HIV-positive women are reported to be almost twice as likely to be
concurrently infected with HPV than HIV-negative women.11 Also, this study
shows that neoplasia related HPV types were clearly more often present in
HIV-positive women. This reiterates the importance of cervical screening to
detect cancer risk especially in developing countries with high rates of HIV.
Because of the high prevalence of HPV found among the HIV women studied
in Ndlovu Medical Centre where this study was done, colposcopy equipment
has been installed.
HPV16 and HPV18 were as expected highly prevalent, with 19.6 and 12% of
the HIV-positive women being infected. In addition, HPV35 (13%), HPV52
(10%), HPV33 (12%), and HPV66 (12%) were frequently found in HIVpositive women. Current vaccines only protect against hr-HPV16 and hrHPV18, but there appears to be a need to widen current protection to HPV35,
and preferably also to HPV52, HPV33, and HPV66 in South African women
at risk of HIV.
The method used in our study, uses a set of primers that amplifies all HPV
genotypes simultaneously. However, due to PCR competition and the absence
of particular genotypes on the strip, it is still possible that certain genotypes
present in the coinfected sample were not detected. For example, women who
tested positive on the probe for HPV33, 31, and 58 could be coinfected with a
HPV52, which might imply an underestimation of the prevalence of HPV52
in this study.12
In all women Lactobacillus species were highly prevalent. The lactobacilli found
might differ in certain characteristics. Lactobacillus brevis and Lactobacillus
fermentum using both homofermentative metabolism, in comparison to
Lactobacillus crispatus, Lactobacillus jensenii, Lactobacillus johnsonii, and
Lactobacillus salivarius using a heterofermentative metabolism. Hydrogen
peroxide has been recognized as critical in maintaining a healthy vaginal
flora, Lactobacillus crispatus, unlike Lactobacillus iners has the characteristic to
produce hydrogen peroxide. Further research needs to be done to understand
underlying mechanisms explaining differences found in lactobacilli.
Choi et al.13 did not find a correlation between hr-HPV and hydrogen
producing lactobacilli in the vagina. In this study, Lactobacillus crispatus known
for its hydrogen peroxide production and regarded as being protective of the
vagina, was clearly depleted in HIV- and HPV-infected women.
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A similar effect is seen for Lactobacillus fermentum and Lactobacillus johnsonii.
Lactobacillus brevis appears completely absent in HIV+ HPV- women, for
reasons yet to be understood.
In HIV/HPV-negative subjects, Lactobacillus salivarius, a species not as
common as Lactobacillus iners, Lactobacillus crispatus, or Lactobacillus jensenii in
the vagina,14,15 was the most common detected here. Interestingly, Lactobacillus
salivarius, recently shown to produce hydrogen peroxide but be a poor
inhibitor of Herpes Simplex Virus type 2,16 was very common. Note, that also
in Dutch women tested by the same microarray, Lactobacillus salivarius was
quite prevalent. Note that L. salivarius is a Lactobacillus present in the oral and
intestinal flora.
Colonization with Lactobacillus iners was common irrespective of the patient
being infected with HIV or HPV. In a recent study, this organism was
identified in every vaginal sample of women from Tanzania, who were HIVpositive or negative.17 It has been proposed by others that this species is not
protective of the host, and is associated with infection.18 This was based on a
longitudinal study showing that subjects colonized with Lactobacillus gasseri/
Lactobacillus iners (they could not differentiate between these two species)
incurred a 10-fold increased risk of conversion to an abnormal microbiota,
whereas colonization with Lactobacillus crispatus was associated with a
5-fold decreased risk of this conversion. The Hummelen study showed that
Lactobacillus crispatus was associated with a healthy status, but the association
was also shown for Lactobacillus iners in high abundance. The rationale that
Lactobacillus iners cannot be protective is mainly based upon it not producing
hydrogen peroxide. On the contrary, a whole genome sequence of Lactobacillus
iners AB-1 has confirmed that it does indeed carry genes for a large number of
adhesions and other factors deemed important for vaginal colonization.19
Finally, we observed in the current study that as many as 34 women were BV+
and 25 BV±, indicating a disturbed vaginal flora. In addition, in the context
of our findings regarding lactobacilli, it should be mentioned that these HIVinfected South African women studied for the current article proved to have
frequently a cytology coded as BV+. These women had a complex potentially
pathogenic vaginal flora as established using microarray techniques.8
In summary, this study showed that there is a shift in the composition of
vaginal lactobacilli in HIV-positive women infected with HPV. Vaccination for
exclusively HPV16 and HPV18 might be insufficient in HIV-infected South
African women.
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4.2

HPV type distribution and
cervical cytology among
HIV-positive Tanzanian and
South African women
Dols JAM, Reid G, Brown JM, Tempelman H,
Bontekoe TR, Quint WG, Boon ME
ISRN Obstetric Gynecology 2012: 514146

Background
There are limited data on high-risk human papillomavirus (hr-HPV)
genotypes among HIV-positive women in Africa, and little is known about
their relationship with cervical cytology in these populations. Methods. We
conducted a crosssectional study among 194 HIV-positive women (143 from
Tanzania, and 51 from South Africa) to evaluate HPV genotypes among
HIV-positive women with normal and abnormal cytology. Cervical samples
were genotyped for HPV types, and slides were evaluated for atypical squamous
cell changes according to the Bethesda classification system. Results. Prevalence
of high grade squamous intraepithelial dysplasia (HSIL) was 9%. Overall, more
than half (56%) of women were infected with an hr-HPV type; 94% of women
with HSIL (n = 16), 90% of women with LSIL (n = 35), and 42% of women
within normal limits (WNL) (n = 58) tested positive for hr-HPV. Overall, the
most prevalent hr-HPV subtypes were HPV16 (26%) and HPV52 (30%).
Regional differences in the prevalence of HPV18 and HPV35 were found.
Conclusion. Regional differences in HPV genotypes among African women
warrant the need to consider different monitoring programmes for cervical
preneoplasia. HPV-based screening tests for cervical preneoplasia would be
highly inefficient unless coupled with cytology screening of the HPV-positive
sample, especially in HIV-positive women.
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Introduction
Cervical carcinoma is the second most prevalent cancer in the world, and the
most common female cancer in sub-Saharan Africa. Infection with high-risk
human papillomavirus (hr-HPV) is the main risk factor for the development
of cervical carcinoma. HIV-positive women are reported to be almost twice
as likely to be concurrently infected with HPV than HIV-negative women.
Recently introduced HPV vaccines against genotypes 16 and 18 are designed to
prevent about 70% of cervical cancers. The basis for selecting these genotypes
was their prevalence in Europe and North America.1 The relevance of these
genotypes to women in other parts of the world has been questioned, with
a study of HPV genotypes in women in 38 countries including some in
Central America, Africa, Asia, and Oceania.2 In this study, hr-HPV types 16
and 18 were detected in 71% of cases of invasive cervical cancer. Of the cases
of invasive cervical cancer from Africa, hr-HPV 16 and 18 were detected,
respectively, in 48% and 23% of cases that were positive for HPV DNA.
There are limited data on hr-HPV genotypes among HIV-positive women in
Africa, and little is known about their relationship with cervical cytology in
these populations. We carried out a study to determine the prevalence of HPV
genotypes among HIV-positive women in Africa with normal and abnormal
cervical cytology scores.

Methods
Subjects
Cervical samples were collected from women attending the HIV treatment
clinic of Sekou-Toure regional hospital and surrounding hospitals in Mwanza,
Tanzania between February and March 2010, as part of a randomized
controlled trial. Eligible subjects were nonpregnant, HIV- positive females,
over 18 years of age who had used antiretroviral therapy (ART) for at least 6
months. Subjects were excluded if pregnant, breastfeeding, intolerant to lactose
or fermented milk. In total 168 Tanzanian women were included in the study,
of whom 143 women had cervical swabs adequate for HPV testing at baseline.
The Medical Research Coordinating Committee of the National Institute
for Medical Research, Tanzania, approved the study design and protocol.
Participants were informed of the purpose of the study and gave their signed
or thumb-printed informed consent before participation (ClinicalTrials.gov
Identifier: NCT01258556).3
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Cervical samples collected in 2008 from HIV-positive women attending the
Ndlovu Medical Centre in Elandsdoorn in Moutse District, South Africa, were
also included in this analysis. In total, 51 women testing positive for HIV were
included. Information was provided to the study participants and oral consent
was obtained by the doctors for a cervical sample to be examined. Pregnant
women and those aged ≤16 years were excluded. None of the HIV-positive
women were receiving ART at the time of sample collection.
Cervical samples from all participants were collected by a clinician using
a standard sampling brush, and placed into a vial with coagulant fixative
Boonfix, which consists of ethyl alcohol, low molecular weight PEG, and acetic
acid. This substance has no detrimental eﬀects on DNA preservation or DNA
isolation.4 The fixed samples, coded by a method that did not disclose any
subject names, were sent to the Leiden Cytology and Pathology Laboratory
(LCPL) in The Netherlands for analysis.5, 6
Cytology Classification
A ThinPrep Cytology slide was made of the Boonfixed samples, and stained
with the Papanicolaou method. The Cytology ThinPrep slides were classified
according to the Bethesda classification system as WNL (within normal limits),
ASCUS or LSIL (atypical squamous cells of undetermined significance and
low-grade squamous intraepithelial lesions), or HSIL (high-grade squamous
intraepithelial lesions). Of the cases with an abnormal cytology score (ASCUS,
LSIL, and HSIL), the residue of the cervical sample was used to prepare
histologic paraﬃn slides.7, 8 Biopsy confirmation could not be performed.
HPV Genotyping
The purification of DNA from the Boonfix solution was performed in the
BioRobot M48, Qiagen (Germany), which uses the MagAttract DNA Mini
M48 Kit. This magnetic-particle technology provides high- quality DNA.
Samples were analyzed using a sensitive SPF 10 PCR-reverse hybridization line
probe assay (Innogenetics, Belgium). This system is based on PCR of part of
the L1 region of the HPV genome, which is amplified using SPF10 primers
.9 Detection after PCR is based on the principle of reverse hybridization.
Amplification products are subsequently hybridized using specific
oligonucleotide probes in a single typing strip. This strip included 14 hr- HPV
types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68).1 Low risk (lr)
and undetermined HPV types are diﬀerentiated into 13 types (6, 11, 26, 40,
43, 44, 53, 54, 69, 70, 73, 74, and 82).
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Data Analysis
Type-specific HPV prevalence was compared between women with HSIL,
LSIL, and WNL. The chi-square test was used to test for significant associations
between country and HPV type. Analyses were conducted using SPSS and
Mathematica.
Tanzanian women
(n=143)

South African
women (n=51)

Total
(n=194)

Negative Cytology (WNL)

103 (72.0%)

35 (68.6%)

138 (71.1%)

AS-CUS - LSIL

31 (21.7%)

8 (15.7%)

39 (20.1%)

HSIL

9 (6.3%)

8 (15.7%)

17 (8.8%)

Table 1. Cervical cytology results, overall and by country.

Results
Cervical Cytology
One hundred three (72%) Tanzanian women and 35 (69%) South African
women had a normal cytology score (WNL) (Table 1). Nine (6%) Tanzanian
women and 8 (16%) South African women had HSIL. Examples of cases with
an abnormal cytology score are presented in Figure 1.
A.

B.

Figure 1. (A) LSIL, with polyploid (enlarged) nuclei and koilocytosis. Tested positive for
hr-HPV 52 and hr-HPV 56. (B) HSIL, dyskeratotic cells. Tested positive for lr-HPV 44,
hr-HPV 52, and undetermined HPV types.
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50-54
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289
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290
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Negative cytology
(WNL)

ASCUS-LSIL

HSIL

Total

292
294

Hr-HPV positive

58 (42.0%)

35 (89.7%)

16 (94.1%)

109 (56.2%)

293

Lr-HPV positive

68 (49.3%)

27 (69.2%)

11 (64.6%)

106 (54.6%)

HPV negative

43 (31.2%)

0

0

43 (22.2%)

294

Total

138 (71.1%)

39 (20.1%)

17 (8.8%)

194

Table 2. Cytology score versus HPV testing.
14

14

144

HPV Genotypes
Overall, 109 (56%) women tested positive for hr-HPV (Table 2); 80 (56%)
Tanzanian women and 29 (57%) South African women. Seventy-six (53%)
Tanzanian women and 30 (59%) South African women tested positive for a
lr-HPV or undetermined HPV type. Among women testing positive for HPV,
the mean age was 35.4 years (range: 20–52) in South Africa and 40.5 years
(range: 25–73) in Tanzania. The age distribution per HPV genotype is shown
in Figure 2.
A.

B.

Figure 3. (A) Percentage weighted prevalence with country specific hr-HPV prevalence is
shown. Significant differences between Tanzania and South Africa are marked with an
asterisk if P < 0.05. (B) Percentage weighted prevalence with country specific lr-HPV
prevalence is shown.
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Overall, the most prevalent hr-HPV subtypes were hr- HPV 16 (26%)
and hr-HPV 52 (30%), and the prevalence of hr-HPV genotypes varied by
country. Among Tanzanian women testing positive for any hr-HPV, the most
common genotype was hr-HPV 52 (35%), followed by hr-HPV 16 (23%)
and hr-HPV 66 (20%). In contrast, among South African women testing
positive for any hr-HPV, the most common genotype was hr-HPV 16 (34%),
followed by hr-HPV 35 (24%), hr-HPV 18 (21%), hr-HPV 33 (21%), and
hr-HPV 66 (21%). Genotypes 18 and 35 were significantly more common in
South Africa than Tanzania; the prevalence of genotype 18 was 21% in South
Africa compared to 4% in Tanzania (P-value = 0.01), and the prevalence of
hr-HPV 35 was 24% in South Africa and 8% in Tanzania (P-value = 0.03)
(Figure 3(a)). The most prevalent lr-HPV subtype overall was hr-HPV 44
(22%) (Figure 3(b)).
Negative cytology

ASCUS-LSIL HSIL

(WNL) (Total: 138) (Total: 39)

(Total: 17)

hr-HPV 16

8 (5.8%)

15 (38.5%)

5 (29.4%)

hr-HPV 18

6 (4.3%)

1 (2.6%)

2 (11.8%)

hr-HPV 31

5 (3.6%)

2 (2.9%)

0

hr-HPV 33

11 (8.0%)

3 (7.7%)

1 (5.9%)

hr-HPV 35

6 (4.3%)

3 (7.7%)

4 (23.5%)

hr-HPV 39

3 (2.2%)

1 (2.6%)

2 (11.8%)

hr-HPV 45

1 (0.7%)

0

0

hr-HPV 51

10 (7.2%)

3 (7.7%)

2 (11.8%)

hr-HPV 52

17 (12.3%)

9 (23.1%)

7 (41.2%)

hr-HPV 56

3 (2.2%)

3 (7.7%)

0

hr-HPV 58

3 (2.2%)

8 (20.5%)

0

hr-HPV 59

0

1 (2.6%)

0

hr-HPV 66

7 (5.1%)

13 (33.3%)

2 (11.8%)

hr-HPV 68

2 (1.4%)

2 (2.9%)

2 (11.8%)

Table 3. Cytology score versus hr-HPV.

Association between Cervical Cytology and HPV Genotype
All women with abnormal cytology (ASCUS, LSIL, or HSIL) had detectable
HPV (Table 2). Ninety-four percent (16/17) of women with HSIL, 90%
(35/39) of women with LSIL, and 42% (58/138) of women within normal
limits (WNL) tested positive for hr-HPV.
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Women with HSIL were more likely to test positive for hr-HPV 16 compared
to women with normal cytology (WNL) (29% versus 6%, P < 0.01).
Hr-HPV 18 was found in only 11.8% of women with HSIL (Table 3) and the
prevalence varied by country; the prevalence of hr-HPV 18 was 4% in Tanzania
compared to 21% in South Africa (P-value = 0.01).

Discussion
This study found that hr-HPV genotypes not included in the currently licensed
HPV vaccines are highly prevalent in HIV-positive women from Tanzania and
South Africa. As expected, among women with hr-HPV the prevalence of hrHPV 16 was high (26%).
Despite the high rate of abnormal cytology among women in Tanzania, hrHPV 18 was uncommon in women with abnormal cytology (4%). In contrast,
hr-HPV 18 was significantly more common among South African women
with abnormal cytology (21%). We also found significant regional diﬀerences
in the prevalence of hr-HPV 35; the prevalence of hr-HPV 35 was 8% among
Tanzanian women compared to 24% for South African women. In rural
Mozambique, Castellsagué et al. also found a high prevalence of hr-HPV 35
(17% among HPV-positive women, and 30% among women with cervical
neoplasia),10 compared to an hr-HPV 35 prevalence of 5% found by Sanjose in
other African women with cervical neoplasia (Algeria, Mozambique, Nigeria,
and Uganda).2
The hr-HPV 52 prevalence found in this study (35% of Tanzanian women and
17% of South African women with any HPV) is vastly diﬀerent from that in
women in The Netherlands (5.5%).11 A study in Pretoria, South Africa reported
an hr-HPV 52 prevalence of 6% among women with cervical preneoplasia.12 In
the general female population in Macao, and northern Taiwan, hr-HPV 52 was
the most common genotype found, while in East Asia it was among the top five
detected.13–15
The prevalence of hr-HPV 45 was low in our cohort (Figure 3(a)), as also
found by others in women with preneoplastic lesions.2 However, hr-HPV 45
is the third most common HPV type in invasive cervical cancer worldwide.
The early presentation of cases of invasive cervical cancer that are positive for
hr-HPV 45 might be related to a short time for progression to invasive cancer,
with or without transition through the preneoplastic stages, possible correlated
to a high early integration rate.2
The strengths of our study include using a standardized HPV type-specific PCR
protocol and cytology diagnosis across the two sites.
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There were diﬀerences between the women studied that may have contributed
to the diﬀerent prevalence estimates of hr-HPV types. Tanzanian women were
all using ART. In contrast, the women in South Africa were recently diagnosed
with HIV and not yet eligible for ART. In HIV-positive women there is less
HPV clearance due to a lack of an appropriate immune response. The impact
of ART in HPV infection and cervical cancer still needs to be defined.16
A limitation of this study is that no additional information from the South
African women is known about their sexual behavior, and therefore we were
unable to explore associations between behaviors and HPV genotype. RoteliMartins et al. found that young age at first sexual intercourse and increasing
number of sexual partners is the main determinant for hr-HPV 16/18
infections.17
For an HPV vaccine to eﬀectively reduce incidence of cervical cancer, it will
need to protect against the major hr-HPV infection types progressing to
cervical cancer. Because infection types may vary across settings and ethnicities,
the impact a vaccine has in preventing cancer in particular settings needs to be
considered. In this study, hr-HPV16 was found in 29% of women diagnosed
with HSIL; however, hr- HPV 18 was only found in 11%.
Certainly the high prevalence of hr-HPV found here and reported by others,18
emphasizes the importance of screening for cervical cancer especially in
developing countries with high rates of HIV. Because more than one- third
(42%) of women with normal cytology in this study tested positive for an
hr-HPV type, as also found by Bruni and others,19 HPV-based screening tests
in this population would be highly ineﬃcient unless coupled with cytology
screening of the HPV-positive sample.
In summary, the present study showed some diﬀerences in the prevalence of
HPV genotypes among HIV-positive women in two African countries, and
an overall high HPV prevalence. The diﬀerences found in hr-HPV genotypes
warrant the need to consider diﬀerent monitoring programmes for cervical
preneoplasia, especially in HIV-positive women.

Conflict of Interests
Leiden Cytology and Pathology Laboratory (LCPL) is an independent
laboratory whose main occupation is to analyze samples of screening programs
for cervical carcinoma in The Netherlands and develop better screening
methods. No conflict of interests were present, either at LCPL, Erasmus
University, Lawson Health Research Institute, Elandsdoorn Health Clinic,
DDL, or Bontekoe Research.

148

Acknowledgments
J. Dols was supported by Lawson Health Research Institute funding and
by LCPL. We would like to thank all people included for making this trial
possible, particularly dr. J. Changalucha and dr. N. Butamanya. And mama
Mlawa, mama Karoko and mama Judith, three local women who worked with
us in Sekou-Toure regional hospital.

149

References
1.
Muñoz N, Xavier Bosch F, Castellsagué X et al. Against which
human papillomavirus types shall we vaccinate and screen? The international
perspective. International Journal of Cancer 2004; 111(2): 278–285.
2.
De Sanjose S, Quint WGV, Alemany L et al. Human papillomavirus
genotype attribution in invasive cervical cancer: a retrospective cross-sectional
worldwide study. The Lancet Oncology 2010; 11: 1048–1056.
3.
Dols JAM, Boon ME, Monachese M et al. The impact of probiotic
yogurt on HIV-positive women in Tanzania. International Dairy Journal 2011;
21(8): 575–577.
4.
Boon ME, Kok LP. Formalin cross-linking or optimized alcohol
coagulation: that is the question. Recent Research Development in Human
Pathology, S. G. Pandalai, Transworld Research Network, Kerala, India 2005;
17-38.
5.
Dols JAM, Smit PW, Kort R et al. Microarray-based identification of
clinically relevant vaginal bacteria in relation to bacterial vaginosis. American
Journal of Obstetrics and Gynecology 2011; 204: 305.e1–305.e7.
6.
Dols JAM, Reid G, Kort R et al. PCR-based identification of eight
Lactobacillus species and 18 hr-HPV genotypes in fixed cervical samples of
South African women at risk of HIV and BV. Diagnostic Cytopathology 2012;
40(6): 472–477.
7.
Solomon D, Davey D, Kurman R et al. The 2001 Bethesda System:
terminology for reporting results of cervical cytology. Journal of the American
Medical Association 2002; 287(16): 2114–2119.
8.
Smith JHF. Bethesda 2001, Cytopathology 2002; 13(1): 4–10.
9.
Kleter B, Van Doorn LJ, Schrauwen L, et al. Development and clinical
evaluation of a highly sensitive PCR-reverse hybridization line probe assay for
detection and identification of anogenital human papillomavirus. Journal of
Clinical Microbiology 1999; 37(8): 2508–2517.
10.
Castellsagué X, Menendez C, Loscertales MP et al. Human
papillomavirus genotypes in rural Mozambique. The Lancet 2001;
358(9291): 1429–1430.
11.
Bulk S, Berkhof J, Bulkmans NWJ et al. Preferential risk of HPV16
for squamous cell carcinoma and of HPV18 for adenocarcinoma of the cervix
compared to women with normal cytology in The Netherlands. British Journal
of Cancer 2006; 94(1): 171–175.

150

12.
Said HM, Ahmed K, Burnett R, Allan BR, Williamson AL, Hoosen
AA. HPV genotypes in women with squamous intraepithelial lesions and
normal cervixes participating in a community-based microbicide study in
Pretoria, South Africa. Journal of Clinical Virology 2009; 44(4): 318–321.
13.
Tsao KC, Huang CG, Kuo YB, et al. Prevalence of human
papillomavirus genotypes in northern taiwanese women. Journal of Medical
Virology 2010; 82(10): 1739–1745.
14.
Wang CH, Garvilles RG, Chen CY. Characterization of human
papillomavirus infection in North Taiwan. Journal of Medical Virology 2010;
82(8): 1416–1423.
15.
Yip YC, Ngai KLK, Vong HT et al. Prevalence and genotype
distribution of cervical human papillomavirus infection in Macao. Journal of
Medical Virology 2010; 82(10): 1724–1729.
16.
Einstein MH, Phaeton R. Issues in cervical cancer incidence and
treatment in HIV. Current Opinion in Oncology 2010; 22(5): 449–455.
17.
Roteli-Martins CM, De Carvalho NS, Naud P, et al. Prevalence of
human papillomavirus infection and associated risk factors in young women
in Brazil, Canada, and the United States: a multicenter cross-sectional study.
International Journal of Gynecological Pathology 2011; 30(2): 173–184.
18.
Mayaud P, Gill DK, Weiss HA et al. The interrelation of HIV, cervical
human papillomavirus, and neoplasia among antenatal clinic attenders in
Tanzania. Sexually Transmitted Infections 2001; 77(4): 248–254.
19.
Bruni L, Diaz M, Castellsagué X , Ferrer E, Bosch FX, De Sanjosé S.
Cervical human papillomavirus prevalence in 5 continents: meta-analysis of 1
million women with normal cytological findings. Journal of Infectious Diseases
2010; 202(12): 1789–1799.

151

4.3

The Cellient system for
cytohistology to analyze
p16 positive dyskeratocytes
in paraffin sections of
HPV-positive cervical scrapes
Boon, ME, Dols JAM, Butamanya N, Reid G
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Abstract
The Cellient™ Automated Cell Block System (Hologic) can be used to analyze
cells of HPV-positive cervical scrapes staining positive with the biomarker p16.
For this study fourteen cervical scrapes of Tanzanian women infected with
HIV testing positive for HPV were selected. The paraffin Cellient sections were
stained with the Papanicolaou method, with hematoxylin eosin (HE), and with
the biomarker p16. This pilot study was limited to cases classified as atypical
squamous lesion of unknown significance (ASCUS) and high-grade squamous
lesion (HSIL) as diagnosed in the ThinPrep slide. The Cellient paraffin sections
(cut from paraffin blocks prepared from the residual cervical sample) were
classified into negative, atypical, CIN 1, CIN 2, and CIN 3. Multiple HPV
genotypes were encountered in 79% of the scrapes. HPV16 was found in six
scrapes and HPV52 in four. In the Papanicolaou sections, it was easy to detect
dyskeratotic cells. Eleven of the 14 cases were p16 positive and five contained
p16 positive dyskeratocytes. Of the 10 ASCUS scrapes, two contained p16
positive CIN 1 epithelial fragments. All four HSIL cases contained p16 positive
CIN 3 epithelial fragments. In HIV-positive HPV-positive women, the Cellient
system resulted in high quality histology sections with perfect p16 images of
dyskeratocytes.

Keywords
Cellient, HPV, dyskeratosis, p16, HIV, BoonFix.
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Introduction
In the current decade in which human papillomavirus (HPV) testing is
becoming a national screening requirement in many countries, cytologists must
develop skills in multidiagnostic techniques that include cervical morphology
and immunocytochemistry.
Various methods are being introduced to detect high-risk HPV, but the
Cellient™ Automated Cell Block System (Hologic), producing paraffin blocks
could provide an ideal method for cytohistologists as it compares favorably with
traditional cell block sectioning.1 Although such automated techniques have
an up front cost, they could prove to be cost-effective by saving preparation
time for the cytologist, and thereby allowing more samples to be assessed in
the required timeframe of clinical practice. In the paraffin sections, we can
analyze p16 staining of dyskeratocytes2 in cases classified as ASCUS (atypical
squamous cells of unknown significance) and as HSIL (high-grade squamous
intraepithelial lesion).3
In Africa, the HIV/AIDS epidemic has significantly affected health, economy,
social infrastructure, and education. Women in particular are bearing the brunt
of the disease through having to care for infected spouses and children.
The establishment of a community kitchen, at which local women produce
yogurt containing probiotic Lactobacillus rhamnosus GR-1,4 provided an
opportunity to assess the effect of daily yogurt intake on the health of women.
Participants for the yogurt study, as published in the International Dairy
Journal,5 were recruited from women attending the HIV treatment clinic of
Sekou-Toure regional hospital or surrounding hospitals in Mwanza, Tanzania.
Eligible subjects were non- pregnant, HIV-positive females, over 18 years of age
who had used anti-retroviral therapy (ART) for at least 6 months. Subjects were
excluded if breastfeeding, intolerant to lactose or fermented milk. The Medical
Research Coordinating Committee of the National Institute for Medical
Research, Tanzania, approved the study on the effects of including yogurt into
the diet of HIV-positive women. Participants were informed of the purpose
of the trial and gave their signed or thumb-printed informed consent before
participation. Women waiting to be interviewed and for their cervical scrape
are shown in Figure 1.
Because HPV infection is seen as a HIV-defining illness, it should be managed
as such. The majority of the attending patients cannot afford their own medical
care, therefore it was decided to perform Pap smears and investigate this at a
wider level and report the clinical relevant data back for care and treatment.
The results and samples collected were of such significance that we decided to
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elaborate on it and publish the results. In the context of this yogurt study, a
cervical scrape was taken from each participating woman.
The aim of the present pilot study was to test the CellientTM system on HPVpositive cervical scrapes collected in Tanzania.

Figure 1. Women waiting to be interviewed.

Material and methods

Subjects and Sampling
Cervical scrapes of the first 14 HIV-positive women with a cytology diagnosis
ASCUS or HSIL were selected for this study. Participants provided written
or thumb-print informed consent as part of a randomized controlled trial
approved by the Ethical Review Board in Tanzania (ClinicalTrials.gov,
Identifier: NCT01258556).5 A cervical scrape was taken as follows: the tip of
the Cervex-Brush® Combi (Rovers Medical Devices, Oss, the Netherlands) was
placed in the endocervical canal and rotated. The Cervex-Brush Combi has
the shape of a broom. These brooms were placed in a vial with the coagulant
formalin-free fixative BoonFix®, with polyethylene glycol (PEG) as one of its
four components (Denteck, Zoetermeer, the Netherlands).
Finally the vials with the samples were transported to the laboratory in Leiden,
the Netherlands. In the Leiden laboratory each vial was placed in a commercial
paint shaker and by its rigorous shaking all tissue fragments collected by the
Cervex-Brush Combi emerged into the BoonFix solution.
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The ThinPrep Slides and Cytology Classification
From each sample six ThinPrep® slides (Hologic) were prepared in the T3000.
The remaining material in the vial was stored. The cytology ThinPrep slides
were scored according to the Bethesda system.3
The HPV PCR Method
The archived samples were analyzed for 25 HPV genotypes using a highly
sensitive PCR-reverse hybridization Line Probe Assay, the so-called INNOLiPA HPV genotyping extra system (Innogenetics, Belgium). The SPF10
primer set amplifies a 65-bp region in the L1 open reading frame.6 Detection
after PCR is based on the principle of reverse hybridization. Amplification
products are subsequently hybridized using specific oligonucleotide probes in a
single typing strip.7 For the current study, HPV-positive scrapes were included.
The Cellient Method
All the remaining material in the vial was used for the Cellient method. This
was collected into a cassette and loaded into the instrument. Eosin was applied
and vacuum-drawn through the sample. Alcohol was similarly applied and
drawn through the sample for dehydration. To clear the alcohol, the procedure
was repeated with xylene. The sample was then embedded in paraffin and
finally embedded in an additional layer of paraffin during processing in the
finishing station.
From the Cellient paraffin block eight serial sections were cut, two for the
Papanicolaou staining, one for the hematoxylin eosin (HE) staining, and five
for the p16 immunostainings.
Morphologic Criteria in ThinPrep and Cellient Slides
Metaplastic Cells
Metaplastic cells are defined as cells with a vesicular nucleus and a nuclearcytoplasm ratio of around 0.5.8 In the p16 stain, the vesicular nature of the
nucleus is still visible.
Koilocytotic Cells
Koilocytotic cells display a clear zone well demarcated around the nucleus.8
Particularly in the ThinPrep cytology slides it is easy to identify koilocytes.
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Figure 2. Squamous pearl in a Papanicolaou-stained paraffin Cellient section. The
cytoplasm is either bright red or dark green. In this section, the nuclei are not cut.

Squamous Pearls
Squamous pearls are whirls of squamous cells. In the ThinPrep slides these
pearls display small pyknotic nuclei. The cytoplasmic staining is either
turquoise or red. In the Papanicolaou-stained paraffin Cellient sections, the
cytoplasm is either bright red or dark green (Figure 2), nuclei are not always in
the section.
Dyskeratotic Cells
In the ThinPrep slides, dyskeratotic cells have a pyknotic nucleus, a nuclear
cytoplasmic ration between 2 and 6, and orange or green staining cytoplasm.
In the Papanicolaou-stained Cellient paraffin sections, the cytoplasm is green
or orange-red (Figures 3 and 4). In these sections, the pyknotic nuclei of the
dyskeratotic cells can be relatively large (Figure 5).

Figure 3. Dyskeratotic cell in a Papanicolaou-stained Cellient paraffin section. The
cytoplasm is orange-red (see Figure 6).
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Figure 4. Two dyskeratotic cells in a Papanicolaou-stained Cellient paraffin section. The
cytoplasm of these cells is orange-red.

In the HE stain, dyskeratotic cells have bright red cytoplasm. In the p16
Cellient paraffin sections, dyskeratotic cells can display brown cytoplasm and
brown-blue nuclei (Figure 6) or intensely brown pyknotic nuclei in which the
blue (hematoxylin) staining is hidden by the brown color (Figure 7). In the
same field of view of the paraffin section, a positive p16 staining parakeratotic
cells can be encountered next to a dyskeratotic cell without p16 staining and
a (relatively large) blue pyknotic nucleus. Also, a p16 positive dyskeratotic cell
can be detected in the Cellient section next to a p16 positive metaplastic cell
with only little brown staining of its vesicular nucleus.

Figure 5. Dyskeratotic cells in a Papanicolaou-stained Cellient paraffin section. Here, the
cytoplasm stains green. The pyknotic nuclei can be relatively large.
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Figure 6. Dyskeratotic cell in a p16 Cellient paraffin section with brown cytoplasm and
brown-blue nuclei.

Figure 7. Dyskeratotic cell in a p16 Cellient paraffin section with a rather large (pyknotic)
nucleus.
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Low risk HPV

High risk HPV

p16 positive cells

52, 69

Dyskeratotic cells

52, 69

Dyskeratotic cells

51

No p16 staining

66

No p16 staining

5

51, 66

No p16 staining

6

16, 56

CIN 1 cells

7

16, 56

CIN 1 cells and
dyskeratotic cells

8

16, 51, 53

Metaplastic cells

9

16, 53, 66

Koilocytotic cells

10

16, 53

Metaplastic cells

11

16

CIN 3 cells and
dyskeratotic cells

1
2

70

3
4

70

12

44

26, 52

CIN 3 cells

13

70

52

CIN 3 cells

58

CIN 3 cells and
dyskeratotic cells

14

Table 1. Low-Risk and High-Risk HPV Genotypes and Biomarker p16 Staining.
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Cytology Cytohistology

Cell types

1

ASCUS

Atypia

Dyskeratosis and koilocytosis

2

ASCUS

Atypia

Dyskeratosis and koilocytosis

3

ASCUS

Atypia

Dyskeratosis and koilocytosis

4

ASCUS

Negative

Koilocytosis

5

ASCUS

Negative

Squamous pearls

6

ASCUS

CIN 1

CIN 1 fragments and dyskeratosis

7

ASCUS

CIN 1

CIN 1 fragments and metaplasia

8

ASCUS

Atypia

Dyskeratosis and metaplasia

9

ASCUS

Warty atypia

Koilocytosis

10

ASCUS

Negative

Metaplasia

11

HSIL

CIN 3

CIN 3 fragments and dyskeratosis

12

HSIL

CIN 3

CIN 3 fragments and koilocytosis

13

HSIL

CIN 3

CIN 3 fragments and koilocytosis

14

HSIL

CIN 3

CIN 3 fragments and dyskeratosis

Table.2. Cytology of the ThinPrep Slide and Cytohistology of the Cellient
Paraffin Sections

Results
In total, 11 HPV genotypes were found, two low risk (lr) (HPV44 and
HPV70) and nine high risk (HPV16, HPV26, HPV51, HPV52, HPV53,
HPV56, HPV58, HPV66, HPV69). All 14 scrapes were positive for hr-HPV
(Table 1), and in addition scrapes 2, 4, 12, and 13 were positive for lr-HPV.
Multiple HPV genotypes were encountered in 11/14 (79%) cases.
In Table 2 the cytologic diagnoses of the Papanicolaou-stained ThinPrep
slide classified as ASCUS and as HSIL and the histology diagnoses of the
Papanicolaou- and HE-stained Cellient paraffin slides are presented.
In three cases, metaplastic cells were observed in the paraffin Cellient sections,
in seven cases koilocytosis, in one squamous pearls, and in seven dyskeratosis.
As many as five cases (1, 2, 7, 11, and 14) had p16 positive dyskeratocytes.
Only in case 3, 4, and 5 no p16 staining cells were observed in the Cellient
paraffin sections.
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Discussion
In the yogurt study performed, the cervical smear on which a Nugent scoring
of the bacterial flora was performed (data not shown in the current paper)
disclosed that eating yogurt did improve the vaginal microbiota over the study
month.
Therefore, yogurt provides a safe nutritious food that can be made locally
and taken daily by HIV-subjects receiving anti-retroviral therapy. It has the
potential to transfer health benefits to the gut and vagina, but the extent to
which a probiotic can add to this through rectal to perineal transfer remains to
be determined.
As the cervical samples of these HIV-positive women were available, HPV-PCR
could be performed and HPV-positive samples could be selected for this pilot
Cellient study.
The Cellient™ Automated Cell Block System was able to provide high quality
histology and outstanding images obtained with the biomarkers p16, all this on
cervical scrapes on which 22 HPV genotypes were established by PCR.
Nuclear and cytoplasmic p16 positivity was observed in metaplastic cells,
koilocytes, and dyskeratotic cells. Of the CIN 1 epithelial fragments, 10-30%
of the cells was p16 positive, whilst in CIN 3 epithelial fragments over 50%
stained positive. This is in accordance with our experience of p16 in Shandon
cytoblock paraffin sections. Note that p16 positivity can also be observed in the
cytohistology of adenocarcinoma of the endocervix.9
It is well-known that HPV infection can induce a disturbance of the
keratinization process leading to dyskeratosis. The Papanicolaou method (in
which dye competition between light green and eosin is exploited) is wellsuited to detect these dyskeratotic cells by their strikingly orange color (Figures
3 and 4), whilst others stain intensely green (Figure 5). To the best of our
knowledge, this is the first report on the positive staining of benign dyskeratotic
cells with the biomarker p16 (Figures 6 and 7). It should be noted that the
pyknotic nuclei of dyskeratotic cells can be rather large suggesting polyploidy
as illustrated in Figure 5. Such dyskeratotic cells can have relatively large nuclei
and accordingly be designated as atypical (see case 1, 2, and 3 and Figure 5).
The biomarker p16 is used to detect over-expression of p16INK4a protein in
cervical premalignant and malignant lesions.10-12 Galgano et al.13 conclude that
immunocytochemical staining for p16 is a useful and reliable adjunct for the
identification of CIN2+. We can add that in the Cellient paraffin sections of
cervical scrapes, the p16 positive staining dyskeratotic cells can be identified
and classified according to their nuclear size and nuclear cytoplasmic ratio.
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The cervical scrapes were fixed in the coagulant fixative BoonFix, of which
polyethylene glycol (PEG) is an important component, mixed with ethyl
alcohol. This fixative can be used for cervical scrapes14 and for biopsies
processed by microwave technology.15 Note that the Cellient method is based
on vacuum techniques and not on microwave technology as it is used on a large
scale in the LCPL since 1987.16,17 This fixative does not contain formalin nor
methanol, the latter being an important component of Preserve of Hologic.
In the Hologic system using Preserve, it is advised not to do PCR within one
month of cervical sampling. In contrast, when the cervical scrape is suspended
in BoonFix, PCR is possible on archival samples. In the study presented in this
paper, the HPV PCR was done in Leiden one year after sampling in Tanzania.
In our Leiden screening practice we have encountered many carcinoma cases
in which the ThinPrep cytology contains thick cell groups with blurry nuclei.
Overall, this represents approximately 1% of all slides. Often, these slides also
contain single atypical cells which raise the suspicion of significant changes
in the cervical epithelium, but these blurred minibiopsies are not fit for an
unequivocal diagnosis.18 We observed that in the Cellient 4µ thin paraffin
sections carcinomatous tissue fragments can be studied in detail. Moreover, the
architecture of the cytohistology is highlighted by the p16 immunostaining.
It is our experience that the brushes (Cervex-Brush Combi) used for
cervical sampling, collect remarkable large carcinomatous tissue fragments.
Nevertheless, care should be taken to dislodge all these valuable tissues from the
brushes by placing the vials with the brushes in a shaker. Note that the Hologic
protocol dictates the removal of the brush from the vial: if the clinician has
not shaken all the cellular material from the brush, it ends up, with the brush,
in the waste basket. The vials brought to Leiden from Tanzania contained the
brushes, accordingly all sampled cancerous fragments of case 11, 12, 13, and
14 were rescued.
As far as the HPV genotypes are concerned, there were only three cases with
one HPV genotype, 11 contained multiple HPV genotypes. Four scrapes had
as many as three HPV genotypes. In the four CIN 3 cases, there was only one
with HPV16.
In conclusion, in this pilot study of HIV-positive HPV-positive Tanzanian
women, the Cellient system resulted in high quality histology with perfect p16
images.
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5
General Discussion
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Discussion

BV is still a poorly understood but prevalent condition and cervical cancer
following persistent HPV infection is currently still the third most commonly
diagnosed cancer in females worldwide. The first choice treatment for BV is
metronidazole, however failure and recurrence rates are still high.1,2 Therefore,
this thesis focused on the health impact of the vaginal microbiome on BV and
HPV infection.
In this thesis, we examined the differences in women with and without BV and
HPV infection using different techniques. We highlight the four main research
questions as well as the results of our investigations.

Figure 1. The health impact of the vaginal microbiome and its association with BV.
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5.1

Defining an unhealthy vaginal
microbiome in BV

Is it possible to better define an ‘unhealthy’ vaginal microbiome in terms of
predicting or accompanying BV?
Answer:
Sequencing techniques revealed more detailed differences in women with BV
and HPV on the species level, which had not been found by techniques used
previously including microscopic scoring and culturing. However, neither
microarray nor NGS patterns correlated with health complaints reported by
women.
It would be possible to identify the vaginal microbiome as healthy or unhealthy
based on resilience, defined as the capacity to recover quickly from infections
like STDs and hr-HPV. If a microscopic score suspect for BV (overload of
Gardnerella, shortage of lactobacilli) means women are more at risk for STD
infections and preterm labour, then women that are at risk of STDs and hrHPV or are currently pregnant could be defined as less “resilient”. A decreased
resilience depends on women’s risk factors that differ on an individual and
global level, including the prevalence of STDs, sexual behaviour, pregnancy,
and hygiene practises. A definition of resilience could be based on the health
impact of having a certain vaginal microbiome type, rather than on the
microbiome itself, which would make the definition a bit circular.
Comment (Chapter 2.3, Chapter 3.1, Chapter 3.3, and Chapter 4.2):
Historically, the diagnosis of BV has been based on clinical criteria or Gram
stain. These diagnostic methods are fairly subjective as they are highly
dependent on the interpretation of the provider and/or technician, which can
complicate research and clinical practice.3 16S-rDNA-based microarrays
and other non-cultivated methods, like 454-sequencing techniques have the
potential to be less subjective. Moreover, these methods identified new species
in the vaginal microbiome, such as Atopobium vaginae, that are related to the
clinical entity known as BV.
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A clinical perspective on “unhealthy”

Vaginal complaints: symptomatic versus asymptomatic
Neither Amsel criteria, Nugent scoring, microarray analysis nor NGS analysis
can fully explain why some women have complaints and others not.4,5,6
The amount and aspect of vaginal discharge vary considerably across women
and increases in the menstrual midcycle.7 In Chapter 2.3, no correlation
between complaints and 454-sequencing results could be found either. In
asymptomatic women, frequently a BV-associated microbiome with Gardnerella
can be found.8 As discussed in Chapter 3.3, a cross-sectional analysis showed
that 75 out of 145 HIV-positive women (52%) reported complaints of
vaginal discharge, itching, and/or odour, showing their increased burden of
vaginal complaints. Apparently HIV status is much more predictive than
454-sequencing results of the microbiome.
Pregnancy
BV is known as a risk factor for preterm labour as described in the
introduction.9 Because BV is a highly prevalent condition it is also highly
prevalent among women at childbearing age. However, despite the association
between BV and adverse pregnancy outcomes, screening and treatment of
asymptomatic BV during pregnancy is still controversial because of differences
in selection of trials analysed.10 Overall meta-analysis showed that treatment
of asymptomatic BV does not diminish the risk for preterm labour, however
certain subgroups might benefit.10
At risk for STDs
BV is more prevalent in resource-limited countries like Tanzania and South
Africa as can be seen in Chapters 3.1 and 4.2. Inter alia, an increased
prevalence of BV in sub-Saharan Africa probably has to do with the higher
prevalence of HIV,11 greater number of sexual partners over a lifetime,12 and
different hygiene practises like intravaginal cleaning with soap.13 Also, studies
show that in Western societies intravaginal practices including the insertion of
over-the-counter products is associated with BV.14
The risk of acquiring an STD in resource-limited countries in sub-Saharan
Africa is higher than in the Western world; this is multifactorial and influenced
by the number of sexual partners,circumcision and a number of other factors.15
As mentioned in the introduction, BV is associated with a higher prevalence
of STDs, including HSV-1, HSV-2,16 gonorrhoea, chlamydial infection17 and
HIV.18
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All these conditions are more prevalent in resource-limited countries.15 The
most prevalent STD globally is hr-HPV, which increases the risk for cervical
cancer and has a higher prevalence in resource-limited countries. Schwebke
and others examined the impact of treatment of BV in asymptomatic women
at risk for STDs to reduce the risk of acquiring an STD, and found that the
treatment group had a significantly longer time until first STD diagnosis.19
More research needs to confirm these results to extrapolate this to other groups
of woman.
A healthy state of the vaginal microbiome can be described as a microbiome
that is asymptomatic in women and does not have any negative health impact.
An unhealthy microbiome could be described as a symptomatic state, which
can be explained by the function of the microbiome or a microbiome, which
has a negative health impact. However, because we know the microbiome
changes over time in the menstrual cycle and a disturbed vaginal microbiome
happens gradually, as happens for example in BV intermediate to positive
patients, it is important to identify women more susceptible for negative health
consequences like STDs, including hr-HPV and HIV.
Patients could be identified as having “a decreased resilient state”, meaning
a system’s stability and capability of tolerating disturbance and restoring
itself. A decreased resilience depends on women’s risk factors that differ on an
individual and global level, including the prevalence of STDs, sexual behaviour,
pregnancy, and hygiene practises.
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5.2

BV biomarker species

Is it possible to identify biomarker species for BV?
Answer:
454-sequencing and other techniques identified distinctive species in vaginal
clusters among women with and without BV. It is no longer useful to base
the diagnoses of BV on the presence of Gardnerella alone. As an alternative
marker, an increased diversity of species, especially in combination with a
decreased dominance of lactobacilli, can be used to diagnose BV. A depletion of
Lactobacillus crispatus and iners in combination with an overload of Atopobium
and Leptotrichia species is indicative of BV.
Comment (Chapter 2.1, Chapter 2.2, Chapter 2.3):

Current thesis

In Chapter 2.1, BV positive and negative samples were examined to better
define the vaginal microbiome in women depending on BV scoring. This
was done by the use of a tailor-made DNA microarray containing probes
representing the vaginal microbiome. The study done in South African women
showed that it is no longer useful to base the diagnosis of BV on Gardnerella
alone (Chapter 2.1). Rather, its co-occurrence with Leptotrichia and Prevotella
species, and especially Atopobium, was more indicative of an aberrant state of
the vaginal flora. In 79% of the subjects that had a microscopic score suspect
for BV, a co-presence of Gardnerella with Atopobium vaginae could be found,
which indicates an aberrant state.20 Although also diagnosing BV with a
microscopic score is not optimal, it has been known as the gold standard for a
long time.
In Chapter 2.2, a study of the vaginal microbiome of HIV-positive women in
Tanzania is shown. The objective of this study was to examine Whiff testing
and microscopy in relation to 22 DNA probes published previously as being
important for the vaginal microbiome associated with BV in HIV-positive
Tanzanian women. In 76% of women with a microscopic score indicative of
BV, the Whiff test was positive, as compared to 21% of women with a normal
score.
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A positive Whiff test, as well as microscopic scoring as suspect for BV, was
not only associated with an increased presence of Gardnerella vaginalis, but
also other BV-associated genera were found, i.e. Atopobium vaginae, Dialister
species, Megaspaera species, Mobiluncus mulieris, Sneathia sanguinegens, and
Prevotella species. A negative Whiff test and a normal microscopic score were
associated with strong signals in the microarray for Lactobacillus iners, and
Lactobacillus vaginalis. Although a positive Whiff test is only one of the Amsel
criteria, it is a test which is easy to perform and does not require any additional
materials like a microscope or expensive analyses except the potassium
hydroxide (KOH).
The aim of Chapter 2.3 was to further establish the differences in bacterial
composition of the vaginal microbiome in Dutch women screened for STDs
with and without BV using 454-sequencing. In BV positive women the
microbiome showed an increased diversity of species, especially in combination
with a decreased dominance of lactobacilli (Chapter 2.1, Chapter 2.3).21
In the BV positive clusters, Gardnerella vaginalis, Family Lachnospiraceae,
Sneathia sanguinegens, and Leptotrichia amnionii, were significantly prevalent.
The families of the Coriobacteriaceae (including Atopobium vaginae),
Leptotrichiaceae (Sneathia sanguinegens), and of Veillonellaceae (including
Dialister micraerophilus) were the most differentiating in determining the
Nugent scoring.
In women without BV, the vaginal microbiome was dominated by Lactobacillus
iners or Lactobacillus crispatus or a mixture of both. In Chapter 2.3, we also
found a negative correlation of almost 1, between Lactobacillus crispatus and
Lactobacillus iners in healthy subjects. These women had a high abundance
of Lactobacillus crispatus or Lactobacillus iners, or a ratio of almost 1 between
Lactobacillus crispatus and Lactobacillus iners. All women with BV were
deficient of Lactobacillus crispatus, this shows that the absence of Lactobacillus
crispatus is an indicator of a decreased resilience to BV.
In summary, in the studies done by Hummelen,21 Ravel,22 Gajer,23 as well as
in our Chapter 2.1, 2.2, and 2.3, a microbiome dominated by Lactobacillus
crispatus and/ or Lactobacillus iners was found among BV negative women.
In BV positive women, Atopobium species, as well as Gardnerella vaginalis,
Dialister, Megaspaera, Mobiluncus mulieris, Sneatha sanguinegens, Prevotella
species, Leptotrichia amnionii were highly prevalent (Chapter 2.1, Chapter
2.2, Chapter 2.3).18,21,22,23,24 The studies performed during this thesis thereby
confirm results found in other publications.
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Based on the studies performed during this thesis project, an increased
diversity of species, especially in combination with a decreased dominance
of lactobacilli could be suggested as alternative markers to diagnose BV. A
depletion of Lactobacillus crispatus and iners in combination with an overload
of Coriobacteriaceae (including Atopobium vaginae), Leptotrichiaceae (Sneathia
sanguinegens), and of Veillonellaceae could indicated BV. Further research
needs to establish the differences in treatment efficacy when using alternative
diagnostic techniques for BV.
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5.3

Improvement of treatment

How can treatment be improved?
Answer:
There is a need to develop a new gold standard of BV diagnosis. Techniques,
like microarray analysis and 454-sequencing can be used to understand the
individual’s vaginal microbiome, and to develop and test interventions to
further develop personalized treatment. Personalized treatment might improve
cure rates, by increasing the woman’s own mutualists (species benefiting
themselves and the host) and not the commensals (benefiting themselves
but not the host) and pathogens, as well as matching with various personal
characteristics, including lifestyle factors and symptoms experienced.
Future research needs to establish the effectiveness and cost-effectiveness of
different types of HPV vaccines around the world. For women at risk of hrHPV, we should consider screening for cervical cancer more frequently.
Comment (Chapter 3.1, Chapter 3.2, Chapter 3.3, Chapter 4.2, Chapter 4.3):

Current versus future diagnostics to improve treatment

Foxman and others found that only about half of White American (55%)
and four-fifths of African American (83%) women with vaginal symptoms
consulted a health care professional.25 Ideally all women with vaginal symptoms
should be tested, because complaints do not correlate well with the final
diagnosis.4,5,6 As described in the introduction, health care professionals
diagnose BV in different ways around the world. The Nugent and Amsel
criteria are used frequently. The diagnostics differ greatly even between health
practice centres and between countries.26 A lot of health care professionals feel
uncertain in daily practice to diagnose women with vaginal discharge.27 Some
health centres have the ability to send a vaginal sample to the laboratory to
culture for Gardnerella vaginalis and do PCR on Gardnerella vaginalis and/or
Lactobacillus crispatus. Other practices have a microscopic or KOH available
to do a Whiff test themselves. The World Health Organisation (WHO)
recommends a syndromic approach for vaginal discharge in resourch limited
countries, however the sensitivy and specificity to diagnose STIs and BV stays
low, resulting in mostly overtreatment of BV.28,29,30
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However even in the Western world not all health care professionals have
diagnostics available to diagnose BV (literature, own experience).31
Most women with vaginal symptoms who did not consult a doctor did
purchase over-the-counter treatment (77% of White American women; 92%
of African American women); the most common over-the-counter medication
is miconazole (49%) and clotrimazole (24%), which are both used to treat
Candida infection.28 Metronidazole, the first choice treatment for BV, is not
over-the-counter available in most countries, including the Netherlands. The
practice guideline ‘Vaginal discharge’ from the Dutch College of General
Practitioners32 identifies Candida infection as the most common cause of
vaginal discharge in the general health practice.
What does this mean for daily practice? Because Candida infection is said to
be the most prevalent vaginal symptom and over-the-counter treatment for
Candida is easily available, it might mean that most complaints of vaginal
discharge are treated as a Candida infection first, in some cases before physical
examination or other diagnostics have been used. The consequence could be
that BV is currently under-diagnosed in primary healthcare practices and in
certain patient groups.
Although problems related to the vaginal microbiome are still substantial,
diagnosis and treatment is ad hoc. As for a health care professional, microbiome
data is helpful, but they are not yet available in practice making application
in the clinical practice difficult. In the future, new diagnostic tests need to be
developed to also make diagnosis in clinical practice more feasible.
Because worldwide health care professionals diagnose BV in different ways,
there is a need to develop a new gold standard. The currently available kits,
like BV Blue and others, rely on Amsel, Gardnerella, pH, or sialidase activity.33
Most techniques still see Gardnerella as a key organism in BV, when in
fact it may not be, as it is also present in “healthy” women. In Chapter 2.1
Gardnerella could be identified in 24% of women without BV, and detection
of Gardnerella did not correlate well with the presence of BV. An increased
diversity of species, especially in combination with a decreased dominance
of lactobacilli could be better used for this. A combination of a depletion of
Lactobacillus crispatus and iners with an overload of Atopobium and Leptotrichia
species is more indicative of BV. These biomarkers could be used in diagnosing
BV more accurately so that prevalence and treatment regimes can be compared
better among patients with different vaginal microbiomes.
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In the future a PCR test kit could be developed which can be used to test for
markers identifying women with a vaginal microbiome less resilient to (at risk
for) negative health consequences (Chapter 2.1, Chapter 2.2, Chapter 2.3).2,34
Samples with an increased diversity and decreased dominancy of lactobacilli
could be marked as less BV resilient. The methodologies presented in Chapter
2.3 are currently studied more extensively comparing overall diversity, and
relative abundances of Firmicutes, Lactobacillus, L. crispatus, and L. iners.

Current and future treatment of BV

For BV-associated complaints, metronidazole is currently still the first choice of
treatment. Other less invasive treatments are suggested, including Lactic acid
gel (Lactacyd), herbs, Actigel (Aloe vera), and probiotics.35 However, recurrence
rates are still high.36,37 Bradshaw and others found a recurrence rate of 69%
during 12 months of follow-up. Recurrence was associated with a past history
of BV, a regular sex partner, and female sex partner.37 Because most strains of
Atopobium are resistant to metronidazole, the high prevalence of Atopobium
species and differences found in clusters in the vaginal microbiome of BV
positive women might help explain the different response rates on treatment.38
The vaginal microbiome is in symbiosis with the human body.39 By defining
the vaginal microbiome of BV, the epidemiology and treatment of BV could be
re-evaluated. Next to killing the pathogens of an infection, antibiotics will also
kill the non-pathogenic species of the microbiome, disturbing the protective
balance of the vaginal microbiome.39 Co-aggregation, i.e. the assembly of
microbial communities into distinct interlinked biofilms (Chapter 4.1), might
explain why, for example, Lactobacillus iners, a species surviving treatment
with metronidazole, aggregates more easily in BV constituents thus impeding
the restoration of the microbiome.39 Personalized treatment, by increasing
the woman’s own mutualists (species benefiting themselves and the host) and
not the commensals (benefiting themselves but not the host) and pathogens,
matching with various personal characteristics, including life style factors and
symptoms experienced might improve cure rates. To develop this, techniques,
like 454-sequencing, can be used to build bridges between health care settings
and scientific research to optimize health care for vaginal complaints.2,40
In Chapter 3.3, it was shown that locally produced yogurt in rural Africa is a
safe nutritious food. It has the potential to transfer health benefits to the gut
and vagina of people infected with HIV, whether or not they are receiving
anti-retroviral therapy, but the specific extent to which a probiotic can increase
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the benefit via rectal-perineal transfer could not be determined in this study.
Probiotics offer a potential new means to prevent urogenital infections, and
help maintain a healthy vaginal ecosystem (Chapter 3.1). However, it is still
unclear which probiotic products are best to use, therefore it is still impossible
for consumers to know which probiotic products to purchase, and for
caregivers to recommend probiotics products that may help a patient.

Personalized treatment

Currently, the effective treatment of BV is still hampered by a number of
issues. The commonly available treatments are often disruptive to the protective
beneficial microbiome resulting in side-effects or BV recurrence.2 However,
since a healthy vaginal microbiome has now been better defined, treatment may
be improved. When it becomes accepted that the definition of BV can be more
than one set of diagnostic features, personalized treatment may become feasible.
Kort describes the Triple A concept, in which sampling and enrichment of
the Lactobacillus spp. already prevalent in the patient’s vaginal microbiome
could be performed.41 Candidate species to enrich for include Lactobacillus
crispatus, Lactobacillus gasseri, Lactobacillus iners, Lactobacillus jensenii; these
are present in lower concentration in women with BV,34 but are known to be
related to a healthy state when dominating the vaginal microbiome. Hostspecific treatment with these lactobacilli could result in a more effective
treatment because the symbiosis of species active in the already present vaginal
microbiome is not disturbed. Future research needs to be done to evaluate the
effectiveness of this treatment option.

HPV infection

Chapter 4.2 describes a study to determine the prevalence of HPV genotypes
among HIV-positive women in Africa with normal and abnormal cervical
cytology scores. HPV testing in Mwanza, Tanzania (n=143) and South Africa
(n=51) was performed. All women were HIV-positive and over 18 years of age.
Overall, 109 (56%) women tested positive for hr-HPV.
Seventy-six (53%) Tanzanian women and 30 (59%) South African women
tested positive for a lr-HPV or undetermined HPV type. Overall, the most
prevalent hr-HPV subtypes were hr-HPV 16 (26%) and hr-HPV 52 (30%),
and the prevalence of hr-HPV genotypes varied by country. Among Tanzanian
women testing positive for any hr-HPV, the most common genotype was
hr-HPV 52 (35%), followed by hr-HPV 16 (23%) and hr-HPV 66 (20%).
In contrast, among South African women testing positive for any hr-HPV,
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the most common genotype was hr-HPV 16 (34%), followed by hr-HPV 35
(24%), hr-HPV 18 (21%), hr-HPV 33 (21%), and hr-HPV 66 (21%).
Watson-Jones and others also examined HPV infection in Mwanza, Tanzania.42
The study population comprised HIV-negative women between 10 and 25
years of age. Overall cohort HPV prevalence was 28% (86/309) at enrolment.
In total, 55% (64/117) of sexually active participants were infected with
HR genotypes. HPV-45 (16%) was the most prevalent, HPV-16 (12.8%)
and HPV-58 (13%). Seventeen patients (14%) were infected with either
HPV-16 or HPV-18. Regional differences in HPV genotypes among African
women were found (Chapter 4.2).42 The high prevalence of hr-HPV found
in African women, especially African HIV-positive women, might warrant
different monitoring programmes for cervical preneoplasia. The Ministry of
Health, Welfare and Sport of the Netherlands decided in October 2013 that
the National screening for cervical cancer starting in 2016 in the Netherlands
will be based on a hr-HPV screening test. Only if hr-HPV infection is found,
the swab will be examined for cervical preneoplasia. Because of the increased
prevalence of cervical preneoplasia among African HIV-positive women, HPVbased screening tests for cervical preneoplasia in African women, especially in
HIV-positive women, would be highly inefficient unless coupled with cytology
screening of the HPV-positive sample.
HPV vaccines against genotypes 16 and 18 are designed with the objective of
preventing about 70% of cervical cancers.43 The prevalence of these genotypes
in Asia and Europe/ North America might be higher compared to other parts
of the world like sub-Saharan Africa.43 Therefore, a study of HPV genotypes in
women in 38 countries including some in Central America, Africa, Asia, and
Oceania has been performed.44 In this study, hr-HPV types 16 and 18 were
detected in 71% of cases of invasive cervical cancer. Of the cases of invasive
cervical cancer from Africa, hr-HPV 16 and 18 were detected, respectively, in
48% and 23% of cases that were positive for HPV DNA. Chapter 4.2 as well
as the study done by Watson-Jones and others in Mwanza, Tanzania showed a
high prevalence of hr-HPV types (56% versus 54.7%). Although patients were
included from the same population, age and HIV status differed. The high
prevalence of other hr-HPV types compared to hr-HPV 16 and hr-HPV 18,
might also imply the need of a different HPV vaccine in sub-Saharan Africa.
Future research needs to establish the effectiveness and cost-effectiveness of
different vaccines around the world.
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Implications for the Netherlands

Vaccination against HPV was introduced in 2009 in the Netherlands and girls
born between 1993 and 1996 were invited to receive the vaccination. However,
only 52% of the 13 to 16 year old girls in the 2009 cohort received the
vaccine.45 From 2010, 12-year-old girls were invited.46 The RIVM, the body
responsible for vaccination in the Netherlands, undertook efforts to increase
HPV-vaccination acceptance starting in 2010. The average participation
for all vaccinations included in the National Immunization Program (NIP)
in the Netherlands in 2012 was 92-99%. The exception however is still the
participation of the HPV vaccination at only 56% in 2012.47 Rondy and
others examined determinants for HPV uptake in the Netherlands.48 HPV
vaccination uptake was lower among various ethnic groups and in areas with
higher proportion of voters for Religious Political Parties, and in areas with
lower socioeconomic status. During the introduction of the vaccine, the media
mainly focused on the experimental status of the vaccine, undermining people’s
confidence in the safety and effectiveness of the vaccine, resulting in a decrease
in vaccine uptake.48,49
Literature also emphasized the importance of informing the general population
about the relationship between HPV-infection and cervical cancer48,50 and,
to date, many initiatives have been taken. For example, the mission of the
European Cervical Cancer Association, a large network of organizations and
individuals from across Europe, is to raise awareness of cervical cancer and the
means by which it can be prevented, and to promote the implementation of
prevention programs equitably across Europe. Improved knowledge diffusion
by politicians, the media, and also by health professionals is required to
improve vaccination participation.45,48,51,52
Concomitantly, national screening programs have improved cervical cancer
mortality.52 In the Netherlands, guidelines advise to re-take a vaginal swab
six months after a Pap 2 or Pap 3a1 result, then testing for cervical cytology
and HPV diagnostics. The objective of Chapter 4.3 was to test the CellientTM
system on HPV-positive cervical scrapes collected in Tanzania. In the paraffin
sections, p16 staining of dyskeratocytes in cases classified as ASCUS (atypical
squamous cells of unknown significance) and as HSIL (high-grade squamous
intraepithelial lesion) could be analyzed.
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5.4

Association between BV and HPV

Is there an association between BV and HPV? And could this possibly lead to
better treatment strategies?
Answer:
An unbalance in the vaginal microbiome, as found in BV positive patients, is a
co-factor in acquiring HPV infection and clearance. Restoration of the vaginal
microbiome to a healthy state might be a tool in diminishing the chance for
cervical cancer; the prevention and treatment of BV might also be important
for asymptomatic women; and screening of hr-HPV patients in BV positive
patients might be valuable. Future studies need to further establish the possible
impact of this.
Comment (Chapter 4.1):

Current knowledge based on the literature

A tendency of more BV in women with HSIL in comparison to women
with LSIL was found by Discacciati and others (33% versus 16%, p>0.05).53
Moreover, a meta-analysis of over 6,000 women carried out by Gillet and
others (including papers published until the end of 2009), showed that HPV
is significantly more prevalent in BV positive women in three out of twelve
studies.54,55,56,57 The combined odds ratio for all included cross-sectional studies
was 1.43 (95% CI, 1.11 - 1.84, p = 0.005), indicating a positive association
between BV and cervical HPV infection.
Since the meta-analysis in 200954 and our studies, several newer studies have
been published. Rodriquez and others found a clear and significant correlation
of BV (based on the Amsel criteria) with hr-HPV infection (types 16, 31, 33,
35, and 52). They did not find a significant correlation between Candida and
hr-HPV.58 King and others examined 756 HIV-infected and 380 high-risk
HIV-uninfected women during 15 study visits scheduled 6 months apart.
They found that BV was associated with prevalent and incident HPV and with
delayed clearance of HPV infection. BV as well as HPV at the current visit was
associated with getting the other infection.59
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Gao and others examined the association of BV with hr-HPV infection in
more detail by studying the vaginal microbiome. In hr-HPV positive women a
greater diversity was found in the vaginal microbiome. Lactobacillus gasseri and
Gardnerella vaginalis were found at a significantly higher frequency in HPVpositive women.60
In Chapter 4.1, microarray analysis of the Lactobacillus spp. of the South
African women in combination with HPV analysis was performed. Half of the
women included tested positive for HIV. We found a significant reduction of
Lactobacillus crispatus among women with HPV infection. In both HIV and
HPV infection, a similar (but not identical) shift in the composition of the
Lactobacillus flora was observed. In women with HPV infection, we observed
more frequently Lactobacillus brevis, and Lactobacillus iners. In contrast, in
HPV-infected women, as mentioned before, Lactobacillus crispatus was observed
less often. Relating this to the study done in Chapter 2.3, in which all women
with BV were deficient in Lactobacillus crispatus, a shortage of Lactobacillus
crispatus will correlate to an increased prevalence of BV.
As shown by the studies cited above, an imbalance in the vaginal microbiome
is a co-factor in acquiring HPV infection and clearance. Future studies need
to further establish the impact of the symptomatic and asymptomatic vaginal
microbiome on STD’s like hr-HPV. Increased insight in this could clarify
the role of the vaginal microbiome in the development of cervical cancer.
Restoration of the vaginal microbiome to a healthy state might be a tool for
diminishing the chances of cervical cancer; the prevention and treatment of BV
might also be important for asymptomatic women; and screening of hr-HPV
patients in BV positive patients might be valuable.
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5.5

Methodology issues

Comparing 454-sequencing (Chapter 2.3) and microarray
technology (Chapter 2.1, Chapter 2.2, Chapter 4.1)

A problem in microarray analysis is cross-hybridization between (highly)
similar sequences, resulting in false or weak positive reactions of array-bound
probes with labelled DNA of the samples to be analysed. Detection of lowabundant sequences can be hampered by high background signals resulting
in a bad detection limit. Normalisation issues of “between-array” differences
(e.g. due to differences in sample DNA quality, labeling intensity and
scanning) can only (partly) be corrected via special controls and calculation
methods (e.g. foreground / background ratios).61 In contrast to arrays with
known pre-designed probes, next generation sequencing (NGS) technologies,
like 454-sequencing, can detect known and unknown sequences (without
prior knowledge), facilitating the in-depth analysis of microbial community
diversity and detection of new species.62 The 454-sequencing method generates
massive parallel DNA sequence reads from amplified PCR products through
a sequence-by-synthesis approach and detection of pyrophoshate release
upon nucleotide incorporation. Currently, the processing of multiple samples
by NGS technologies is still laborious and expensive. Therefore, currently
microarray analysis can still be more cost-effective if a known set of probes is
sufficient for the goal of studies. However, the price of sequencing is decreasing,
therefore NGS technologies will replace microarray analysis in the near future.
However, bacterial species with identical 16S rRNA genes can still represent
different ecotypes with differences in virulence properties and other phenotypic
traits.60 Even and others showed diversity at a very low level of taxonomy by
utilizing amplification of weak signals of subtle but reproducible nucleotide
variation within high-throughput sequencing reads.60 A high degree of lowlevel diversity among Gardnerella vaginalis sequences with a total of 46 unique
sequence variants (oligotypes) was found, alongside a strong correlation of
these oligotypes between sexual partners.63 So even within conventionally
defined species potentially different oligotypes need to be explored in future
research. The different methodologies (microscopy, 454-sequencing, microarray
and IS-profiling) presented in Chapter 2.3 are currently analysed more
extensively comparing overall diversity, and relative abundances of Firmicutes,
Lactobacillus, L. crispatus, and L. iners.
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5.6

Practical problems related to
research in Africa

Probiotics in developing countries

The establishment of a community kitchen, at which local women produce
yogurt containing probiotic Lactobacillus rhamnosus GR-1,64 did provide
an opportunity to assess the effect of daily yogurt intake on the health of
women. The progress of the yogurt kitchens in East Africa demonstrates that
practical, local resource based interventions have the potential to relieve undernutrition (Chapter 3.2). Simple food-based interventions can help, especially
in developing countries, but many challenges exist to their sustainability, to the
education of consumers, and to delivery.
Chapter 3.3, shows the results of a randomized controlled trial in HIV-positive
women in a resource-poor African community, in Tanzania. Major challenges
included the living situation of study participants, practical and logistical
problems. Diagnostics as PCR, microarray analysis, and 454-sequencing are
not available, meaning that all samples needed to be transported to Western
countries for analysis. Because production of yogurt took place under local
circumstances, it was not possible to guarantee the concentration of probiotic
in the yogurt samples during the trial. In the preliminary phase of the study,
the “mama’s” producing the yogurt used one spoon of probiotic yogurt to
produce the regular yogurt, not realizing that the probiotic will multiply on
itself. The addition of probiotic versus the regular yogurt did not significantly
differ in outcome measurements including Nugent scoring. The most obvious
explanations are that the L. rhamnosus GR-1 was not present in high enough
numbers in the yogurt, did not survive intestinal passage and transfer to the
vagina, or that the vaginal microbiota is somehow more recalcitrant to change
in HIV-positive than in HIV-negative hosts.65
It was logically challenging to transport 25 litres of yogurt from the yogurt
kitchen to the hospital on a dirt road every day and refrigerate all yogurt
properly. Safely packing the yogurt was also complicated and improper sealing
and handling resulted in spillage of the yogurt on the researchers clothes and
in the transport vehicles. A lot of aspects, which are commonplace in the
Netherlands, such as reliable electricity for refrigeration, are not consistently
available in developing countries like Tanzania.
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5.7

Conclusions

- There is a need to develop a new gold standard for diagnosing BV.
- NGS analysis and other techniques showed no correlation with complaints
reported by women. Women with BV at risk of STDs and hr-HPV or pregnant
could be defined as “less resilient”. A definition of resilience in these women
could be based on the health impact of having a certain vaginal microbiome
type, rather than on the microbiome itself.
- It is no longer useful to base the diagnoses of BV on the presence of
Gardnerella alone. An increased diversity of species, especially in combination
with a decreased dominance of lactobacilli could be suggested as alternative
markers to diagnose BV. A depletion of Lactobacillus crispatus and iners in
combination with an overload of Coriobacteriaceae (including Atopobium
vaginae), Leptotrichiaceae (Sneathia sanguinegens), and of Veillonellaceae could
be suggested as alternative markers to diagnose BV.
- Especially in developing countries, many challenges exist to implementing
simple food-based interventions because of their sustainability, education of
consumers, and delivery.
- More studies are needed to improve diagnosis and management of BV and
HPV infection in women. Future studies can further establish the definition
of a less resilient BV microbiome type, possibilities of host-specific treatment,
and the impact of the symptomatic and asymptomatic vaginal microbiome on
STD’s like hr-HPV.
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Scientific recommendations

- Examine treatment efficacy based on a new definition of BV.
Techniques, like microarray analysis and 454-sequencing can be used to
understand the individual vaginal microbiome, and to develop and test
interventions, like probiotics, to further develop personalized treatment.
- Establish effectiveness and cost-effectiveness of different HPV vaccines around
the world.
HPV vaccination is recommended and should be promoted better. Future
research needs to establish the effectiveness and cost-effectiveness of different
types of HPV vaccines around the world. For women at risk of hr-HPV, the
option of more frequent screenings for cervical cancer should be considered.
- Future studies can be done to further establish the possible impact of the
association between BV and hr-HPV.
An imbalance in the vaginal microbiome, as found in BV positive patients, is a
co-factor in acquiring HPV infection and clearance. Restoration of the vaginal
microbiome to a healthy state might be a tool in diminishing the chance for
cervical cancer; the prevention and treatment of BV might also be important
for asymptomatic women; and screening of hr-HPV patients in BV positive
patients might be valuable.

Policy recommendations

- Formalize a new definition of a resilient vaginal microbiome.
- Increase the availability of a new gold standard for diagnosing BV in
healthcare settings.
- Facilitate improved knowledge about the different diagnostics and treatment
modalities available for BV and HPV in health care professionals and in
women in the general population.
- Improve awareness around the potential for misuse of over-the-counter
antifungals in women.
- Stimulate development of simple food interventions in resource-poor
countries.
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Summary
The theme of this thesis is a clinical perspective on the vaginal microbiome in
Bacterial Vaginosis (BV) and Human papillomavirus (HPV) infection. The
health impact of an unhealthy vaginal microbiome is enormous, increasing the
risk of adverse pregnancy outcomes, sexually transmitted diseases and HPV
infection. The thesis consists of three sections. The first section describes our
study of the vaginal microbiome in relation to BV. Several diagnostics for BV
were used, including microscopic scoring, Whiff testing, microarray analysis
and 454-sequencing. In the second section, our examination of the effectiveness
of probiotics is reported, inter alia as treatment of BV. For the third section,
HPV was further examined. HPV genotypes were established in relation to
cytology results and the vaginal microbiome.

Chapter 2. The vaginal microbiome in relation to BV

In Chapter 2.1, BV in South African women was examined by the use of
a tailor-made DNA microarray containing probes representing the vaginal
microbiome. BV was associated with an increased microbial diversity. It
could be concluded that it is no longer useful to base the diagnosis of BV on
Gardnerella alone. Rather, its presence with Leptotrichia and Prevotella species,
and especially Atopobium was more indicative of an aberrant state of the vaginal
flora.
In Chapter 2.2, a study of the vaginal microbiome of HIV-positive women
in Tanzania is shown. The objective of this study was to examine Whiff
testing and microscopy in relation to 22 DNA probes published previously
as being important for the vaginal microbiome associated with BV in HIVpositive Tanzanian women. This chapter showed the use of microarray-based
identification for the validation of conventional microscopy in comparison
to Whiff testing. The findings show that the Whiff test could be used in
resource-poor countries to diagnose a BV-associated vaginal microbiome when
other diagnostics are not available.
Chapter 2.3, was done to further establish the differences in bacterial
composition of the vaginal microbiome in Dutch women screened for STDs
with and without BV using 454-sequencing.
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An increased diversity of species, especially in combination with a depletion
of Lactobacillus crispatus and iners in combination with an overload of
Coriobacteriaceae (including Atopobium vaginae), Leptotrichiaceae (Sneathia
sanguinegens), and of Veillonellaceae could be suggested as alternative markers
to diagnose BV.

Chapter 3. Perspective on Probiotics

A review is presented in Chapter 3.1 examing the current understanding of
the vaginal microbiome and assessing how probiotic bacteria might reduce
infectivity. The mechanisms whereby certain probiotic lactobacilli improve
urogenital health include immune modulation, pathogen displacement, and
creation of a niche less conducive to proliferation of pathogens and their
virulence factors. Probiotics offer a potential new means to prevent urogenital
infections and help maintain a healthy vaginal ecosystem.
In Chapter 3.2, a literature review investigates the application of probiotics
and selected nutrients in the first 1,000 days of life, a critical time period in
the development of young children which is particularly risky in resourcepoor countries. An alternative community based kitchen model that produces
probiotics can be established to empower local people, make them socially
responsible, produce affordable products and deliver benefits to over 3,000
children and adults daily.
Chapter 3.3 shows the results of a randomized controlled trial done in a
resource-poor African community of Tanzania, which tested the impact of
daily yogurt intake on the vaginal microbiome and well-being of HIV-positive
women. The Nugent scoring showed almost 40% women had an improved
vaginal microbiome over the month, albeit that the addition of the probiotic
did not differ from the standard yogurt group. Yogurt provides a safe nutritious
food that can be made locally and taken daily by HIV-positive subjects
receiving anti-retroviral therapy. It has the potential to transfer health benefits
to the gut and vagina. The extent to which a probiotic can add to this through
transfer from the intestinal tract to the vagina remains to be determined.

Chapter 4. The vaginal microbiome in relation to HPV infection

In Chapter 4.1, microarray analysis of the Lactobacillus spp. of the South
African women in combination with HPV analysis was performed.
A significant reduction of Lactobacillus crispatus among women with HPV
infection was found. In both HIV and HPV infection, a similar (but not
identical) shift in the composition of the Lactobacillus flora was observed.
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In Chapter 4.2, a study to determine the prevalence of HPV genotypes among
HIV-positive women in Africa with normal and abnormal cervical cytology
scores was done. Regional differences in HPV genotypes among African
women were found. These differences warrant the need to consider different
monitoring programmes for cervical preneoplasia. Furthermore, HPV-based
screening tests for cervical preneoplasia would be highly inefficient unless
coupled with cytology screening of the HPV-positive sample, especially in
HIV-positive women.
The objective of Chapter 4.3 was to test the CellientTM system on HPV-positive
cervical scrapes collected in Tanzania. In HIV-positive HPV-positive women,
the Cellient system resulted in high quality histology sections with perfect p16
images of dyskeratocytes.

Conclusions

- There is a need to develop a new gold standard for diagnosing BV.
- Next-generation sequencing and other techniques showed no correlation
with complaints reported by women. Women with BV at risk of STDs and
hr-HPV or pregnant could be defined as “resilient”. A definition of resilience in
these women could be based on the health impact of having a certain vaginal
microbiome type, rather than on the microbiome itself.
- It is no longer useful to base the diagnoses of BV on the presence of
Gardnerella alone. An increased diversity of species, especially in combination
with a depletion of Lactobacillus crispatus and iners in combination with an
overload of Coriobacteriaceae (including Atopobium vaginae), Leptotrichiaceae
(Sneathia sanguinegens), and of Veillonellaceae could be suggested as alternative
markers to diagnose BV.
- Especially in developing countries, many challenges exist to implement
simple food-based interventions because of their sustainability, education of
consumers, and delivery.
- More studies are needed to improve diagnosis and management of BV and
HPV infection in women. Future studies can further establish the definition of
a resilient BV microbiome type, possibilities of host-specific treatment, and the
impact of the symptomatic and asymptomatic vaginal microbiome on STD’s
like hr-HPV.
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Samenvatting
Het thema van dit proefschrift is het perspectief vanuit klinisch oogpunt op het
vaginale microbioom bij bacteriële vaginose (BV) en infecties met het humaan
papillomavirus (HPV). De impact van een ongezond vaginaal microbioom is
enorm en vergroot het risico op complicaties bij zwangerschap en bevalling,
seksueel overdraagbare aandoeningen en HPV infectie.
Het proefschrift bestaat uit drie delen.
Het eerste deel beschrijft onze studie van het vaginale microbioom in relatie
tot BV. Hierbij hebben wij gebruik gemaakt van verschillende methoden,
waaronder microscopie, Whiff test, microarray analyses en 454-sequencing.
In het tweede deel van dit proefschrift worden de effecten van probiotica
beschreven, onder andere als onderdeel van de behandeling van BV.
In het derde deel wordt HPV verder onderzocht. Onder andere is er onderzoek
gedaan naar HPV genotypes in relatie tot cytologie uitslagen en het vaginale
microbioom.
Tot slot worden de conclusies en discussie beschreven.

Hoofdstuk 2. Het vaginale microbioom in relatie tot BV

Hoofdstuk 2.1 laat de resultaten zien van een onderzoek waarbij BV is
onderzocht bij Zuid-Afrikaanse vrouwen met behulp van een DNA microarray
die probes bevat die het vaginale microbioom weergeven. BV was geassocieerd
met een grotere diversiteit van het vaginale microbioom. Uit dit onderzoek kon
worden geconcludeerd dat het niet langer zinvol is om de diagnose BV alleen
op Gardnerella te baseren. In plaats hiervan is de aanwezigheid van Leptotrichia,
Prevotella species, en met name Atopobium species een betere indicator van een
afwijkend vaginaal microbioom.
In hoofdstuk 2.2 wordt een studie van het vaginale microbioom van HIVpositieve vrouwen in Tanzania beschreven. Het doel van deze studie was om de
resultaten van de Whiff test en microscopie te vergelijken met die van 22 DNA
probes. Deze 22 DNA probes zijn eerder gepubliceerd als zijnde belangrijk
voor het vaginale microbioom geassocieerd met BV. Dit hoofdstuk laat het
gebruik van een op microarray gebaseerde identificatie zien van conventionele
microscopie in vergelijking tot de Whiff test.
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Wanneer in ontwikkelingslanden andere diagnostiek niet beschikbaar is kan
overwogen worden om de Whiff test te gebruiken.
Hoofdstuk 2.3 beschrijft een onderzoek dat is uitgevoerd onder Nederlandse
vrouwen gescreend voor seksueel overdraagbare aandoeningen naar het vaginale
microbioom van vrouwen met en zonder BV met behulp van 454-sequencing.

Hoofdstuk 3. Het perspectief vanuit klinisch oogpunt op probiotica

Hoofdstuk 3.1 geeft een overzicht van de huidige kennis van het vaginale
microbioom in relatie tot probiotische bacteriën. Sommige probiotische
lactobacilli blijken de urogenitale gezondheid te bevorderen door
immuunmodulatie, het doen verdwijnen van pathogenen en door het
creëren van een omgeving waarin pathogenen zich moeilijker kunnen
vermenigvuldigen. Probiotica zouden kunnen worden gebruikt om urogenitale
infecties te voorkomen en zouden kunnen helpen een gezond vaginaal
ecosysteem te behouden.
Hoofdstuk 3.2 laat de resultaten zien van een systematische review waarbij
probiotica en een aantal geselecteerde voedingsstoffen onderzocht worden
in de eerste duizend dagen van het leven. Dit is een belangrijke periode voor
de ontwikkeling van het jonge kind, waarbij met name jonge kinderen in
ontwikkelingslanden veel risico’s lopen. Bovendien wordt beschreven hoe het
opzetten van een locale keuken, naast het verbeteren van de gezondheid, kan
bijdragen aan de zelfverwezenlijking en empowerment van de locale bevolking.
De locale keuken kreeg hierbij de verantwoordelijkheid voor het dagelijks
produceren en leveren van yoghurt aan 3.000 kinderen en volwassenen.
Hoofdstuk 3.3 laat de resultaten zien van een gerandomiseerd gecontroleerd
onderzoek uitgevoerd in een Afrikaanse gemeenschap in Tanzania. In dit
onderzoek worden de gevolgen van dagelijkse yoghurt inname op het vaginale
microbioom en de algehele gesteldheid van HIV-positieve vrouwen in een
ontwikkelingsland beschreven. De Nugent score verbeterde bij bijna 40%
van de vrouwen na een maand. Maar de toevoeging van probiotica liet geen
verschillen zien in vergelijking tot de placebo-groep.
Yoghurt is echter een veilig product, dat locaal geproduceerd kan worden
en dagelijks aan HIV-positieve patiënten, die anti-virale therapie gebruiken
gegeven kan worden. Probiotica kunnen bijdragen aan de intestinale en
vaginale gezondheid. De mate waarin lactobacillen de vaginale gezondheid
verbeteren door overdracht vanuit het darmkanaal via het perineum naar de
vagina moet nog worden vastgesteld.
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Hoofdstuk 4. Het vaginale microbioom in relatie tot HPV infectie

In hoofdstuk 4.1 worden microarray analyses van Lactobacillus species van
Zuid-Afrikaanse vrouwen in combinatie met HPV analyses beschreven. Een
significante reductie van Lactobacillus crispatus werd gezien bij HPV infectie.
Bij zowel HIV als HPV infectie werd een vergelijkbare (maar niet identieke)
verschuiving in de samenstelling van de Lactobacillus flora gezien.
Hoofdstuk 4.2 beschrijft een studie die is gedaan om de prevalentie van HPV
genotypes bij HIV-positieve vrouwen in Afrika met normale en abnormale
cytologie scores te bepalen. Andere HPV genotypes werden gevonden bij
Afrikaanse vrouwen uit verschillende regio’s. Deze verschillen geven het
belang aan van verschillende preventie programma’s van screening voor
baarmoederhalskanker. Bovendien werd geconcludeerd dat HPV gebaseerde
screenings-onderzoeken voor cervicale preneoplasie inefficiënt zijn als ze niet
gekoppeld worden aan cytologie screening van het HPV-positieve sample, met
name bij HIV-positieve vrouwen.
Het doel van hoofdstuk 4.3 was om het CellientTM systeem te testen op HPVpositieve cervicale uitstrijkjes van Tanzaniaanse vrouwen. Bij HIV-positieve
HPV-positieve vrouwen resulteerde het Cellient systeem in hoog kwalitatieve
histologische secties met perfecte P16 weergave van de dyskeratocyten.

Conclusies

- Het is belangrijk om een nieuwe gouden standaard te ontwikkelen voor de
diagnose van BV.
- Sequencing en andere technieken lieten geen correlatie zien met klachten
gerapporteerd door vrouwen. Vrouwen met BV die een verhoogd risico hebben
op seksueel overdraagbare aandoeningen en een hoog risico HPV infectie
zouden gedefinieerd kunnen worden als “resilient”, “kwetsbaar”.
Een definitie van “kwetsbaar” zou gebaseerd kunnen worden op de
gezondheidsgevolgen van een bepaald vaginaal microbioom type, in plaats van
op het microbioom zelf.
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- Het is niet langer zinvol om de diagnose BV te baseren op de aanwezigheid
van Gardnerella alleen. Alternatieve criteria om BV te diagnosticeren zouden
gebaseerd kunnen worden op een toename van de diversiteit van soorten, met
name in combinatie met een verminderde dominantie van lactobacillen. Een
tekort aan Lactobacillus crispatus en iners in combinatie met een toename aan
Atopobium en Leptotrichia soorten is indicatief voor BV.
- In ontwikkingslanden is het een uitdaging om eenvoudige voedselinterventies
te implementeren vanwege de houdbaarheid van het voedsel, de scholing van
de consumenten, en mogelijkheden voor locale levering.
- Nieuwe studies zijn nodig om de diagnostiek en de behandeling van BV en
HPV infectie te verbeteren. Toekomstige studies kunnen de definitie van een
“kwetsbaar” BV microbioom type verder identificeren. Daarnaast kunnen
nieuwe studies de mogelijkheid van gepersonaliseerde behandeling, en de
impact van het symptomatisch en asymptomatisch vaginaal microbioom op
seksueel overdraagbare aandoeningen waaronder hoog risico HPV vaststellen.
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