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(bottom and top) extending from the box component of each block that end with a horizontal
stroke, indicate the range from the smallest and largest non-outliers to the 25% and 75%
percentile components, respectively. The middle line indicates the median value for each data
set.
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unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.2.2: Comparison of the quantities of L. gasseri (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
women with high and low genital inflammation. All p-value comparisons were based on an
unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.2.3: Comparison of the quantities of L. jensenii (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
women with high and low genital inflammation. All p-value comparisons were based on an
unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.2.4: Comparison of the quantities of L. iners (copies/ng DNA) measured in the DNA
extracted from vaginal lateral wall swabs from participants in the WISH study, women with high
and low genital inflammation. All p-value comparisons were based on an unpaired, non-
parametric Mann-Whitney t-test statistic. Each point in the figure represents an individual
participant. The three horizontal bars represent the median value (middle bar), upper interquartile
range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.2.5: Comparison of the quantities of G. vaginalis (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
women with high and low genital inflammation. All p-value comparisons were based on an
unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.3A: Box-plot of the 16-18 years for L. gasseri (red), L. jensenii (orange), L. crispatus
(green), L. iners (blue), and G. vaginalis (purple). The ‘box’ component of each plot indicates
the interquartile range (IQR) of the data set and the ‘whiskers’ which are the two lines (bottom
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and top) extending from the box component of each block that end with a horizontal stroke,
indicate the range from the smallest and largest non-outliers to the 25% and 75% percentile
components, respectively. The middle line indicates the median value for each data set.

Figure 4.3.3B: Box-plot of the 19-22 years for L. gasseri (red), L. jensenii (orange), L. crispatus
(green), L. iners (blue), and G. vaginalis (purple). The ‘box’ component of each plot indicates
the interquartile range (IQR) of the data set and the ‘whiskers’ which are the two lines (bottom
and top) extending from the box component of each block that end with a horizontal stroke,
indicate the range from the smallest and largest non-outliers to the 25% and 75% percentile
components, respectively. The middle line indicates the median value for each data set.

Figure 4.3.3.1: Comparison of the quantities of L. crispatus (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
the two 16-18 years old and 19-22 years old age groups. All p-value comparisons were based on
an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.3.2: Comparison of the quantities of L. gasseri (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
the two 16-18 years old and 19-22 years old age groups. All p-value comparisons were based on
an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.3.3: Comparison of the quantities of L. jensenii (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
the two 16-18 years old and 19-22 years old age groups. All p-value comparisons were based on
an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.3.4: Comparison of the quantities of L. iners (copies/ng DNA) measured in the DNA
extracted from vaginal lateral wall swabs from participants in the WISH study, between the two
16-18 years old and 19-22 years old age groups. All p-value comparisons were based on an
unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.3.5: Comparison of the quantities of G. vaginalis (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
the two 16-18 years old and 19-22 years old age groups. All p-value comparisons were based on
an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure represents an
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individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.4A: Box-plot of hormonal contraceptive use of DMPA for L. gasseri (red), L. jensenii
(orange), L. crispatus (green), L. iners (blue), and G. vaginalis (purple). The ‘box’ component of
each plot indicates the interquartile range (IQR) of the data set and the ‘whiskers’ which are the
two lines (bottom and top) extending from the box component of each block that end with a
horizontal stroke, indicate the range from the smallest and largest non-outliers to the 25% and
75% percentile components, respectively. The middle line indicates the median value for each
data set.

Figure 4.3.4B: Box-plot of hormonal contraceptive use of the Implanon for L. gasseri (red), L.
Jensenii (orange), L. crispatus (green), L. iners (blue), and G. vaginalis (purple). The ‘box’
component of each plot indicates the interquartile range (IQR) of the data set and the ‘whiskers’
which are the two lines (bottom and top) extending from the box component of each block that
end with a horizontal stroke, indicate the range from the smallest and largest non-outliers to the
25% and 75% percentile components, respectively. The middle line indicates the median value
for each data set.

Figure 4.3.4C: Box-plot of hormonal contraceptive use of Nur Isterate for L. gasseri (red), L.
jensenii (orange), L. crispatus (green), L. iners (blue), and G. vaginalis (purple). The ‘box’
component of each plot indicates the interquartile range (IQR) of the data set and the ‘whiskers’
which are the two lines (bottom and top) extending from the box component of each block that
end with a horizontal stroke, indicate the range from the smallest and largest non-outliers to the
25% and 75% percentile components, respectively. The middle line indicates the median value
for each data set.

Figure 4.3.4.1: Comparison of the quantities of L. crispatus (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
the hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value comparisons
were based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the
figure represents an individual participant. The three horizontal bars represent the median value
(middle bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.4.2: Comparison of the quantities of L. gasseri (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.4.3: Comparison of the quantities of L. jensenii (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
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hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.4.4: Comparison of the quantities of L. iners (copies/ng DNA) measured in the DNA
extracted from vaginal lateral wall swabs from participants in the WISH study, between
hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.4.5: Comparison of the quantities of G. vaginalis (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
the hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value comparisons
were based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the
figure represents an individual participant. The three horizontal bars represent the median value
(middle bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.5A: Box-plot of the absence of any one STI for L. gasseri (red), L. jensenii (orange),
L. crispatus (green), L. iners (blue), and G. vaginalis (purple). The ‘box’ component of each plot
indicates the interquartile range (IQR) of the data set and the ‘whiskers’ which are the two lines
(bottom and top) extending from the box component of each block that end with a horizontal
stroke, indicate the range from the smallest and largest non-outliers to the 25% and 75%
percentile components, respectively. The middle line indicates the median value for each data
set.

Figure 4.3.5B: Box-plot of the presence of any one STI for L. gasseri (red), L. jensenii (orange),
L. crispatus (green), L. iners (blue), and G. vaginalis (purple). The ‘box’ component of each plot
indicates the interquartile range (IQR) of the data set and the ‘whiskers’ which are the two lines
(bottom and top) extending from the box component of each block that end with a horizontal
stroke, indicate the range from the smallest and largest non-outliers to the 25% and 75%
percentile components, respectively. The middle line indicates the median value for each data
set.

Figure 4.3.5.1: Comparison of the quantities of L. crispatus (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, where the
samples have been separated based on absence or presence of any one of the WISH cohort STIs
present. All p-value comparisons were based on an unpaired, non-parametric Mann-Whitney t-
test statistic. Each point in the figure represents an individual participant. The three horizontal
bars represent the median value (middle bar), upper interquartile range (top bar) and lower
interquartile range (bottom bar).
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Figure 4.3.5.2: Comparison of the quantities of L. gasseri (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, where the
samples have been separated based on absence or presence of any one of the WISH cohort STIs
present. All p-value comparisons were based on an unpaired, non-parametric Mann-Whitney t-
test statistic. Each point in the figure represents an individual participant. The three horizontal
bars represent the median value (middle bar), upper interquartile range (top bar) and lower
interquartile range (bottom bar).

Figure 4.3.5.3: Comparison of the quantities of L. jensenii (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, where the
samples have been separated based on absence or presence of any one of the WISH cohort STIs
present. All p-value comparisons were based on an unpaired, non-parametric Mann-Whitney t-
test statistic. Each point in the figure represents an individual participant. The three horizontal
bars represent the median value (middle bar), upper interquartile range (top bar) and lower
interquartile range (bottom bar).

Figure 4.3.5.4: Comparison of the quantities of L. iners (copies/ng DNA) measured in the DNA
extracted from vaginal lateral wall swabs from participants in the WISH study, where the
samples have been separated based on absence or presence of any one of the WISH cohort STIs
present. All p-value comparisons were based on an unpaired, non-parametric Mann-Whitney t-
test statistic. Each point in the figure represents an individual participant. The three horizontal
bars represent the median value (middle bar), upper interquartile range (top bar) and lower
interquartile range (bottom bar).

Figure 4.3.5.5: Comparison of the quantities of G. vaginalis (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, where the
samples have been separated based on absence or presence of any one of the WISH cohort STIs
present. All p-value comparisons were based on an unpaired, non-parametric Mann-Whitney t-
test statistic. Each point in the figure represents an individual participant. The three horizontal
bars represent the median value (middle bar), upper interquartile range (top bar) and lower
interquartile range (bottom bar).

Figure 4.3.6.1: Comparison of the quantities of L. crispatus (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, where the
samples have been separated based on none, one, two (or more <) of the WISH cohort Bacterial
(B) versus Viral (V) STIs being present. All p-value comparisons were based on an unpaired,
non-parametric Dunn’s Multiple Comparison test. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.6.2: Comparison of the quantities of L. gasseri (copies/ng DNA) measured in the

DNA extracted from vaginal lateral wall swabs from participants in the WISH study, where the
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samples have been separated based on none, one, two (or more <) of the WISH cohort Bacterial
(B) versus Viral (V) STIs being present. All p-value comparisons were based on an unpaired,
non-parametric Dunn’s Multiple Comparison test. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.6.3: Comparison of the quantities of L. jensenii (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, where the
samples have been separated based on none, one, two (or more <) of the WISH cohort Bacterial
(B) versus Viral (V) STIs being present. All p-value comparisons were based on an unpaired,
non-parametric Dunn’s Multiple Comparison test. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.6.4: Comparison of the quantities of L. iners (copies/ng DNA) measured in the DNA
extracted from vaginal lateral wall swabs from participants in the WISH study, where the
samples have been separated based on none, one, two (or more <) of the WISH cohort Bacterial
(B) versus Viral (V) STIs being present. All p-value comparisons were based on an unpaired,
non-parametric Dunn’s Multiple Comparison test. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.6.5: Comparison of the quantities of G. vaginalis (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, where the
samples have been separated based on none, one, two (or more <) of the WISH cohort Bacterial
(B) versus Viral (V) STIs being present. All p-value comparisons were based on an unpaired,
non-parametric Dunn’s Multiple Comparison test. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.7A: Box-plot of the negative HPV group for L. gasseri (red), L. jensenii (orange), L.
crispatus (green), L. iners (blue), and G. vaginalis (purple). The ‘box’ component of each plot
indicates the interquartile range (IQR) of the data set and the ‘whiskers’ which are the two lines
(bottom and top) extending from the box component of each block that end with a horizontal
stroke, indicate the range from the smallest and largest non-outliers to the 25% and 75%
percentile components, respectively. The middle line indicates the median value for each data
set.

Figure 4.3.7B: Box-plot of the low risk HPV group for L. gasseri (red), L. jensenii (orange), L.
crispatus (green), L. iners (blue), and G. vaginalis (purple). The ‘box’ component of each plot
indicates the interquartile range (IQR) of the data set and the ‘whiskers’ which are the two lines
(bottom and top) extending from the box component of each block that end with a horizontal
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stroke, indicate the range from the smallest and largest non-outliers to the 25% and 75%
percentile components, respectively. The middle line indicates the median value for each data
set.

Figure 4.3.7C: Box-plot of the high risk HPV group for L. gasseri (red), L. jensenii (orange), L.
crispatus (green), L. iners (blue), and G. vaginalis (purple). The ‘box’ component of each plot
indicates the interquartile range (IQR) of the data set and the ‘whiskers’ which are the two lines
(bottom and top) extending from the box component of each block that end with a horizontal
stroke, indicate the range from the smallest and largest non-outliers to the 25% and 75%
percentile components, respectively. The middle line indicates the median value for each data
set.

Figure 4.3.7.1: Comparison of the quantities of L. crispatus (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
the negative, low risk and high risk HPV groups. All p-value comparisons were based on an
unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure represents
an individual participant. The three horizontal bars represent the median value (middle bar),
upper interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.7.2: Comparison of the quantities of L. gasseri (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
the negative, low risk and high risk HPV groups. All p-value comparisons were based on an
unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure represents
an individual participant. The three horizontal bars represent the median value (middle bar),
upper interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.7.3: Comparison of the quantities of L. jensenii (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
the negative, low risk and high risk HPV groups. All p-value comparisons were based on an
unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure represents
an individual participant. The three horizontal bars represent the median value (middle bar),
upper interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.7.4: Comparison of the quantities of L. iners (copies/ng DNA) measured in the DNA
extracted from vaginal lateral wall swabs from participants in the WISH study, between the
negative, low risk and high risk HPV groups. All p-value comparisons were based on an
unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure represents
an individual participant. The three horizontal bars represent the median value (middle bar),
upper interquartile range (top bar) and lower interquartile range (bottom bar).

Figure 4.3.7.5: Comparison of the quantities of G. vaginalis (copies/ng DNA) measured in the
DNA extracted from vaginal lateral wall swabs from participants in the WISH study, between
the negative, low risk and high risk HPV groups. All p-value comparisons were based on an
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unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure represents
an individual participant. The three horizontal bars represent the median value (middle bar),
upper interquartile range (top bar) and lower interquartile range (bottom bar).
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Abstract

Young, reproductive-aged women are at highest risk of acquiring human-immunodeficiency
virus (HIV). The Women’s Initiative in Sexual Health (WISH) study was designed to investigate
potential biological reasons for this high risk in HIV negative, South African adolescent females.
Little is known about the ‘normal’ microbiome of this population. As such, the aim of this sub-
study was to quantify specific bacterial species (L. crispatus, L. jensenii, L. gasseri, L. iners, G.
vaginalis and P. bivia) by quantitative real time PCR (qPCR) from adolescent female lateral
vaginal wall swabs, and to assess associations between the quantities of these bacteria and
bacterial vaginosis (BV) status, inflammation levels, age, hormonal contraceptive usage, and
sexually transmitted infections (STIs). Samples were collected from 143 participant adolescent
females in total, aged between 16 and 22 years of age, with a median of 18 years of age, from the

Masiphumelele Youth Clinic in Cape Town, South Africa.

Bacterial DNA was extracted from lateral vaginal wall swabs using the MoBio Powersoil® DNA
Isolation Kit after enzymatic digestion. Positive bacterial reference strains were cultured in MRS
buffer and Schwedler’s broth, after which the DNA was extracted using the Qiagen Blood and
Tissue DNA Maxi Extraction Kit. The quality and concentration of the DNA was confirmed
using Qubit technology. The positive control DNA was amplified with PCR using species
specific primers and the product run on an agarose gel to confirm primer specificity. The positive
control DNA was serially diluted from 10° to 107 copies/uL to form a standard curve for
absolute quantification through qPCR. Multiple steps were taken in order to optimize the qPCR
experiments in terms of protocols, initial denaturation and annealing temperatures, cycle length
and number, primers, and serial dilutions of the positive control DNA. The optimization for the
P. bivia qPCR protocol presented the most issues, with the final quantification results being
unreliable and requiring further work. Once the qPCR conditions were optimized for each
bacterium; all samples, non-template control and standards were run in triplicate to quantify the
number of bacterial copies per ng of DNA for each participant. The average of the three values

were used as the final quantities and then used for downstream analyses.

The bacterium L. crispatus, L. jensenii and L. gasseri, had median readings of 3.957 copies/ng,
1.568 copies/ng, and 17.58 copies/ng, respectively, with increased L. iners (2807 copies/ng) and

G. vaginalis (8540 copies/ng). BV negative participants had increased levels of L. crispatus
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(p=0.0004, p=0.0002) and L. gasseri (p=0.0016, p<0.0001) in comparison to both BV
intermediate and BV positive participants. L. jensenii (p<0.0001) and L. iners (p=0.0461)
readings were increased in BV negative participants compared with BV positive and BV
intermediate participants, respectively. BV positive participants had increased levels of G.
vaginalis in comparison with both BV intermediate (p=0.0059) and BV negative (p<0.0001)
adolescents. The 47 immunological factors, assessed via luminex, were categorized into high and
low genital inflammation based on the unsupervised analysis by partitioning around medoids
(PAM) using an R package ‘cluster’ with a k-value of 2. The inflammation-low group had
increased levels of L. crispatus (p=0.0005), L. gasseri (p=0.033) and L. jensenii (p=0.0046) in

comparison to the genital inflammation-high group.

In participants with two viral STIs (Herpes Simplex Virus 2 and Human Papilloma Virus), there
were increased copies/ng of G. vaginalis in comparison with participants with none (p=0.0098)
or one viral STI (p=0.0324). Participants with high-risk HPV subtypes had significantly higher
copy numbers of L. crispatus in comparison to the participants with low risk HPV subtypes
(p=0.0181). Further, the only association demonstrated between the qPCR-based bacterial levels
and the hormonal contraceptive prescribed was indicated by L. jensenii (ANOVA p=0.0222),

possibly due to the low copy number readings.

In conclusion, BV status, low levels of genital inflammation and the presence of two viral STIs
indicate an association with bacterial copy numbers reported in this study, with increased median
levels of L. iners and G. vaginalis across all adolescent participants compared to the other
reported bacterial copy numbers. This indicates a possible alternate ‘normal’ microbiota profile

of the FGT in adolescents in Masiphumelele.
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Chapter 1: Literature Review

1.1 Human-Immunodeficiency Virus in South Africa

In sub-Saharan Africa, the Human immunodeficiency virus (HIV) is an epidemic (Byrne et al.
2016; Cohen et al. 2012; Mitchell & Marrazzo 2014; Murphy et al. 2014; Roberts et al. 2012).
Within the high risk reproductive-age adolescent population, there are approximately 7000
young women infected weekly in sub-Saharan Africa (Roxby et al. 2016). In South Africa in
2015, an estimated 7 million people were living with HIV, of which 4 million were women aged
15 years and over, with 180 000 Acquired Immune Deficiency Syndrome (AIDS) related deaths
(UNAIDS 2015). Such high numbers have been attributed to poverty, as well as the lower status
of women in some cultures, social instability and inequality, high levels of sexually transmitted
infections (STIs), limited access to medical care, and sexual violence (AFSA 2011). These
factors are further aggravated by the limited knowledge surrounding HIV infection and
transmission in a large proportion of the population (AFSA 2011). South Africa has one of the
highest rates of HIV with 15% of the young women and close to 5% of young men between the
ages of 15-24 years infected. Females aged between 18 and 24 years are at highest risk of HIV
acquisition which can be attributed to sexual activity and associated factors such as either heavier
or thin vaginal discharge, thought to be in conjunction with the use of hormonal contraceptives,
older male sexual partners as well as high numbers of sexual partners and inconsistent condom
use (Pettifor et al. 2005; Seutlwadi et al 2012). Programs such as the loveLife campaign are
designed to incorporated education, multi-media awareness, sexual health and outreach services
for adolescents in order to lower HIV prevalence and related risk behaviors (loveLife 1999). Due
to multiple factors such as socio-economic variables and potentially biological factors, black
South African women have an increased risk of HIV acquisition in comparison to other races

(Pettifor et al. 2005).

HIV infects and dysregulates multiple key innate and adaptive immune cell populations.
Infection results in severe damage to mucosal barriers within the female genital tract (FGT) and
leads to infiltration of symbiotic bacteria present within the FGT into the tissue, which could
potentially cause opportunistic infections and activation of the systemic immune system (Reis
Machado et al. 2014). The induction of an inflammatory response results in spreading of the

virus to specific HIV target cells, such as activated CD4" T-cells expressing CXCR4 and CCR5
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HIV co-receptors, which promote viral infection. In addition to activated T cells, HIV can also
infect proliferating and resting T cells (Reis Machado et al. 2014; Xu et al. 2013; Zhang et al.
2004).

Antigen presenting CD4" T-cells present a particular challenge as their preferential targeting by
HIV results in their possible impairment or elimination from the immune response. Increased
levels of inflammatory cytokines that promote CD4" T-cell activation result in increased sources
of target cells for HIV. This results in the hyper-activation of CD8* T cells and over production
of antibodies which can lead to a poor specific antibody response, lack of cytotoxic T
lymphocytes and an overall impairment of the immune system. High levels of these activated
CD4" T-cells within the FGT mucosa further facilitate shedding of HI-virus and overall depletion
of CD4" T-cells. HIV infection is further facilitated by Langerhans cells which act as
transmission channels for the HI-virus within the FGT (Jaspan et al. 2011; Riou et al. 2012; Xu
et al. 2013).

1.2 The female genital tract (FGT) immune response

The FGT is comprised of the upper and lower FGT, with the upper FGT including the uterus
body, fallopian tubes, endocervix, which are lined by type I mucosa with columnar epithelial
cells, while the lower FGT includes the ectocervix, vagina and type II mucosa with squamous
epithelial cells (Xu et al. 2013; Reis Machado et al. 2014). The FGT immune system includes all
cell types associated with innate and adaptive immune functions (Xu et al. 2013). The activity
and numbers of T cells, B cells, neutrophils, monocytes, macrophages, dendritic and other
antigen presenting cells, along with other components of the mucosal immune system, is
hormonally controlled with oestradiol and progesterone. These two hormones are involved in the
regulation of cytokine levels, cell population distributions, immunoglobulin transport and antigen
presentation and production during immune response (Beagley & Gockel 2003; Mestecky &
Fultz 1999; Wira, Fahey, et al. 2005). FGT hormones further regulate the immune system in such
a way as to favour optimal conditions and functions for fecundity, such as sperm migration and

implantation (Reis Machado et al. 2014).
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Columnar epithelial cells play an important role in innate and adaptive immunity by forming a
physical barrier and, through the secretion of specific cytokines and chemokines which link the
adaptive immune system, are antimicrobial and play a role in tissue physiology and
differentiation for support of the fetus during gestation (Wira, Grant-Tschudy, et al. 2005).
Epithelial cells further prevent pathogenic and opportunistic bacteria from entering the body
through the secretion of mucus which lines the cervix and vagina, trapping any unwanted
pathogenic microbes. The mucus which contains antimicrobial defensin proteins, in conjunction
with the epithelial cells which express TLRs, myeloid differentiation factor 2 (MD-2) and major
histocompatibility complex molecules, ensures the innate and adaptive immune systems are fully

functional and efficient within the FGT (Wira, Fahey, et al. 2005; Mirmonsef et al. 2011).

The FGT has a multi-layered immune defense system composed of mucus lining, antimicrobial
peptide secretions, tight epithelial barriers, and cytokines monitored by innate and epithelial
immune cells, which bridge the gap of cell-mediated and pathogen-specific humoral adaptive
immunity (Hickey et al. 2011; Reis Machado et al. 2014; Ochiel et al. 2008). Mucosal immunity
plays a specific role in female reproductive organ functioning and embryonic development
during pregnancy. Mucosal immunity is specifically active against the multitude of
microorganisms that access the FGT and that can cause dysbiosis and infection while
maintaining a balance with commensal bacteria, preventing unnecessary inflammation. The FGT
defends against microorganisms via toll-like receptors (TLRs) such as TLRs 7-9 in the uterine
and fallopian tubes, ectocervix and cervix as well as Nucleotide Oligomerization Domain (NOD)
like receptors such as NOD1 and NOD?2 along with Receptor-Interacting serine/threonine protein
Kinase 2 (RICK) which are all expressed within the FGT tissues. These receptors induce pro-
inflammatory CXCLS8 and aid in the removal of pathogens (Reis Machado et al. 2014; Xu et al.
2013). Additionally the squamous epithelium forms a physical barrier of defense as a result of
tight junctions, desmosome proteins, and adherens junctions to reduce permeability to the HI-

virus (Reis Machado et al. 2014; Mestecky & Fultz 1999; Xu et al. 2013).

The release and concentration of pro-inflammatory and anti-inflammatory cytokines secreted by
the cellular components of the FGT affects the functionality of the immune-competent tissues
which comprise the mucosal immune defense system (Anjuere et al. 2012). Cytokines are

signaling molecules that allow information exchange between the immune system and tissue
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network. Cytokines bind to their cognate receptors, which results in a change in function or
phenotype of the recipient cell upon acceptance of the antigen signal through antigen receptors
(Firestein et al. 2013; Su et al. 2012). Cytokines can be anti- or pro-inflammatory, potentially
modulating multiple pathways throughout the immune system. Common anti-inflammatory
cytokines include interleukin-4 (IL-4), IL-6, IL-10, IL-11, IL-13, alpha-interferon (IFN-a),
Transforming growth factor-beta (TGF-B), and IL-1 receptor antagonist (IL-1ra). Anti-
inflammatory cytokines act through various pathways in order to combat infections, such as IL-
4, IL-10 and IL-13 which activate B lymphocytes during infection (Dinarello 2000). Common
pro-inflammatory cytokines include IL-7, tumor necrosis factor alpha (TNF-a), IFN-y, IL-12, IL-
18, granulocyte-macrophage stimulating factor (MG-CSF), 1L-23/17, and IL-1B (Arnold et al.
2015; Cavaillon 2000; Jung et al. 1995; Su et al. 2012; Sultani et al. 2012). In addition to the role
of cytokines, the inflammatory response may be further modulated by the nature and quantity of
target cells and cytokine activating signals, the timing, sequence of cytokine action, as well as
cytokine polymorphisms, which can have a further impact on the magnitude of the response
(Cavaillon 2000). Chemokines control the differentiation and development of immune precursor
cells in the thymus and bone marrow as they are chemotactic cytokines which influence the
positioning and migratory patterns of the immune cells. Common cytokines include IFN-gamma
inducible protein 10 (IP-10) involved in THI1 response and natural killer cell trafficking,
RANTES, MIP-1a and MIP-1B which play a role in the migration of macrophage and natural

killer cells, as well as interactions between dendritic cells and T cells (Griffith et al. 2014).

Several pro-inflammatory cytokines have been associated with STIs in high-risk HIV uninfected
adult women and can therefore be used as a possible indicator of infection and HIV susceptibility
(Mlisana et al. 2012). Increased levels of Th17 cells (CD3" CD4" IL-17") have been associated
with chlamydia and gonorrhea (Masson et al. 2015). Inflammatory cytokines can inhibit HIV
replication and disease progression and as such play an important role in disease prevention
(Breen 2002), with certain cytokines, including IFN-y, IL-2, IL-4 and IL-5 predominantly
associated with T-cell effector function which direct participation in the immune response to
foreign bodies (Firestein et al. 2013). Inflammatory cytokines such as IL-10, have been
associated with the inhibition of long terminal repeats (LTR)-directed HIV gene expression
through cyclin T1 proteolyis induction in human macrophages (Wang & Rice 2006), while IL-16

is associated with inhibition of HIV replication in acutely infected T cells and the suppression of
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lymphocyte activation (Idziorek et al. 1998). Circulating T-lymphocytes, bone marrow and
thymus T-cell precursors, macrophages and monocytes, eosinophils, dendritic and microglial
cells have been identified as targets for HIV replication and their increased levels with STI
infections have been associated with increased activation of target cells and susceptibility to HIV
acquisition (Fanales-Belasio et al. 2010; Hunt et al. 2011; Masson et al. 2015). The possible
cause of this susceptibility is the decreased production of IL-21, IL-22, IL-1, IL-17, IL-18 and
Macrophage inflammatory protein-3a (MIP-3a), which is associated with the promotion of tight
junctions, barrier functions, proteases and production of mucin by the mucosal epithelial cells of
the FGT. The interruption of the FGT epithelial cell wall functions results in mechanical errors
leading to the entry of HIV across the cellular barrier. A possible mechanism for the entry of,
and efficient infection by, HIV, could be the increase in the frequency of endocervical CD4" T-

cells upon any mechanical damage within the FGT mucosal lining (Arnold et al. 2015).

The FGT is equipped to remove foreign substances and microbes such as fungi, viruses, parasites
and bacteria, but is also colonized by commensal bacteria, predominantly Lactobacillus species,
which aid in its immune defense (Mirmonsef et al. 2011). The innate and adaptive immune
systems interact with uterine epithelial cells and microbiota to optimize the FGT health through
the removal of harmful infections while maintaining inflammation to prevent self- responses
(Mirmonsef et al. 2011). Thus the FGT microbiota, in conjunction with the immune system and
vaginal environment as a whole, plays a major role in women's health (Jespers et al. 2016a;
Ravel et al. 2011; Anahtar et al. 2015), which also has important implications for fetal and

neonatal health (Srinivasan et al. 2010; Srinivasan et al. 2012).

1.3 FGT Microbiota

The FGT microbiota is a combined community of commensal microbes co-existing together,
with changes within the balance resulting in changes in health which occur due to colonization
with pathogenic microbes (Salipante et al. 2013; Srinivasan & Fredricks 2008). A ‘healthy’
microbiome is dominated by Gram-positive bacteria such as the commensal Lactobacillus
species (Selle et al. 2014), that play an important role in the FGT due to their numerical

dominance (Lamont et al. 2011), production of lactic acid and hydrogen peroxide which reduce
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the pH of the genital tract to maintain the optimal conditions for commensal bacteria.
Furthermore, lactobacilli prevent the growth of pathogens, compete for adherence to the vaginal
epithelium and for nutrients, thus making the vagina less hospitable to pathogens (Vitali et al.
2007; Mirmonsef et al. 2011), STIs, yeast, and urinary tract infections (Balkus et al. 2012). The
reduction of lactobacilli present within the FGT, and the increase in BV associated anaerobes has
been associated with increased risk of HIV acquisition and seroconversion (Atashili et al. 2008;
Myer et al. 2005). Lactobacilli influence HIV by playing a role in the control in the genital
shedding of newly reproduced HIV to another part of the body or another person (Balkus et al.
2012). Lactobacilli species further maintain an inhospitable environment for pathogenic bacteria
by acting as probiotics, producing bacteriocins and antibiotic toxic hydroxyl radicals (Lamont et
al. 2011). The loss of lactobacilli species results in the overgrowth of anaerobic and facultative
bacteria which can lead to dysbiosis of the FGT microbiome (Jespers et al. 2012; Lopes dos
Santos Santiago et al. 2012; Srinivasan et al. 2012; Ravel et al. 2011). Although it is understood
that a ‘healthy’ microbiome is lactobacilli -dominated, the microbiome diversity and structure is
strongly influenced by geographical location, ethnicity, age and culture (Ravel et al. 2011;

Jespers et al. 2012).

Common lactobacilli found within the FGT include L. crispatus, L. gasseri, L. jensenii, as well
as L. iners; however, L. iners has been shown to be present during the intermediate phase
between dysbiosis and a healthy microbiome within the FGT and thus is not as strongly
associated with what is considered to be a ‘healthy’ FGT microbiome (Jespers et al. 2012; Mayer
et al. 2015; Macklaim et al. 2013; Roxby et al. 2016; Srinivasan & Fredricks 2008). In contrast,
common facultative and anaerobic bacterial species associated with the loss of lactic acid
producing bacteria include Gardnerella vaginalis and Prevotella bivia, whose presence within
the FGT microbiome is concomitant with Bacterial Vaginosis (BV), which is the dysbiosis of the
FGT microbiome and considered to be ‘unhealthy’ (Mayer et al. 2015; Fredricks et al. 2007;
Fredricks et al. 2015; Lopes dos Santos Santiago et al. 2012; Saito et al. 2006). Some bacteria
present within the FGT associated with BV are further associated with the change in vaginal pH
and influence the inflammatory status of the FGT mucosa (Roy et al. 2006). This is achieved
through the production of microbial products such as short chain fatty acids, which can inhibit
pro-inflammatory cytokines secretion, affect phagocytosis and migration of immune cells

(Mirmonsef et al. 2011).
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Although the exact protective mechanisms of lactobacilli are partially unknown, H,O,
production creates a hostile acidic environment, which inhibits the growth of many harmful
micro-organisms (Jespers et al. 2012). There is much debate about what constitutes a ‘normal’
FGT microbiome, as different cultures and races such as Hispanic, black, white and Asian
populations have been found to have different predominant species present depending on BV

status as well as pH (Ravel et al. 2011).

1.4 Bacterial vaginosis (BV)

Bacterial vaginosis (BV) is an alteration within the vaginal flora, with an increase in anaerobic
and facultative bacteria, and overall diversity, and a concomitant decrease in the relative
abundance of Lactobacilli. The most common bacteria associated with BV include Gardnerella
vaginalis, Prevotella bivia, Atopobium vaginae, Shuttleworthia sp., BV associated bacteria 2
(BVAB2), BVAB3, Sneathia sp., Megasphaera sp. Phylotype 1, and Leptotrichia sp. (Jespers et
al. 2012; Lopes dos Santos Santiago et al. 2012; Srinivasan et al. 2010; Srinivasan et al. 2012). In
healthy, BV-negative women, lactobacilli predominate the FGT microbiome, with a distinct
reduction in their colonization upon the initiation of BV (Fredricks et al. 2007; Srinivasan et al.

2012).

BV is commonly diagnosed based on Amsel’s clinical criteria, which include the presence of
clue cells, vaginal fluid pH of greater than 4.5, a positive amine odor whiff test and a thin,
homogenous milky discharge. A woman is classified as being BV positive if at least three of
these four criteria are positive (Amsel et al. 1983; Eschenbach et al. 1988). BV can also be
classified by Nugent scoring, which is based on the presence of specific morphotypes with
different associated scores where the Lactobacillus morphotypes have a score of 4-0 (large gram-
positive rods), the G. vaginalis and Bacteroides spp. morphotypes have a score of 0-4 (small
gram-variable and gram negative rods) and Mobiluncus spp. morphotypes are scored 0-2 (curved
gram-variable rods) (see Table 1.1 for scoring system) (Gad et al. 2014; Nugent et al. 1991;
Spiegel et al. 1983). The vaginal smear is graded according to the presence of each morphotype
to calculate the final Nugent score. A Nugent score of 0-3 is considered BV negative, a score of

4-6 is considered BV intermediate and a Nugent score between 7-10 is considered BV positive
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(Srinivasan et al. 2010; Lopes dos Santos Santiago et al. 2012; Jespers et al. 2012; Srinivasan &
Fredricks 2008).

Table 1.1: Nugent scoring system for Gram-stained vaginal smears

Score® Lactobacillus G. vaginalis and Bacteroides Mobiluncus Spp.
morphotypes spp. morphotypes morphotypes

0 4+ 0 0

1 3+ 1+ 1+ or 2+

2 2+ 2+ 3+ or 4+

3 1+ 3+

4 0 4+

0 - no morphotypes present; 1 - <1 morphotype present; 2 — 1 to 4 morphotypes present; 3 — 5 to
30 morphotypes present; 4 — 30 or more morphotypes present.

Risk factors for BV include new and multiple sexual partners, vaginal douching, as well as a
slight association with wearing tight trousers more than once a week. BV incidence and recurring
infection could be reduced by decreasing unprotected sexual encounters and increased in condom
use (Chiaffarino et al. 2004; Fethers et al. 2008). Further factors, such as the presence of
Prostate-specific antigen (PSA), age, sexual preference or point in the menstrual cycle have yet
to be successfully associated with BV status (Jespers et al. 2012). BV has been associated with
increased risk of pelvic inflammatory disease and acquisition of HIV (Fredricks et al. 2007;
Fredricks et al. 2009). In pregnancy specifically it has been associated with the multiple
complications such as early and late miscarriage, recurrent abortion, post-abortal sepsis, preterm
pre-labor rupture of membranes, spontaneous preterm labor, preterm birth, postpartum
endometriosis and histological chorioamnionitis (Lamont et al. 2011; Malaguti et al. 2015). In a
study performed by Petricevic et al. (2014), it was shown that most Lactobacillus species were
associated with full term gestation periods in healthy pregnant women, whereas L. iners

specifically was shown to be present in 85% of the women who delivered preterm.

The dysbiosis and increase in diversity of the FGT microbiome, change in pH and loss of
defensive lactobacilli due to the onset of BV have been associated with an increased risk of
sexually transmitted and upper genital tract infections. Further, BV has been associated with HIV

(Lamont et al. 2011; Srinivasan et al. 2010; Srinivasan et al. 2012).
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1.5 Sexually Transmitted Infections (STIs)

There multiple different types of STIs with the most infamous viral STI being HIV (Hunt et al.

2011; Patterson et al. 2002; O’Farrell 2008). Common bacterial sexually transmitted infections

include Mycoplasma genitalium, Chlamydia caused by Chlamydia trachomatis, Gonorrhea

caused by Neisseria gonorrhea, and Syphilis caused by Treponema pallidum. Parasitic infections

such as Trichomoniasis are caused by Trichomonas vaginalis, while the human papilloma virus

(HPV) and herpes simplex virus (HSV-2) are two of the most common viral infections.

Candidiasis is a yeast overgrowth that is not sexually transmitted, yet often co-occurs with other
STIs (Reproductive Health and Research & Who 2005; Reis Machado et al. 2014; Anahtar et al.
2015; Chinsembu 2009; Ohene & Akoto 2008).

UTERUS
Vaginal bacteria — Anaerobic, non
H,O, producing bacteria

VAGINA

Bacterial Vaginosis (non STI)- milky
discharge, amine odor, increase in
vaginal pH

Candidiasis (non STI) — loss of normal
vaginal flora, reduction in pH, germ
tube formation, inflammation, vaginal
discharge

Trichomoniasis — premature birth and
membrane rupture, infertility, cervical
cancer, vaginal discharge

/ CERVIX
I Gonorrhoea — vaginal discharge,
1 inflammation
Chlamydia — infertility, chronic
pelvic pain, ectopic pregnancy,
! vaginal discharge
Il M. genitalium — cervicitis, urethritis,
/ pelvic inflammatory disease
|

VULVAL, LABIA, VAGINA
HSV-2 — inflammation, genital
ulcers

Human Papilloma Virus — genital
warts, cervical cancer

Figure 1.1: Adaptation from Reproductive Health and Research (WHO) sites of infection in the
FGT and the associated STIs and other infections with associated sequela (Reis Machado et al.
2014; Chinsembu 2009; Reproductive Health and Research & Who 2005; Minnesota 2005; CDC
2014a; CDC 2014b; CDC 2014c; CDC 20144d).
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Adolescents in particular are at higher risk of STI acquisition, with a ratio of 2:1 adolescent
females to their male counterparts (Chinsembu 2009). This increased ratio is thought to be
partially due to increased cervical ectopy, cognitive, biological and socio-cultural factors. STIs
can be asymptomatic or symptomatic in adolescents, and can further cause tubal pregnancy,
infertility, and cervical cancer (Chinsembu 2009; Ohene & Akoto 2008). Further factors
associated with the acquisition of STIs in adolescents include drug and alcohol use,
unavailability and lack of condom use, as well as an early initiation age of sexual activity and
multiple sexual partners (Ohene & Akoto 2008; Reproductive Health and Research & Who
2005).

Importantly, STIs have been shown to increase the risk of HIV acquisition by three fold or more
(Mlisana et al. 2012; Newman et al. 2013; Ohene & Akoto 2008) with 16.3% co-infection
between genital inflammatory diseases and HIV (Reis Machado et al. 2014). HIV positive
individuals have reduced immune function and favor the colonization of STIs as local infections
within the FGT. This facilitates local replication of HIV within the FGT through HIV shedding
(Reis Machado et al. 2014). One important issue in Southern Africa is that STIs are treated by
the syndromic approach, yet up to 50% of the women infected with an STI are asymptomatic and
therefore remain untreated. STIs may have subclinical manifestations such as elevated cytokines
due to genital tract inflammation. However, due to the lack of diagnosis, under- and over-

treatment of STIs is common, further increasing adolescent HIV risk (Mlisana et al. 2012).

1.6 Hormonal Contraceptives

Several different types of contraceptives are currently licensed, including Intra-Uterine Devices
(IUD’s), barrier methods, hormonal contraception, spermicides and operative sterilization, with
other methods including fertility cycle awareness methods, situational methods such as coitus
interruptus, douching and abstinence (Draper 2006; Mitchell 2008). Hormonal contraception

and condom use are two of the most commonly used methods (Smit et al. 2002).

The two hormones oestradiol and progesterone play a major role in the regulation and defensive
immunity of the FGT, along with controlling the monthly menstrual cycle. Synthetic version of
these two hormones are used in contraceptives, administered as a daily oral pill, injection, patch,
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or inserted in the form of a rod to adjust the monthly menses and FGT conditions in order to
prevent pregnancy (Murphy et al. 2014; van de Wijgert et al. 2013). Hormonal contraceptives
can contain one or a combination of hormones in various doses, and usually suppress ovulation,
increase the viscosity of cervical mucus to impair sperm movement, or induce morphological
changes to the endometrium lining to prevent nidation of the egg in the cervix (Family Planning
Western Australia 2012; Murphy et al. 2014; Organon Pharmaceuticals USA 2011; Pfizer 2011;
Pharmaceutical/Industry 2005).

In Sub-Saharan Africa, the three hormonal contraceptives (HCs) Depo-Provera, Implanon and
Nur-Isterate are particularly popular as they do not require daily administration, can go unnoticed
due to the manner and frequency in which they are administered, as well as do not require coital-
dependent insertion or use (Organon Pharmaceuticals USA 2011; Pharmaceutical/Industry 2005;
Pfizer 2011). These three HCs contain progestogens only with the active agents of Depot
Medroxyprogesterone acetate (DMPA), Norethisterone Enantate and Progestin Etonogestrel in
Depo-Provera, Nur-Isterate and Implanon respectively. Depo-Provera lasts for 12 weeks, Nur-
Isterate are injections for 8 weeks, while Implanon is an ethylene vinyl acetate rod that is
inserted under the subdermal connective tissue in the arm and can remain for up to three years.
The three HCs have similar side effects, such as irregular or prolonged bleeding as well as heavy
bleeding or amenorrhea, weight gain, headaches and mood changes. They differ in that Depo-
Provera can cause an allergic reaction, albeit rare, as well as loss of bone density. Nur-Isterate
can cause dizziness and loss of glucose tolerance while the Implanon can cause bruising, breast
pain and acne (Mitchell 2008; Organon Pharmaceuticals USA 2011; Pharmaceutical/Industry
2005; Pfizer 2011).

Progestin-only hormonal contraceptives are favoured in Sub-Saharan Africa due to their privacy,
convenience, low cost and efficacy. They were used by an estimated 8 million women in 2015,
with specific popularity in South Africa (Byrne et al. 2016; Murphy et al. 2014; Smit et al. 2002;
van de Wijgert et al. 2013). In South Africa, male and female condoms, hormone patches,
intrauterine devices, sterilization, hormonal pills and contraception injections are available.
There are two combined oral contraceptive (COC) and progestin-only contraceptive pills (POP),

as well as two progestin only contraceptive injections Nur-Isterate and Depo Provera (DMPA)
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(Department of Health 2012; Dr Manto Tshabalala-Msimang 2013; Western Cape Government
2015).

Much observational and pre-clinical research has been conducted to determine the relationship
between progestin-only hormonal contraceptives and HIV acquisition (Smit et al. 2002; van de
Wijgert et al. 2013). Exogenous progestin’s found in hormonal contraceptive injections such as
DMPA reportedly could accelerate CD4" T cell depletion in HIV positive women through the
physiological functions of the glucocorticoid receptor within the immune system and apoptosis
(Govender et al. 2014; Tomasicchio et al. 2013). Increased progestin levels have been linked to
an increased frequency of activated CCR5+ CD4 T cells within the cervix, which are HIV target
cells, illustrating a link between the contraceptives and HIV acquisition (Byrne et al. 2016).
Further research, originally performed on macaques, indicates that hormonal contraceptives may
interfere with cervical cellular immune function by thinning the vaginal epithelial cell layers,
which exposes the vaginal junctions to disruption and may therefore allow access to pathogenic

bacteria and STIs (Murphy et al. 2014).

Further, HIV acquisition has been linked to progestin-only contraceptives due to their proposed
inhibition of TLR-9-induced Interferon (IFN) production by plasmacytoid dendritic cells
(pDC’s) along with other innate and adaptive soluble factors, potentially hampering immune
responses within the cervix against HIV infection (Murphy et al. 2014). A specific association
has been indicated with the active agent of Depo-Provera, DMPA and the sustained decrease in
Interleukin-8 (IL-8), Interleukin-6 (IL-6), and the Interleukin-la receptor antagonist (IL-1a)
within women over a prolonged period of Depo-Provera use (Borgdorff et al. 2015). Further
studies have been conducted to determine if there is a link between the FGT microbiome,
progestin-only contraceptives, and HIV within African women given the widespread
contraceptive use and HIV acquisition (FSRH Clinical Effectivesness Unit 2017; Polis et al.
2016; World Health Organization 2017). The use of injectable hormonal contraceptives have
been implicated in the increased risk of STI acquisition, which are further associated with
increased HIV acquisition (Grabowski et al. 2015; Noguchi et al. 2015). The prolonged use of
DMPA resulted in a 100 fold decrease in G. vaginalis in the vaginal fluid in a study by Roxby et
al. (2016), with the suggested explanation linking amenorrhea and the requisite for iron for G.

vaginalis growth. The bacterial species L. crispatus and L. jensenii were below detection level
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for most participants on DMPA with little or no change to L. iners. The total bacterial load was
further shown to decrease over time with DMPA administration, with no correlation indicated

with BV in vaginal health (Borgdorff et al. 2015; Roxby et al. 2016).

1.7 Technical analysis of FGT bacteria

Several techniques exist to quantify bacteria in a diverse range of samples. Although growth
media has been used to culture many organisms within the FGT, some are more difficult to
cultivate and therefore Polymerase chain reaction (PCR) is one of the most commonly used
techniques for quantifying target DNA that does not depend on the culturability of the bacteria.
The DNA is amplified through the use of primers, which can be custom designed and species-
specific or universal, for instance targeting all bacteria via genes targeting the hypervariable
regions of the 16S rRNA gene. The DNA goes through an initial denaturation cycle most
commonly at 95C, followed by a number of cycles of denaturation, annealing and extension
after which the DNA product is run on an agarose gel with a DNA size marker to confirm
expected amplicon size. PCR is a rapid, automated and when performed in a 384 well gPCR
plate- high throughput quantitative technology used as an important tool for basic research

(Lambert et al. 2013; Pabinger et al. 2014).

Real-time quantitative PCR (qPCR) is an advancement of PCR where simultaneous
amplification and quantitation of a target gene is possible. The initial amount of template DNA
can be quantified based on the relationship between cycle number and fluorescent threshold
signal level where the higher the initial DNA concentration, the fewer cycles required to reach
the threshold level (Pabinger et al. 2014; Pfaffl 2004; Pfaffl & Wittwer 2015). qPCR can be
used for relative quantitation of bacteria through the use universal bacterial 16S rRNA primers,
followed by sequencing in order to identify the species present. gPCR can be used for absolute
quantification through the use of species specific primers in relation to a standard curve
constructed through serial dilution of DNA extracted from a positive control reference
bacterium. This technique allows absolute quantification of the bacteria of interest (copies/uL),
which can be converted to bacterial copy numbers based on the reference bacteria’s genome size

(see Methods Chapter 3 for details) (Grunenwald & Kramer n.d.; Hermann-bank et al. 2013;
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Roche 2003; Smith & Osborn 2009). With the increased use of this technique as a tool for gene
expression, pathogen detection and biomolecular diagnostics, it is important to have stringent
quality control measures in place. As such the Minimum Information for Publication of
Quantitative Real-Time PCR Experiments (MIQE) has been established in order to maintain the
standard of qPCR for all research (Bustin 2010; Pabinger et al. 2014).

Next Generation Sequencing (NGS) is used for 16S rRNA, small subunit rRNA, hypervariable
regions, rDNA, and metagenomics sequencing. NGS has multiple clinical applications such as
forensic genetics, infectious disease surveillance, pathogen outbreaks and is in the early stages of
clinical diagnostics (Jones et al. 2015; Illumina 2013; Voelkerding et al. 2010). NGS involves
the sequencing of stretches of target DNA in order to identify the relative abundance of bacteria
present. Sanger sequencing was the first form of sequencing and since, the advent of NGS has
progressed to 454 pyrosequencing, Illumina MiSeq, [llumina HiSeq and Ion Torrent sequencing
(Tan et al. 2015). NGS is a high throughput analysis technique which has a diverse set of
applications above DNA sequencing such as re-sequencing, microsatellite analysis and Single
nucleotide polymorphism (SNP) genotyping, multiplexing and whole-genome sequencing with
tunable resolution, target sequencing and enrichment (Czerniecki & Wolczynski 2011; Illumina

2013; Wienkoop & Weckwerth 2006).

In this study, we aimed to compliment I[llumina MiSeq relative abundance analysis of the vaginal
microbiota of adolescent females by development and application of qPCR. This study aimed to
identify the presence of a relationship between the factors such as high risk HPV subtypes, high
genital inflammation BV positive, older adolescent age groups, DMPA hormonal contraceptives
and the presence of an STI in relation to increased quantities of the key bacterial species which

may influence HIV acquisition as discussed in the literature review.

1.8 Aims of this Study

1. To develop an assay for absolute quantitation of L. jensenii, L. gasseri, L. crispatus L.
iners, G. vaginalis and P. bivia in adolescent genital tract in HIV negative South African

adolescent females.
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2. To analyze relationships between the copies/ng of the bacteria, and relate the absolute

quantities to BV status, inflammation, age, hormonal contraceptive and STIs.

1.9 Objectives of this Study

1. In HIV negative adolescent females in South Africa, to asses any associations between
the copies/ng of bacterial species of interest L. jensenii, L. gasseri, L. crispatus L. iners,
G. vaginalis and P. bivia and;
a. High and Low Inflammatory cytokine levels,
b. BV Positive, Intermediate and Negative based on Nugent scores,

c. Age (stratified as 16-18 years old vs 19-22 years old),

i

DMPA, Nur Isterate, and Implanon hormonal contraceptives,
e. The presence or absence of STIs (N. gonorrhea, C. trachomatis, HSV-2, T.

vaginalis, M. genitalium, T. pallidum, H. ducreyi)

1.10 Hypothesis

We hypothesize that L. jensenii, L. gasseri, and L. crispatus will be more abundant in HIV
negative female adolescent vaginal samples that contain low levels of inflammatory cytokines
and/or are BV negative and/or have no STI, and/or are using the hormonal contraceptives Nur

Isterate or Implanon between the ages of 16-18 years old.

We further hypothesized that L. iners, G. vaginalis and P. bivia will be more abundant in HIV
negative adolescent female vaginal samples that contain high levels of inflammatory cytokines
and/or are BV positive and/or have one or more STIs and/or using the hormonal contraceptive

DMPA between the ages of 19-22 years old.
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Chapter 2: Cohort Characteristics

2.1 Study Design

The research group working under the Women’s Initiative in Sexual Health (WISH) cohort
(HREC REF 267/2013) aimed to look at the relationship between inflammatory cytokines, BV,
STI’s and genital tract microbiome in the FGT in HIV negative adolescent females in South
Africa at high risk for HIV. The ethical approval of this MSc project (HREC REF: 678/2015)
was granted on the 17 September 2015 as part of the WISH cohort ethical approval. Here, we
aimed to identify the composition of the vaginal microbiome in the mucosa of the female genital
tract, and to relate these to the composition of cervical target cells for HIV infection and levels of
inflammation in the cervix. Next Generation Sequencing of 16S rRNA was previously performed
by our group for this cohort to profile the FGT microbiome — mostly to genus level, with some
species level identification (Lennard, manuscript in preparation). Participants were drawn from
the Masiphumelele Youth Centre based in Masiphumelele, Cape Town, Western Cape.
Participants were chosen from this area since there is a high HIV prevalence (21.9% in 2004

(Lawn et al. 2006)) and thus an applicable population to assess adolescent HIV risk.
2.2 Recruitment of participants

HIV-negative, sexually active, adolescent females aged 16-22 years were recruited from the
Masiphumelele Youth Centre. Participants provided written consent if >= 18 years old, or for
participants < 18 years old, their guardians provided written consent while the adolescent

provided signed assent.
2.3 Exclusion criteria
Participants were excluded according to the following criteria:

1. Participants younger than 16 years or older than 22 years old.

2. Participants who had a positive pregnancy test or had used anything that contained
spermicide within 48 hours prior to sampling.

3. Participants were excluded if they had inserted anything in their vagina within 24 hours
before sampling (including but not limited to protected or unprotected vaginal

intercourse).
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4. Participants who had douched within 48 hours before sample collect, or were
menstruating.

5. Participants were excluded if they had taken antibiotics within the two weeks prior to
sampling.

6. HIV positive participants were excluded and referred for care.
2.4 Participants and sample collection

The cohort participants were sexually active female adolescents between the ages of 16 and 22
who were enrolled in the WISH study at the Masiphumelele Youth Centre. A detailed
questionnaire was completed by each participant in order to establish sexual practices,
demographics, menstrual cycle, antibiotic used, STI symptoms and adherence in terms of
condom and contraceptive use for the study. Samples were collected in the luteal phase of the
menses cycle from participants taking no HC. A physical exam was performed and the following

vaginal specimens were collected;
. A softcup to collect vaginal secretions for measurement of cytokines,

. A lateral wall swab for 16S microbiome profiling,

1
2
3. An endocervical swabs or cervical mucous plug for HPV testing,
4. A vulvovaginal swab for STT’s and BV testing

5

. Two Digene cervical cytobrushes for cervical immune and epithelial cells.
2.5 Human-immunodeficiency virus (HIV) testing

HIV testing was performed using a Rapid assay on a blood sample retrieved through a prick to a
finger, the result of which was verified using a second, Rapid test for positive samples.

Intermediate results were sent for ELISA confirmation.
2.6 Bacterial vaginosis (BV) testing

BV was diagnosed based on Nugent Scoring on a vaginal swab slide where a Nugent score of 0-
3 and was considered BV-negative, a Nugent score of 4-6 BV-intermediate and a Nugent score
of 7-10 BV-positive. The pH was noted during the sampling process, as well as symptoms such

as the presence of heavy discharge and the colour of the patients discharge. The presence of
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“Clue” cells were taken into account when determining Nugent Scores. All symptomatic BV

cases were treated through the Masiphumelele Youth Centre.
2.7 Sexually Transmitted Infections (STIs) testing

All female participants who consented to this study provided vulvovaginal swabs, which were
tested for N. gonorrhea, C. trachomatis, HSV-1, HSV-2, T. vaginalis, M. genitalium, T.
pallidum, and H. ducreyi at the mucosal sampling visit. The results of the tested samples were
made available for all participants who tested positive for one or more of the infections. These
participants were prescribed treatment as well as counseling on site. 7. pallidum was not
included in the categorization of viral versus bacterial STI comparisons as there were no positive

results.

STI screening was performed by multiplex PCR on the DNA extracted from vulvovaginal swabs
(Lewis 2000). HSV-1, HSV-2, T. pallidum, and H. ducreyi were identified through M-PCR using
targeted gene primers. Physical exams were performed as part of the identification of 7. pallidum
and no ulcers were present. Overall there were no 7. pallidum results. HSV-1 and HSV-2 were
identified as a result of both the serology and M-PCR positive results, however, only PCR results
were used for this analysis (i.e. only active shedding was taken into account). The serology
results for HSV-1 and HSV-2 were not incorporated into the results such that analyses were
performed based on the presence of absence HSV-1 and HSV-2 alone. Slides were prepared to

identify candida hyphae and spores.
2.8 Next Generation Sequencing (NGS) of 16S rRNA

NGS was carried out through the extraction of microbial DNA using a MoBio Ultraclean
microbial DNA extraction kit from cervical swabs in order to identify the bacteria present within
the female genital tract. The following universal primers were used to amplify the SSU rRNA

gene;

515F 5’-GTGCCAGCMGCCGCGGTAA-3’ and 907R 5’- CCGTCAATTCCTTTRAGTTT-3".
These universal primers allow identification of bacteria present within the participant samples by

[lumina Miseq (V3 chemistry 300 bp paired end).
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The data analysis was performed by Katie Lennard (PhD) using UPARSE, Quantitative

Inference In Microbial Ecology (QIIME) and custom R scripts.

2.9 Cohort characteristics

Cohort characteristics are summarized in Table 2.9.

Table 2.9: Summarized characteristics of the WISH cohort according to the following categories.

Category Sample Classification type Score Groups Participants
Size (%)
BV 143 Nugent Scoring 0-3 Positive 56 (39.16)
4-6 Intermediate 17 (11.89)
7-10 Negative 70(48.95)
Inflammation 140 Unsupervised Partitioning Low 42 (30)
hierarchical around medoids High 98 (70)
clustering analysis (PAM) using an R
package ‘cluster’
with a k-value of 2
Age 143 Age in years Years 16-18 75 (52.45)
19-22 68 (47.55)
Hormonal 136 Type Prescribed DMPA 25 (18.38)
Contraceptives Nur Isterate 102 (75)
Implanon 9 (6.62)
STI 140 Presence/absence  N. gonorrhea, C. None 62 (44.29)
of any one STI trachomatis, HSV- Present 78 (55.71)
2,HPV, T.
vaginalis, M.
genitalium
Bacterial STI 143 Absence, presence Chlamydia None 77 (53.85)
of one, presence of trachomatis, One 51 (35.66)
two or more Neisseria Two< 15 (10.49)
gonorrhea,
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A. O. Breetzke



Mycoplasma

genitalium
Viral STI 143 Absence, presence HSV-2, HPV None 46 (32.17)
of one, presence of One 91 (63.63)
two Two 6 (4.20)
HPV 90 Absence, presence None 29 (32.22)
of low or high risk 6, 11, 40, 42, 54, Low Risk 27 (30)
subtypes 55, 61, 62, 64, 67,
69, 70, 71, 72, 81,
83, 84, 89
(CP6109), IS39
16, 18, 26, 31, 33, High Risk 34 (37.78)
35, 39, 45, 51, 52,
53, 56, 58, 59, 66,
68, 73, 82
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Chapter 3: Laboratory Methods and Materials

In this chapter, the protocols used in laboratory for processing and analysis of the WISH vaginal

samples will be discussed.

We used qPCR to quantify the presence of six microbes in the genital tract of South African
adolescents. In addition to providing absolute quantitative data, the qPCR-based data
complements the 16S rRNA-based microbiome data previously generated for this cohort by
providing data on species-level taxonomic annotation for specific bacteria of interest that were

only identified to genus level via 16S sequencing.
3.1. Bacterial reference strains

The ATCC reference strains Lactobacillus gasseri (ATCC 9857), Lactobacillus crispatus
(ATCC 33197), and Lactobacillus jensenii (ATCC 25258) were kindly provided by Remy
Froissart PhD., from the Division of Virology, University of Cape Town. The ATCC reference
strains Lactobacillus iners Strain UPII 143-D (Product sheet HM-126), Gardnerella vaginalis
Strain UPII 315-A (Product sheet HM-133) and Prevotella bivia Strain DNF00188 (Product
sheet HM-1088) were obtained from BEI Resources, Manassas USA.

The bacterial reference strains were used as positive controls and to perform absolute

quantification by constructing standard curves with genomic DNA extracted from there strains.

3.1.1 Bacterial Culturing

3.1.1.1 Lactobacillus spp. growth conditions

Lactobacillus gasseri (ATCC 9857), L. jensenii (ATCC 25258) and L. crispatus (ATCC 33197)
were cultured in a sterile broth composed of 51 g/LL of De Man, Rogosa, Sharpe broth (MRS,
Sigma), 50 mg/l of L-Cysteine (Merck) and 1 ml of Tween 80 (Sigma) for a minimum of 48
hours at 37°C. The ATCC Lactobacillus strains were allowed to thaw for 20 minutes on ice, after
which a sterile tooth pick was used to culture 1.4 mL of MRS Broth in a 1.5 mL Eppendorf Tube
and incubated at 37°C. After 48 h of growth, the 1.5 mL Eppendorf with cultured MRS Broth

were vortexed briefly and transferred to a sterile 50 mL Falcon tube, which was topped up with
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additional MRS Broth. The 50 mL Falcon tube was vortexed briefly and incubated at 37°C to be

used for DNA extraction.

A 1.5 mL Eppendorf Tube containing 1.4 mL cultured broth was centrifuged at 5500 RPM for 5
minutes and 900 uL of supernatant was discarded. After vortexing the pellet, 250 ul of 60%
glycerol (v/v) was added and vortexed briefly three times and subsequently stored at -80°C for

future use.

3.1.1.2 Lactobacillus iners, Prevotella bivia and Gardnerella vaginalis. growth conditions

Lactobacillus iners (UPIl 143-D), Prevotella bivia (DNF00188) and Gardnerella vaginalis
(UPII 315-A) were cultured individually in reduced Schaedler Broth with 5% horse blood for a
minimum of 48 hours at 37°C. The three strains were allowed to thaw for 20 minutes on ice,
after which a sterile tooth pick was used to collect bacterial stock and culture 1.4 mL Schaedler
Broth with 5% horse blood in a 1.5 mL Eppendorf tube and incubated at 37°C for 48 h, followed
by brief vortexing and transferred to a sterile 50 mL Falcon tube which was topped up with
additional Schaedler Broth with 5% horse blood. The 50 mL Falcon tube was vortexed briefly

and incubated for a minimum of 48 hours at 37°C to be used for DNA extraction.

3.1.2 DNA Extraction

DNA was extracted from vaginal lateral wall swabs and bacterial cultures using two different

kits, both designed to lyse the cell walls of Gram positive and Gram negative bacterium.

The MoBio Powersoil® DNA Isolation Kit (MoBio Laboratories, Inc., USA, Biocom Biotech,
SA) was used to extract bacterial DNA from the vaginal lateral wall swabs. Briefly, bacterial cell
walls were lysed with buffer C1 which contains sodium dodecyl sulfate (SDS) detergent that
breaks down fatty acids and disrupts the bacterial cell walls, and by mechanical disruption (bead
beating). Buffers C2 and C3 contain inhibitors that remove sample contaminants including non-
DNA organic and inorganic material and proteins. Buffer C4 selectively binds DNA to the silica
filters thus further excluding contaminants during the wash step. The final ethanol-based wash

buffer C5 is the final step in removing any excess contaminants within the sample DNA.

The Qiagen Blood and Tissue DNA Maxi Extraction Kit with buffers B1 and B2 (Whitehead

Scientific (Pty) Ltd, Cape Town), was used to extract DNA from bacterial cultures. Proteinase
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K, which cleaves peptide bonds, was used to digest proteins, and RNase A to digest RNA (at the
C and U residues). Lysozyme was used to lyse bacterial cell walls — more specifically
peptidoglycan, which is found in both Gram-negative and —positive bacteria, but is most
effective against the latter. Buffer B1 contains Tween 20 and Triton X-100, which are
polyethylene and polyethylene oxide surfactants respectively, which act in conjunction with
lysozyme to lyse bacterial cell walls. Buffer B2 contains Tween 20 and guanidine hydrochloride,

a chaotropic agent that denatures proteins.

The quality and concentration of the DNA was confirmed with Qubit Fluorometric Quantitation
(ThermoFisher Scientic Inc, 200 Smit Street, Fairland, 2195 Johannesburg, South Africa), using
the Picogreen target-specific fluorescent dye, High Sensitivity dsDNA assay as per the user

manual.

3.1.3 Primer Design

The species-specific primers used for the detection of each of the bacterial species of interest
within this study were either sourced from the literature or designed de novo (Table 3.1.1). The
specificity for all primers was confirmed using NCBI Primer BLAST website (National Center of
Biotechnology Information, National Institute of Health, Bethesda, MD), Ribosomal Database

Project Probe Design (http:// www.rdp.cme.msu.edu/) and PriSM Primer Designing Tool. All

primers were obtained from Integrated DNA Technologies Inc., Coralville, IA.

Table 3.1.3: Primers of the target genes for detection of bacteria of interest and protocol source

of PCR and qPCR.

Primers
Bacteria Reference

Forward (5°-3") Reverse (5°-3%)
Lactobacillus TGCGACGCAAAG AATGCTTCACGCG (Byun et al. 2004; Jespers et
crispatus CTGAAACA CAAGGTT al. 2012)
Lactobacillus AAGTCGAGCGAG CTTCTTTCATGCGA (Jespers et al. 2012;
Jensenii CTTGCCTATAGA AAGTAGC Tamrakar et al. 2007)

Lactobacillus GTCTGCCTTGAA ACAGTTGATAGGC (De Backer et al. 2007,
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iners GATCGG ATCATC
CAGTTACTACCTC
Lactobacillus TGGAAACAGRTG
TATCTTTCTTCACT
gasseri CTAATACCG
AC
Gardnerella TTACTGGTGTAT CCGTCACAGGCTG
vaginalis CACTGTAA AACAGT
TGGGGATAAAGT ACAACACGCTTAC
Prevotella bivia
GGGGAACG CAAACGG

Jespers et al. 2012)

(Jespers et al. 2012; Malaguti
et al. 2015; Tamrakar et al.
2007)

(Jespers et al. 2012; Malaguti
et al. 2015)

(Premaraj et al. 1999);
followed by Aroutcheva et
al., 2008; followed by

(Dumonceaux et al. 2009)

3.2 Polymerase Chain Reaction

3.2.1 Polymerase Chain Reaction (PCR) of ATCC reference strains (Primer confirmation)

PCR was run on DNA extracted from the pure cultures of each bacterium of interest to ensure

primer specificity and to confirm the expected amplicon size. A total of 10 puL Roche

LightCycler® 480 SYBR Green I Master Mix was used per reaction, with 0.5 puL of each 10 uM

primer, 3 uL template gDNA of the serially diluted positive standard controls and 6 pL nuclease-

free water for a total volume of 20 uL (Table 3.2.1). Difference cycle conditions were optimized

and used for each bacterium (Table 3.2.2)

Table 3.2.1: PCR mixture components.

Reagents for PCR Volume (uL)
Master mix 10

Forward Primer 0.5

Reverse Primer 0.5
Template DNA 3
Nuclease-free H,O 6

Total 20

A. O. Breetzke
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Table 3.2.2: PCR conditions and amplicon size of the target gene for the six bacteria of interest.

Bacteria Initial Denaturation  Annealing Extension Cycles Amplicon

Denaturation size (bp)

Time Temp Time Temp Time Temp Time Temp

(min) (C) (sec) (0O (sec) (0O (sec) (O
Lactobacillus

15 95 15 95 60 60 20 72 45 172
crispatus
Lactobacillus

15 95 15 95 55 60 60 72 40 160
jensenii
Lactobacillus

15 95 15 95 55 60 60 65 35 158
iners
Lactobacillus

15 95 15 95 60 57 60 65 40 322
gasseri
Gardnerella

15 95 45 95 45 55 45 72 50 330
vaginalis
Prevotella

95 20 95 120 60 300 74 35 156

bivia

3.2.2 Gel electrophoresis

Gel electrophoresis was used to confirm accuracy of the primers based on the size of the PCR

product and the presence of a single band. Amplified DNA (4 puL) was separated on 1.6%
agarose gel (Whitehead Scientific Agarose, #D1-LE) by electrophoresis in 1X TAE buffer (40

min, at 120 V). DNA was visualized with GelRed and viewed under a UV-Trans-illuminator. A

ThermoFisher O’Gene Ruler® 100 bp ladder was used for sizing of the PCR amplicon bands.

3.2.3 Serial dilution calculations for the known standard controls

In order to calculate the number of copies/uL of bacteria present in the extracted DNA for each

standard control, the method described by Dolezel et al., (2003) was used. Briefly, the

assumptions made are that the average weights for the nucleotide pairs AT and GC are 615.3830

and 616.3711 respectively, which can be converted to an absolute value through the

A. O. Breetzke
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multiplication by the atomic mass unit (1 u) which is the equivalent of '*C (1.660539x10™ kg).

Thus, the average weight of a single nucleotide pair can be calculated at 1.023x10” pg, where a

single picogram of DNA would be equivalent to 0.978x10° base pairs.
Genome size (bp) = (0.97874109 bp) x DNA content (pg)
DNA content (pg) = Genome size (bp) / (0.978)(109 bp)

Therefore, as an example, for L. crispatus the complete genome size is 2195108.667 bp (Table
3.2.5) DNA content (pg) = 2195108.667 bp / (0.978x10° bp)

=0.002244487 pg

1 ng DNA from L. crispatus contains = 1000 pg / DNA content (pg)
= 1000 pg / 0.002244487 pg
=445,536.0296 copies

L. crispatus DNA concentration = 290 ng/uL.

The number of copies of DNA per uL = Number of copies DNA x DNA concentration (ng/uL)
=445,536.0296 copies x 290 ng/uLL
= 129 205 448.6 copies/pL

CiVi =GV

(129 205 448.6 copies/uL) x V| = (10° copies/uL)x(1000 uL)

V= ((10° copies/uL) x (1000 pL)) / (129 205 448.6 copies/uL)

Vi=7.739 uLL

Therefore 7.739 uL of L. crispatus DNA was added to 992.261 pL distilled water to dilute it to
10° copies/uL. From there the DNA was serially diluted from 10° copies/uL down to 107
copies/uL.
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The calculations for the six bacterial reference strains can be seen below in Table 3.2.3. See table

3.5.2 for data transformation software.

Table 3.2.3: Serial dilution calculation summary table.

[DNA] DNA content

Copies in 1

Copies of Volume of DNA into 1

Bacteria ID Code
(ng/uL) (pg) ng DNA DNA/uL mL for 1076 copies/uL
L. crispatus 33820 290 0.00224449 445536.030 129205449  7.739611688
L. jensenii 25258 870.6 0.00169902 588576.408 512414620  1.951544629
L. gasseri 9857 321 0.00201423 496468.302 159366325  6.274851359
UPII
L. iners 143.D 19.72 0.00132327 755703.271 14902469 67.10297695
UPII
G. vaginalis 3154 4.28 0.00163010 613458.066 2625600.5  380.8652505
Volume of DNA into 40
uL for 1026 copies/uL
P. bivia DNF00188  2.773 0.00254910 392295.603 1087966.47  36.7658

“For all calculations, 1 pg of DNA was considered to have 0.97x10° bp as per the explanation

above in 3.2.3. See table 3.5.2 for data transformation software.

Table 3.2.4: Calculation and source for the whole genome size for each bacterium.

Average
Bacteria Source NCBI Accession Number Number of - whole ‘
sources genome size
(bp)
L. ATCC PRINA30641, PRINA37951, PRINA38361, 15 2195108.67
crispatus PRINA38513, PRINA36325, PRINA42533,
PRINAS52107, PRINAS52105, PRINA222257,
PRINA200566,PRINA267549, PRINA213996,
PRIDBS800, PRIJIEA46813, PRINA40665,
L. ATCC PRINA31205, PRINA37953, PRINA38515, 14 1661636.43
jensenii PRINA38645,PRINA231005,PRINA231005,PRINA
231005,PRINA231005, PRINA231005,
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L.

gasseri

L. iners

G.

vaginalis

P. bivia

ATCC

BEI

BEI

BEI

PRINA231005, PRINA222257,PRINA34097,

PRINA213997, PRINA31493, PRINA219715,

PRINA31487,

PRINA42535, PRINA42543, PRINA203137, 14 1969914.29
PRINA36379, PRINA163367,PRINA208361,

PRIDB635, PRINA267549, PRINA267549,

PRINA31203, PRINA40683, PRINAg4,

PRINAS53061, PRINAS52039, PRINA52037,

PRINAS52035, PRINA52033, PRINA52031, 16 1294158.75
PRINA43549, PRINA52041, PRINA52043,

PRINAS52045, PRINAS52047, PRINA60373,

PRINAG60375, PRINA222257,PRINA288563,

PRINA31001, PRINA51067, PRIDB63, 43 1594241
PRINAS52029,PRINA181326,PRINA181325,
PRINA181324,PRINA181323,PRINA181322,
PRINA181321,PRINA181320,PRINA181319,
PRINA181318,PRINA181317,PRINA181316,

PRINA181315, PRINA181314,PRINA181313,

PRINA181312, PRINA53359, PRINAS53893,

PRINA40893, PRINA40895, PRINA52049,

PRINA42431, PRINA42443, PRINA42445,

PRINA42451, PRINA42435, PRINA42437,

PRINA42441,

PRINA42447 PRINA42449,PRINA42453,

PRINA42455,PRINA267549, PRINA294071,

PRINA46675, PRINA267549,PRINA267549,

PRINA267549, PRINA42439

PRINA31377, PRINA187523, PRINA219670, 5 2493018
PRINA219665, PRINAS50753
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3.3 qPCR Optimization

Optimization was undertaking by adjusting the following parameters of the previously published

gPCR protocols (Table 3.1.3):

1.

Protocol

Protocols- for each bacterial species of interest were found in the literature and run as
published for the first trial run. Thereafter, parameters were manipulated; including
primer concentration, annealing temperature, cycle number and sequence as a last step in
order to achieve acceptable standard curves with low levels of primer dimers, error values
and high efficiency values, as outlined below. If the protocol could not be improved upon
by manipulating these parameters, a new protocol from another published article was

used and the same steps followed as mentioned below to optimize.

Primer optimization

Prior to use in the wet lab, primers were first tested in silico using NCBI Primer BLAST
to ensure primer specificity and a low level of self-complementarity. Thereafter, a PCR
trial run was performed. If the primers amplified the correct product size in a PCR trial
run they were kept for further qPCR optimization. If the primers were found to be
consistent and sensitive, they were used to construct a standard curve.

The primer concentration was further optimized by applying different starting
concentrations. The optimum primer concentration was determined based on lower error

and higher efficiency values in the standard curves.

Annealing temperature optimization
The annealing temperature used in the literature was used for the first gPCR trial run. If
the DNA started amplifying at a later cycle number than anticipated, the temperature was

then increased slightly to try and improve on protocol sensitivity.
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4. Cycle number optimization
The first trial run gPCR was run with the number of cycles specified in the literature. If
the DNA amplified at a later cycle number than anticipated, of which a possible cause is
low DNA concentration, the cycle number was increased to by no more than 20 cycles to

ensure complete amplification of the sample and standard DNA.

5. Initial denaturation
The initial denaturing temperature was found to be 95T in all protocols used. The
temperature was kept the same when optimizing, however, the time the denaturation
cycle ran was adjusted when it was found the DNA did not amplify sufficiently after the

initial and cycle denaturation.

6. Serially diluted standards
Positive controls (DNA extracted from each reference strain) were diluted to 10°
copies/uL from the stock DNA and then serially diluted down to 10° copies/uL. If there
were issues with the precision or accuracy of the standard replicates, the DNA was re-
serially diluted in order to improve the standard curve error and efficiency. The goal error

and efficiency values were <0.05 and 2, respectively.

After optimization for each bacterium, the final gPCR cycle conditions were determined (Table

3.2.7).

3.3.1 gPCR Optimization Qutcomes

Multiple plates were run with different conditions until the error and efficiency values were as
close to 0.05 and 2 respectively, as could be optimized. A summary of the plate errors and
efficiencies for each step in the optimization process can be found in Table 3.3.1. All
optimization plates are named as V1 with the point number indicating the number of plate

replicate for each bacterium.
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Table 3.3.1: Summary table for the optimization statistics for the following bacteria.

Bacteria qPCR Plate Error Efficiency
L. crispatus V1.1 0.565 1.705
V1.2 2.322 0.00
V1.3 1.141 1.717
V1.4 (750 nM) 1.301 1.358
(500 nM) 0.221 1.628
(250 nM) 0.223 1.985
V1.5 0.219 1.783
V1.6 0.731 1.699
V1.7 0.177 1.890
L. gasseri V1.1 0.0223 1.828
V1.2 0.0436 1.851
V1.3 0.0442 1.839
L. jensenii V1.1 0.312 1.864
V1.2 0.0210 1.921
L. iners V1.1 0.0335 2.022
V1.2 0.0805 1.953
G. vaginalis V1.1 0.370 1.835
V1.2 0.248 1.733
V1.3 0.351 1.671
V14 0.242 1.719
V1.5 0.157 1.875
V1.6 0.204 1.766
P. bivia V1.1 1.191 0.997
V1.2 0.306 2.393
V1.3 0.823 1.714
V14 0.589 1.765
V1.5 0.283 1.983
V1.6 0.0376 1.904
V1.7 0.210 2.089
V1.8 0.419 2.294
V1.9 0.393 2.049
VI1.10 0.628 1.550
VI1.11 0.618 2.922
V1.12 0.0830 2.039
VI1.13 0.0608 1.993

A. O. Breetzke



The qPCR optimization process outcomes for the three bacterium L. crispatus, G. vaginalis and
P. bivia have been included as an example. The optimization process outcomes for the other

bacterium have been recorded in Appendix C, gPCR Optimization.

3.3.2 Lactobacillus crispatus

A total of seven qPCR plates were run in order to optimize the cycle conditions for L. crispatus
to get the error close to 0.05, the efficiency to 2.00, single melt curve peaks and clear
amplification curves for the standard control. The first trial plate run for L. crispatus (V1.1)
contained 10 uL SYBR Green I master mix, 1.5 pL of both the forward and reverse 10 uM
primers to give a final concentration of 750 nM, 5 uL for each positive controls and
corresponding amounts of Nuclease Free Water (NFW) to make up the total volume to 20 pL.
The positive control was diluted from 10° copies/uL to 107 copies/uL. Each sample was run in
triplicate, with the NTC containing all the reagents minus the template gDNA or the known
standard DNA. The participant sample W132 V1 A was run in triplicate of initial concentrations
of 10 ng/uL, 7 ng/uL, 5 ng/uL, 2.5 ng/uL and 1 ng/uL. The following qPCR conditions were
followed, 95 C for 15 min initial denaturation, followed by 40 cycles of 95 C for 15 s, 60T for 1
min and 72 for 20 s (Figure 3.3.2.1 A, Figure 3.3.2.2 A). However, the error and efficiency
values for the standard curve were not specific enough and the triplicates of the positive control

DNA did not amplify neatly where the replicates started amplifying at different cycles.

Therefore a few changes were made to the second trial plate for L. crispatus (V1.2) which was
run with the same volumes and concentrations of reagents, standard control dilutions and
participant sample W132 V1 A as mentioned in V1.1 except for the standard positive controls
which were run in triplicate, but two of the triplicates had gDNA that had gone through PCR
amplification using the same primers prior to qPCR and one replicate had gDNA that had not
gone through qPCR prior to amplification in order to ensure the starting concentrations were
sufficient. Furthermore, two different primer concentrations were run, 3 uM and 0.5 uM which
resulted in final primer concentrations of 225 nM and 37.5 nM respectively to determine the
ideal concentration of primer for amplification. The following JPCR conditions were followed,

95C for 5 min initial denaturation, followed by 40 cycles of 95C for 20 s, 60 C for 45 s and 72
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for 15 s (Figure 3.3.2.1 B, Figure 3.3.2.2 B). This resulted in the positive control DNA forming
odd amplification curves with only the two highest dilutions amplifying sufficiently, as well as a

standard curve with poor error and efficiency values.

The third trial plate for L. crispatus (V1.3) contained the same reagent conditions as V1.1,
except for the use of 1 pL of each primer, 3 pL of the standard control and sampled DNA was
used. The participant sample W132 V1 A DNA concentrations were also varied; 1 ng/uL and 0.5
ng/uL to determine the minimum concentration for amplification. The ATCC positive bacterial
control standards included dilutions from 10° copies/uL to 10" copies/uL. The following qPCR
conditions were followed, 95 ‘C for 5 min initial denaturation, followed by 40 cycles of 95 C for
15 s, 60C for 20 s and 72 C for 10 s (Figure 3.3.2.1 C, Figure 3.3.2.2 C). This led to a high error
rate and differences in the replicates for the positive control dilutions. The fourth trial plate for L.
crispatus (V1.4) had the same cycle conditions and reagent volumes as V1.3 with some changes.
Varying volumes of both the forward and reverse 10 uM primers, 0.5 uL, 1 pL and 1.5 pL were
used to give a final concentration of 250 nM, 500 nM and 750 nM, in order to determine the
most ideal primer concentration as well as the inclusion of sample W037 V1 which had high
levels of lactobacilli bacteria present with 16S sequencing (Figure 3.3.2.1 D, Figure 3.3.2.2 D).
The dilution of the primers to 250 nM resulted in the best error and efficiency readings for the

standard curve.

For the fifth trial plate for L. crispatus (V1.5), the same cycle conditions were used as in V1.4
with 0.5 pL of both the forward and reverse 10 uM primers, positive controls diluted from 10°
copies/ L to 107 copies/uL and the annealing temperature was reduced from 60°C to 58 C to try
reduce the formation of primer dimers with the remaining conditions the same as V1.4 (Figure
3.3.2.1 E, Figure 3.3.2.2 E). The error value was higher than ideal with the replicates of the
standards failing to amplify at concurrent cycles. The sixth trial plate for L. crispatus (V1.6) was
run with the same reagent concentration and volumes, as well as the conditions with the adjusted
annealing temperature as were used for V1.5. The positive control DNA was re-diluted to try
improve accuracy and prevent the delay in the amplification between 10° copies/uL. and 10*
copies/uL. (Figure 3.3.2.1 F, Figure 3.3.2.2 F). The second dilution did not improve replicate
accuracy, and resulted in an increase in the standard curve error value. The seventh and final trial

plate for L. crispatus (V1.7) used the same reagents and DNA in the same concentrations as used
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in V1.6 with the standard control dilutions from 10° copies/uL to 10° copies/uL. New species
specific primers for L. crispatus were designed targeting the transcription start site, tested with a
PCR by running the product on a gel and confirming the product size and presence of a single
band (Figure 3.3.2.1 G, Figure 3.3.2.2 G). This resulted in error and efficiency values of

sufficient readings with the replicates of the positive control dilutions amplifying more

accurately.
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Figure 3.3.2.1: Roche LightCycler® 480 absolute quantitative derivative max amplification
curve for each of the seven L. crispatus optimization plates (V1.1-V1.7). The fluorescence (465-
510 nm) is indicated on the y-axis and the number of cycles is indicated on the x-axis. Red and
brown indicate positive amplification in the unknown sample and the positive control standards
respectively, and green indicates negative amplification in the wells.
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Figure 3.3.2.2: Roche LightCycler® 480 melt curve for each of the seven L. crispatus
optimization plates (V1.1-V1.7). The —d/dT fluorescence (465-510 nm) is indicated on the y-axis
and the temperature (‘C) is indicated on the x-axis. Red indicates a single peak (product), green
indicates two peaks and blue indicates no peak for each well.

A similar process was followed for L. gasseri, L. jensenii and L. iners. The first optimization

plate for L. gasseri, L. jensenii and L. iners was run using the final reagent concentration and
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volumes as those in the seventh plate of L. crispatus V1.7 as the lactobacilli species have very
similar optimal JPCR conditions. Optimization for the other lactobacilli species required far less

trouble-shooting. (See appendix C, gPCR Optimization).

3.3.3 Gardnerella vaginalis

In order for the qPCR conditions of G. vaginalis to be optimized, six different trial plates were
run to get the best error and efficiency values. The first trial plate for G. vaginalis (V1.1) was run
using the same reagent and DNA volumes and concentrations as used in the L. crispatus final
trial plate (V1.7) with the following qPCR conditions; 95C for 15 min for the initial
denaturation of the DNA followed by 50 cycles if 95 C for 45 s, 55C for 45 s, and 65 C for 45 s
(Figure 3.3.3.1 A, Figure 3.3.3.2 A). The first six serial dilutions of the positive control amplified
well, however the lower dilutions did not reach the same amplification and the replicates did not
at consistent cycles. The second trial plate (V1.2) was run with a final extension temperature of
72C for 45 s in order to try improve primer specificity (Figure 3.3.3.1 B, Figure 3.3.3.2 B) with
little improvement and high levels of primer dimerization, while the third trial plate (V1.3) was
run using the same conditions as the previous trial plate (V1.2), but for 40 cycles in an attempt to
accurately amplify the lower dilutions of the positive control DNA (Figure 3.3.3.1 C, Figure
3.3.3.2 C). Since tis did not seem sufficient, the fourth trial plate (V1.4) was run using the same
conditions for 60 cycles (Figure 3.3.3.1 D, Figure 3.3.3.2 D). The increase in cycle number did
not amplify the low dilutions of the positive control DNA to the same degree as the higher
dilutions with an increase in primer dimers and thus the fifth trial plate (V1.5) was run using the
same conditions as used in the first trial plate (V1.1), with a change in cycle conditions. The
following qPCR conditions were followed, 95C for 15 min for the initial denaturation of the
DNA followed by 50 cycles if 95°C for 30 s, 60 C for 1 min, and 72C for 45 s (Figure 3.3.3.1 E,
Figure 3.3.3.2 E). This change improved the height of the amplification curves for the lower
dilutions, but not the accuracy of replicate starting cycle number. The sixth trial plate (V1.6)
served as a repeat for the fifth trial plate (V1.5) to confirm the error and efficiency values (Figure
3.3.3.1 F, Figure 3.3.3.2 F). The error and efficiency values were the most consistent and as close

to the ideal conditions as possible with a decent standard curve.
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brown indicate positive amplification in the unknown sample and the positive control standards
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temperature (C) is indicated on the x-axis. Red indicates a single peak (product), green indicates
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3.3.4 Prevotella bivia

A total of thirteen trial plates were necessary to optimize the cycle conditions for P. bivia. The
first trial plate for P. bivia (V1.1) was consistent with the other five bacterium in that it was run
using the same reagent volumes and concentrations as the final trial plate for L. crispatus (V1.7)
with the adjusted qPCR cycles conditions of 95°C for 15 min as the initial denaturation of the
DNA followed by 35 cycles of 95T for 20 s, 60C for 2 min and 74 °C for 5 min using the first
set of primers F 5 GAACGATTTAGAGATAATGAGGTCC 3 and R ¥
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CCCCAGTCCGAACTGAGAAT 3’ (Figure 3.3.4.1 A, 3.3.4.2 A). The second trial plate (V1.2)
was run using the different conditions of 95 C for 15 min as the initial denaturation of the DNA
followed by 50 cycles of 95C for 5 s, 60 C for 20 s and 72C for 20 s in order to try improve the
standard curve values (Figure 3.3.4.1 B, 3.3.4.2 B). This resulted in a lower error but unreliable
efficiency as well as insufficient amplification of the positive control DNA. Since the
improvement was minimal, the third trial plate (V1.3) was run the same as the second except the
denaturation step was changed to 15 s, and we wused a new set of primers
(F5’GAACGATTTAGAGATAATGAGGTCC3’ and R5’CCCCAGTCCGAACTGAGAATS3’)
to try improve amplification accuracy and a single melt curve product (Figure 3.3.4.1 C, 3.3.4.2
C). The same reagent volumes and concentrations were used in the fourth trial plate (V1.4) with
“ew qPCR cycle colditiols; 95°C for 5 mil] followed by 40 cycles of 95C for 30 s, 42 °C for 30
s and 72°C for 30 s (Figure 3.3.4.1 D, 3.3.4.2 D). These conditions produced a high error reading
and did not amplify the positive control DNA with a late starting cycle number. The fifth trial
plate (V1.5) used the same conditions as V1.4 with were re-diluted positive controls from 10°
copies/uL to 10° copies/uL to try improve the standard curve values and improve the starting
cycle number (Figure 3.3.41 E, 3.3.4.2 E). A set of cycle conditions was used for the sixth trial
plate (V1.6) where the initial denaturation was 95 C for 5 min, followed by 50 cycles of 95 C for
30 s, 60C for 30 s and 72C for 30 s (Figure 3.3.4.1 F, 3.3.4.2 F). Although the efficiency and
error readings were good the positive control DNA was not amplifying concurrently below 10’

copies/uL and had a high start cycle.

The seventh trial plate for P. bivia (V1.7) was run using the same conditions as V1.6; except for
a change in the annealing temperature to 50C to try amplify the standard control DNA more
consistently (Figure 3.3.4.1 G, 3.3.4.2 G). This shifted the standard curve readings and produced
come primer dimers and separate peaks. The eight trial plate (V1.8) was a repeat of V1.7 with re-
serially diluted standard controls from 10° copies/uL down to 10° copies/uL to try amplify the
DNA at a lower Cp value than 25 cycles (Figure 3.3.4.1 H, 3.3.4.2 H). This positive control DNA
did amplify more successfully, however the error reading showed a big increase. In the ninth trial
plate (V1.9) the same qPCR conditions were followed as mentioned in V1.8, except the
annealing temperature was 48 C and the cycle number was changed to 60 (Figure 3.3.4.1 1,
3.3.4.2 I). The replicates of the positive control DNA serial dilutions did not amplify

concurrently and the melt curve illustrated more than a single peak with primer dimers present.
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The tenth trial plate (V1.10) was a repeat of V1.9 with the alteration of the annealing temperature
to 46 C (Figure 3.3.4.1 J, 3.3.4.2 J) which resulted in a slight improvement in replicate accuracy
but not in the primer dimers and separate peaks within the melt curve. The eleventh trial plate
(V1.11) is a further repeat of V19 with newly designed primers F 5’
TGGGGATAAAGTGGGGAACG 3’ and R 5 ACAACACGCTTACCAA 3’ (Figure 3.3.4.1 K,
3.3.4.2 K). This lead to the positive control DNA serial dilutions amplifying closer to each other
and the production of two distinct peaks in the melt curve. For the twelfth trial plate (V1.12)
same qPCR conditions as V1.9 were used, with the change of the annealing temperature to 48 C,
and two sets of serially diluted standard DNA were run. P. bivia was re-cultured, DNA extracted
and serially diluted as well as the standards from 10° copies/uL were diluted down to 10° copies/
uL (Figure 3.3.4.1 L, 3.3.4.2 L), resulting in acceptable error and efficiency values and a single
main melt curve peak with a lower abundance peak slightly shift. The thirteenth trial plate
(V1.13) was a repeat of V1.12 with the serially diluted standard DNA run from 10° copies/uL to
10° copies/ puL (Figure 3.3.4.1 M, 3.3.4.2 M). This final plate had sufficient error and efficiency

readings with neat positive control replicates.
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Figure 3.3.4.1:

M - Plate V1.13
Error: 0.0608
Efficiency: 1.993

Roche LightCycler® 480 absolute quantitative derivative max amplification

curve for each of the thirteen P. bivia optimization plates (V1.1-V1.13). The fluorescence (465-
510 nm) is indicated on the y-axis and the number of cycles is indicated on the x-axis. Red and

brown indicate positive amplification in the unknown sample and the positive control standards
respectively, and green indicates negative amplification in the wells.
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Figure 3.3.4.2: Roche LightCycler® 480 melt curve for each of the thirteen P. bivia optimization
plates (V1.1-V1.13). The —d/dT fluorescence (465-510 nm) is indicated on the y-axis and the
temperature (C) is indicated on the x-axis. Red indicates a single peak (product), green indicates
two peaks and blue indicates no peak for each well.
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It should be noted that there were major limitations with the accurate amplification of P. bivia
DNA due to the qPCR conditions coupled with inaccurate primers. The results were included in
this thesis, however, they cannot be relied upon and further work and experiments will need to be

run and optimized in future.

3.4 Real-Time PCR (qPCR) Protocol

Prior to PCR the laminar flow hood and pipettes were exposed to UV light to crosslink any
contaminant DNA, and the master mix was kept away from any light and DNA. The qPCR
master mix was prepared on ice in a 2 mL reaction tube by pipetting 10 pl of the LightCycler®
480 SYBR Green I Master Mix into each well of the LightCycler® 480 Multiwell Plate, along
with the relative amounts of PCR-grade water, forward primer and reverse primer (Table 3.4.1).

Reactions were mixed by aspiration.
Refer to Tables 3.1.3, 3.4.1 and 3.4.2 for qPCR conditions and primer sequences.

A 1 1n 10 serial dilution of the gDNA isolated from each of the positive control reference ATCC
strains was prepared, ranging from 1x10° copies/uL to 1x10° copies/uL. A volume of 9 pl
nuclease free water for the negative control, 3 uL gDNA template standard for the positive
control was added to the appropriate wells. The participant sample DNA was diluted to 0.5
ng/uL with TE Buffer, unless the DNA concentration was lower than 1 ng/uL, in which case
samples were used as is. Once the master mix, positive standard control and sample DNA, and
PCR-grade water had been added to the white multiwell plate, it was sealed with LightCycler®
480 Multiwell Sealing Foil. All non-template controls, positive controls and samples were run in
triplicate. The Multiwell Plate was placed in the centrifuge and centrifuged at 2500 x g for 2

minutes.

After the Multiwell Plate has been spun down, the qPCR cycle is run using the Roche
LightCycler® 480 based on the final conditions seen in Table 3.4.2, after optimization had been

completed.
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Table 3.4.1: qPCR mixture components.

Component Final Concentration 1 reaction (pl)
Nuclease Free Water - 6

2X Master Mix 1x 10

10 uM Forward Primer 0.25 uM 0.5

10 uM Reverse Primer 0.25 uM 0.5

Template DNA 0.075 ng/uLL 3

Total - 20

Table 3.4.2: gPCR Cycle Conditions after optimization.

Step Cycles Temperature (C) Time (sec)
Pre-incubation 1 95 S min
Denaturation

L. crispatus 45 95 15

L. gasseri 40 95 15

L. jensenni 40 95 15

L. iners 40 95 15

G. vaginalis 50 95 30

P. bivia 60 95 30
Primer Annealing

L. crispatus 60 20

L. gasseri 57 60

L. jensenni 60 55

L. iners 60 55

G. vaginalis 60 60

P. bivia 48 30
Extension

L. crispatus 72 10

L. gasseri 65 60

A. O. Breetzke
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L. jensenni 72 60

L. iners 65 60

G. vaginalis 72 45

P. bivia 72 30
Acquire data 80 1
Melting Curve Analysis

Denaturation 1 95 5
Re-Annealing 65 1 min
Melting 97 0.11 °C/second
Cooling 1 40 30 sec
3.5 Analysis

Triplicate values of the quantified unknown bacterial quantities (copies/uL) from the Roche

LightCycler® 480 output were averaged to get a single value. Vaginal DNA samples that had

one or two negative amplification readings in a triplicate, had primer dimers or showed separate

peaks on the melt curve analysis (indicating more than a single product), were re-run in a qgPCR

through the Roche LightCycler II 480 ® to confirm the results (Table 3.5.1 and Table 3.5.2). All

of the triplicate samples that were re-run were averaged again and incorporated into the results as

replacement values. After the second set of qPCR, there were no further ambiguous results.

The below figure (Figure 3.5.1) illustrates an example of how the Non-Template Control,

Positive reference dilutions and WISH vaginal DNA samples were set up on a 96 Multiwell

plate.
1 2 3 4 5 6 7 8 9 10 11 12
A [ NTC |NTC |NTC | 1076 |1076 | 1076 | 10”5 | 10~5 | 10”5 | 1074 | 1074 | 1074
B |10~3 | 103 | 1073 | 1072 | 1072 |107*2 | 10”1 | 1071 | 1071 | 1070 | 1070 | 1070
C | W002 | W002 | WO002 | W004 | W004 | W004 | W006 | W006 | W006 | W007 | W007 | W0O07
V1 V1 Vi1 V1 V1 Vi1 Vi1 V1 A\l Vi1 V1 V1
D | W008 | W008 | W008 | W009 | W009 | W009 | WO010 | WO10 | WO10 | WO11 | WO11 | WOI11
Vi Vi Vi Vi Vi V1 V1 Vi V1 Vi Vi Vi
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E [ W012 | WO12 | WO12 | WO13 | WO13 | WO13 | WO15 | WO15 | WO15 | WO16 | WO16 | WO16
V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1

F | W017 | WO17 | WO17 | WO021 | W021 | W021 | W022 | W022 | W022 | W023 | W023 | W023
V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1

G | W024 | W024 | W024 | W025 | W025 | W025 | W026 | W026 | W026 | W027 | WO027 | W027
A\l V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1

H | W028 | W028 | W028 | W030 | WO030 | W030 | WO031 | W031 | WO031 | W032 | W032 | W032
V1 V1 Vi V1 V1 Vi Vi V1 Vi Vi V1 V1

Figure 3.5.1: Example of a multi-well qPCR plate set out. Each non-template control (NTC),
Standards diluted from 10° copies/uL down to 10° copies/uL and the WISH participant vaginal
DNA are run in triplicate and the resulting value is the mean value of the three replicates.

The Roche LightCycler® quantified readings per bacteria were measured in copies/uL. The
average for each triplicate was calculated, followed by the conversion to copies/ng. The WISH
samples of a concentration higher than 0.5 ng/uL. were standardized and diluted to 0.5 ng/uL,

while any samples of a lower concentration than 1 ng/uLL were used as is.

Copies/ng = copies/uL (Roche LightCycler reading) + ng/uL. (WISH participant reading)
= copies/uL x uL/ng

= copies/ng

For all statistical analyses, the raw values were used. For the bacterium that had zero quantified
values, half the lowest value was taken for each to replace the zero values for figure
representation (Table 3.4.1), after which the data was logjo transformed for analysis for
comparison between bacterial species with contrasting median values (copies/ng). The lowest
values for L. iners (copies/ng), G. vaginalis (copies/ng), and P. bivia (copies/ng) were above

zero and thus were not altered.

Table 3.5.1 Illustration of the replacement of the zero values with the replacement of half the

lowest positive quantified value (copies/ng) for each bacterium.

Quantified values (copies/ng) L. gasseri L. jensenii L. crispatus

Positive lowest value 0.052 0.00116 0.000297334
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Half positive lowest value 0.026 0.00058 0.000148667

“See table 3.6.2 for data transformation software.

The following comparisons were made in terms of the bacterial quantities (copies/ng) measured
in each WISH participant sample and the following cohort characteristics: BV (positive,
intermediate, negative); Inflammation (high, low); Age (16-18 years old, 19-22 years old);
Hormonal contraceptive (DMPA, Implanon, Nur Isterate), and STI (none, any one), Bacterial
(none, one two or more), Viral STI (none, one, two), HPV (none, low risk, high risk) (Table

3.6.2).

3.6 Statistical considerations

Three different statistical software programs were used to perform the data the data analyses as

mentioned above in 3.5 Analysis.

3.6.1 Statistical software used for data analysis

Table 3.6.1: Statistical software used in this study.

Software Objective

Roche LightCycler 11 480 ® Data acquisition

Microsoft Excel 2010 Data cleaning

STATA® Version 12 (for Windows StataCorp Inferential statistical analyses between the

LP, College Station, TX77845, USA) bacteria quantities, cytokines and level of
inflammation

GraphPad Prism V5 (for Windows, GraphPad Comparison of bacterial quantities between BV
Software, San Diego California USA) groups, age groups and  hormonal

contraceptives

3.6.2 Statistical tests used for data analysis in this study

The software Microsoft Excel was used to calculate the triplicate average of the raw quantified

data readings (copies/ng ) for all participant samples as measured for each of the bacterium.
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These average values were then used in all downstream analyses and the log-transformed data

used to form figures.

The software STATA® V12 was used to perform a Shapiro-Wilk test to test if averaged
triplicate data was normally distributed or not. The data was log transformed when not normally
distributed (this was done to all the data as none of the data sets were normally distributed).
STATA® V12 was used to perform Two-sample Wilcoxon rank-sum (Mann-Whitney) tests in
order to compare the difference in bacterial quantities between the two group readings for each
inflammation (low and high), and age (16-18 and 19-22 years). STATA® V12 was used to
calculate the Spearman Rank correlation coefficient (rho) to determine if there was a correlation
between bacterial quantities and the 47 immunological factors, as well as to calculate the Beta-
coefficient Regression in order to determine if there was regression between bacterial quantity

and cytokines.

The software GraphPad Prism V5 was used to calculate the paired, non-parametric Friedman’s
ANOVA statistical test to compare the distribution of bacterial quantities across each category
group measured for the BV, hormonal contraceptive, bacterial and viral STI categories.
GraphPad Prism V5 was used to calculate the unpaired, non-parametric Kruskal-Wallis ANOVA
statistical test to compare the distribution of each bacterium across the three groups in the BV
(positive, intermediate, negative), hormonal contraceptive (Implanon, DMPA, Nur Isterate),
HPV (negative, low risk, high risk), bacterial (none, one, two or more) and viral STI (none, one,

two) categories.
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3.6.3 Conceptual Framework:

Group Category Group

16-18 <—— Age ———=> 19-22
/ Low «—— Inflammation ——=  High \
?Nﬂgaﬁve BV Positive §
-

Intermediate .
ST

]mplanon]— HC ——> DMPA —\)

&————— Nur Isterate

¢« —  ——— Absent « STI — =~ Present ———————>

Normal/Healthy

—__ == - - . 5
None < HPV — = Highrisk ——

Low risk <« /
. Crispatus <—— Bacteria G. Vaginalis A

L. Gasseri «—| P, Bivia

Apresyun/sisorqsAc

/

Vil

L. jensenii <— L. iners -~

This framework has been established as a visual representation of the hypothesis studied in this
thesis. As part of the first hypothesis, the green category groups on the left have been associated
with a healthy/normal FGT microbiome, while the red/orange category groups have been
associated with dysbiosis and an unhealthy FGT microbiome in the second hypothesis. The
orange intermediate and L. iners groups have been associated with dysbiosis and an unhealthy
FGT microbiome to a lesser degree than the other groups. These associations have been

hypothesize through the knowledge provided by published literature articles.

3.7 Sequencing and Analysis

Full Service sequencing was performed by Ingaba Biotechnical Industries (Pty) Ltd. PO Box
14356, Hatfield 0028, Pretoria, South Africa (http://www.ingababiotec.co.za/).

The sequences were visualized and the reverse compliment sequences formed using SnapGene

V3.2, GSL Biotech LLC (http://www.snapgene.com/).
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The National Centre for Biotechnology Information (NCBI), U.S. National Library of Medicine,
8600 Rockville Pike, Bethesda MD, 20894 USA was used for two functions:

1. To Nucleotide BLAST (BLASTN) the sequences samples to determine what species
they are most related to (percentage identity)

(http://blast.ncbi.nlm.nih.gov/Blast.cei?PAGE _TYPE=BlastSearch&BLAST SPEC=

MicrobialGenomes).

2. To retrieve the reference strains used for alignment using the Nucleotide search

function through ( http://www.ncbi.nlm.nih.gov/nucleotide).

The samples sequenced were aligned using the EMBOSS Needle Nucleotide program and the
Primer BLAST program, run through European Molecular Biology Laboratory Bioinformatics
Institute (EMBL-EBI), Wellcome Genome Campus, Hinxton, Cambridgeshire, CB10 1SD, UK
(http://www.ebi.ac.uk/Tools/psa/emboss_needle/nucleotide.html).
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Chapter 4: Results

This chapter serves as a summary of the optimization of the qPCR absolute quantification of the
key species of interest namely; L. crispatus, L. gasseri, L. jensenii, L. iners, G. vaginalis and P.
bivia and the subsequent results in relation to the BV status, inflammation levels, age, hormonal
contraceptive and STI status, bacterial versus viral STIs and HPV. Due to the fact that not all
samples had complete data, these results are based on varying samples sizes: n= 90 participants
for HPV, n=140 participants for inflammation levels and STI status, n=136 participants for
hormonal contraceptive, n=143 participants for BV, age, bacterial vs viral STIs and HPV
adolescent female participants from the Masiphumelele Desmond Tutu Youth Centre,

Masiphumelele.

The bacterium P. bivia could not accurately be identified at species level in this study. As such,
the following section indicates the steps taken in order to analyze the results. The log
transformed copies/ng readings for P. bivia have been included as a possible reference to the

other bacterium; however, they should not be relied upon.

4.1 P. bivia Sequencing

The qPCR products that were formed run across the five qPCR multiwall plates using the final
pair of P. bivia optimized primers showed increased levels of primer dimers and different
products present within the melt curves. As such, a set of 7 samples in total were sent for
sequencing with Inqaba Biotech in order to determine the cause of such high levels of variability.
Three NTC controls, a standard positive control sample and three random samples were taken in
a random selection of plates, rows, and replicate wells indicated by the number and letter

combination, and version (V2.) in the sample names, respectively.
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4.1.1 NCBI Blast Analysis

The first step was to perform a nucleotide NCBI BLASTN 2.5.0 using a representative genome
reference sequence database for the forward and reverse compliment sequence for each sample

to identify what species the primer products are most closely related to (Table 4.1.1).

Table 4.1.1: NCBI BLASTN results for the seven samples sequenced.

Sample Sequence Base Number of  Top two BLASTN hits Percentage = Accession
Pairs BLASTN hits Identity Number
(%) (NZ)
NTC Al Forward 499 NSSF - - -
V2.0
Reverse 496 NSSF - - -
Compliment
NTC A3 Forward 54 NSSF - - -
V2.2
Reverse 36 NSSF - - -
Compliment
NTC A2 Forward 156 NSSF - - -
V24
Reverse 130 NSSF - - -
Compliment
1075 AS Forward 147 188 P. bivia DSM 20514 99 JH660658.1
V2.1 Scfld 1
P. bivia DSM 20514 99 JH660660.1
Scfld 3
Reverse 116 178 P. bivia DSM 20514 100 JH660658.1
Compliment Scfld 1
P. bivia DSM 20514 100 JH660660.1
Scfld 3
WO012 C8 Forward 114 5 P. bivia DSM 20514 100 JH660660.1
V2.0 Scfld 3
P. bivia DSM 20514 100 JH660658.1
Scfld 1
Reverse 427 4 P. bivia DSM 20514 92 JH660658.1
Compliment Scfld 1
P. bivia DSM 20514 92 JH660660.1
Scfld 3
WI125 E4 Forward 428 12 P. stercorea 100 Jh379355.1
V2.3 DSM18206 Scfld41
P. bivia DSM 20514
Scfld 1 100 JH660658.1
Reverse 426 NSSF - - -
Compliment
56

A. O. Breetzke



W174 F11 Forward 116 5 P. bivia DSM 20514 94 JH660660.1

V2.4 Scfld 3

P. bivia DSM 20514 94 JH660658.1

Scfld 1

Reverse 412 4 P. bivia DSM 20514 90 JH660658.1

Compliment Scfld 1

P. bivia DSM 20514 90 JH660660.1

Scfld 3

*Scfld — Scaffold, NSSF — No significant similarities found.

The presence of amplification peaks within the NTC of the qPCR multiwall plates indicated
contamination. The contamination peaks amplified later between 40-50 cycles whereas the
sample DNA amplified between 10-35 cycles on average. It can be tentatively said that there was
no specific contaminating bacterial DNA amplifying within the NTC wells due to the peaks
having no identity with any bacterial species with the NCBI BLASTN. Further, there are large
differences in size (base pairs) between the three sets of forward and reverse compliment
sequences amplified by the primers, illustrating a strong lack of specificity. This could indicate

that the primer set designed was not accurate enough with non-specific products.

There was a common top hit of P. bivia strain DSM 20514 Scaffolds 1 and 3 as seen with the
forward and reverse compliment sequence of the standard control sample 10"5 AS V2.1 with
99% and 100% percent respectively. However, only three of the hits for the forward sequence
had an alignment score above 200 with + 120 base pairs (bp) while the rest of the hits were a
combination of + 100 bp and + 120 bp with alignment scores between 80-200. The reverse
compliment sequence differed in that the top two hits had a + 120 bp alignment with a score
above 200 while the rest were a combination of + 120 and + 90 bp with scores between 80 and
200. These alignments are unlikely since both the forward and reverse sequences are smaller

than the primer product of 156 bp.

The forward sequence for ample W125 E4 V2.3 had 100% identity with two different Prevotella
species, P. stercorea commonly associated with the human fecal microbiome (Hayashi et al.
2007), and P. bivia DSM 20514 Scaffold 1, similar to the standard control sample. However,
only one alignment had a score above 200 with an alignment of + 410 bp, far above the primer
product size, with the rest of the alignments ranging from + 40 bp to + 230 bp with scores
between 50-80 and 80-200. The forward and reverse compliment sequences were far larger than
the expected primer product size. Both samples W012 C8 V2.0 and W174 F11 V2.4 had the
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same top two hits of P. bivia DSM 20514 Scaffold 3 with a higher percentage identity for the
forward sequences, 100% and 94% respectively, and P. bivia DSM 20514 Scaffold 1 for the

reverse compliment sequences with 92% and 90% respectively. The two samples had smaller

forward sequences with much larger reverse compliment sequences, with alignments between +

40-55 bp long and scores of 50-80 and a single 80-200. The high percentage identity could be

due to the small-aligned sequences.

These percentage identity differences between the different samples and the forward and reverse

compliment sequences, as well the diverse set of alignment scores and sequence sizes (bp)

further indicates the non-specificity of the P. bivia primers that were designed and further

research should be done into more accurate and reliable species specific primers.

Description sh:l:z:e sT:::Ie S;fg vaT:ue Ident Accession
Prevotella bivia DSM 20514 genomic scaffiold Prebiscaffold 1. whole genome shotgun sequence 209 209 78% 2e-51 99% NZ JHEE0658.1
Prevotella bivia DSM 20514 genomic scaffiold Prebiscafiold 3. whole genome shotgun sequence 209 B23 78% 2e-51 99% NZ JHEE0B60.1
Prevotella stercorea DSM 18206 genomic scafiold Scld41. whole genome sholgun seguence 200 200 77% 1e-48 98% NZ JH3T79355.1
Prevotella oulorum FO390 genomic scaffiold supercont1.2. whole genome sholgun sequence 183 183 V7% 1e-43 96% NZ JH114216.1
Prevotella buccalis ATCC 35310 contig00150. whole genome shofgun sequence 182 182 76% 4e-d43 96% NZ ADEG01000074.1
Prevotella saccharolytica JCM 17484 DNA, contig: JCM17484.contig00060. whole genome shotgun sequence 182 182 76% 4e-d43 96% NZ BAKNO1000060.1
Prevotella marshii DSM 18973 genomic scaffold SCAFFOLD2, whole genome shotgun seguence 182 182 76% 4e-d43 9B% NZ 5GL397215.1
Prevotella pallens ATCC 700821 genomic scaffold SCAFFOLDS, whole genome shotgun seguence 178 178 77% 5e42 95% NZ 5L982518.1
Prevotella dentalis DSM 3688 chromosome 2. complete sequence 178 178  77% 5e42 95% NC 019968.1
Prevotella dentalis DSM 3688 chromosome 1. complete sequence 178 713 77% 5e42 95% NC 019960.1
Prevotella copri DSM 18205 genomic scaffold Scld4, whole genome shotgun sequence 178 496 77% 5ed42 95% NZ GGT03856.1
Prevotella sp. S7-1-8 contig117. whole genome shotgun sequence 176 176 76% 2e-41 95% NZ JRNCO1000117.1
Prevotella aurantiaca JCM 15754 DNA, config: JCM15754 contig00105, whole genome shotgun sequence 176 176  74% 2e-41 95% NZ BAKF01000105.1
Prevotella micans FO438 genomic scaffold superconti.d. whole genome shotqun sequence 176 176 76% 2e-41 95% NZ JH594524.1
Prevotella oralis ATCC 33269 genomic scaffold SCAFFOLD2, whole genome shotqun sequence 176 176 76% 2e-41 95% NZ GL833117.1
Prevotella oralis ATCC 33269 genomic scaffold SCAFFOLD1. whole genome shotqun sequence 176 176 76% 2e-41 95% NZ GL833116.1
Prevotella nigrescens ATCC 33563 genomic scaffold SCAFFOLDY. whole genome shotqun sequence 176 176 76% 2e-41 95% NZ GL982470.1
Prevotella bergensis DSK 17361 aenomic scafold SCAFFOLDE, whole genome shotqun sequence 176 176 76% 2e-41 95% NZ GG704785.1
Prevotella oris F0302 genomic scafold ScAd3. whole genome shotgun seguence 176 176 76% 2e-41 95% NZ GG703886.1
Description ::z:e :2:)1 S:fg vallzue Ident Accession
Prevotella bivia DSM 20514 genomic scaffold Prebiscaffold 1, whole genome shotgun sequence 207 207 96% 5e51 100% NZ JHB60658.1
Prevotella bivia DSM 20514 genomic scaffold Prebiscaffold 3. whaole genome shotgun sequence 207 618 96% 5e-51 100% NZ JHE606601
Prevotella saccharolytica JCM 17484 DMA, contia: JCM17484 contig00060. whole genome shotqun sequence 172 172 95% 2e-40 95% NZ BAKMO1000060.1
Prevotella sp. S7 MS 2 contig097. whole genome shotgun sequence 167 167 95% B8e-39 94% NZ JRPT01000097.1
Prevotella oralis ATCC 33269 genomic scaffold SCAFFOLD2. whole genome shotgun sequence 167 167 95% 8e-39 94% NZ GL833117.1
Prevotella oralis ATCC 33269 genomic scaffold SCAFFOLD1. whole genome shotqun sequence 167 167 95% 8e-39 94% NZ GL833116.1
Prevotella scopos JCM 17725 DNA, contiq: JCM17725 contiq00095, whole genome shotqun sequence 163 163 96% 1e-37 93% NZ BAKP010000951
Prevotella lica ATCC 25845 chromosome |l complete seguence 163 163 96% 1e-37 93% NC 0143711
Prevotella lica ATCC 25845 chromosome | complete sequence 163 490 96% 1e-37 93% NC 0143701
Prevotella multiformis DSM 16608 genomic scafold SCAFFOLDS. whole genome shotqun sequence 161 161  95% 4e-37 93% NZ GLE722831
Prevotella sp. 109 contigD007 1. whole genome shotqun sequence 161 161  95% de-37 93% NZ LFQUO1000071.1
Prevotella denticola F0289. complete genome 161 647 95% 4e-37 93% NC 0153111
Prevotella ruminicola 23, complete genome 159 639 94% 1e-36 93% NC 0140331
Prevotella stercorea DSM 18206 genomic scaffold Scld41. whole genome shotqun sequence 166 166 95% 2e-356 92% NZ JH3793551
Prevotella dentalis DSM 3688 chromosome 2, complete sequence 186 156 95% 2e-35 92% NC 019988.1
Prevotella dentalis DSM 3688 chromosome 1. complete sequence 156 624 95% 2e-35 92% NC 019980.1
Prevotella oris F0302 genomic scaffold Scfid3. whole genome shotqun sequence 156 156 95% 2e-35 92% NZ GGT03886.1
Prevotella sp. P4-76 contigd2, whole genome shotqun sequence 1564 1564 97% 6e-35 91% NZ JXQI01000042.1
Prevotella sp. HUN102 P150DRAFT scf7 180000000013 guiver.3 C.whole genome shotgun sequence 150 150 95% 8e-34 91% NZ JIAF01000003.1

A. O. Breetzke

58



Figure 4.1.1.1: NCBI BLASTN hit results for the 147 bp forward (top) and 116 bp reverse
compliment (bottom) sequences of the positive control sample 105 AS V2.1

Description 5’\:2:’9 JSLTIE S:veg val\—:ue Ident Accession
Prevotella bivia DSM 20514 genomic scaffold Prebiscaffold 3. whole genome shotqun sequence 58.4 175 27% 5e-06 100% NZ JHEG60660.1
Prevotella bivia DSM 20514 genomic scaffold Prebiscaffold 1. whole genome shotqun sequence 584 584 27% b5e06 100% MNZ JHEG0658 1
Prevotella stercorea DSM 18206 genomic scaffold Scfld41, whole genome shotgun sequence 584 584 27% 5e06 100% NZ JH3793551

Description 5“:2:‘9 J:jle S;'fg val—\:ue Ident| Accession
Prevotella bivia DSM 20514 genomic scaffold Prebiscaffold 1. whole genome shotgun sequence 731 731 1% 8e-10 92% NZ JHE60658.1
Prevotella bivia DSM 20514 genomic scaffold Prebiscaffold 3. whole genome shotgun sequence 731 219 1% 8e-10 92% MNZ JHEBE0660.1

Figure 4.1.1.2: NCBI BLASTN hit results for the 114 bp forward (top) and 427 bp reverse
compliment (bottom) sequences for sample W012 C8 V2.0.

Description sl\ig;{e Jg;‘; Sé‘fg ve;:ue Ident Accession
Prevotella stercorea DSM 18206 genomic scaffold Scild4 1. whole genome shotgun sequence 60.2 60.2 7% 6e06 100% MNZ JH379355.1
Prevotella bivia DSM 20514 genomic scaffold Prebiscaffold 1. whole genome shotqun sequence 602 602 7% 6e-06 100% NZ JHE60658.1
Prevotella bivia DSM 20514 genomic scaffold Prebiscaffold 3. whole genome shotgun sequence 60.2 180 7% 6e-06 100% NZ JHBE0EG0.1
Rhodopseudomonas sp. B29 DMA, contiq: IB029.C419, whole genome shotqun sequence 180 180 23% 5e-42 99% NZ BADD01000419.1
Alcanivorax hongdengensis A-11-3 contigd4. whole genome shotgun sequence 171 17 34% 3e-39 87% NZ AMRJ01000089.1
Stenotrophomonas panacihumi strain JCM 16536 contig 136, whole genome shotgun sequence 169 159 32% 6e-36 B7% NZ LLXU01000042.1
285 778 96% 1e-73 79% NZ AMRJ01000070.1
Nocardia brevicatena NBRC 12119 DNA, contig: NB2 con135. whole genome sholgun sequence 196 196 51% 5e-47 83% NZ BAFU01000135.1

Figure 4.1.1.3: NCBI BLASTN hit results for the 428 bp forward sequences for sample W125 E4
V2.3.

Description 5’\:2:; STS:L ?;Tg va?ue Ident Accession
Prevotella bivia DSM 20514 genomic scafiold Prebiscaffold 3. whole genome shotgun sequence 731 219 40% 2e-10 94% NZ JHGG60660.1
Prevotella bivia DSM 20514 genomic scaffold Prebiscafiold 1. whole genome shotqun seguence 731 731 40% 2e-10 94%
Prevotella stercorea DSW 18206 genomic scaffold Scfid41, whole genome shotgun sequence 73.1 731 40% 2e-10 94% NZ JH379355.1
Description S"“:z:; STSLE:IE Sﬂuve:: val\gue Ident Accession
Prevotella bivia DSM 20514 genomic scaffold Prebiscaffold 1. whole genome shotgun sequence 824 824 14% 1e-12 90% NZ JHG60658.1
Prevotella bivia DSM 20514 genomic scaffold Prebiscaffold 3. whole genome shotgun sequence 824 243 14% 1e-12 90% NZ JHEG0660.1

Figure 4.1.1.4: NCBI BLASTN hit results for the 116 bp forward (top) and 412 bp reverse
compliment (bottom) sequences for sample W174 F11 V2.4.

Since the NTC samples did not identify with any species, no figures have been illustrated for the
negative BLASTN hit results. The positive control sample 105 A5 V2.1 had the most diverse
set of results due to such a high number of BLASTN hits, with the forward and reverse
compliment sequences indicating identity with P. bivia as well as P. stercorea, P. oulorum, P.
buccalis, P. saccharolytica, P. marshi, P. pallens, P. dentalis, P. copro, P. oralis, P. scopos, P.
melaninogenica, P. multiformis, P. denticola, and P. ruminicola to name a few, with the majority
being associated with the oral, gut and faecal human microbiomes (Faust et al. 2012; Filippo et
al. 2010; Gupta et al. 2015; Hayashi et al. 2007; Kolenbrander et al. 2002; Scher et al. 2013; Wu
et al. 2011). A single BLASTN hit was associated with the vaginal microbiome; Prevotella sp.

S7 MS 2 contig097, since it has not been identified to species level no specificity is possible
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(Figure 4.1.1.1). Both the forward and reverse compliment sequences for sample W012 C9 V2.0
showed high percentage identification with P. bivia DSM 20514 Scaffold 3 and P. bivia DSM
20514 Scaffold 1, with the forward sequence showing 100% identification with P. stercorea
DSM 18206 Scaffold41(Figure 4.1.1.2) indicating possible higher levels of specificity for the
sequences with P. bivia. Sample W125 E4 V2.3 has an increased number of BLASTN hits for
the forward sequence versus the reverse compliment sequence, which had no significant
similarities with any species. The forward sequence showed 100% identity with P. stercorea
Scaffold41, P. bivia DSM 20514 Scaffold 1 and 3, as well as a combination of
Rhodospeudomonas sp. B29, Alcanivorax hongdengensis A-11-13 contigs 94 and 71,
Stenotrophomonas panacihumi, and Nocardia brevicatena identifying from 99% to 83% (Figure
4.1.1.3). The last sample that was sequenced showed similar results with similar percentage
identities for the forward and reverse compliment sequences with the forward sequence showing
94% identity with P. bivia DSM 20514 Scaffold 1 and 3 and P. stercorea Scaffold41, while the
reverse compliment sequence showed 90% for P. bivia DSM 20514 Scaffold 1 and 3 (Figure
4.1.1.4).

4.1.2 Sequence Alignment

The forward and reverse compliment sequences for each sample were then aligned to the ATCC
P. bivia reference strain DNFOO188 contigD05 sequence (NCBI NZ_JRNF01000005.1) (Table
4.1.2.1) and the NCBI Primer BLAST Hit P. bivia strain DSM 20514 genomic scaffold
Prebiscaffold_1, whole genome shotgun sequence (NCBI NZ_JH660658.1) (Table 4.1.2.2) for
comparison using the EMBOSS Needle nucleotide alignment search tool with a gap penalty of

10.0 and an extension penalty of 0.5.

Table 4.1.2.1: Emboss Needle nucleotide alignment results using the ATCC P. bivia reference
strain DNF00188 (138593 bp).

Identi o
Sample Sequence dentity Similarity Gaps (%) Score  Alignment (bp)
(%) (%)
138171
NTC Al Forward 336 (0.2) 348 (0.3) (99.7) 580 5301-6123

V2.0 «
Reverse 340 (0.2) 352(0.3) 138188 577.5 6401-7316

60
A. O. Breetzke



Compliment

NTC A3 Forward

V2.2 Reverse
Compliment

NTC A2 Forward

V2.4 Reverse
Compliment

L1075 A5 Forward

V2.1 Reverse
Compliment

Wol2 Forward

C8 V2.0 Reverse
Compliment

W125 Forward

E4 V2.3 Reverse
Compliment

W174 Forward

F11

V2.4 Reve.rse

Compliment

34 (0.0)
27" (0.0)
118 (0.1)
98 (0.1)
90 (0.1)
82 (0.1)
80 (0.1)
284 (0.2)
312 (0.2)
291 (0.2)
76 (0.1)

268 (0.2)

(99.7)
42 (0.0) 13(?‘(‘)2?

29" (0.0) 13(81‘(‘)3?

o 1386
101 (0.1) 1(392"‘91)6
97 (0.1) ! (392"‘92)1
pon
oon 382
0102 88
319 (0.2) ! (3921;‘)2
313 (0.2) 1?9891'6734
78 (0.1) 1? 98;1;0
sy B2

98.0
71.5
211.0"
191.5
165.5
171.5
171.5
466.5
514.0
450.5
185.5

471.5

68151-68298

32701-32797

126051-126345

73051-73335

34301-34574

77501-77738

112251-112484

54851-55547

135201-136023

75101-75958

72301-72475

114851-115436

" Values that are the concurrent as the alignment in Table 4.1.2.2.

Table 4.1.2.2: Emboss Needle nucleotide alignment results using the NCBI Primer BLAST Hit

P. bivia strain DSM 20514 (139516 bp).

Sample Sequence Idfor/l;)ity Sirr(li;rity Gaps (%)  Score  Alignment (bp)

Nrear  Fowad 34802 36603 DT S80S 119051-119940
" Cﬁgﬁim 340°(0.2)  353(03) 1(3999979)() 566.5  126651-127480

NTe Ay Fowad 37000 4700) 13190309)2 s 13301-13500
2 cﬁgﬁizm 27°(0.0)  29(0.0) 1(3190401)2 725 134301-134449
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139326 %

NTCar  Fowad 14O HTOD  of9T 22107 8570185982
Va4 cﬁgﬁim 1020.1)  1050.1) | (29;92)4 2025  44351-44646
(s a5 Forward 1240 1250.1) 1(3999? ;)1 5540  44351-44579
V21 Cﬁ;ﬁr;zm 114 (0.1) 114 (0.1) 1(3999% 93)0 552.0  44351-44500
worp  Forwad  81Q.)  85(0.1) 1(3999? 96)4 2230 44401-44534
8 V2.0 C(E;E:lzm 283(02)  300(02) (299%71)5 579.5  43851-44502
wips  Forward  30902)  314(02) 1(3999979)2 5235  72601-73363
B4 V2.3 Cﬁ;ﬁim 282 (0.2) 307 (0.2) 1(3999%72)8 483.0  43701-44496
Wi74  Forward  89(0.1) 95(0.1) | (2993;)0 3315 44401-44545
F11 '
V2.4 C(E;E:;m 299(02) 30602 (299%72)4 622.5  43751-44505

" Values that are the concurrent as the alignment in Table 4.1.2.1.

From the above tables 4.1.2.1 and 4.1.2.2 it can be seen that the two reference strains are similar
in size (bp) which correlates to the same identity, similarity and gap percentages for the forward
and reverse compliment sequences for the seven samples. This occurrence is mostly due to the
fact that the alignment sequences are far larger than the sample sequences and if a portion of the
alignment sequences could be use the percentages may identify some differences. Since the
sample sequences aligned to different portions of the alignment sequences, it was not possible to
focus on a specific section and whole sequences were used. The identity and similarity
percentages are so low due to such a large difference in size between the sequenced samples and
the reference strains. The reverse compliment sequences for the samples NTC Al V2.0 and NTC
A3 V2.2 have the same identity across the reference strains with the NTC A3 V2.2 showing the
same similarity as well. The forward sequence for sample NTC A2 V2.4 has the same score in
both sequence alignments. The position of the aligned sequences appears to be different for each
sample, as well as between the forward and reverse compliment sequences. Further discrepancies

include the different sizes of the overlapping sequences with none being the expected 256 bp.
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The alignment score for each sequence indicates the quality of the samples sequences against the

alignment strains, with a higher score indicating a stronger alignment. The forward and reverse

compliment sequences for samples NTC Al V2.0, NTC A3 V2.2 and NTC A2 V2.4 show

similar score results, which is to be expected as they do not correlate with any species

specifically. The largest difference can be seen with the positive control sample 1075 A5 V2.1

which has scores of 165.5 and 171.5 aligned with P. bivia reference strain NDF00O188 versus
554.0 and 552.0 with NCBI Primer Blast Hit P. bivia strain DSM 20514 for the forward and

reverse compliment sequences respectively (Figure 4.1.2.1). The scores for the sample sequences

could be skewed based on the distinct difference in size (bp) between the alignment strains and

the sample sequences.

EmBoss_so1 5301 ATTTTTGTTAGGT ssas EMBOSS_@@1 119951 TGGACCTAGGCTTATTATCTTTGTTTAT------TAGCGTGCTTTTTCCT 119994
- I:=
EMBOSS_oo1 1 e 16 EMBOSS_oel
EMBOSS_oo1 5346 ATCAAGH s3e3 EMBOSS_@el ST s
S0
EMBOSS_oo1 17 &TeTA- a3 EMBOSS_oe1 21 AcT-- (5 S TTECATTEM- - - - - -G ss
EMBOSS_oo1 5394 TCTTG-ACTC----CC A--An ATTAA A sazs EMBOSS @@l 119144 CGGAAATAATAACA-TECGTTTGC TT-TATT--CTATAAACG 119183
L 1 Il | - - -1 - HH\\II\I\I ||| -1l -1
EMBOSS_oo1 44 T-TTGCATTCMIGYCCAGAG ACA A o2 EMBOSS _eel 55 vCo CATTCCETTTGETAAGCGKGTTGTATKTGRTAT - - -GG 102
EMBOSS_oo1 5428 CGTGEG-ATGETTTTCTTTAACCAATTTAC sass EMBOSS el 115184 TTCT- - AGAAACTTEGTCOTAGAAAGAACAATATAGARAGAAT 119224
Sl LTELInnnd ||| |||||||||-|||
EMBOSS o1 93 TKTGKTATGGTTTTC---- 127 EMBOSS _eel -k - - AATATA-ARRARAT 139
EMBOSS o1 5478 ATATATTTAGCCTTAGCCCCCATCTTGCTTTTAAGAATGTTCTC -GATA ss1s EMBOSS @@l 115225 AAGTTGTAAGCECCTGCGCAATATGCSTEGECGTGECTTACCGATGCTAA 119274
1 .||-|H|||||H|\| 1h-1-11 i 1l
EMBOSS_oo1 128 ATA AAPARATGTTTT 1s1 EMBOSS_oe1 148 - -GTTTTCAG- - - ---- - —-ATATG A 154
EMBOSS_oo1 ss1s sses EMBOSS_@@1 119275 ACGTTATTTCTCTAAAAGTGGTTETGCTECAATGGEGTTGG - ~GAGATA 119321
- I r-0r-nnnt -t 1 1-1
EMBOSS o1 152 1ss EMBOSS_eel 155 --- TETCGAARA A= -~ - TTGECTAGAAATA 1ss
EMBOSS_oo1 ss89 ATG-C ATTTTTGGATAATACGATACTATGGETAGAA 5617 EMBOSS_oel CAAGAAATACTAGATTAGAA 119367
IIIHI\I - |||||||| 1l
EMBOSS_oo1 157 ATGTCE TEGCTAGAA 182 EMBOSS_oel - AAGTTATACTAGA- - - -AA 213
EMBOSS_oo1 s618 ATA CCAATTACCTTTAT-CT 5666 EMBOSS_oo1 G- T 1184185
11T — 0
EMBOSS ool 183 207 EMBOSS_oe1 214 An GG 234
EMBOSS_oo1 ses7 s71s [ — A 110266
EMBOSS_oo1 208 225 ErBoss ool e
EMBOSS_oo1 s717 s7es [ — 110518
EMBOSS o1 228 265 [E——— ssa
EMBOSS 22l 57E7 CTTTGT"’GGTC "THTTT’\?GIT-ITTHTTCTMGTTTTMCTT-ITMTCG: 581a EMBOSS_@81 119517 CATTATCGCGCTTTGTGTAG-CGTA----- GGTCGGTGAATACTTGTGCT 119568
- ||.|||\|\ 1-11 L
EMBOSS_9@1 296 EMBOSS_0o1 TGGAGA COGCTC - ~GAATA- - ===~ 278
EMBOSS_@01 sssa EMBOSS_@e1 119810
| I- | 111 |
EMBOSS_o@1 ATAGTTATGA- - —-——-C 321 EMBOSS 281 238
EMBOSS_@01 5861 GTT-----TCTTCCAT-CAATATTCC-GTAAGGTGCTTAGCGCATCTGGC 5903 EMBOSS_001 11ss60
11 =11 11 [§RaN Il- .
EMBOSS_2@1 322 GTTGKGGCACT- - -ATACAA GCECA- - -GGA 357 ErBass_es1 =18
EMBOSS_001 119699
EMBOSS_@01 5948 — M ST
EMBOSS_0o1 319 GACGTT--- - -GKGGCACTATA A AAGAAAG 351
EMBOSS_@01 s92
EMBOSS_0o1 115700 CGCATTGTGCAGGATCTTCETCTGEATAGCCAAGGGTAATGGTGGCARTA 119749
EMBOSE @81 5998 [y |1 e =21 11l
EMBOSS_601 352 --------GCAGGA GA- - -CCAAGG- --ATGGYTG--ATC 375
EMBOSS_@01 393 ----TTTA- - GAL - 209
EMBOSS_0o1 119750 GGGAATACAAGG- - - - - - - TGTGGAAGCTGAAGCGTATCAAT - AATAGAT 115791
EMBOSS_2@1 5998 TAAGTTGAGTAGA-TGGAATAAGCGTGATCAGATGATTTA- - - - TCGGC o4z 11111 11 VEL- 1 1Ll THE 11T
R 101 10 EMBOSS_0o1 376 GAGAAT----GGTTATGTTTGTTTAA-ATGAAG- - - - - AATGGATAGA- a13
EMBOSS_@01 410 a37
EMBOSS_eo1 115792 TGTGGTTGGTAAATAG-TAGTGCCAAGAAAGCAAGTACCTAGTCCTTCAG 119840
EMBOSS_@01 6043 TATGT 6073 Ay ey L il
— O T ” T 7 EMBOSS_0o1 414 —-mn-m CTGGARAAAAGTTA- - ===, a3s
EMBOSS_ @81 438 GGGCATTGTTGAARATGTTTCTAATG - - as3 Evposs o1 Lresoe
EMBOSS_@2e1 sa7a asatear 6123 J——— aes
EMEOSS @21 484 ---TGGT. 492 EMBOSS_@@1 119891 GCATTTAGGAAAGAC. AGTTGTCGTAACCAGGTGTAGCCTT. 119940
TIEL-1-01- Lt .
EMBOSS_@01 5173 EMBOSS_001 469 - -TTAGTACAGYC- - - ~CGTT-TGETAAGC - -GTGTKG- - - ass
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Figure 4.1.2.1: Comparison of the forward (top
__) sequence alignments for sample NTC A1l V2.0 against the ATCC P. bivia reference

and

EMBOSS_eo1 126651 ACCACAAACGATTTTATCAATTTCTATCAGACAATTGATGTTTTGATAGT 126708
EMBOSS_ee1 6481 CTATGTAGATGTTACCTTTGGAGGTGETGGACACAGTGGTGAAATATTGT 6450
[ VEI TR T T EMBOSS_881 1 T 1
EMBOSS_ee1 1o TTEG- - -~ - GGATAAAGTGEEGAA - - - - 19
EMBOSS_oo1 126701 AGATGATATCCAAGAGTGGATGACCGE - - - - AACGARGACACARGATACT 126746
EMBOSS_ee1 6451 CGCGTTTECCAGTTGEATGTCATCTTTATAGCTTTGATCAGGATTTAGAT 6500 Ty [YSITEAE
! -1 ! EMBOSS_601 2 TGGGGATA- - -AAGTGGEGEA- - ACGGCTAGAAATGAAAAAACAR - - - - = T a1
EMBOSS_ee1 20 CG----- L AAAT s
EMBOSS_ee1 126747 TGGGAAGCGTAT 126798
EMBOSS_ee1 6501 GCAGAACARAATCTAAACCACCTCACTGARAAAAAGTAAAGAGCTGAATGA 6550 e
TR 10 L ho A -
erBoss_eo1 IR Yy v LS S L ) e EMBOSS_601 a2 AAACAGEGGA- - CETTT 77
erBoss_eo1 1 TAMATTTACTTTTOTACGETCARAC - TTAmA J— EMBOSS_ee1 126792 TATETTAGEATECOATCRTECGECAS . - TTEATI TGS AACEARTEAACEA 126838
LIl [Ny A T AGan
ErBoss_oo1 o A A GEEACGTT T TAGAGCMCMCETCC o1 EMBOSS @81 78 TA---GAGCMCMCGTCC--CCSCTAGAATT - - TTTTGAA-GAALGCA- - 118
Eemeoss_se1 6582 —-moommmee TATTTAAAGAACTGGATGCGTTACTATGGAGTAGAGARAA 6621 EMBOSS_001 126835 TCOTCTTTTGACECE —TTTTGTCECAGEACTEATT —ACACAGCTTG A 126353
enBoss_ss1 22 coscracasTIIrEAAA . Ml Ml s emBoss_se1 [T AAGCEEATTTTCTGE - SGAATGCTTGGACEGA - - TGAA 151
EMBOSS_@o1 5622 TTGATGGSTTGCTGGCAGAT -CTTGGTGTAAGTAGTCATCACTTCGACA 6670 EMBOSS_0o1 126554 CAAGCCTARTATACASCTCTGTCTERATATTCTTCATACTAMEATTASSE 126933
[N 11 T111 [
EMBOSS_ee1l 126 CGGAT-- -TTTCTEGSGAATGCT TG~~~ —— - == ——— ===~ GACG- 145 EMBOSS_881 152 GA-------—-mm—oo oo GEAAA- - - - oo AAGAATATG- 167
EMBOSS_ee1 6671 TGARACTCGTGGTTTCTCTTTCCGTTTTGAAGAAGCTCCGCTAGATATGE 6720 EMBOSS_ee1 126934 GTGATGGCTTAATTATTCOAGARAATGTTATTCAGTTTATCGCTCAAACG 126983
(A Y
EMBOSS_601 186 ~ s ATGARG= ~= == ===~ ===~ 152 EMBOSS_001 168 AAAARAATGTT-TTCAGAT - - -~ = - === 184
EMBOSS_ee1 sv21 GTTTTT?TTTTTTTG(T(TT77???(66(TT(TTT{ATTCTTTACGATTT s7es eMBOSS_681 126984 GCTAATG- -GTAGTGTGCGCGATTTGCAAGGESTTATCAATTCTTTATTG 127031
LI - - (AN 11 Tl 1111111
EMBOSS_ee1 153 - - AGGAAARAGAAT - - - - ATGAAAR- - - - - - RATGTTTTCA- - ~GATA 18s EMBoSS_oo1 185 - - - -ATGACATA-TGT- - -¥GA- -~ _ AAACTTCATTE 210
EMBOSS_ee1 6770 COARGAAGACGACTTAGCCAACTTGTTTTATCTCTATOECGAATTAARAS 6519 crBoss_oo1 127632 GCCTATAG- - - - - - - TOTCGTTTATAATAGCTCTATTGATATGCETT 127071
Sy 1l Bigl-= 111 11 - 11l 1. VIETE Tao1-00-
EMBOSS_@e1 186 TGA--------------- CA----m--m-mm - TATGTYGAA--AA--- 2e1 EMBOSS_@e1l 211 AGAAATAAATTATGAC- - -TATAA-ARTTATACT - 243
EMBOSS_ee1 ss20 AnTCAAG»(G(MTCGTTTTTG(TT{TTT»MANGCTnGAN AAACCAAACG 6869 — 1a7erz ST TATCAAMAGAGCAGTGARGA - - - TAGATGATGAGCS 127117
: 1 1l Y
EMBOSS_ 281 282 —-ooomooooooo RETTC- - -ATTG----- 221 EMBOSS_@81 244 - - _AGAAAAA- - - - — . AABAGA - - - - - AAGAAGGTTAAAT - ATGAG- - 274
EMBOSS_001 6878 ATTAAGACTACAACAGACTTTCTARAGATCGTTGAACCGCTCTTTATACG 6919 EMBOSS_981 127118 TTTGACTA--TTGATGATATTTTGGACAAGGTTTGCAATCACTTTAATGT 127165
I ernn Ll it LTl Tl
EMBOSS_@81 222 ATTATGACTA------------ AAAR- - TTATA-- 281 EMBOSS_0B1 275 ccmem- TAAGTGGAT - ARACCTTEEAGA — - - o m mm = mm o mmm = 295
EMBOSS_001 6826 TGCCAG-------- AGAGAAGAAGG - - - - ATATGGCARRACTCTTTCAAG 6957
1. NI TILLr EMBOSS_081 127166 TACGCAGGCAGCTGTCAACTCTCGATCGCGTAARAARGATATTGTAATCG 127215
EMBOSS_201 232 --CTAGAA AGA - AAGARGGTTAAATATG- - == ===~~~ === ==~ 272 1t
EMBOSS_@e1 6958 CATTACGCATAGAAGTAAACCATGAAATGGAGGCT TTGAAA- 2 7000 EMEOSS_281 298 —omomomsoooooooooo oo COTAA------mmmm o 325
I A ARy PLENE- 1.1 11 I
EMBOSS_001 273 -AGTAAG- - TGGA- - TARACC- - - - - TTGGAGACGT - - AAACCCECTCGA s10 EMBOSS_BB1 127216 CTCGACAA--GTAGCTATGTATATGGCACAG- ARATAT. 127262
EMBOSS_ @81 7EBL A-ATECTAGCITCGRCARCAGAACT TTTATCTCETGRAGGRCATETATCG | 7040 £MBOSS_ 001 206 CTCGAATATGETGECT - TTTTTAT - - - - CAGAARAGAT, 243
EMBOSS_001 311 ATATGGTGGCTT------ === TTTTATC -~ = ~AG=— -~ - === - 331
EMBOSS_081 127263 GCAAGCCGAATAGGTA- -AACTCGTGGGTGGAAGAGATCATAGCACCGTT 127318
EMB0SSs 2ol 789 TEELEL T 1aa ] HYI |
e — se1 EMBOSS_BB1 344 —-memeo GAATAGTTATGACGTTGTS 367
EMBOSS_@01 7127 EMBOSS_@81 127311 ATTCATAGCTGTGCC- - -AAGATAG===-==- ===~ AAG-ATCGCCTACA 127345
EvBoss ool ses 111 ST PEETEL-11
— EMBOSS_081 368 ATTC------- GECCTEEAAGALAGCGCAGGAGHCCAAGSAT -GRCT -~ - 408
EMBOSS_o01 7128 CAAG-ATTTCT-TTGGTAGAATAGAAACTCCTTTCAAGCTAGTGAN 7175
TUEL 1E. 01 1111 EMBOSS_BB1 127346 AGT---GGATAAAGGCTTCACTGCAGAGCTAGCAGCGATTGASMACTCTT 127392
EMBOSS_081 396 CAAGSATGRCTGTTGG= === == === == == === == m = mmmmmm o o a1s T TR T I
EMBOSS_001 7176 7216 EMBOSS_@81 427 -GTTGGGGATAAAG-----=- TGGEGGAAC - - - - ~GGGATH---- - - TC-- 435
EMBOSS_eel 416 454 EMBOSS_@81 127393 TTAAGTTGAAGTAAAACTTCTTGATTACAGTATAAGGATTCTACAGATA- 127441
EMBOSS_081 7217 7266 N Ny Y AN P NN B Y N
EMBOSS_B81 436 ----- TTCAGGTAAMA - - TCTAG- - ~ACAG- - - AAGCATTCT - CMGMAAC a7
EMBOSS_2e1 ass a78
EMBOSS_oa1 7267 ACAATARAGAAGARATAAT AGAGGEAACCGCCCTACCTATEEARGA 7316 EMBOSS_201 127442 - 'GI‘T"l‘“ 'TT*'i‘{G‘TTTGT“?G"I*TTTTTTTTTGTGC“TT’*C“T“ 127482
\ I | I Ll SR
EMBOSS_o01 479 GAARGC--TAAS ass EMBOSS_081 472 GKCTGEGGAAAGCTAAATG- - - -~ GEACCC- - === == ======- ===~ 496

and

) and reverse compliment (bottom

strain DNF0O0188 (left) and the NCBI Primer BLAST Hit P. bivia strain DSM 20514 (right).

EMBOSS_281 58151 ACTTAAAACGOTAGCACCGAGACCTACATTCACGCTGARATCACTCTTTT GE8288 EMBOSS_@81 13381 CCTCTTGAAAAAAGCTCCATACGACCATTATTCATAGAGTATCCATCGTC 13358
L I 2

EMBOSS_p@l L me e meeeecemmeaeoaos ACTTGCTCT--- E] FrE0ss_eet N e B
EMBOSS_eel 13351 134980
EMBOSS_281 68201 T.'-\ANAGF\T'{TTTTTﬂ'.ﬁl\TClﬁlcT:-\TTCCAC'I_L'—"\ -ﬁGT}'T'{TﬁTTTCCM 68248 EMBOSS_sa1 5 -
EMBOSS_281 8 ------- GTAACEOCTACCG----------- AASAASYTTTWAYCTYCCC 41 EMBOSS_ee1 13481 13458
EMBOSS_eel 22 49

EMBOSS5_2@a1l 68249 COTTAATTCCCCATTOTORACCAGCAAARAAGAAGATOTCTOCCACACTG 6B29E8
| . ‘ ‘ : | 1. : EMBOSS_eel 13451 ATACCACGCGAATGGTACTTACGGTGETTAGCACGCAGCATTAGTGCCTC 13520
EMBOSS_2@1 42 CYTTWAYCCCMAA- - - == === e s e oo 54 JE—— D S | S a
i EMBOSS_B81 134301 GCATCAAAAGCTGCATTGGCAATAAGTAAGGCGTTGGGGTTAGCTAGTCC 134358

EMBOS5_281 327@l CTTATTGCGETTACCTTOACCACCCTOCTGATTAGCAGCAGCATTA---4 32747 I1.1:
[ AL AT Freass_eon b AT °
EMBOSS_281 1 --TATTSCG----------- MAGCCTGC------- CAGCEGCACTAGCGA 38 EMBOSS_@@1 134351 GATGTCT- TCAGATGCACTGATGACGAGACGGCGAGCGATAAATTGTGEA 134399
LAl -1 FITETTLTD

. . EMBOSS_8@1 7 GMAGECTECCAGCEECACT -~ - -~ =~~~ - AGCGATAAR - ———— 34

EMBOS5_2@1 32748 TATCAACACGCTCTTTATTGATGCGRACACGTTTCTTITTGOCCTGACCA 32797
TR EMBOSS_B@1 134408 TT?T(A((TECTTCTAT(ATG[GTGE[ATCEAATAEATTGCAG(ATEGGG 134449
EMBOS5_2@1 31 TA--AACC-====-=m==emmeeomme oo eccecmeeeeeeeee 36 EMBOSS_p@l 35 —Cmmmmmmmmmmmmmmmmmm e e 36

Figure 4.1.2.2: Comparison of the forward (top
__) sequence alignments for sample NTC A3 V2.2 against the ATCC P. bivia reference

and

and

.) and reverse compliment (bottom

strain DNFOO0188 (left) and the NCBI Primer BLAST Hit P. bivia strain DSM 20514 (right).
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EMBOSS_001 126851 TGCAGGAAGGTTGATCTCAT TGAAACCACAGCGAGGACCTGAAGCCAGCA 126108 EMBOSS_@@1 85781 MG-“-TTTT-"-*'*TT"'-TGGTCRTGTITG‘C*TTTGGTTTTTTT?T'"TTT-“-T—"- 85747
1.1 S LEL LT 111 ‘i -l
EMBOSS_@81 R e e CTCSCT- - -ACGCTGGCGA-GAGCTGA- - -CAG- - 26 EMBOSS_eel 1 --mommommmmmm oo CTCSC------ TACGCTGGCGAGAGC - -~ 2a
EMBOSS_981 126181 AACGAAGGTCGTTACAAATCTTAGAAAGCTTCACTGACAAGC-GCTTCAA 126149 EMBOSS_2@1 85748 "FTECCMGATRCTW%TTT-GITTCGITTGI&W-T}’i\-ﬂ\ﬁ?ﬁ?ﬁ}ETTG*’I*-‘*AC 85795
[ [ I =101 - - - : :
EMBOSS_881 27 - - -GTAGGAAGCTACAA- - - -TTGAAAGCT - - -~ — - - AMGCTACTT-AA 68 EMBOSS_@91 21 TG-------------ACAGGTAGGAAGCTACAATTGAARGCT - - - - Al-- 51
EMBOSS_221 126159 AGCAGAGCTATAGCTTACGTATGCACCCGTGTCAGGAG- -TAGCTTCGAT 126187 EMBOSS_eal 85796 TU*GT"*CC*‘-AT(TTTG*’*TTTTTTTHTC%G*‘-ETHTAT?*‘-T}*I‘*TTGI*I“T"* 85845
I 111 1111 [N I | X B - -0 - .
EMBOSS_aal 61 ATCAG- - - —— -~~~ ~CGTA-——- == === AGGAGGTGAGAT - -GAT 84 EMBOSS_el 52 mmmemmmemmeoonean GCTACTTA== == -~ AATC- AGCGTAAGGAGS 7S
EMBOSS_9@81 126198 AAGGTTATGACC TGCAACAAAGTTTTCGCCAGTAGCTTTTGARAGGTAGT 126247 EMBOSS_201 85846 A?TGTGCT"‘\TC*'*CCGCTTTWTCTAWGMGTTRGMGWTTGAGGCT 85895
I-11 I-111 L1110 : :
EMBOSS_881 85 ATGG-----==-=--=~YARACTTT-----=--- GTTATTGAR------~ 185 EMBOSS_eal 76 TGA------=-== === ~GATGATA- - - - ------- oo oo oo 85
EMBOSS_@@1 126248 CGGCACAAATC--TTTGEGAAGCCAGGAGCAGCGTTGAGTCCTGTACCAA 126295 EMBOSS_eel 85896 MGG(TT?CGT\TH"'T@THCT(HTWGGTUTTTTT' HGITHT 85948
L ARy P AL -
EMBOSS_001 106 -TTCACA- - ~CCETTTEETAAG -~ —— = - ——— = GTGTTGTAC-—- 133 EMBOSS_201 86 ----- TEGYARACTTTGTTATTGAATTC- == == ===~ ACACCGTTTGGTA 121
EMBOSS_0@1 126296 TGGCAGTGCCACCCATATTGATCTCTAGCAATAGATCGACATTGCGCTGE 126345 EMBOSS_@01 85941 TT?T'IT'ITCTTHT?’"IT'ITTH"GHHTHTTT?}TIT’ET?TGCTTTGTHT 85982
gisnn LI EHE-1 1l - : -
EMBOSS_@@1 134 - -GCCETTCCCCAL -~ ~TTTATCOE - - - CAA- — < ==~ o eee oo 158 EMBOSS_881 122 AGCGTGTTGT-ACGCCGTTC- -~~~ CCCACTTTATCCCC - - - ~AR- -~ 156
EMBOSS_2@1 73121 AGAAGAATAAGGCTGTTATGGTGGA---GCAGAAAGCAGCCGATAAGGTG 73147 EMBOSS_@81 44351 TAAACTGCTTTTATATGGGGATAAAGTGGGGAACGTGTTCCCTTTTGCAG 44400
AR EIn 111 [E LTI LLVLELEL TR el
EMEOSS_ 281 3 GG--GEATAAAG------ TGG-GEAACGGCGETALGCTGCCGAT - EE=) EMBOSS_@el Lommmmmmmmmee TTGGEGCATARAGTGEGEAALG - == - === = = Ge-a 24
EMBOSS_@81 44401 GTACCATATGAATAAGGACCGGCTAATTCCGTGCCAGCAGCCGCGETAAT 44450
EMBOSS 2@l 73148 GTGCTTTCTACTCCTTCTGACACATTAAGCTATGCTACAGGTGCTGCTTT 73197 1 TN
Il A1 1-11 1T EMBOSS_ee1l 25 GTA- - mm oo AGCTGC- - CEATAA- 39
EMBOSS_aal 48 - AC—— - -GLTG- -~ GCGAT--- - GTGCTG- - 56 _
- EMBOSS_@81 44451 ACGGAAGGTTCGGEGCGTTATCCGGATTTATTGEGTTTAAAGGGAGCGTAG 44508
1 11111 RINAEN 11
EMBOSS_@al 73198 TACGGGT-GGATTAGAGCAGTACTTGETTCAGALGTATGGCATTGAAGAL 73245 EMBOSS_@81 40 ACG- -~ CTBECG ATGTGCTGACAG- - — - GTAG 54
[T T I 111 10T
EMBOSS_aal 57 -ACAGGTAGGA-- - -AGC-~TAC- ——— -~ — ==~ AATTGA- -AA L] EMBOSS_8a1 ATGTAGTAGCTCAACTTCTAGA 44545
- ST
EMBOSS_@el TTGAAAGCTA--AGCT----------- 88
EMBOSS_2@1 73247 GCTAATAAGGCTGACTTTATTC-------- GAGGTGTAAGAGAAGCCTTT 73288
11111 IEInnEnl 111 EMBOSS_eel 44547 TTGCAGCGCGAACTGTCAGACTTGAGTGCGCACAACGTAGGCGGAATTCA 44596
EMBOSS_@al Bl GCTAA----GCT-ACTTAAATCAGCGTAAGGAGGTG - - AGA- 114 R AT
EMBOSS_@81l BY oo ACTTAAAT----- CAGCGTAAG--------- 185
EMBOSS_ 22l 73288 GCTCGTCGTA‘HTT <|5" 'CTTTTGTGGCTTATAGGGCAGGCTTTGC 73335 EMBOSS_@81 44597 TGGTGTAGCGGTGAAATGCTTAGATATCATGAAGAACTCCGATTGCGAAG 44646
. : L LIELE-TT ] IR
EMBOSS_@@1 115 —---mee- TGATGATRMAGESCYC- == - = == == === === mmx —mom o mm 138 EMBOSS_@81 186 ------- GAGGTGAGATG- -~ -~~~ ATGATRMAGGSCYC- -~~~ ~----~ 130

Figure 4.1.2.3: Comparison of the forward (top __ and ...) and reverse compliment (bottom _ _

and

strain DNF00188 (left) and the NCBI Primer BLAST Hit P. bivia strain DSM 20514 (right).

__) sequence alignments for sample NTC A2 V2.4 against the ATCC P. bivia reference

The NTC samples sequences aligned against P. bivia reference strain NDF00188 and NCBI

Primer Blast Hit P. bivia strain DSM 20514 show poor alignment for both the forward and
reverse compliment sequences as seen for NTC Al V2.0 (Figure 4.2.2.1), NTC A3 V2.2 (Figure
4.2.2.2) and NTC A2 V2.4 (Figure 4.2.2.3) where there are very little solid alignment stretches

against the alignment sequences regardless of the length and direction.
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EMBOSS @21 R A AT AT AT T T o 9 EMBOSS_@al 44351 TAAMCTGCTTTTATATGGGGATAAAGTGGGGAACGTGTTCCCTTTTGLAG 44400
EMBOSS_@81 1 CGTCATATGA- -TAAGGAC 17
EMBOSS_B@1 3
EMBOSS_@81 34349 -----ACTTCTGCTTCCAGCAAACGCTCTAA----GAA--TTCTGGAGCT 34387
T lBE D Bl e EMBOSS_PAl 44401 GTACCATATGAATAAGGACCGGCTAATTCCGTGCCAGCAGCCGCGGTAAT 44458
EMBOSS_281 18 CGGCTAATTCCG-TGCCAGCAGCCGCGGTAATACGGAAGGTTCGGGCGT 66 | || | ‘ | ‘ | | | | | | ‘ | | ‘ | ‘ | | ‘ | || | ‘ | | ‘ | | | | | | | | | ‘ | || | ‘
EMBOSS_@81 34388 GTACGAGAAAGEH CTTTGEATTGTTATTTTCATTGTCAACACGATG 34437 EMBOSS @0l 4 ----CATATG-ATAAGGACCGGCTAATTCCGTGICAGCAGCCGIRGTAAT a8
1-1 I Ay
EMBOSS_@81 87 ATCC------GBAT-~TTATTGGETT-— -~~~ - - === == —— == === 24 EMBOSS_Bal 44451 ACGGAAGGTTCGGGCGTTATCCGGATTTATTGGGT TTAAAGGGAGCGTAG 44508
EMBOSS_@el 34438 GATAACGGCACGAATGOTTTCTCCCTTGCGGTAGTTATCACGTGGTATTT 34487 EMBOSS 281 49 Alééuéé"rléééééé'l"l[l'l'lééG‘L'l["r'I';l"I"l[é(Lé"rllluééé,&ééé‘l‘é\l] a8
1111 111 - :
EMBOSS_281 85 - -TAAAGGGA---------------—-GC-GTAG--—----—-------- o8 _
EMBOSS_Bal 44581 GCCGTTTGATAAGCGTGTTETGAAATATAGTAG —————————-—--——- 44533
EMBOSS_@81 34488 GCTCGCCCTTTGETAAGATCATTTCETTGT-—--———- - -—-TATCTTC 34524 A I1:
LLE-LTTTT 1.1 11111 soilans EMBOSS_B@l 99 GCCGTTTGETAAGCGTGTT----------GTASRKMYYCCOYYYYYYCYY 138
EMBOSS_@81 99 ----GCCGTTTGETAAG--CGT---GTTGTASRKMYYCCOYYYYYYOYYY 139
EMBOSS_281 34525 ATCTACTAM AACTTCGCGCTTCCAAGTTTGATATACCTCACCAGTAA 34574 EMEOSS_Bal 44534 - —TTTT.T-[TT[TEGATTE(;’#GEGEEA&‘CTGT(&\ES\CTTGS\ETECGCF\[ 44579
Hen! .
EMBOSS_281 B e, 147 EMBOSS_B@l o oY 147
EMBOSS_@el 7751l CAATATTATGCAGCCAATTTTCCATCGAAAGTTAAGCCACAGTTTGGCAT 77558 EMBOSS @@l 44351 TARACTGCTTTTATATGGGGATALLATORGRAACATATTCCCTTTTAOAG 44400
1111 -
BOSSS6L A eeeseeeeeseeoeeseeee Mot 4 AT
EMBOSS_2el 77551 TTTGTTA GGTGGGTGGCGAAGGTGCGCAGTTCTATCGTGAAGGTA 77600 E“EOSS_@Q]. 1o TTGGEGEEATAAAGTGGEGAACGTGTTCCCTTTTGCAG 36
- L 111-11 [ e |
EMBOSS_2el 5 ------ G AGTGGG- - - -GAACGT - -- - -GTTCCCTTTTGCAGGTA 39 . T T AT . nen S,
EMBOSS_0al 42481 GTACCATATGAATAAGGACCGGCTAATTCCATECCAGCAGCCOCGATART 44450
EMBOSS_2el F76@L1 TGTC--TATGCAATATGCACCAGAGGTGGTTAAT --CGTGTTTGGGATG 77546 | ‘ | ‘ | ‘ | || || | ‘ | ‘ | ‘ | || | | | | | ‘ | | | | | | | | ‘ | | | | | || | ‘ | ‘ | ‘ | |
1oL -1l I .1 _
EMEOSS 2ol 48 - --CCATATG-AA ACC----—- GOCTAATTCCETG- - - - -~ cc 1 EMBOSS_0al 37 GTACCATATGAATAAGGACCGACTAATTCCATACCAGCAGCCACAATAAT 86
EMBOSS_@@l TTE4T TGCA------ ATGGCAGGATATGGCTCTTATTTCCCCGATGATAT 77688
ensoss oot B ey L AP VALY A, EMBOSS_001 44451 ACGGAAGGTTCGGGCGTTATCCGGATTTATTGGGTTTAMAGGGAGCGTAG 44500
EMBOSS_@el 77689 GGGCOGGAATGATTACCGACGACCACATCCCTGTTAATCAGCAAGCAGGTA T7738 , _| ‘ | ‘ |_ ‘ | || || | ‘ | ‘ | ‘ | _| | | | | | | | | | | i .
EMBOSS_0al 87 ACGGAAGRTTCGAGCATTATCCGRA-TTATG---------------—--- 116
EMBOSS_@81 [ R ————————SS"S""S"_—_—"—_————-r 116

Figure 4.1.2.4: Comparison of the forward (top __ and ...) and reverse compliment (bottom _ _
and __) sequence alignments for the positive standard control 10° copies/ng AS V2.1 against the
ATCC P. bivia reference strain DNF00188 (left) and the NCBI Primer BLAST Hit P. bivia
strain DSM 20514 (right).

When the forward and reverse compliment positive standard control 10° copies/ng sequences
were aligned against the P. bivia reference strain NDFO0188 and NCBI Primer Blast Hit P. bivia
strain DSM 20514, the forward and reverse compliment sequences had the same identity,
similarity and gap percentages, based on different sequence lengths and alignments. The
differences came through in the number of gaps in relation to the two alignment strains lengths
(bp) and the position that the forward and reverse compliment sequences aligned. The forward
sequence aligned between base pairs 34 301 and 34 574 of the P. bivia reference strain
NDF00188 and aligned between base pairs 44 351 and 44 579 of the NCBI Primer Blast Hit P.
bivia strain DSM 20514, while the reverse compliment aligned between 77 501 - 77 738 base
pairs and 44 351 — 44 500 base pairs, respectively. From Figure 4.1.2.4 it can be quite clearly
seen that both the forward and reverse compliment sequences of the positive standard control 10
copies/ng aligned better to the NCBI Primer Blast Hit P. bivia strain DSM 20514, which is
further emphasized by alignment scores of 554.0 and 552.0 respectively, as well as a product size
of 149 bp, similar to the expected size of 156 bp. In contrast, the forward and reverse
compliment sequences had reasonably smaller alignment scores of 165.5 and 171.5 respectively,

as illustrated by the poor alignment in Figure 4.1.2.4.
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EMBOSS_@@1 112251 TCATAAGGCTCAATACTCTTCATATAAGCCTCARTGTTATC ~ -~~~ AAG 112294 ATAEE ) .
— s A TS S EMBOSS 881 44401 GTACCATATGAATAAGGACCGECT------- AATTCC-GTGCCAG----- 44437
eeoss_cea B STATCTACAAAAE 14 (IR T NI
EMBOSS_ @2l 112295 CTTCTCATTAAACTTCTTTTGAAGCGCTTTACCCTCTTGCTTGCGGAACT 112344 EMBOSS_@8l 1 GTATC-TA-KAAKAA------i GCTTCTCAGARACTCCTTTGGSAGGCTEC 42
II\IIH TEELE-TNE-0-11 11 1l |
EMBOSS_@al s TCA-GAAACTCCTTTGESAG-GC--------- - TGCT-------- 44
EMBOSS_8el 44438 --CAGCCGCGETAATACGGAAGGTTCGGECETTATCCGEATTTATTGOET 44485
EMBOSS_@@1 TAZIE3 CTOTAAAOTOBTETATOOCTTOATGANTSCCOTTOASTACTACTICEEAT 1202393 NRRIE RN LLLL
sreoss_pol 45 CAGTEACS —— oo CAGTAGRACATTCCET &8 EMBOSS_881 43 TTCAGTCACGG-AGTA- -GAACATTC---CGTT-- - ----TGTTTCGKGT 79
EMBOSS_@el 112395 TCCTCTTCTTCAAGAATTTCTGTTTC----—----- AGCCTTTGCTGTTA 112434
[E— o b L N L S N Y N o EMBOSS_B81 44486 T-TAAAGGGAGCGTAGGCCGTTTEGTAAGCGTGTTGTGAAATGTAGTAGC 44534
EMBOSS_6G1 112435 CATCAGGTAAGCOGAGCAAGSTGTTAMACCARTCOGTAGGTTCTOGAATS 112484 L T T
SLELETED [N I EMBOSS_881 80 TGT---GOOAGCGTAGGCCGTTTGETAAGCGTGTTGTA-----------~ 114
EMBOSS_@@1 99 TGETAAGC- -~ -~ GTGTT--—————=—— GTA- oo 114
EMBOSS_@a1 S4851 ETA“TEET?GIT(TTE“E{?‘f??m“w?ﬂ"‘ ””” ?GITTH":“TT’*T Sa894 EMBOSS_@B1 43851 TACATTCGAGCTATAGATACAMACGTTATCACTATTTTTTAGTGATATAC 43988
EMBOSS_@81 1 ------ TTGEGEEATARATEEGG- - - —— - GATACGGGGEGETCTTC----- 33 | ‘ N | N ‘ | ‘ |
EMBOSS_981 1 s TTGGGGATA- -~ ]
EMBOSS_281 54895 CATGAAG--AAATGATGATGGAGCTAAAGGCATGGTTGAAGAGTTTTTAA 54942
1111 LLLELE T e DT EMBOSS_@81 43991 ATTATAAT----GATA- TT---TTACAATGGAGAGTTTGAT 43933
EMBOSS_@@1 34 ----- AGGTAAA- - - - - GEAG- - -AAGG- AAGCACGAAAAGGACTTAT 69 11 1111 |1 RIS
EMBOSS_981 19 ----- AATGGGEGGATACGGGGEGGTCTTCAGGTAMMATGGAGA - -~ - - -~ 47
EMBOSS_@81 54943 AGGGATATGCTAAAAGCGTTGTAATAAGAGATGGCARAAGAATAAAGCTAL 54992
HIBIENE L 10111111 AGGATGAACG - ————- AGCTATA _ACA 7
EMBOSS_@@1 FB MWGGK TATTCWA- - - ~CATTCAAGTCAGAG - - -~ - ——————=-—-----— o5 EMBOSS_eel 43934 CCTGG CTCTG‘?TT?"TT? ﬂ”ﬁc-{ﬂf‘e?qm "CTTT}GT 42974
EMBOSS_pa1 54593 AGTAGTAAGARALAAAATAGCCEAAATTCTTATARAAAGCTTTGAAT - TTT 55041 EMBOSS_981 48 —---eee AGGAAGCACGAAAAGGACT - - ~TATHWGGK TATTCWACATTC 86
[ Pz =0 1=
EMBOSS_081 96 AGTAG- == ================——- - ARCTTT- -WTCTKT 112 EMBOSS_081 43575 AAGTCGAGGGGCAGCGARTAGATAGCTTGCTATTTATGTCGGCGACCGGE 44824
111 LEETTTTT JIaERE NI E e
EMBOSS_@@1 55842 G‘TA-I‘-UI‘-TT-'*TCT»“I-T»"'- *********** TH}‘FGECAITGHTTTATTT-I‘-IT* 55879 EMBOSS_8@1 BF AAGT------- CAGAGAGTAGA- - - == - RCTTTWTCTKTGGTAGAGCAGA 123
EMBOSS @281 113 GETAGA----GLAGAGEGAGEEEAGTCTTT - -~ -~ TTATAG----- TaTc 148 EMBOSS_281 24025 GCACGGGTGAGTAACGCGTATCCAACCTACCCATAACTAAGGGATAACCC 44074
EMBOSS_@81 55080 TGTAAA----CTATT----- TCTTTTCA- - - -CAAAGAAGTATGAAAA-- 55114 i I-1.1 I-e-11 |
.10 T NI Y 1111 EMBOSS_081 124 GGGAGGG-GAGT----CTTTT--- -TATAGTAT----C 148
EMBOSS_@81 149 TGGAAAGGGCCTTTTGGAGCKC-TTTCAGGSCCAA- - - - -TAGGGAAAGG 192
EMBOSS_@81 44875 AGCGAAMGTTGGACTAATACCTTATGTATTCGTTTGATCTCATGAGATTA 44124
EMBOSS_281 55115 AAAATATTTTTGGACTAAACAACAATAGCCTACAARAACTATATCAAGAS 55164 STt (11 INInEn I-1
STTERTE T Feewsl D 11T UL TR T da Tl T EMBOSS_081 148 TG-GAAAG--GG------- CCTT--------~ TTGGAGCKCTT----TCA 175
EMBOSS_201 193 GAAATATCTTT--ACGTGRCA--CATAG- - - GCAGAAGCTTTCTC-AGAA 234
EMBOSS_201 55165 GCTAGCAAGTATTGTTTAGATGTCTCTAAACTCATATTCGGTGGTATTTT 55214 EMBOSS_6B1 44125 EG"“”T"""G”“TTT"TCGGTTTTTG‘TTGT‘?TTTGCGTCTG’!“TT"“GTTTGTT 4a1re
EMBOSS ool 235 J.‘:-I- ______ -Irl-l— —"r"relé”’é{' ____________________ é_\rG_I_1I_c1I_ 258 EMBOSS_@81 176 GGSCCAA-------=-=--- TAGGGAAAGEEA- - - - - -~ ARTATCT---- 201
EMBOSS_881 44175 GGCGEGGTAACGGLCCACCAAGGLAACGA -~~~ TCAG----- TAGGG 44212
EMBOSS_8@1 55215 CATATCAG-GAATTATGGGGTTAAGCATAGAAACAGCTAGCCTCATTTGE 55263 T I T 1 1
NIy I 11:1: 011 I1. EMBOSS_001 202 ------- TTACGTGRCACATAGGCA - -GAAGE TTTCTCAGAAMCTTA-~ - 239
EMBOSS_881 357 CAACTAAGAGAAT -~ ————— TGAASCMTAG- -~~~ - == -~~~ TTTCE 284
EMBOSS_881 55264 ATAGGTTTAGTAGCAGTAGT-ACTAACAGCACTATTAGGTTTGATTTTGT 55312 EMEOSS_221 saziz GTTCT?TG‘TG?""GG‘ICTCTC"CATTGGTTTTGTTTCACGGTCC""““CTC 44282
FTEELTHEL T nen il 11l
EMBOSS_001 285 ACGAACAGTTETGA- ~AACA-CAC - s12 EMBOSS_@@1 248 --TTTGAGATGTGTGTTCTC-= - === -, AACTAMGA== === =====nnn 265
EMBOSS_281 55313 TTATCCTTGGACATAAAAATTAAAGTTATGGAACTAATTTATCTATTGAG 55362 EMBOSS_@al 44253 [T“CGGG’““G(““5("GTG%T'I‘TT“TTGET[""TGG“[G["“GT(W’I‘“C 24312
111 FEEEL 1= 101 | - . : .
EMBOSS_@el DI S GEGRA- - mm o TAAAG-TEEGGAAC - - ~= == === = === == & EEC) EMBOSS_@al 266 —-ommooooo oo GAAT--- - oo TEAAS 274
EMBOSS_@81 55363 TAT--- -TATTTCTGTACTCTCAGCTATCGGATGTATTTGGGETATCATT 55488 EMBOSS_@al 44313 THGCCMGTATCGT TCTﬁTTGTCGGCCCTHTGGTHﬂ TTTT TGTT 44359
I.1 LTI e N | L
EMBOSS_@@1 331 TGTTCCCTTTTTCAGTAC-——---—--- CATAGGGATAAGGGG- - - CGGT 367 EMBOSS_eal 275 v -TAGTTTCGAAGGAACA -GTTGTGARACACACA 307
EMBOSS_8081 55409 CAAATACACAMMAGAAATCAACAAGAAGCTAACAATGCAGCTTAATTTTT 55458 EMBOSS_@81 44368 TTTATATGGGGATAAAGTGEGGAACGTGTTCCCTTTTGCAGGTACCATAT 44489
[y [E10T=01 =11 L DEREET PR e e e eeeeene.
EMBOSS_8@1 368 C---TAC— - AGCTAMCA- - SCAGM-— - - - 384 EMBOSS_001 388 TTT---TGGGEATAAAGTGEGGAACGTGTTCCCTTTTTCA-GTACCATAG 353
EMBOSS_8@1 55459 TTTCA- -ATCATTATAATAACGAAA-- -~ -~~~ GGGATGTCAAATGGCA 55497 EMBOSS_@81 44418 GAATAAGGACCGG- CTAATTCCG-TGCCAGCAGCCGCGGTAATACGGRAAG 44457
[ 1101 111 111: R e e I e R R ey
EMBOSS_881 385 ---CASGATCATT------- CGCAAGRTCTGSTCGEGAYG- - -~ TaGHT 419 EMBOSS_801 354 GGATAAGGGECGGTCTA- - -CAGCTAMCASCAGHMCASGATCATTCGCAMG 40
EMBOSS_281 55498 TCCCTTTCCTATTTTTATATCAAAGCTATGGGCTTTAATTGCTATCARAS 55547 EMBOSS_881 44458 GT----TCGGG-COTTATCCGGATTTATTGEGT TTAAAGGGAGCGTAGGE 44582
1 -1 N : | FITIT =11 [l 1lze2 011
EMBOSS_981 B 427 EMBOSS_@81 4@1 RTCTGSTCGGGAYGT -~ -—--- -~~~ GGHTTMUIGET A - -~ - - 427

Figure 4.1.2.5: Comparison of the forward (top __

and

.) and reverse compliment (bottom

__) sequence alignments for W012 C8 V2.0 against the ATCC P. bivia reference strain
DNFO00188 (left) and the NCBI Primer BLAST Hit P. bivia strain DSM 20514 (right).

The forward and the reverse compliment sequence of W012 C8 V2.0 when aligned against NCBI

Primer BLAST Hit P. bivia strain DSM 20514 show improved alignment in comparison to when

the sequences are aligned against ATCC P. bivia reference strain DNF00188 (Figure 4.1.2.5)

with larger stretches of concurrent base pair alignments. Despite the increased length of the

reverse compliment sequence, the alignment quality does not improve in comparison to the

shorter forward sequence.
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Figure 4.1.2.6: Comparison of the forward (top
__) sequence alignments for W125 E4 V2.3 against the ATCC P. bivia reference strain

and

EMBOSS 221 135201 TAGCAGGCTTGAATGETCAAGECGARAAGACCTTAGCAAGTEATAGTAAT 135250 EMBOSS_ 81 73601 TOGAATAATATAAGTAGAAT AAGALAAGATTAT -AGCOATGAAAGTALLA  T2545
1.1 <1100l TR 01-1 1 .l
Frsess_se1 o TToeTeAT - EMBOSS_@el 1 --GTAT-CTAKAAG---- ~AAGCTTCTCA- - - -~ GAAACT---- 27
EMBOSS_oel 135251 COGCAAAAGAAGAATATTGTGCTTATTACGETAGAAA-GTCTTAGTGCAG 135299
T N i1 S ST EMBOSS_ @81 72658 AGTGGATTTAATCTTCETAATGTATGTGECEAAGAAATTATAGTAGCAG- 72698
EMBOSS_@81 s c- KAAGAA- - - - -~ GCTTCT- - - -~ CAGAAACT TCTTTG-GSAG 37 LIIL- 111
EMBOSS_881 -TCTTTGESAGGTTTG- - - -CAGT sa
EMBOSS 221 135208 AGTTCTTTGCTCGTTATGGAAACACGCA - - AGGCATCACTCCAAACCTTG 135347
- Sy L1l 1-111 EMBOSS_@81 F2699 -AGGELGAAGAAAATATCGACTTCAGTAA- - -TATTGTCTCTATGAACGA 72744
EMBOSS _ee1 38 —---GTTTGC-- - - - ATTCAGTCACGGAGYAG - ~AACATTCC - —~CTTTG 7= TR A T I i
EMBOSS_ee1 135348 ATAA-ATTGATGAAGGAAGGAATGGTTTTCGATAGCTTATTTG-COAATG 155395 EMBOSS_@el 51 CACGOAGYAGAACATTCC--CTTTEGTAAGCEKETTE - - - =
I LI T TICTTTTTTTANST T || cnsoss_omt vavas anerrcsscascactaTommansanecTeasconc TAGaCACSTTT- - 72750
- 1 LD Lo
EMBOSS @21 135396 GGAACCOTACTGTACGTGEAT TGEAAGCCCTTTCTTTATGTATTCCACCA 135445 EMBOSS_@81 86 ----TAGGGAGCG -TAGGC-CETTTEGTA 188
Lol hl--10nl ||| LEE-nrrnt -1 -1l
EMBOSS_oe1 106 GTAAGCGTGTTGTA-----ATTTGGAGCGCTTTC - ~AGG- - ~CCCA- -~ 141 EMBOSS_@el 72791 ACCGTTGATGATCTTGTAACATTCCTTTGTAG-TCTTTATGATGTTGATG 72839
races_cen  issass serecrocs - camserarraressccacasacasasceanaracaca 135451 | | cnsos_ oo B O S P,
ErEOSS 2l A2 T TEYTECARAGEEARAT T TTATCTTCCCETARCA 7= EMBOSS_@el 2548 AGGCTACCOCAAAAACAGATGTTACCGAAATAGTAGCACGETEGGEAGTA 72885
EMBOSS_@@1 135492 ATCTTTCTGTGGGAGCGCAGT TGAAGAAGCAAGGT TATACCGTGCAGTAC 135541 e I
TIIEIn -1 THl-1- EMBOSS_@el 135 AGGC--CC-- 145
EMBOSS 221 178 - AGAAGCA- - ~TTCT- - —— - ~CAGAAA 185
EMBOSS_ @81 F2E9® GTAGGAATTATAGAAGGAGATGATATTCCTETAAGTGCTAAGGAAGAAGC 72938
EMBOSS _ee1 135542 CTCTATGEAGETGATAGCTAT TTTGATAATATGGGCGATTTCTTCTCGEA 155591 1 DL LU T T LT
11 i P-111 EMBOSS_@81 146 ---GGAA- GGGAAAT - ATCTTCCCOTAACAACT - AGGCAGAAGC 184
EMBOSS_ee1 196 cT- —TATTT-- R ze7
EMBOSS_@al 135592 TAATGGTTATGAAGTCATCGACCETAATAGTATTGATCC ————-TTCAA 135535 EMBOSS_861 72948 T“TGG’“GGM‘"“ """" 'I' ”“TT TGITTGETTTTEI'I‘TTW?’T 72978
J———— ses - Al L RN S . emsoss_oe1 185 ATTCTCAGRAACTTATTTGAGAT-GTGTGTA- - - CTCAACTAAGAGAAT 220
EMBOSS_@01 135636 AGATTACTTTTECARACA- ———— - - T EGEGAGTATECEATEETGA-TA 155677 EMBOSS_2e1 72079 TEAAACTECAMGARLARAGET TTCTTCAGECCETTETTTEOTAGTAG | 73028
-1 LErre nnent [ LEE-0-0nn. 1 Il
EMBOSS_ @@l 247 GGAGCAGTTTTG-ARACACTCTTTTTCT - -GGAATCTGCAA- - - ~GAGKA 289 EMBOSS_2@1 238 TGAA---CCA- 232
EMBOSS_@@1 135678 TGTTCGCAAAGAGCCTTGAAGTATTCGATARAAATGCAGCTAAGGGCAAA 135727 EMBOSS 221 73028 COTTATCCCACTTACTTTTAAAGATACAARARAGAG - GTTTTATARAGE 73276
S N N e Ny [-111
EMBOSS @@l 290 TATTTGC--CTAGCCTTGAGGATTTCGTT GGAAA 321 EMEOSS 2ol 248 - - 258
EMBOSS_8e1 135728 CCTTTCTTTGCTCAGATTATGACCACGAGCAACCACCGCCCTTATACTTA 135777 EMBOSS_@81 Favy AT“‘\-I‘T TTTT‘H'TGTTTT“T<CCTTATWGCTTCFTAT“GTTGTTT 73125
EmBOSS @1 222 bl B R - S22 EMBOSS_2@1 259 -AAACACTCTTT- 273
EMBOSS_@el 135778 CCCAGAGGGCAAGATAAAGTTTGATAGCGACCCACATTGTCGTGAGGCCS 135827 EMBOSS_ @81 F3128 ATAAA((’-TTC“'T"‘\‘I'""C‘TTGTCTTA?T‘I\TT" TATFGCGTGTGTTTTT 73172
EMBOSS_@a1 323 R - 333 EMBOSS_@e1 274 - - GCAAGAGKATAT- - -TTeCC 257
EMBOSS_@81 135828 CAG-TGAAATATACCGACTATGCTATTGETAAATTCATTGCTGATGCAAC 135876 EMBOSS_@61 73173 TCCGT"I‘-T;‘-TA‘ITT - TTTT'ITT’-TGI-\T'ITTTT'TTATATTTTC'ITT'”""’TG 73215
EMBOSS @@l 234 - 340 EMBOSS_@81 298 ----TAG---CCTTGAGGATTTCG - TTGEAAACGGEATTGTCTTCAGATH EEC)
EMBOSS @1 135877 ARAGAAGGCATEETTTAAGAATACCATCTTT-—GTTGTTATTGCCGACCA 135924 EMBOSS_@81 73216 ARATCTTTATCGGCTTGAACCAATGCTTCAGAATATTCARAGECGTTTTG 73265
S e e e NN A e Al 1 sleae B0 010 2 TLRLIT.. 1] 1l
EMBOSS_@o1 258 --AGAA-GCAT--TCTCAGA- -AACTTCTTTGGGATGTT - ss1 EMBOSS_281 340 ARATCT--—-- AGACAGAAGCATT - -CTCAGARACTTE - --TTTE 374
EMBOSS_ @@l 135925 CTETGC-TTCTAGTGCTGETAGTACCTCCTTACCTATAGATAAGTATCAC 135973 EMBOSS_@81 73266 TGGATG--TACATTATCATCOGCAAGCCCATGACAAATTAATAATTTTGE 73313
LEE -t 1= [y (NN LEEer  1-rntl RS R T-1-11- |
EMBOSS_ @@l 382 ---TGCATTCAAG- —-AG- - - AGTAGAAC 285 EMBOSS_@e1 375 -GGATGTTTGCATT----——-- CaAGYC- ICAGAGTAGAA- -~ - -~ c aes
EMBOSS_@@1 135874 ATTCCTTGTGTGGTTTATGCTCCTAGCTTTGTACAACCTAAAGTGGTATC 136823 EMBOSS_281 73314 ATTCATATTCTTTACACGETTTATAGEATTGATGTCATATCCAGCAGCAT 73363
[NaNy [ERN Y| l.. 1111 11 1- Lh-1--011-111
EMBOSS_@@1 486 ATTCC--GTTTGG- - TAAGC- - - STGTTGT 228 EMEOSS_@81 486 ATTC----—-- _CGTTTEGTAAGCGTGTTGT -~ - 28
EMBOSS_ 281 75101 EMBOSS_881 43781 ACAACAAGAAAGAGTTCTTTGAAAAGATTTACATAACAGACAAAGT - -AG 43748
11 ANy
EMBOSS_281 1 EMBOSS_@@l 1 -TTG-- GEGATAAAGTGEGS 17
EMBOSS_281 TE151 CAGATAAGGATGTAATCTTAAATAGTTTGGAGCATATTGATGEG-TTGTT 75180
— T EMBOSS_@al 43749 TACAAGAAGCAATAGTGCATATTTTTATGCACATTGGTAAA AAACA 43794
EMBOSS_ @81 a - AGTGGGGANC - - 28 Sl T-1-1-11 LI 1-111
EMBOSS_@@a1 18 ANCGGGA - -~ TTGTCTTCA- - - -GGTAARATC TAGACA a8
EMBOSS_ @81 75200 ACTCACTGGAGGAGGCGACAT TAACCCTCTTTGGATAGGCGAAGAACCAT 75249
1I--111 P-10.- -1 IRAREREN EMBOSS_881 43795 —AA((GTTGATTTATTTAA(A.GGGTG(TTrTAAA(TrGATA(TTTAGA. 43843
EMBOSS_@el 28 -----CTTCAGG- ~TARAATC- - - - AGAC--AGAASCAT s5 11:l.11 T IR
EMBOSS_881 49 GAASCATT - CTCAGAAACTT-- &8
EMBOSS_@el 75258 CTACCCAATTGCATAATATCAATGGAAACGCGAT TTGGCAGAGCTAATS 75299 —
EMBOsS @81 [ - ra EMEOSS_eel 43844 TTTAGEAT- - - ACATTCGAGCTATAGA-TACARACGTTATCACTATTT- 43387
- 1-1111 PIITD- ST
EMBOSS_ @81 75380 ATAACCCAATTAGCATTTAATCGTCAAATACCTATCATGEGTA - - 75342 EMBOSS_@@a1 69 TWTGGGATKTTHRCATTCAAGTYACAGAGTAGAA - 1e8
11 IR -
EMBOSS_281 7S AT- KTTWRCATTCAA- -GTYACA- -~ ---=--= GAGTAGAACATT 186 EMBOSS_@@a1 43888 - TTTAGTGATATACATTATAATGATATTTTACAATGGAGAGTTTGATCCT 43936
N 11111 111
EMBOSS_ @81 78243~ TTTeTAGACETETG G - SACTATGSCTATIECTCTASS 75379 EMBoss_so1 108 CTTTEGT _acan- 119
EMBOSS_ @81 187 YCCTTTGETAGA- - - - -GCAGRTTKRRRRCACT-—--CTTTT--TRTAGT 1as
EMBOSS_881 23937 GECTCAGGATGA- - - - ACGCTAGCTATAGGCTTAACACATGCAAGTCGAG 43982
EMBOSS_ @81 75380 A-- -GEAGAAGTGCAGCAAGACAT - -CTATGAAGACTATCTCGT 75418 Es 1110 I 1-1 LT
L1t L=111 Ph=l-1-1-1-11- EMBOSS_@@1 128 ----CAGRTTKRRARCACTCTTTTTRTAG- - -TATC- - ~TGGAAGT - - 155
EMBOSS_ @81 146 ATCTG--GAAGTG- —GMCATTTEEAGCKCTIWT CAGGSCCATKTTGG 187
EMBOSS_@@a1 43983 GEGCAGCGAATAGATAGCTTGCTATTTATGTCGGCGACCGGCECACGGET 44032
EMEOSS @81 75415 ARA-GGAAGTATCTTCTGAAGARARGTCAAAGARAGCGAAGCCTACAATA 75457 1 N
T TLEE-TIhTg]: -0l " AGCK
EMEOSS @81 188 AAAGGGAAATATCTTY- MCGTARC - - AMM- - - 213 EMEOSS_8el 156 GeHc- - TOGAGCKC---- 178
EMBOSS_o01 75468 ACGCTTTATGCTGETACTATTAAGCATTCACAAGATGCCGACAAAGEGGA 75517 EMBOSS_8@1 44833 GAGTA.“.CG(G{ATT(.-AA[(TA((EATAA(TATG?G:TAAECCA————Gcﬁ 24078
10 [N ;
EMBOSS 281 214 - TAGGCAG- - - AAGCATTYTCA- - - 233 EMBOSS_881 171 - - TWTC-- 187
EMBOSS_@al 75518 AGCAACGCATAGTGTGGCTATTTTAGAAGGGTCTGTGCTTCATTCAATCT 75567 EMBOSS_ 2@l #4879 AAAII ITTT??TET"‘\TITT(E‘TT"TGTATTTT"rﬁG‘I‘TTT[“TGAG"TT'I‘EG‘% 4128
1.1 LN LEErE 110 1t
EMBOSS. 881 234 AmC- TTATTTEAGA - -~ TETGTG-THC- - TCAA- - 250 EMBOSS_2el 188 AMAG--GGA--AATATCTT-—--- YMCGT - - ~ARCAMM - - - - - — TAGGCA 219
EMBOSS_ @1 75568 ATAAAGCAGATAAGATCTTTGTTAATTCCTTCOATCATCAAGCEETARAG 75617 EMBOSS_0@1 24120 TAAAGATTTATCGGTTATGGATGGGEATGCGTCTGATTAGCTTGTTGGCG 44178
N N N NIFSIE Pt 1l
EMBOSS @21 260 L CTAAGA- - - GAATT-— & 271 EMBOSS_8@1 220 GAAGCATTY ~TCAGA--AACTTATT--—- 241
EMBOSS_@81 75616 AACCCCOGARAACGETTTARAGTATCAGCAATGGCOCCCEATGRAGTTAT | 75667 EMBOSS_9@1 44179 GGETAACGGLCCACCAAGGCAACGATCAGTAGGGGT TCTGAGAGGAAGGT 44228
T
EMBOSS_081 272 AACCMY----- ----AGTTKT 297 EMBOSS 2ol 253
EMBOSS_@@1 75668 CGAAGCAATTGAAAGTGCTGAATATAAACCTTTACTTGGAGTACAGTGEC 75717 EMBOSS_0@1 243328 CCCCCACATTGGAACTGAGACACGETCCAAACTCCTACGGGAGGCAGCAG 44278
NN -l 11
EMBOSS_eel 298 -CTTTTTITTGG - 315 EMBOSS_8a1l 254 WCTC- ARC 265
EMBOSS_8@1 75718 ATCCCGAATGGATGAAAGAAGAGGGTGGAAAAC -TATTCTCTT- EMBOSS_@@1 44279 TGAGGAATATTGETCAATGEACGCAMGTCTGAACCAGCCAAGTAGCGT -~ 44326
-1 INLE- P BBl 1h] 11 1111 [BIy -1
EMBOSS_@@1 316 - GGATAAM GTGGGGAACGTGTTCYCTTTTTCAGS sa48 EMBOSS_ @@l 288 - 282
EMBOSS_@el 75762 CTCATAAAACAGGCAGATAATTTCTATGCGGCAAAGCAACTTCA- ~CAAG 75809 EMBOSS_9@1 24327 -GCAGGATGACGECCCTATGGETTET- - - ARACTGCTTTTATATGGGGAT 44372
.1 TETEE T Pl 1.1 11T Il LI I N F A S NN
EMBOSS_@al 349 AT----AAATAGG- -GATAL - GGEGEAGG-- TCTTCAGS TAA- 380 EMBOSS_8@1 283 YGAAGGARCA - —GTTKTGAAACACT-CTTTT-TTTGGEGAT 319
EMBOSS_2@1 75818 COTATTCTTACCCTAGACACCCATTGCGA - CACACCTATGTTCTTCOCAC 75858 EMBOSS_2el 24373 GTGEGEAACGTGTTCCCTTTTGCAGGTACCATATGAATARGGACCGE 44422
l-: : 21111 IIIIIHIIIHIIIIHIIIIIIII\ IIIHI 1
EMBOSS_o@1 381 EES) EMBOSS_0@1 320 AAAGTGGGGAACGTGTTCYCTTTTTCAGS ELE)
EMBOSS_@el 75859 AAGGTGTACATTTCGAGCAGAGAGATTCTCGTATTCTCTACGATTTGCAT 75998 EMBOSS_8@1 44423 CTAA - - -TTCCOTGCCAGC - 24455
[FEEERAE)| Ilea.l: | 1 111 I
EMBOSS_@@1 397 - -TTEG- - - -~ ~GAGGRTCTGE - - - TCGEGAYG - ~TGGEAT 224 EMBOSS_9@1 360 -TAAGGGGAGGTCTT-- - - - -CAGSTAAACTSTA 02
EMBOSS_@@1 7sses .ZI\AGATGACGG:AAGGAAGGCAGGACGCTGTGTCAATGGTGGCTTA\CCTTCC 75958 EMBOSS_@@l 44456 AGGET----TCGEG-CGT----TATCCGGATTTATTGEET T TAAAGGGAGC 44406
- e UL =01
EMBOSS_@e1 435 AT- 426 EMBOSS_0@1 483 GGRTCTGGTCGGEAYGTGGCATAT- 426

and

.) and reverse compliment (bottom

DNF00188 (left) and the NCBI Primer BLAST Hit P. bivia strain DSM 20514 (right).
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A similar alignment pattern can be seen for sample W125 E4 V2 as W012 C8 V2.0 where the
quality of alignment of both the forward and reverse compliment sequences to the NCBI Primer
BLAST Hit P. bivia strain DSM 20514 show slightly improved alignment in comparison to
when the sequences are aligned against ATCC P. bivia reference strain DNFOO188 with little

difference between the direction of the sequences.

EMBOSS_281 72301 GTTAGTATGATGATTAAGCAGCAAATTAACAAGCAAATCTTTGE T?AAGA 72358 EMBOSS_@@l 44401 GTACCATATGAATAAGGACCGECT - - - -AATTCCGTGCCAGCAGCCGEGE 44446
EvEOSS 281 1 - = P T 11 AT T
EMBOSS_@el 1 GTAC--TATGCAKA------- GCTTCTCTATTTTGTGTCAGSAGGCGCGR 41
EMBOSS_081 72351 CTCTACACAGAGCATCTCTATTAATAACTTTGT ---AGCAGGTTTTGCCG 72397
cvmoss ool PR S N L N L . EMBOSS_pal 44447 TAAT-ACGGARGGTTCGGGCGTTATCCGGATTTATTGGGTTTAMMGGGAG 44495
S RN N |
EMBOSS_881 72398 TTHTGCMGGG\T ; Iﬁﬁ T\’ISII R HTCITWTT 72432 EMBOSS_8@l 42 T--TCACGGAAGGAGCAGAAGATTTCCKKATTTATTGGKGTTAGAGEGAG 89
EMBOSS_2e1 39 CGRTTCA------ COGAAGGAGCAGAAGATTTCCKKATTTATTGGKGTTA 82 -
EMBOSS_8@1 44496 CGTAGGCCGTTTGGTAAGCGTGTTGTGARATGTAGTAGCTCAACTTCTAG 44545
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Figure 4.1.2.7: Comparison of the forward (top __ and ...) and reverse compliment (bottom _ _
and __) sequence alignments for W174 F11 V2.4 against the ATCC P. bivia reference strain
DNFO00188 (left) and the NCBI Primer BLAST Hit P. bivia strain DSM 20514 (right).

The last sample analyzed showed improved alignment to both alignment sequences with
improved alignment to NCBI Primer BLAST Hit P. bivia strain DSM 20514 in comparison to
when the sequences are aligned against ATCC P. bivia reference strain DNF00188 for both the
forward and reverse compliment sequences. This indicates the primers have a higher specificity

for the P. bivia strain DSM 20514, to which the samples should be compared to.
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From the above data, it can be seen that there are multiple products and sizes that are amplified
by the set of primers that were eventually used to assess the WISH samples, which indicates their
non-specificity, as indicated by the poor alignments. This means that the primers are not reliable
and should not be used for future research, with further effort going into designing species
specific primers. This variability of the primers can be seen in the high readings of quantified P.
bivia (copies/ng) indicated by the lack of significant difference in any of the above associations.
As such, the P. bivia results have not been included in the category figures for comparison
between the bacterium. The individual figures for the P. bivia results for each category have
been included for referral, but should be interpreted with strong criticism and not compared to

the other bacterium figures, with any future progress involving optimized primers.

4.2 Real-Time PCR (qPCR) Results

For all amplification, standard and melt curves for gPCR results see appendix D qPCR Results.
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Figure 4.2: Example of an amplification and standard curve run with the WISH samples.
Amplification and standard curves of L. iners qPCR Plate V2.5 generated based on all wells and
the standard curve is generated based on the amplification curve of the standard positive controls
ranging from 10° to 10° copies/uL. Red and brown indicate positive amplification in the
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unknown samples and the positive control standards respectively, blue indicates uncertainty and
green indicates negative amplification in the wells.

4.2.1 Descriptive statistics

All six bacterial species DNA quantities in the WISH samples had a p<0.0001 for the Shapiro-
Wilk normality test, indicating none of the bacterial species were normally distributed across the
participant samples, which can be seen by the large discrepancies between the mean and median
values across the bacteria (Table 4.2.1). The box plots in the figure below illustrate the log;o-
transformed values for copies/ng DNA of each of the bacteria. As illustrated below, the medians
of L. iners, G. vaginalis copies/ng are consistently higher and more evenly distributed than L.
crispatus, L. jensenii and L. gasseri, which are skewed left towards the lower range of copies/ng,
except for L. gasseri. This shows a distinct separation of the bacteria into two different groups of

low and high quantity, further associated with a ‘healthy’ or dysbiotic vaginal microbiome,

respectively.
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Figure 4.2.1: Box plot comparison of the copies of each bacterial species of interest quantified in
the DNA extracted from WISH participants’ lateral wall swabs; showing the entire cohort
reported as log transformed copies/ng total DNA for L. gasseri (red), L. jensenii (orange), L.
crispatus (green), L. iners (blue), and G. vaginalis (purple). The ‘box’ component of each plot
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indicates the interquartile range (IQR) of the data set and the ‘whiskers’ which are the two lines
(bottom and top) extending from the box component of each block that end with a horizontal
stroke, indicate the range from the smallest and largest non-outliers to the 25% and 75%
percentile components, respectively. The middle line indicates the median value for each data
set.

Table 4.2.1: Descriptive statistics for each bacterial species, quantified from DNA extracted from
the WISH lateral wall swab for each participant.

Bacteria

L. crispatus L. gasseri L. jensenii L. iners G. vaginalis  P. bivia
Min 0.0 0.0 0.0 1.034 1.738 1.738
25% Percentile 0.0 1.976 1.570e-016  266.7 1015 3667
Median 3.957 17.58 1.568 2807 8540 11073
75% Percentile 4980 64.67 59.00 18727 49867 75533
Max 7.113e+007 320000 5.440e+006 4.167e+007 3.033e+006 2.553e+007
Mean 858412 3327 48743 337988 151382 750128
Std. Deviation  7.157e+006 27908 462042 3.485e+006 414156 3.405e+006
Std. Error 598472 2334 38638 291468 34633 284714

Although we only measured the most common vagina-associated bacteria, using these as
markers for total lactobacillus bacterial load we can assume this cohort of adolescent females had
predominantly non-lactobacillus species dominating their vaginal microbiome, indicating a shift
in what is considered the ‘normal’ vaginal microbiome in terms of the standard ‘healthy’

Lactobacillus dominated microbiome.

Due to the data set being non-parametric, all figures below represent the log;o transformed values
for each area of comparison. The comparisons were considered statistically significantly
different if the p-values were lower than 0.05; medians and 95% confidence intervals are

reported.

For all of the following analyses, the same shapes have been used for each bacterium; L
crispatus (equilateral triangle), L. gasseri (square), L. jensenii (circle), L. iners (square balanced
at 45 angle) G. vaginalis (isosceles right triangle) and P. bivia (square with an x through the

center).
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4.3 Comparison of absolute bacterial quantities to BV status, inflammation levels, age,

hormonal contraceptive and STI status, bacterial versus viral STIs and HPV

4.3.1 Association between the quantities of the bacteria of interest and BV status

Participants were categorized as being BV positive, intermediate or negative based on Nugent
scoring. A Nugent score of 0-3 is BV negative, a score of 4-6 is BV intermediate and a score of

7-101s BV positive.

The median copies/ng for each bacterium were compared using a Friedman’s ANOVA with a
Dunn’s Multiple Comparison test for BV positive (n=56, 39.16%), BV intermediate (n=17,
11.89%) and BV negative (n=70, 48.95%) groups. All ANOVA tests were statistically
significant (p<0.0001) indicating an overall significant difference between the copies/ng of the
bacteria in each BV group. For the p-values of the Friedman’s ANOVA test with a Dunn’s
Multiple Comparison test run across all BV groups, see Appendix D qPCR results, Section 2.1.
Asterisk stars were used in the following figures where one start (*) indicates a p-value lower
than 0.05, two stars (**) indicate a p-value lower than 0.01 and three stars (***) indicate a p-

value lower than 0.001.

Within the BV positive group (Figure 4.3.1A), L. iners and G. vaginalis both showed
significantly higher copies/ng in comparison to L. gasseri (p<0.0001), L. jensenii (p<0.0001) and
L. crispatus (p<0.0001). G. vaginalis was significantly more abundant than L. iners (p=0.007)
and L. gasseri was more abundant than L. jensenii (p=0.0157). G. vaginalis had significantly
higher copies/ng within the BV intermediate group (Figure 4.3.1B), with higher copies/ng in
comparison to L. gasseri (p=0.0123), and L. jensenii (p=0.0074), with both G. vaginalis and L.
iners being significantly greater than L. crispatus (p=0.0001, p=0.0044). The BV negative group
(Figure 4.3.1C) had greater copies/ng of L. crispatus, L. iners and G. vaginalis in comparison to
L. gasseri (p=0.0009, p<0.0001, p=0.0002 respectively). L. crispatus, L. iners and G. vaginalis
had higher median copies/ng with a significant difference of p<0.0001 in comparison to L.
jensenii. Overall, the greatest differences occurred between the high median copies/ng of G.
vaginalis in comparison to L. gasseri, L. jensenii, and L. crispatus, with L. iners to varying
degrees across the BV positive, intermediate and negative groups. The increased copies/ng of L.

crispatus within the BV negative group follows the literature of a ‘healthy’ FGT microbiome.
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Interestingly, L. crispatus and L. iners were the most prevalent of the lactobacilli species we
quantified in the BV negative group, however this trend is further followed by L. iners and G.
vaginalis across all three BV groups which differs strongly from the general lactobacilli
dominated FGT within a ‘healthy’ FGT microbiome. This could indicate a difference in what is

considered the ‘normal’ microbiome within this adolescent population.
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Figure 4.3.1A: Box-plot of L. gasseri (red), L. jensenii (orange), L. crispatus (green), L. iners
(blue), and G. vaginalis (purple) quantities for BV positive participants reported as log
transformed copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile
range (IQR) of the data set and the ‘whiskers’ which are the two lines (bottom and top)
extending from the box component of each block that end with a horizontal stroke, indicate the
range from the smallest and largest non-outliers to the 25% and 75% percentile components,
respectively. The middle line indicates the median value for each data set.
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Figure 4.3.1B: Box-plot of L. gasseri (red), L. jensenii (orange), L. crispatus (green), L. iners
(blue), and G. vaginalis (purple) quantities for BV intermediate participants reported as log
transformed copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile
range (IQR) of the data set and the ‘whiskers’ which are the two lines (bottom and top)
extending from the box component of each block that end with a horizontal stroke, indicate the
range from the smallest and largest non-outliers to the 25% and 75% percentile components,
respectively. The middle line indicates the median value for each data set.
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Figure 4.3.1C: Box-plot of L. gasseri (red), L. jensenii (orange), L. crispatus (green), L. iners
(blue), and G. vaginalis (purple) quantities for BV negative participants reported as log
transformed copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile
range (IQR) of the data set and the ‘whiskers’ which are the two lines (bottom and top)
extending from the box component of each block that end with a horizontal stroke, indicate the
range from the smallest and largest non-outliers to the 25% and 75% percentile components,
respectively. The middle line indicates the median value for each data set.
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4.3.1.1 Lactobacillus crispatus

We compared the quantified log copies/ng of L. crispatus between the BV groups. BV negative
participants had a significantly higher median value of L. crispatus (copies/ng) compared to
those in the BV intermediate (p=0.0004) and BV positive (p=0.0002) participant groups. There
was an overall significant difference in L. crispatus between the BV groups (Kruskal-Wallis

ANOVA p<0.0001) (Figure 4.3.1.1).
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Figure 4.3.1.1: Comparison of the quantities of L. crispatus (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between BV positive, intermediate and negative groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.1.2 Lactobacillus gasseri

We compared the quantified log copies/ng of L. gasseri between the BV groups. The BV
negative participants had a significantly higher median value of L. gasseri (copies/ng) compared
to those in the BV intermediate (p=0.0016) and BV positive (p<0.0001) participant groups.
There was an overall significant difference between the BV groups (Kruskal-Wallis ANOVA
p<0.0001) (Figure 4.3.1.2).
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Figure 4.3.1.2: Comparison of the quantities of L. gasseri (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between BV positive, intermediate and negative groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.1.3 Lactobacillus jensenii

We compared the quantified log copies/ng of L. jensenii between the BV groups. BV negative
participants had a significantly higher median value of L. jensenii (copies/ng) compared to those
in the BV positive (p<0.0001) participant group. There was an overall significant difference in L.

Jensenii between the BV groups (Kruskal-Wallis ANOVA p<0.0001) (Figure 4.3.1.3).
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Figure 4.3.1.3: Comparison of the quantities of L. jensenii (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between BV positive, intermediate and negative groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.1.4 Lactobacillus iners

We compared the quantified log copies/ng of L. iners between the BV groups. BV negative
participants had a significantly higher median value of L. iners (copies/ng) compared to those in
the BV intermediate (p=0.0461) participant group. There was an overall significant difference in

L. iners between the BV groups (Kruskal-Wallis ANOVA p=0.0358) (Figure 4.3.1.4).
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Figure 4.3.1.4: Comparison of the quantities of L. iners (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between BV positive, intermediate and negative groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.1.5 Gardnerella vaginalis

We compared the quantified log copies/ng of G. vaginalis between the BV groups. BV positive
participants had significantly higher copies/ng of G. vaginalis compared to those in the BV
intermediate (p=0.0059) and BV negative (p<0.0001) participant groups. There was an overall
significant difference in G. vaginalis between the BV groups (Kruskal-Wallis ANOVA
p<0.0001) (Figure 4.3.1.5).
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Figure 4.3.1.5: Comparison of the quantities of G. vaginalis (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between BV positive, intermediate and negative groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

Therefore, we can conclude than women without BV had higher median levels of L. crispatus
(copies/ng) and L. gasseri (copies/ng) compared to those in the BV intermediate and BV positive
groups. Further, the BV negative group had higher median levels of L. jensenii (copies/ng) and
L. iners (copies/ng) compared to the BV positive and intermediate groups, respectively. Overall,
L. crispatus, L. iners and G. vaginalis, which are associated with both dysbiosis and a ‘healthy’

vaginal microbiome, dominated the BV negative group. The BV positive group had higher

median levels of G. vaginalis (copies/ng) compared to those in the BV intermediate and BV
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positive groups, with none of the BV groups having any difference in the median levels of P.
bivia (copies/ng) present. This follows the expected trend of association between the presence of
increased G. vaginalis copies/ng with BV positive literature and increased L. crispatus, L.

gasseri and L. jensenii and BV negative literature.

Due to the unreliability of the qPCR amplification results, the P. bivia data regarding BV has not
been included and can be found in Appendix E: Results, page 186.

4.3.2 Association between bacteria of interest and inflammatory immunological factor levels

The two inflammatory groups were defined based on the unsupervised analysis of the 47
immunological factors of interest in the cervicovaginal fluid of women in the WISH cohort.
These immunological factors were categorized into high and low inflammation by partitioning
around medoids (PAM) using an R package ‘cluster’ with a k-value of 2. The samples were
originally separated into high and low inflammation based on the levels of only the pro-
inflammatory and chemokine factors measured. However, the inflammation separation of the
participant samples showed little difference between the two pro-inflammatory and chemokine
groups of immunological factor analysis in comparison to using all of the factors to determine
high and low inflammation. Thus the final inflammation categorization was done using all 47

immunological factors.

The immunological factors measured in this study can be generally grouped into five different
categories. The immunological factors considered as pro-inflammatory were IL-1a, IL-1b, IL-6,
IL-12p40, 1L-12(p70), 1IL-18, MIF, TNF-a, TNF-b and TRAIL. The immunological factors
considered chemokines were CTACK, Eotaxin, GROa, IL-8, IL-16, IP-10, MCP-1, MCP-3,
MIG, MIP-1a, MIP-1b, IFN-a2, and RANTES. The immunological factors considered growth
factors were b-NGF, FGF basic, G-CSF, GM-CSF, HGF, IL-3, IL-7, IL-9, LIF, M-CSF, PDGF-
bb, SCF, SCGF-b, SDF-1a and VEGF. The immunological factors considered adaptive were
IFN-g, IL-4, IL-13, IL-17, IL-2Ra, IL-2, and IL-5. The immunological factors considered
regulatory were IL-10 and IL-1ra.

The median log transformed copies/ng for each bacterium were compared using a Friedman’s

ANOVA with a Dunn’s Multiple Comparison test for high (n=98, 70%) and low (n=42, 30%)
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inflammation groups. Both ANOVA tests were significant (p<0.0001) indicating statistically
different median values for the bacterial copies/ng in the low and high genital inflammation
groups. For the p-values of the Friedman’s ANOVA test with a Dunn’s Multiple Comparison test
run across the inflammation groups, see Appendix D qPCR results, Section 2.2. Asterisk stars
were used in the following figures where one start (*) indicates a p-value lower than 0.05, two
stars (**) indicate a p-value lower than 0.01 and three stars (***) indicate a p-value lower than

0.001.

In the women with low levels of inflammation, both G. vaginalis and L. iners were significantly
higher compared to L. gasseri and L. jensenii (p<0.0001) (Figure 4.3.2A), L. crispatus copies/ng
were also significantly higher than L. gasseri and L. jensenii (p=0.0097 and p=0.0005,
respectively). There were no differences between L. iners, L. crispatus and G. vaginalis in the
low inflammation group. The high inflammation group (Figure 4.3.2B) also had the significantly
higher copies/ng of G. vaginalis and L. iners compared to L. gasseri (p<0.0001), L. jensenii
(p<0.0001), and L. crispatus (p<0.0001). L. gasseri had higher copies/ng compared to L. jensenii
(p=0.0463). Regardless of inflammatory factor level, copies/ng of G. vaginalis and L. iners were
high. However, the low inflammation group had equivalent copies/ng of L. crispatus and the

high inflammation group had increased copies/ng of L. gasseri.
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Figure 4.3.2A: Box-plot of the low inflammation for L. gasseri (red), L. jensenii (orange), L.
crispatus (green), L. iners (blue), and G. vaginalis (purple) reported as log transformed copies/ng
total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR) of the data
set and the ‘whiskers’ which are the two lines (bottom and top) extending from the box
component of each block that end with a horizontal stroke, indicate the range from the smallest
and largest non-outliers to the 25% and 75% percentile components, respectively. The middle
line indicates the median value for each data set.
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Figure 4.3.2B: Box-plot of the high inflammation for L. gasseri (red), L. jensenii (orange), L.
crispatus (green), L. iners (blue), and G. vaginalis (purple) reported as log transformed copies/ng
total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR) of the data
set and the ‘whiskers’ which are the two lines (bottom and top) extending from the box
component of each block that end with a horizontal stroke, indicate the range from the smallest
and largest non-outliers to the 25% and 75% percentile components, respectively. The middle
line indicates the median value for each data set.
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4.3.2.1 Lactobacillus crispatus

We compared the quantified log copies/ng of L. crispatus between the inflammation groups. The
low inflammation group had significantly higher copies/ng compared to those in the high

inflammation group (p=0.0005) (Figure 4.3.2.1).
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Figure 4.3.2.1: Comparison of the quantities of L. crispatus (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between women with high and low genital inflammation. All p-value comparisons were
based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.2.2 Lactobacillus gasseri

We compared the quantified log copies/ng of L. gasseri between the inflammation groups. The
low inflammation group had significantly higher copies/ng of L. gasseri compared to those in the

high inflammation group (p=0.033) (Figure 4.3.2.2).
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Figure 4.3.2.2: Comparison of the quantities of L. gasseri (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between women with high and low genital inflammation. All p-value comparisons were
based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.2.3 Lactobacillus jensenii

We compared the quantified log copies/ng of L. jensenii between the inflammation groups. The
low inflammation group had significantly higher copies/ng compared to those in the high

inflammation group (p=0.0046) (Figure 4.3.2.3).
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Figure 4.3.2.3: Comparison of the quantities of L. jensenii (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between women with high and low genital inflammation. All p-value comparisons were
based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.2.4 Lactobacillus iners

We compared the quantified log copies/ng of L. iners between the inflammation groups. There
was no significant difference in L. iners between the high inflammation group and the low

inflammation group (p=0.5689) (Figure 4.3.2.4).
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Figure 4.3.2.4: Comparison of the quantities of L. iners (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, women with high and low genital inflammation. All p-value comparisons were based on
an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure represents an
individual participant. The three horizontal bars represent the median value (middle bar), upper
interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.2.5 Gardnerella vaginalis

We compared the quantified log copies/ng of G. vaginalis between the inflammation groups. The
high inflammation group and the low inflammation group had no significant difference

(p=0.1227) (Figure 4.3.2.5).
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Figure 4.3.2.5: Comparison of the quantities of G. vaginalis (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between women with high and low genital inflammation. All p-value comparisons were
based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

In summary, consistent with our hypothesis, participants with low inflammation in their genital
tract fluid had significantly higher copies/ng of L. crispatus, L. gasseri, and L. jensenii compared
to those present in the high inflammation group. Conversely, there were no significant
differences in the copies/ng for L. iners or G. vaginalis between women with high or low
inflammation. Thus there is an association with the presence of lactobacilli and low
inflammation. This begs the question of whether the presence of bacteria such as G. vaginalis,

versus the absence of lactobacilli bacterium playing any role in high genital inflammation
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Due to the unreliability of the qPCR amplification results, the P. bivia data regarding

Inflammation has not been included and can be found in Appendix E: Results, page 189.

4.3.3 Association between the quantities (copies/ng) of bacteria of interest and age

The age of all participants was recorded upon screening for participation within the study. For

this analysis, age was binarised into 16-18 years of age versus 19-22 years of age.

The median copies/ng for each bacterium were compared using a Friedman’s ANOVA with a
Dunn’s Multiple Comparison test for the two age groups 16-18 years (n=75, 52.45%) and 19-22
years (n=68, 47.55%). Both ANOVA tests were significant (p<0.0001), indicating the bacterial
copies/ng in each age group were statistically different from each other. For the p-values of the
Friedman’s ANOVA test with a Dunn’s Multiple Comparison test run across the inflammation
groups, see Appendix D qPCR results, Section 2.2.3. Asterisk stars were used in the following
figures where one start (*) indicates a p-value lower than 0.05, two stars (**) indicate a p-value

lower than 0.01 and three stars (***) indicate a p-value lower than 0.001.

In both the 16-18 years (Figure 4.3.3A) and 19-22 years (Figure 4.3.3B) age groups, G. vaginalis
and L. iners were significantly higher compared to L. gasseri (p<0.0001), L. jensenii (p<0.0001)
and L. crispatus (p<0.0001). L. crispatus was significantly higher to L. jensenii (p=0.0419) in the

16-18 years’ group. This data set is similar to the study cohort as a whole.
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Figure 4.3.3A: Box-plot of the 16-18 years for L. gasseri (red), L. jensenii (orange), L. crispatus
(green), L. iners (blue), and G. vaginalis (purple) reported as log transformed copies/ng total
DNA. The ‘box’ component of each plot indicates the interquartile range (IQR) of the data set
and the ‘whiskers’ which are the two lines (bottom and top) extending from the box component
of each block that end with a horizontal stroke, indicate the range from the smallest and largest
non-outliers to the 25% and 75% percentile components, respectively. The middle line indicates
the median value for each data set.
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Figure 4.3.3B: Box-plot of the 19-22 years for L. gasseri (red), L. jensenii (orange), L. crispatus
(green), L. iners (blue), and G. vaginalis (purple) reported as log transformed copies/ng total
DNA. The ‘box’ component of each plot indicates the interquartile range (IQR) of the data set
and the ‘whiskers’ which are the two lines (bottom and top) extending from the box component
of each block that end with a horizontal stroke, indicate the range from the smallest and largest
non-outliers to the 25% and 75% percentile components, respectively. The middle line indicates
the median value for each data set.
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4.3.3.1 Lactobacillus crispatus

The 16-18 years old age group and the 19-22 years old age group had no significant difference in
log copies/ng (p=0.6861) (Figure 4.3.3.1).
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Figure 4.3.3.1: Comparison of the quantities of L. crispatus (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the two 16-18 years old and 19-22 years old age groups. All p-value comparisons
were based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the
figure represents an individual participant. The three horizontal bars represent the median value
(middle bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.3.2 Lactobacillus gasseri

We compared the quantified copies/ng of L. gasseri between the age groups. The 16-18 years old
age group and the 19-22 years old age group had no significant difference in log copies/ng

(p=0.2991) (Figure 4.3.3.2).
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Figure 4.3.3.2: Comparison of the quantities of L. gasseri (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the two 16-18 years old and 19-22 years old age groups. All p-value comparisons
were based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the
figure represents an individual participant. The three horizontal bars represent the median value
(middle bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.3.3 Lactobacillus jensenii

The 16-18 years old age group and the 19-22 years old age group had no significant difference in
log copies/ng (p=0.7909) (Figure 4.3.3.3).
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Figure 4.3.3.3: Comparison of the quantities of L. jensenii (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the two 16-18 years old and 19-22 years old age groups. All p-value comparisons
were based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the
figure represents an individual participant. The three horizontal bars represent the median value
(middle bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.3.4 Lactobacillus iners

We compared the quantified copies/ng of L. iners between the age groups. The 16-18 years old
age group and the 19-22 years old age group had no significant difference in log copies/ng

(p=0.1664) (Figure 4.3.3.4).
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Figure 4.3.3.4: Comparison of the quantities of L. iners (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the two 16-18 years old and 19-22 years old age groups. All p-value comparisons
were based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the
figure represents an individual participant. The three horizontal bars represent the median value
(middle bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.3.5 Gardnerella vaginalis

We compared the quantified copies/ng of G. vaginalis between the age groups. The 16-18 years
old age group and the 19-22 years old age group had no significant difference in log copies/ng
(p=0.3788) (Figure 4.3.3.5).
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Figure 4.3.3.5: Comparison of the quantities of G. vaginalis (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the two 16-18 years old and 19-22 years old age groups. All p-value comparisons
were based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the
figure represents an individual participant. The three horizontal bars represent the median value
(middle bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

Therefore, age did not influence the bacterial quantities (copies/ng) regardless of the species
associated with health or dysbiosis, as the comparisons between the median quantified values of
the two different age groups 16-18 years old and 19-22 years old, did not significantly differ in
any way towards a particular age set. Analyzing age as continuous variable, yielded similar

results.

Due to the unreliability of the gqPCR amplification results, the P. bivia data regarding age has not
been included and can be found in Appendix E: Results, page 190.
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4.3.4 Association between the quantities (copies/ng) of vaginal bacteria and hormonal
contraceptives

The hormonal contraceptive that each participant was using was recorded at the first visit of the
WISH Cohort study process. The three hormonal contraceptives of particular interest within this

study include DMPA, the Implanon and Nur Isterate.

The median copies/ng for each bacterium were compared using a Friedman’s ANOVA with a
Dunn’s Multiple Comparison test for hormonal contraceptive use of DMPA (n=25, 18.38%),
Implanon (n=9, 6.62%) and Nur Isterate (n=102, 75%). The copies/ng between the bacteria in
each hormonal contraceptive usage group were significantly different to each other (ANOVA
p<0.0001). For the p-values of the Friedman’s ANOVA test with a Dunn’s Multiple Comparison
test run across all hormonal contraceptive usage groups, see Appendix D qPCR results, Section
2.4. Asterisk stars were used in the following figures where one start (*) indicates a p-value
lower than 0.05, two stars (¥*) indicate a p-value lower than 0.01 and three stars (***) indicate a

p-value lower than 0.001.

The copies/ng of G. vaginalis and L. iners in the DMPA (Figure 4.3.4A) and Nur Isterate (Figure
4.3.4C) hormonal contraceptive groups were significantly higher compared to L. gasseri
(p=0.0057, p<0.0001), L. jensenii (p<0.0001, p<0.0001) and L. crispatus (p=0.0132, p<0.0001).
The Implanon hormonal contraceptive (Figure 4.3.4B) had significantly higher copies/ng of G.
vaginalis in comparison to L. gasseri (p=0.0375) L. jensenii (p<0.0001) and L. crispatus
(p=0.003) with L. iners having significantly higher copies/ng in comparison to L. jensenii
(p=0.0375). The Implanon hormonal contraceptive had the least association with the bacterial

copes/ng with DMPA and Nur Isterate having similar patterns between G. vaginalis and L. iners.
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Figure 4.3.4A: Box-plot of hormonal contraceptive use of DMPA for L. gasseri (red), L. jensenii
(orange), L. crispatus (green), L. iners (blue), and G. vaginalis (purple) reported as log
transformed copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile
range (IQR) of the data set and the ‘whiskers’ which are the two lines (bottom and top)
extending from the box component of each block that end with a horizontal stroke, indicate the
range from the smallest and largest non-outliers to the 25% and 75% percentile components,
respectively. The middle line indicates the median value for each data set.
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Figure 4.3.4B: Box-plot of hormonal contraceptive use of the Implanon for L. gasseri (red), L.
Jensenii (orange), L. crispatus (green), L. iners (blue), and G. vaginalis (purple) reported as log
transformed copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile
range (IQR) of the data set and the ‘whiskers’ which are the two lines (bottom and top)
extending from the box component of each block that end with a horizontal stroke, indicate the
range from the smallest and largest non-outliers to the 25% and 75% percentile components,
respectively. The middle line indicates the median value for each data set.
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Figure 4.3.4C: Box-plot of hormonal contraceptive use of Nur Isterate for L. gasseri (red), L.
Jensenii (orange), L. crispatus (green), L. iners (blue), and G. vaginalis (purple) reported as log
transformed copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile
range (IQR) of the data set and the ‘whiskers’ which are the two lines (bottom and top)
extending from the box component of each block that end with a horizontal stroke, indicate the
range from the smallest and largest non-outliers to the 25% and 75% percentile components,
respectively. The middle line indicates the median value for each data set.
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4.3.4.1 Lactobacillus crispatus

We compared the quantified log copies/ng of L. crispatus, and found no significant differences

between the hormonal contraceptive groups (Kruskal-Wallis ANOVA p=0.276) (Figure 4.3.4.1).
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Figure 4.3.4.1: Comparison of the quantities of L. crispatus (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value
comparisons were based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each
point in the figure represents an individual participant. The three horizontal bars represent the
median value (middle bar), upper interquartile range (top bar) and lower interquartile range
(bottom bar).
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4.3.4.2 Lactobacillus gasseri

We compared the quantified log copies/ng of L. gasseri between the contraceptive groups, and
we noted that levels of L. gasseri were much lower in the Implanon group that the DMPA group,
but the difference did not achieve statistical significance (Kruskal-Wallis ANOVA p=0.0918)
(Figure 4.3.4.2).
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Figure 4.3.4.2: Comparison of the quantities of L. gasseri (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value
comparisons were based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each
point in the figure represents an individual participant. The three horizontal bars represent the
median value (middle bar), upper interquartile range (top bar) and lower interquartile range
(bottom bar).
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4.3.4.3 Lactobacillus jensenii

We compared the quantified log copies/ng of L. jensenii between the hormonal contraceptive
groups, which had an overall significant difference (Kruskal-Wallis ANOVA p=0.0222) (Figure
4.3.4.3).
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Figure 4.3.4.3: Comparison of the quantities of L. jensenii (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value
comparisons were based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each
point in the figure represents an individual participant. The three horizontal bars represent the
median value (middle bar), upper interquartile range (top bar) and lower interquartile range
(bottom bar).
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4.3.4.4 Lactobacillus iners

We compared the quantified log copies/ng of L. iners and found no significant differences
between the hormonal contraceptive groups (Kruskal-Wallis ANOVA p=0.1721) (Figure
4.3.4.4).
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Figure 4.3.4.4: Comparison of the quantities of L. iners (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value
comparisons were based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each
point in the figure represents an individual participant. The three horizontal bars represent the
median value (middle bar), upper interquartile range (top bar) and lower interquartile range
(bottom bar).
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4.3.4.5 Gardnerella vaginalis

We compared the quantified log copies/ng of G. vaginalis, and found no difference between the

hormonal contraceptive groups (Kruskal-Wallis ANOVA p=0.9144) (Figure 4.3.4.5).
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Figure 4.3.4.5: Comparison of the quantities of G. vaginalis (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value
comparisons were based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each
point in the figure represents an individual participant. The three horizontal bars represent the
median value (middle bar), upper interquartile range (top bar) and lower interquartile range
(bottom bar).

Therefore, the hormonal contraceptives DMPA, Implanon and Nur Isterate showed no patterns of
significantly different copies/ng of bacteria, except for an overall significant Kruskal-Wallis
statistic for L. jensenii (p=0.00222). There is no specific association between the hormonal
contraceptive usage and bacterial log copes/ng. However, the sample size for Implanon was
small and as such the computing power of the Kruskal-Wallis statistic could be less accurate than

with a larger sample size due to weakened statistical power. Thus it can be postulated that the
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type of hormonal contraceptive used by female adolescents does not have a direct impact on the

FGT microbiota.

Due to the unreliability of the qPCR amplification results, the P. bivia data regarding hormonal

contraceptives has not been included and can be found in Appendix E: Results, page 192.

4.3.5 Association between the quantities (copies/ng) of the bacteria of interest and the absence or
presence of any one STI in the WISH cohort

The STI status was determined based on the absence or presence of any one bacterial
(Chlamydia trachomatis, Neisseria gonorrhea, and Mycoplasma genitalium), viral (Herpes
Simplex Virus 2, and Human Papilloma Virus) or parasitic (Trichomonas vaginalis) STI for each

participant.

The median copies/ng for each bacterium were compared using a Friedman’s ANOVA with a
Dunn’s Multiple Comparison test for the absence or presence of any one STI. The bacterial
copies/ng in the women with (n=78, 55.71%) and without (n=62, 44.29%) any one STI were
significantly different to each other (ANOVA p<0.0001). For the p-values of the Friedman’s
ANOVA test with a Dunn’s Multiple Comparison test run across both STI groups, see Appendix
D gPCR results, Section 2.5. Asterisk stars were used in the following figures where one start (*)
indicates a p-value lower than 0.05, two stars (**) indicate a p-value lower than 0.01 and three

stars (***) indicate a p-value lower than 0.001.

In the absence of any one STI (Figure 4.3.5A), G. vaginalis and L. iners had a significant higher
in copies/ng with a p-value of >0.0001 in comparison to L. gasseri, L. jensenii and L. crispatus.
The same pattern was followed by G. vaginalis and L. iners in the presence of any one STI
(Figure 4.3.5B), except L. iners had significantly higher p-value of 0.0002 compared to L.
crispatus, which in turn was significantly higher to L. jensenii (p=0.0079). The absence of or

presence of any one STI is similar to the overall cohort.
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Figure 4.3.5A: Box-plot of the absence of any one STI for L. gasseri (red), L. jensenii (orange),
L. crispatus (green), L. iners (blue), and G. vaginalis (purple) reported as log transformed
copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR)
of the data set and the ‘whiskers’ which are the two lines (bottom and top) extending from the
box component of each block that end with a horizontal stroke, indicate the range from the
smallest and largest non-outliers to the 25% and 75% percentile components, respectively. The

middle line indicates the median value for each data set.
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Figure 4.3.5B: Box-plot of the presence of any one STI for L. gasseri (red), L. jensenii (orange),
L. crispatus (green), L. iners (blue), and G. vaginalis (purple) reported as log transformed
copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR)
of the data set and the ‘whiskers” which are the two lines (bottom and top) extending from the
box component of each block that end with a horizontal stroke, indicate the range from the
smallest and largest non-outliers to the 25% and 75% percentile components, respectively. The
middle line indicates the median value for each data set.
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4.3.5.1 Lactobacillus crispatus

We compared the quantified log copies/ng of L. crispatus, and found no difference between the

participants with and without any one STI (p=0.9655) (Figure 4.3.5.1).
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Figure 4.3.5.1: Comparison of the quantities of L. crispatus (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on absence or presence of any one of the
WISH cohort STIs present. All p-value comparisons were based on an unpaired, non-parametric
Mann-Whitney t-test statistic. Each point in the figure represents an individual participant. The
three horizontal bars represent the median value (middle bar), upper interquartile range (top bar)
and lower interquartile range (bottom bar).
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4.3.5.2 Lactobacillus gasseri

We compared the quantified log copies/ng of L. gasseri and found no significant differences

between the participants with and without any one STI (p=0.6386) (Figure 4.3.5.2).
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Figure 4.3.5.2: Comparison of the quantities of L. gasseri (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on absence or presence of any one of the
WISH cohort STIs present. All p-value comparisons were based on an unpaired, non-parametric
Mann-Whitney t-test statistic. Each point in the figure represents an individual participant. The
three horizontal bars represent the median value (middle bar), upper interquartile range (top bar)
and lower interquartile range (bottom bar).
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4.3.5.3 Lactobacillus jensenii

We compared the quantified log copies/ng of L. jensenii and found no difference between the

participants with and without any one STI (p=0.735) (Figure 4.3.5.3).
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Figure 4.3.5.3: Comparison of the quantities of L. jensenii (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on absence or presence of any one of the
WISH cohort STIs present. All p-value comparisons were based on an unpaired, non-parametric
Mann-Whitney t-test statistic. Each point in the figure represents an individual participant. The
three horizontal bars represent the median value (middle bar), upper interquartile range (top bar)
and lower interquartile range (bottom bar).
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4.3.5.4 Lactobacillus iners

We compared the quantified log copies/ng of L. iners and found no difference between the

participants with and without any one STI (p=0.9525) (Figure 4.3.5.4).
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Figure 4.3.5.4: Comparison of the quantities of L. iners (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on absence or presence of any one of the
WISH cohort STIs present. All p-value comparisons were based on an unpaired, non-parametric
Mann-Whitney t-test statistic. Each point in the figure represents an individual participant. The
three horizontal bars represent the median value (middle bar), upper interquartile range (top bar)
and lower interquartile range (bottom bar).
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4.3.5.5 Gardnerella vaginalis

We compared the quantified log copies/ng of G. vaginalis and found no significant differences

between the participants with and without any one STI (p=0.1040) (Figure 4.3.5.5).
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Figure 4.3.5.5: Comparison of the quantities of G. vaginalis (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on absence or presence of any one of the
WISH cohort STIs present. All p-value comparisons were based on an unpaired, non-parametric
Mann-Whitney t-test statistic. Each point in the figure represents an individual participant. The
three horizontal bars represent the median value (middle bar), upper interquartile range (top bar)
and lower interquartile range (bottom bar).

Therefore, the absence of, or presence of any one of the STIs i.e. bacterial (Chlamydia
trachomatis, Neisseria gonorrhea, and Mycoplasma genitalium), viral (Herpes Simplex Virus 2,
and Human Papilloma Virus) or parasitic (Trichomonas vaginalis), showed no association with
the copies/ng of L. crispatus, L. gasseri, L. jensenii, L. iners, G. vaginalis, and P. bivia. This
could correlate with a lack of interaction between the STIs and the bacterium studied in this

cohort within the FGT.

Due to the unreliability of the qPCR amplification results, the P. bivia data regarding STIs has
not been included and can be found in Appendix E: Results, page 193.
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4.3.6 Association between the gquantities (copies/ng) of the bacteria of interest and the presence
of bacterial or viral STIs in the WISH cohort

The STI status was determined based on the sum value of the presence or absence of all bacterial
(Chlamydia trachomatis, Neisseria gonorrhea, and Mycoplasma genitalium), or viral (Herpes

Simplex Virus 2, and Human Papilloma Virus) for each participant within the WISH cohort.

The median copies/ng for each bacterium were compared using a Friedman’s ANOVA with a
Dunn’s Multiple Comparison test for the absence (n=77, 53.85%), presence of one (n=51,
35.66%) or presence of two or more (n=15, 10.49%) bacterial STIs. Further, the median
copies/ng for each bacterium were compared using a Friedman’s ANOVA with a Dunn’s
Multiple Comparison test for the absence (n=46, 32.17%), presence of one (n=91, 63.63%) or
presence of two (n=6, 4.20%) viral STIs. There was an overall significant difference between the
copies/ng of the bacteria in the bacterial STI groups (ANOVA p<0.0001). The ANOVA tests
were significantly different for copies/ng of the bacteria in both the absence of and presence of
one viral STI (p<0.0001) and the presence of two viral STIs (p=0.0162). The figures comparing
the bacterium copies/ng per bacterial and viral STI group followed the same trends as the
absence or presence of any one STI as well as the overall cohort and as such have not been
included within this chapter. For the representative figures and p-values of the Friedman’s
ANOVA test with a Dunn’s Multiple Comparisons run across the bacterial and viral STI groups,

see Appendix D qPCR results, Section 2.6.
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4.3.6.1 Lactobacillus crispatus

We compared log copies/ng of L. crispatus between those with none, one or two (or more)
bacterial or viral STI groups. There was no significant difference in L. crispatus between the
bacterial STI groups (Kruskal-Wallis ANOVA p=0.8469). There was no significant difference in
L. crispatus between the viral STI groups (Kruskal-Wallis ANOVA p=0.2327) (Figure 4.3.6.1)

, p>0.9999 , , p=0.2587 ,

I 1 I 1

p>0.9999 p=0.1176

p>0.9999 F— p>0.9999 F—

1.0x1008- AA A A

1.0x1006-
1.0x1004-
1.0x1002-
1.0x10°0-
1.0x10-02-

log transformed copies/ng

1.0x10044

STI Type

Figure 4.3.6.1: Comparison of the quantities of L. crispatus (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on none, one, two (or more <) of the WISH
cohort Bacterial (B) versus Viral (V) STIs being present. All p-value comparisons were based on
an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.6.2 Lactobacillus gasseri

We compared the quantified log copies/ng of L. gasseri between those with none, one or two (or
more) bacterial or viral STI groups. There was no significant difference in L. gasseri between the
bacterial STI groups (Kruskal-Wallis ANOVA p=0.8184) and the viral STI groups (Kruskal-
Wallis ANOVA p=0.2327) (Figure 4.3.6.2).
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Figure 4.3.6.2: Comparison of the quantities of L. gasseri (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on none, one, two (or more <) of the WISH
cohort Bacterial (B) versus Viral (V) STIs being present. All p-value comparisons were based on
an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.6.3 Lactobacillus jensenii

We compared the quantified log copies/ng of L. jensenii between those with none, one or two (or
more) bacterial or viral STI groups. The bacterial STI groups had no significant difference in L.
Jensenii between the bacterial STI groups (Kruskal-Wallis ANOV A p=0.4743) and the viral STI
groups (Kruskal-Wallis ANOVA p=0.2219) (Figure 4.3.6.3).
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Figure 4.3.6.3: Comparison of the quantities of L. jensenii (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on none, one, two (or more <) of the WISH
cohort Bacterial (B) versus Viral (V) STIs being present. All p-value comparisons were based on
an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

119
A. O. Breetzke



4.3.6.4 Lactobacillus iners

We compared the quantified log copies/ng of L. iners between those with none, one or two (or
more) bacterial or viral STI groups. Both the bacterial and viral STI groups had no significant
difference in L. iners (Kruskal-Wallis ANOVA p=0.5727 and p=0.7316, respectively) (Figure
4.3.6.4).
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Figure 4.3.6.4: Comparison of the quantities of L. iners (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on none, one, two (or more <) of the WISH
cohort Bacterial (B) versus Viral (V) STIs being present. All p-value comparisons were based on
an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.6.5 Gardnerella vaginalis

We compared the quantified log copies/ng of G. vaginalis between those with none, one or two
(or more) bacterial or viral STI groups. In the bacterial STI groups there was no significant
difference in G. vaginalis (Kruskal-Wallis ANOVA p=0.2239). The group with two viral STIs
had significantly different copies/ng of G. vaginalis compared to no viral STI (p=0.0098) and
one viral STI (p=0.0324). There was an overall significant difference in G. vaginalis between the
viral STI groups (Kruskal-Wallis ANOVA p=0.0126) (Figure 4.3.6.5). This significance could

be skewed due to the reduced participants with two viral STIs.
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Figure 4.3.6.5: Comparison of the quantities of G. vaginalis (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on none, one, two (or more <) of the WISH
cohort Bacterial (B) versus Viral (V) STIs being present. All p-value comparisons were based on
an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

The above figures thus indicate that the presence of none, one or two or more bacterial STIs

(Chlamydia trachomatis, Neisseria gonorrhea, and Mycoplasma genitalium), have no association
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with the copies/ng of L. crispatus, L. gasseri, L. jensenii, L. iners, G. vaginalis and P. bivia. The
absence or presence of one or two viral STIs (Herpes Simplex Virus 2, and Human Papilloma
Virus) showed no association with the copies/ng of L. crispatus, L. gasseri, L. jensenii, and L.
iners. There was an association between the presence of two viral STIs and the copies/ng of G.
vaginalis and P. bivia, which was not seen in the comparison of the copies/ng of the bacteria
within the group. However, this could be due to the low participant number within the group and
the statistical significance may decrease with an increase in number of participants. The bacterial
and viral STI groups had increased copies/ng of G. vaginalis and L. iners in comparison to the
other four bacteria. From this data it can be estimated that neither the absence, nor the increasing
presence of bacterial or viral STIs have any association with the copies/ng of the bacterium

quantified in this cohort.

Due to the unreliability of the qPCR amplification results, the P. bivia data regarding bacterial
and viral STIs has not been included and can be found in Appendix E: Results, page 201.

4.3.7 Association between the quantities (copies/ng) of bacteria of interest and the absence or
presence of low and high risk HPV subtypes in the WISH cohort

The HPV status was considered negative in the absence of all HPV subtypes amplified by the
Roche linear array, low risk if 6, 11, 40, 42, 54, 55, 61, 62, 64, 67, 69, 70, 71, 72, 81, 83, 84,
89(CP6109) and 1S39 HPV subtypes were present, and high risk if 16, 18, 26, 31, 33, 35, 39, 45,
51, 52, 53, 56, 58, 59, 66, 68, 73 and 82 HPV subtypes were present.

The median copies/ng for each bacterium were compared using a Friedman’s ANOVA with a
Dunn’s Multiple Comparison test for the negative (n=29, 32.22%), low risk (n=27, 30%) and
high risk (n=34, 37.78%) HPV groups. The comparison of the copies/ng between the bacteria in
each category, were significantly different to each other overall (ANOVA p<0.0001). For the p-
values of the Friedman’s ANOVA test with a Dunn’s Multiple Comparison test run across the
HPV groups, see Appendix D gqPCR results, Section 2.7. Asterisk stars were used in the
following figures where one start (*) indicates a p-value lower than 0.05, two stars (**) indicate

a p-value lower than 0.01 and three stars (***) indicate a p-value lower than 0.001.
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Within the negative HPV group (Figure 4.3.7A), G. vaginalis and L. iners had significantly
higher copies/ng in comparison to L. gasseri (p=0.0023) and L. jensenii (p<0.0001), with L.
crispatus having a significantly higher copies/ng with p=0.0023 in comparison to L. jensenii.
Within the low risk HPV group (Figure 4.3.7B), G. vaginalis and L. iners were significantly
higher than L. jensenii (p<0.0001), L. crispatus (p<0.0001) and L. gasseri (p=0.0001, p=0.0017
respectively). G. vaginalis and L. iners were significantly higher than L. jensenii (p<0.0001) and
L. gasseri (p<0.0001) in the high risk HPV group (Figure 4.3.7C) with G. vaginalis and L.
crispatus showing significantly higher copies/ng in comparison to L. crispatus (p=0.00112) and
L. jensenii (p=0.0089) respectively. The low and high risk HPV groups showed similar trends in

the copies/ng of the bacteria with only a slight difference with L. crispatus in relation to the
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Figure 4.3.7A: Box-plot of the negative HPV group for L. gasseri (red), L. jensenii (orange), L.
crispatus (green), L. iners (blue), and G. vaginalis (purple) reported as log transformed copies/ng
total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR) of the data
set and the ‘whiskers’ which are the two lines (bottom and top) extending from the box
component of each block that end with a horizontal stroke, indicate the range from the smallest
and largest non-outliers to the 25% and 75% percentile components, respectively. The middle
line indicates the median value for each data set.
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Figure 4.3.7B: Box-plot of the low risk HPV group for L. gasseri (red), L. jensenii (orange), L.
crispatus (green), L. iners (blue), and G. vaginalis (purple) reported as log transformed copies/ng
total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR) of the data
set and the ‘whiskers’ which are the two lines (bottom and top) extending from the box
component of each block that end with a horizontal stroke, indicate the range from the smallest
and largest non-outliers to the 25% and 75% percentile components, respectively. The middle
line indicates the median value for each data set.

A. O. Breetzke

124



*
*
*

* % K ]

E) 1.0x1008+ xx | '* |
%_ 1.0x10°6 o _ _I_
1.0x1004 T
|
E 1.0x1002-
E 1.0x100°°- -
=) 1.0)‘10-02- - l
g 1.0x10'°4 T —l_ . T T
o D R Z &
O -3 AN
f & &£ 5F
) '\ é\ v Vg
v v o
Bacteria

Figure 4.3.7C: Box-plot of the high risk HPV group for L. gasseri (red), L. jensenii (orange), L.
crispatus (green), L. iners (blue), and G. vaginalis (purple) reported as log transformed copies/ng
total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR) of the data
set and the ‘whiskers’ which are the two lines (bottom and top) extending from the box
component of each block that end with a horizontal stroke, indicate the range from the smallest
and largest non-outliers to the 25% and 75% percentile components, respectively. The middle
line indicates the median value for each data set.
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4.3.7.1 Lactobacillus crispatus

The log copies/ng of L. crispatus within the high risk HPV group were significantly higher than

the copies/ng in the low risk HPV group. There was an overall significant difference in L.

crispatus between the HPV groups (Kruskal-Wallis ANOVA p=0.0145) (Figure 4.3.7.1).
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Figure 4.3.7.1: Comparison of the quantities of L. crispatus (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the negative, low risk and high risk HPV groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle

bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.7.2 Lactobacillus gasseri

The quantified log copies/ng of L. gasseri had no significant difference between the HPV groups
(Kruskal-Wallis ANOVA p=0.6824) (Figure 4.3.7.2).
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Figure 4.3.7.2: Comparison of the quantities of L. gasseri (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the negative, low risk and high risk HPV groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.7.3 Lactobacillus jensenii

The compared quantified log copies/ng of L. jensenii between the HPV groups had no significant

difference (Kruskal-Wallis ANOVA p=0.4648) (Figure 4.3.7.3).
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Figure 4.3.7.3: Comparison of the quantities of L. jensenii (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the negative, low risk and high risk HPV groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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4.3.7.4 Lactobacillus iners

There was no significant difference in L. iners between the HPV groups (Kruskal-Wallis

ANOVA p=0.9488) (Figure 4.3.7.4).
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Figure 4.3.7.4: Comparison of the quantities of L. iners (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the negative, low risk and high risk HPV groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

129
A. O. Breetzke



4.3.7.5 Gardnerella vaginalis

The compared quantified log copies/ng of G. vaginalis between the HPV groups had no
significant difference (Kruskal-Wallis ANOVA p=0.1756) (Figure 4.3.7.5).
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Figure 4.3.7.5: Comparison of the quantities of G. vaginalis (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the negative, low risk and high risk HPV groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

Therefore, the absence of HPV, as well as the presence of low risk or high risk HPV sub-types
showed no association with the bacterial copies/ng of L. gasseri, L. jensenii, L. iners, G.
vaginalis, and P. bivia. There were significantly higher copies/ng of L. crispatus in the high risk
HPYV in comparison to the low risk HPV group, with an overall significant difference between
the negative, low risk and high risk HPV groups (ANOVA p=0.0145). Thus high-risk HPV
subtypes indicate an association with increased L. crispatus copies/ng, with no further

associations with the other bacterium within this cohort.
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Due to the unreliability of the qPCR amplification results, the P. bivia data regarding HPV has
not been included and can be found in Appendix E: Results, page 203.

4.4 Overview

Overall, within the cohort, G. vaginalis and L. iners had high copies/ng in vaginal samples in
comparison to the other bacteria. There was a diverse effect of the BV status on the quantities
(copies/ng) of bacteria measured on the adolescent female lateral wall swab DNA. As expected,
participants who were BV negative had increased levels of L. crispatus (copies/ng) and L.
gasseri (copies/ng) in comparison to both the BV intermediate and BV positive participants
while L. jensenii (copies/ng) and L. iners (copies/ng) showed increased levels in comparison to
the BV positive and BV intermediate participants, respectively. The participants in the BV
positive group showed the opposite traits with increased levels of G. vaginalis (copies/ng) in
comparison to both the BV intermediate and BV negative groups. L. iners, although significantly
higher in BV negative versus BV intermediate, did not differ between BV positive and BV
negative, and was ubiquitously present. The low inflammation group showed increased copies/ng
of L. crispatus, L. gasseri, and L. jensenii in comparison to the high inflammation group. The
two inflammatory groups indicated no association with the copies/ng of L. iners, and G.

vaginalis, within the FGT of these adolescent participants.

There was a slight association between L. jemsenii and hormonal contraceptive usage, G.
vaginalis and the presence of two viral STIs in comparison to none and one, P. bivia and the
presence of two viral STIs in comparison to none present, and L. iners with the low risk and high
risk HPV groups. Furthermore, no category of interest within this study showed any impact on
with the copies/ng of P. bivia with non-significant p-values in all group comparisons, except for
the presence of the two viral STIs. From the above data, we can conclude that within this cohort,
the quantities (copies/ng DNA) of the bacteria we measured within the FGT microbiome are do
not have a distinct association with age, the absence or present of any one STI, absence or
presence of any one, two or more bacterial STIs (Chlamydia trachomatis, Neisseria gonorrhea,
and Mycoplasma genitalium) in the adolescent females based in Masiphumelele who were part

of the WISH cohort.
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Finally, research should be undertaken to design and optimize primers for P. bivia that are
species specific, have low levels of self-complementarity and are reliable in order to validate the

results and allow for accurate and direct analyses.
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Chapter 5: Discussion

Adolescent and young adult women are at extreme risk for HIV infection (Jaspan et al. 2011;
Seutlwadi et al. 2012), the cause of which has yet to be determined (Jaspan 2011; Pettifor et al.
2005). Within our South African cohort different factors such as BV status, genital inflammation,
age, hormonal contraceptive (HC) usage, and the absence or presence of bacterial or viral STIs
were investigated. The absolute quantified log copies/ng of L. crispatus, L. gasseri, L. jensenii,
L. iners, G. vaginalis and P. bivia were compared between the subset groups of these factors in
order to determine any associations with HIV acquisition risk. We hypothesized that individuals
with vaginal microbiota dominated by L. crispatus, L. jensenii and L. gasseri were more likely
BV negative, had low genital low inflammation, had no STIs, were using either the hormonal
contraceptive Nur Isterate or Implanon, and were between the ages of 16-18 years old. We
further hypothesized that L. iners, G. vaginalis and P. bivia would be relatively more abundant in
females with high levels of genital inflammatory cytokines, in individuals who were BV
positive, had one or more STIs, and/or were using the hormonal contraceptive DMPA and/or

were between the ages of 19-22 years old.

The most fundamental step in the development of the qPCR protocols for the six bacteria
involved was to ensure pure colonies and the correct growth conditions in order to guarantee
accurate and reliable standard curves. If the serially diluted pure positive control DNA was
incorrectly extracted from contaminated bacterial colonies, the entire standard curve which was
the basis for the bacterial quantification would have been unreliable, rendering all the results null
and void. The accuracy of the DNA extraction and quantification process further have a large
influence on the data. Errors and contamination during this stage of the assay development
would have resulted in inaccurate readings, preventing any reliable analyses of the data. The
optimization of the qPCR protocols for the first Lactobacillus spp. required the most time. Seven
optimization runs were performed in order to ensure the most accurate quantification readings of
L. crispatus, after which three were generally required for L. jensenii, L. iners and L. gasseri as
the protocol conditions were very similar. The qPCR protocols for the L. crispatus, followed by
G. vaginalis and P. bivia were optimized through single step-by-step changes. The guidance for
optimization was based on the error (< 0.05) and efficiency (2) values being as close to target as

possible. The first step take with the optimization process would be to either increase and/or
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decrease the annealing temperatures by up to 5C to improve the amplification peaks. If the
change in annealing temperature did not yield sufficient improvements, the length of the initial
denaturation step was adjusted in order to determine if the DNA was not denaturing sufficiently.
The next step would be to increase the number of cycles in the amplification step of the protocol
in order to improve the amplification curves as well as the error and efficiency value readings.
The next step would be to be to either re-dilute the serially diluted standard curves in order to
determine of the standard curve DNA was inaccurate, or to change the protocol entirely based
from published literature research. The last step in the optimization process would be to change
the primers, this was only necessary for L. crispatus, and P. bivia, after which the above steps
would need to be repeated in order to finalize the qPCR protocol. Most differences occurred
between primers, and the cycling conditions in terms of temperatures, length of and number of

cycles per step in the qPCR protocol.

In this cohort, it was established that in general, L. iners and G. vaginalis were present at
significantly higher copy numbers in comparison to the other Lactobacillus species in the
adolescent FGT. L. gasseri and L. jensenii were present at particularly low levels in the majority
of the adolescents, compared to other Lactobacilli. There were significantly higher copies/ng of
L. crispatus in participants who were BV negative, had low genital inflammation levels, were
16-18 years of age, and were using the hormonal contraceptive Nur Isterate in comparison to the
copies/ng of L. jensenii. Further, participants with no STI present, any one bacterial STI present
(N. gonorrhea, C. trachomatis, HSV-2, T. vaginalis, M. genitalium, T. pallidum, H. ducreyi), and
who were either negative or had high risk HPV subtypes present within their vaginal secretions,
had significantly higher copies/ng of L. crispatus in comparison to L. jensenii. These increased
copy numbers could be due to the dominance of L. crispatus within the FGT and its relation to
maintaining health and preventing any infections. Nevertheless, L. iners remained the dominant
lactobacilli species even in these “healthy” women. It is possible that since we only assessed four
of the main lactobacilli species from the genital tract, the ratio of increased copies/ng of L.
crispatus and the decreased copies/ng of L. gasseri and L. jensenii could change in relation to
other lactobacilli when quantified. Most publications associate lactobacilli dominance with a
healthy FGT microbiome (Jespers et al. 2015; Ravel et al. 2011; Lopes dos Santos Santiago et al.
2012).
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The increased copy numbers of L. iners in comparison to the other measured lactobacilli in this
cohort, is consistent with other studies conducted in South African women (Anahtar et al. 2015),
with another study indicating that African and Asian women who had low Nugent scores, had
increased levels of G. vaginalis, and decreased Lactobacillus species, except for L. iners (Jespers
et al. 2012). It has been established that women of African descent have a different FGT
microbiota profile compared with Caucasian women, which is in agreement with the L. iners
dominance seen in our cohort. Moreover, Caucasian and Asian women are reportedly more
likely to have FGT dominated by lactobacilli than Hispanic or black women who are more likely
to have FGT microbiota dominated by L. iners and increased vaginal pH (R. F. Lamont et al.
2011; Ma et al. 2013; Ravel et al. 2011; Srinivasan et al. 2012). A study based on black South
African women between the ages of 18-23 reported four cervicotypes; including one-dominated
by non-iners lactobacilli species, another L. iners-dominated, a predominantly G. vaginalis
group and a Prevotella-mixed group was present in all communities (Anahtar et al. 2015). This
indicates that ethnicity and the increased risk status of adolescents influences the FGT
microbiota profile (Jespers et al. 2012). Research should compare the vaginal microbiota of
African women across different age groups beyond 16-22 years of age in order to determine any
trends across different African races in combination with different dietary factors and vaginal

hygiene practices, and whether any of these factors influence differences in FGT microbiota.

As expected from previous studies, the FGT microbiota of BV-negative participants were
dominated by L. crispatus, L. gasseri, and L. jensenii, while BV-positive participants were
dominated by G. vaginalis (Datcu 2014; Fredricks et al. 2015; Fredricks et al. 2007; Marrazzo et
al. 2012; Mayer et al. 2015; Srinivasan et al. 2010). Interestingly, L. iners had the highest
quantified log copies/ng across the cohort as well as in the BV negative and BV intermediate
participants. Although both L. crispatus and L. iners are associated with a healthy FGT
microbiota and there may be some overlap, they do not share the same niche. Studies have
shown that L. iners is the first lactobacilli species to establish after BV within the mucosa of the
vagina, restoring pH through the production of lactate, allowing for the growth of the normal
dominant lactobacilli species such as L. crispatus, L. gasseri and L. jensenii (France et al. 2016;
Jakobsson & Forsum 2008; Mayer et al. 2015; Petrova et al. 2015). This has been demonstrated
by the differential production of L- and D- lactic acid by L. crispatus, and only L- lactic acid by

L. iners; and the genetic inability of L. iners to oxidize pyruvate to produce hydrogen peroxide
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(France et al. 2016). In addition, L. crispatus contains genes for an iron transport system within
its genome while L. iners does not, while L. crispatus is able to break down putrescine, an amino
acid associated with BV. This indicates differential competition for the dominance of the shared
FGT microbiota possibly through nutrient sources, ability to respond to invading pathogens and

menses (France et al. 2016).

As hypothesized, increased log transformed copies/ng readings of L. crispatus, L. gasseri and L.
Jensenii were observed in participants with low levels of genital inflammation, indicating an
inferred negative association with participants with high levels of genital inflammation.
However, there was no direct association between any log transformed copies/ng readings for the
bacteria and participants with high levels of genital inflammation, contradicting our second
hypothesis that adolescents with high levels of genital inflammation have FGT microbiota
profiles dominated by L. iners, G. vaginalis and P. bivia. This could indicate that high levels of
genital inflammation are not due to the presence of pathogenic bacteria such as BV-associated G.
vaginalis, but rather due to the absence of health-associated lactobacilli species. Further research

would be required as this does not agree with current literature.

It was hypothesized that young adolescents between the ages of 16-18years would have
increased L. jensenii, L. gasseri and L. crispatus while adolescents between the ages of 19-22
would have increased L. iners, G. vaginalis and P. bivia. However, there were no differences in
bacterial quantities when stratifying participants by age (16-18 versus 19-22 years), or when
considering age as a continuous variable (data not included). This lack of age-specific FGT
microbiota could also however, be due to the tight age range that we studied. Indeed, women 30
years and older (who are many years past menarche, are experiencing menses or have been
pregnant), reportedly have different FGT microbiota profiles compared with adolescents
(Chaban et al. 2014; Ma et al. 2013; Maclntyre et al. 2015). Studies have shown that the
presence and relative abundance of lactobacilli within the FGT microbiota profile changes with
age (Cauci et al. 2002; Madan et al. 2012; Thoma et al. 2011). A cohort involving older women
should be studied in order to determine whether the trend of fewer lactobacilli species and the
increased copies/ ng of G. vaginalis are possibly culture-dependent, due to personal hygiene and
bathing habits, or age. The point at which sexual debut occurs could further influence the FGT

microbiota through the increase in BV-associated bacteria such as G. vaginalis (Mitchell et al.
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2012), however, other studies indicate that bacteria such as G. vaginalis could colonize the FGT
prior to the onset of menarche (Hickey et al. 2015). The data suggest that the driving factor for

increased HIV acquisition risk may be something age.

Progestin-only hormonal contraceptives are the most commonly prescribed hormonal
contraceptive in South Africa (Byrne et al. 2016; Murphy et al. 2014; van de Wijgert et al. 2013).
These are particularly popular among adolescents due to their long-lasting effects. However,
observational data suggest that injectable progestin-only hormonal contraceptives may increase
risk for HIV (Byrne et al. 2016; Murphy et al. 2014; Roxby et al. 2016). There are contradicting
data regarding the difference in HIV acquisition risk between DMPA and Nur Isterate, with
suggestions that the active agent of Nur Isterate is the safer alternative (Govender et al. 2014;
Tomasicchio et al. 2013). It was hypothesized that adolescents prescribed the contraceptives Nur
Isterate or Implanon would have increased levels of L. jensenii, L. gasseri, and L. crispatus,
while those prescribed DMPA would have increased levels of L. iners, G. vaginalis and P. bivia.
However, there were no significant differences in abundance for any of the bacteria studied here
between adolescents on DMPA versus those on Nur Isterate. Although the active agents are very
similar, the difference in initial dosage due to the 8 week, versus 12week activity could possibly
influence the level of association with the bacteria, as well as reduced numbers of participants
prescribed DMPA (n=25) in comparison to those prescribed Nur Isterate (n=102). There were no
differences in copy number for any of the bacteria for participants prescribed Implanon.
However, there were fewer participants within this group (n=9) than those using DMPA and Nur
Isterate which may have resulted in inaccurate differences. The only association identified was
an overall significant difference in L. jensenii copies/ng across the three hormonal contraceptive
groups; based on higher copies/ng in participants prescribed DMPA and Nur Isterate compared

to those prescribed Implanon.

A better comparison would be to compare the copies/ng of the participants using the different
hormonal contraceptives in comparison the participants who were using non-hormonal
contraceptive methods. In order to increase the reliability of the results, repeats would need to be
run, with equal numbers of participants in each three hormonal group. Further, as part of the
WISH cohort through Masiphumelele, there were no girls who were not on a form of

contraceptive. The larger study collected samples from Johannesburg where participants were
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not taking any form of oral/injectable contraceptive. Further analysis could compare overall
participants taking a form of contraceptive versus those participants not taking a hormonal
contraceptive. However, this would require crossing location samples which was not a part of
this master’s thesis study and thus only inter-hormonal contraceptive comparisons could be

performed.

The copies/ng of the bacteria were compared between women with and without any one
laboratory-diagnosed STI. We hypothesized that the FGT microbiota of participants who had no
STI would be more abundant in L. jensenii, L. gasseri, and L. crispatus, while participants who
had one or more STIs would have a FGT microbiota dominated by L. iners, G. vaginalis and P.
bivia. No such association was found in relation to the absence or presence of any one STI; the
absence, presence of one, or presence of two or more bacterial STIs, or the absence or presence
of one viral STI. There was an association between increased copies/ng of G. vaginalis and the
presence of two viral STIs; however, the number of participants within this group was small.
This trend was further observed for P. bivia; however, because the primers were not reliable the
data should be interpreted with caution. The serological data for HSV-2 was not included within
the results, nor incorporated within the statistical analyses, thus further associations cannot be
conducted with the abundance of the bacteria and HSV-2. The serological status of HSV-2 is
important as studies have shown a link with BV as well as multiple immunological changes
within the immune system with further associations with HIV acquisition (Kaul et al. 2007,
Keller et al. 2012). The presence of HPV was not associated with any of the bacteria studied
here. However, participants who had high risk HPV subtypes had increased levels of L. crispatus
compared with their HPV low risk counterparts. Research has established that HPV is essentially
a marker for sexual debut, and it is unlikely to see any major difference between the bacteria for
this STI (Aujo et al. 2014; Bednarczyk et al. 2012; Houlihan et al. 2014). Validation of the STI
results would be recommended as the small sample size could possibly have influenced the

results.

Multiple factors likely drive increased risk of HIV acquisition in South African adolescent
females. Within the U.S.A, male adolescents within the same age group with the same number of
reported sexual partners have a lower risk of HIV acquisition in comparison to their South

African counterparts (Cohen et al. 2012; Jaspan 2011; Pettifor et al. 2011). The increased
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copies/ng of G. vaginalis within these adolescents could indicate a shift in the FGT microbiota
profile in comparison to what is generally seen in adults as an indicator for BV (Datcu 2014;
Hickey et al. 2015). Different FGT microbiota trends can be influenced by the use of agents to
dry, tighten or warm the vagina having a possible link to vaginal health and HIV risk. The
misuse of such agents through misunderstanding, could lead to decreased vaginal health in
adolescents. Studies have shown than adolescents as well as older women, insert agents such as
ice, newspaper, snuff, menthol-based ointments, washing with sunlight soap, cleansing with
Disprin and tissues, and using traditional herbs as ointments, ingestion or smoking and douching
in order to remove any ‘excess’ vaginal wetness and increase friction and the ‘dryness’ of sexual
intercourse (Scorgie et al. 2009; Hilber et al. 2010; Jespers et al. 2016b; Mitchell et al. 2011;
Smit et al. 2002). Further factors that should be taken into consideration include the living
conditions and cultural practices within Masiphumelele (Cauci et al. 2002; Madan et al. 2012;

Thoma et al. 2011).

Limitations of this study include uneven numbers of participants for each of the factors
compared, as well large differences between group participant numbers, especially the viral
STIs. Future statistical analyses should be performed using category groups with more even
numbers of participants for comparison and validation of these results. Further, a larger age
range as well as more lactobacilli species would have benefitted the understanding of dominant
abundance. The comparison for association between bacterial copy number and HC would have
benefitted with a non-HC base group of adolescents. Finally, the P. bivia primers were not
reliable and thus the data cannot be used for comparison or association with the factors of
interest within this study. Multiple changes were implemented in order to try and optimize the
gPCR protocol for P. bivia, however, none of the changes performed resulted in sufficient
identification of the bacterium in order to produce reliable results. Any further work with P.
bivia will involve more in-depth research into more reliable primers, possibly TagMan probes, in
order to improve specificity and reliability. Further limitations of this study include the simple
statistical analyses performed. More multivariate comparisons could have been performed in
order to better understand the relationships between the classification types and their groups,
rather than simply in direct relation to the copies/ng of the bacterium. Potential associations
could have been missed due to statistical analyses that did not take into account interrelatedness

and confounding variables.
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Chapter 6: Conclusion

In conclusion, the FGT microbiota of the adolescent population of females in Masiphumelele is
dominated by L. iners relative to the other bacteria within this cohort, similar to previous studies
with black women, and G. vaginalis, which does not follow the normal ‘healthy’ microbiome.
This trend is shifted by L. crispatus, which had increased copy numbers across the different
factors such as BV status, low levels of genital inflammation and the presence of two viral STIs,
with a slight association with high risk HPV subtypes. The age of the participants, high levels of
genital inflammation, absence or presence of any one STI, the absence or presence of one, or two
or more bacterial STIs, and the absence of or presence of one viral STI do not have any

association with the copies/ng of L. crispatus, L. gasseri, L. jensenii, L. iners, and G. vaginalis.

The FGT microbiota profile is different within the Masiphumelele female adolescents in
comparison to many publications based on different ethnicities and geographical locations based

on the increased copy numbers of L. iners and G. vaginalis.
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Appendix A — DNA Concentrations

The DNA from the majority of the lateral wall swab participant samples from the adolescent
females who took part of the WISH cohort had been extracted by Enock Bugaye Havyarimana
and Anna Blakney. The DNA was extracted from the remaining samples during this study. The
DNA was extracted using the MoBio Powersoil® DNA Isolation Kit.

Table 1: List of DNA concentrations (ng/uL) extracted from WISH participant lateral wall swab
vaginal samples collected at Visit 1.

Count Participant sample: DNA concentration (ng/uL.)
1 WO001 V1 0.053
2 w002 V1 0.17
3 w004 V1 2.62
4 WO005 V1 0.13
5 WO006 V1 0.47
6 WO007 V1 8.24
7 WO008V1 0.6

8 WO009 V1 9.40
9 WO010 V1 8.84
10 WO11 V1 2.88
11 WO012 V1 Rep B 7.82
12 WO013 V1 0.452
13 WO015 V1 2.31
14 WO016 V1 33
15 WO017 V1 242
16 WO019 V1 0.188
17 w021 V1 3.02
18 w022 V1 2.6
19 w023 V1 0.93
20 w024 V1 1.28
21 w025 V1 0.79
22 W026 V1 7.54
23 w027 V1 6.48
24 w028 V1 4.40
25 w030 V1 0.288
26 WO031 V1 0.86
27 w032 V1 2.26
28 W033 V1 2.64
29 W034 V1 0.005
30 WO035 V1 0.15
31 W036 V1 16.3
32 W037 V1 1.40
33 WO038 V1 3.6
34 W039 V1 4.0
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

W040 V1
W041 V1
Wo043 V1
W044 V1
Wo045 V1
W046 V1
W047 V1
W048 V1
WO050 V1
WO051 V1
W052 V1
WO053 V1
W054 V1
WO055 V1
WO056 V1
WO057 V1
W059 V1
W060 V1
Wo061V1
W062 V1
WO063V1
W064 V1
WO065 V1
W066 V1
WO067 V1
W068 V1
WO070 V1
WO071 V1
W072 V1
WO073 V1
w074 V1
W076 V1
WO077 V1
WO079 V1
WO080 V1
WO081 V1
WO082 V1
WO083 VI Rep A
W084 V1
WO085 V1
WO086 V1
WO087 V1
WO088 V1
WO089 V1
W091 V1
W092 V1

1.7
6.06
4.20
6.32
0.22
0.005
37.2
3.76
0.17
0.68
4.08
0.80
0.25
0.53
0.80
3.48
0.64
1.79
0.48
0.46
0.20
0.52
0.52
2.20
2.20
2.66
10.40
1.02
1.64
10.2
0.96
8.76
5.20
1.46
0.005
1.80
6.32
19.38
1.07
4.52
2.05
5.72
2.71
5.12
1.23
7.84
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81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

W094 V1
W095 V1
W096 V1
W097 V1
W098 V1
W099 V1
W100 V1
W101 V1
w102 V1
w104 V1
WI105 V1
W106 V1
W107 V1
W108 V1
W110 V1
W112 V1
W113 V1
W114 V1
WI115V1
W116 V1
W117 V1
W118 V1
W119 VI Rep A
W120 V1
WIi21 V1
Wi122 Vi
Wi123 V1
w124 Vi
WI125 V1
W126 V1
WI127 V1
WI128 V1
W129 Vi
W130 V1
WI131 V1
WI132 V1 Rep B
WI135 VIRep A
W136 V1
W137 V1
WI138 VI Rep A
W139 Vi
Wi141 V1
W147 V1
W148 VI Rep A
W149 Vi
WI150 V1 Rep B

3.82
3.04
3.24
0.76
1.11
0.005
0.30
1.61
1.01
7.0
1.40
6.28
4.36
7.28
3.4
1.06
5.12
6.96
3.83
4.44
6.48
4.84
25
8.24
1.44
1.14
0.038
1.36
0.60
9.76

1.38
4.68
7.24
4.68
25.2
10.42
11.7
3.3
88.7
7.40
1.62
9.68
17.44
292
20.8
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127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146

W152 Vi

W154 V1

WI156 VI Rep A
W157 V1 Rep B
WI158 VI Rep B
WI159 VI Rep A
W160 V1 Rep B
Wi161 V1 Rep B
W163 VI Rep B
W164 V1 Rep A
WI165 VI Rep A
W166 V1 Rep A
W167 V1 Rep A
W168 V1 Rep A
W170 V1 Rep A
W171 V1 Rep B
W172 V1 Rep A
W173 V1 Rep B
W174 V1 Rep A
W176 V1 Rep A

13.2
8.4
4.5
30.4
2.28
15.56
15.06
5.94
45
9.44
5.14
0.1
32.8
3.84
15.74
0.78
4.4
7.88
1.6
7.06
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Appendix B — Primer Confirmation

A PCR was run using the DNA extracted from the growth of each bacterial positive control in
duplicate with a Non-Template Control (NTC) (Qiagen Blood and Tissue DNA Maxi Extraction
Kit with Buffers B1 and B2). The PCR products were then run on a 1.6% agarose gel at 130V for
1 h with a 100 bp ladder to visualize the size of the bands to confirm the species specific primer

product sizes for each species.

500 bp — — 500 bp

| 108
Ll

100 bp ——

—— 100 bp

Figure 1: Gel electrophoresis of the standard positive control species specific PCR to confirm
primer specificity and product size. 1 and 14 indicate a ThermoFisher O’Gene 100 bp ruler, lanes
2,4, 6,8, 10, and 12 indicates the PCR products for L. crispatus, L. gasseri, L. jensenii, L. iners,
G. vaginalis and P. bivia, and lanes 3, 5, 7, 9, and 11 indicate their respective NTC’s.
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Appendix C: gPCR Optimization

For the optimization of each bacterial specific absolute qPCR, multiple plates were run with
different conditions until the error and efficiency values were as close to 0.05 and 2 respectively,
as could be optimized. The following figures illustrate each trial plate that was run for each

bacterial species, as well as the changes that were made for each plate.

The optimization figures for L. crispatus, G. vaginalis and P. bivia can be found in Chapter 4,

Results, 4.1 Real-Time PCR (qPCR) Optimization.
Real-Time PCR (qPCR) Optimization:

1 Lactobacillus gasseri

A total of three trial plates were run to finalize the optimization of L. gasseri qPCR conditions.
The first trial plate (V1.1) was run using the same reagent volumes as the finalized conditions for
L. crispatus (V1.7). The following qPCR conditions were followed, 95T for 15 min initial
denaturation, followed by 40 cycles of 95C for 15 s, 57C for 1 min and 65 C for 1 min (Figure
1.1 A, Figure 1.2 A). The replicates for the positive controls showed some inaccuracies and thus
required a second run. The second trial plate for L. gasseri (1.2) was run under the same
conditions as qPCR trial plate V1.1 in order to improve efficiency and pipetting accuracy with
the exception of the initial denaturation being for 5 min (Figure 1.1 B, Figure 1.2 B). The error
and efficiency values showed good readings and the positive controls amplified well. The third
and final optimization plate for L. gasseri was run using the same conditions as V1.2 in order to
determine whether the lack of amplification in the positive controls at 10 copies/uL was due to
a pipetting error or the concentration threshold for amplification of the standard control DNA
(Figure 1.1 C, Figure 1.2 C). The final standard curve error and efficiency readings were good

with single peaks in the melt curves and thus accepted to run samples.
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A —Plate V1.1
Error: 0.0223
Efficiency: 1.828

B —Plate V1.2
Error: 0.0436
Efficiency: 1.851
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g 30750 |
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Error: 0.0442
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Figure 1.1: Roche LightCycler® 480 absolute quantitative derivative max amplification curve
for the three L. gasseri optimization plates (V1.1-V1.3). The fluorescence (465-510 nm) is
indicated on the y-axis and the number of cycles is indicated on the x-axis. Red and brown
indicate positive amplification in the unknown sample and the positive control standards
respectively, and green indicates negative amplification in the wells.

= A—Plate V1.1 " B-Plate V1.2
12317
‘mm
S 9317
5 8317
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5 B317.
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~(didT) Fluorescence (465.510)

Figure 1.2: Roche LightCycler® 480 melt curve for the three L. gasseri optimization plates
(V1.1-V1.3). The —d/dT fluorescence (465-510 nm) is indicated on the y-axis and the
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temperature (C) is indicated on the x-axis. Red indicates a single peak (product), green indicates
two peaks and blue indicates no peak for each well.

2 Lactobacillus jensenii

Two gPCR trial plates were run for L. jensenii where the first (V1.1) was run using the same
reagent volumes as the finalized conditions for L. crispatus (V1.7). The following qPCR
conditions were followed, 95 C for 5 min for initial denaturation, followed by 40 cycles of 95C
for 15 s, 60 for 55 s, and 72C for 1 min (Figure 2.1 A, Figure 2.2 A). The error value was
higher than optimum despite the clean amplification curves of the positive controls. The second
L. jensenii qPCR trial plate (V1.2) was run under the same conditions as qPCR trial V1.1 to try
and improve efficiency and pipetting accuracy (Figure 2.1 B, Figure 2.2 B). The error and

efficiency values were close to optimum with a good standard curve and single melt curve peaks.

A —Plate V1.1 "™ B-Plate V1.2
Error: 0.312 “*  Error: 0.0210
Efficiency: 1.864 =™ Efficiency: 1.921

Figure 2.1: Roche LightCycler® 480 absolute quantitative derivative max amplification curve
for the two L. jensenii optimization plates (V1.1-V1.2). The fluorescence (465-510 nm) is
indicated on the y-axis and the number of cycles is indicated on the x-axis. Red and brown
indicate positive amplification in the unknown sample and the positive control standards

respectively, and green indicates negative amplification in the wells.
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3034
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1034

0034

Figure 2.2: Roche LightCycler® 480 melt curve for the two L. jensenii optimization plates
(V1.1-V1.2). The —d/dT fluorescence (465-510 nm) is indicated on the y-axis and the
temperature (C) is indicated on the x-axis. Red indicates a single peak (product), green indicates

two peaks and blue indicates no peak for each well.

3 Lactobacillus iners

As seen above for L. jensenii, L. iners was optimized with two trial plates with the first trial plate
(V1.1) being run using the same reagent volumes and concentrations as set up in the final trial
run for L. crispatus (V1.7) with the following qPCR conditions 95°C for 15 min for the initial
denaturation, followed by 40 cycles of 95 C for 15 s, 60C for 55s and 69 C for 1 min (Figure 3.1
A, Figure 3.2 A). The efficiency was slightly higher than expected with some dimerization
present within the melt curve. The second trial plate for L. iners (V1.2) was run using the same
conditions as in V1.1 in order to confirm the error and efficiency values before running samples
(Figure 3.1 B, Figure 3.2 B). The error and efficiency were of sufficient readings with a single

melt curve peak.

7,555/ 3852
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Figure 3.1: Roche LightCycler® 480 absolute quantitative derivative max amplification curve
for the two L. iners optimization plates (V1.1-V1.2). The fluorescence (465-510 nm) is indicated
on the y-axis and the number of cycles is indicated on the x-axis. Red and brown indicate
positive amplification in the unknown sample and the positive control standards respectively,

and green indicates negative amplification in the wells.

B - Plate V1.2

A —Plate V1.1

1051
a5
25
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151

Figure 3.2: Roche LightCycler® 480 melt curve for the two L. iners optimization plates (V1.1-
V1.2). The —d/dT fluorescence (465-510 nm) is indicated on the y-axis and the temperature (C)
is indicated on the x-axis. Red indicates a single peak (product), green indicates two peaks and

blue indicates no peak for each well.

For all result amplification and melt curves, see Appendix D, qPCR Results.
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Appendix D: qPCR Results

Thhis appendix serves as a refrence for the raw qPCR results for the absolute quantitifcation od
each bacterial species of interest i.e. L. crispatus (copies/ng), L. gasseri (copies/ng), L. jensenii
(copies/ng), L. iners (copies/ng), G. vaginalis (copies/ng), and P. bivia (copies/ng) in the DNA
extracted from the lateral wall swabs from adolescent females who partook in the WISH Cohort

at the Masiphumelele Youth Centre.

1. Real-Time PCR (qPCR) Results:

Table 1.1: Summary table for the WISH sample run qPCR standard curve statistics for the
following bacteria of interest:

Bacteria qPCR Plate Error Efficiency
L. crispatus V2.1 0.244 1.704
V2.2 0.259 1.807
V2.3 0.0130 1.896
V2.4 0.0264 1.903
V2.5 0.488 1.521
V2.6 0.0215 1.867
V2.7 0.0393 1.819
V2.8 0.0290 1.865
L. gasseri V2.1 0.0557 1.803
V2.2 0.0672 1.741
V2.3 0.0565 1.743
V2.4 0.0592 1.691
V2.5 0.0609 1.695
V2.6 0.0511 1.701
V2.7 0.122 1.801
V2.8 0.0328 1.858
V2.9 0.0261 1.846
L. jensenii V2.1 0.0256 1.897
V2.2 0.0521 1.962
V2.3 0.0498 1.912
V2.4 0.0458 1.901
V2.5 0.0521 1.930
V2.6 0.0508 1.686
V2.7 0.0466 1.961
V2.8 0.0401 1.941
L. iners V2.1 0.0139 1.810
V2.2 0.0237 1.764
V2.3 0.0203 1.698
V2.4 0.0143 1.825
V2.5 0.0832 1.867
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V2.6 0.0132 1.935

G. vaginalis V2.1 0.0252 1.895
V2.2 0.0151 1.856
V2.3 0.0375 1.902
V2.4 0.0601 1.892
V2.5 0.0255 1.901
V2.6 0.0751 1.821
V2.7 0.0805 1.835
P. bivia V2.1-V2.6 0.0608 1.993

1.1 Lactobacillus crispatus

Eight plates were run in total for the 143 samples in triplicate with the positive controls for L.
crispatus. For instances where either one or two replicates showed primer dimers, no
amplification or different values in comparison to the other replicates for the sample, the sample

was re-run on another plate to confirm the readings (Figure 1.1.1, Figure 1.1.2).
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Figure 1.1.1: Absolute quantitative derivative max amplification curve of L. crispatus qPCR
(V2.1-V2.8) reported as log transformed copies/ng total DNA, generated based on all wells and
the standard curve is generated based on the amplification curve of the standard positive controls
ranging from 10° to 10° copies/uL. The fluorescence (465-510 nm) is indicated on the y-axis and
the number of cycles is indicated on the x-axis. Red and brown indicate positive amplification in
the unknown samples and the positive control standards respectively; blue indicates uncertainty
and green indicates negative amplification in the wells.
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Figure 1.1.2: Melt curve of L. crispatus, qPCR (V2.1-V2.8) generated based on the amplification
curve of all wells where red indicates a single product (peak) and blue indicates no product. The
—d/dT fluorescence (465-510 nm) is indicated on the y-axis and the temperature (C) is indicated
on the x-axis.

1.2 Lactobacillus gasseri

Nine plates were run in total for the 143 samples in triplicate with the positive controls for L.
gasseri due to more samples requiring confirmation of their replicate consistency. For instances
where either one or two replicates showed primer dimers, no amplification or different values in
comparison to the other replicates for the sample, the sample was re-run on another plate to

confirm the readings (Figure 1.2.1, Figure 1.2.2).
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Figure 1.2.1: Absolute quantitative derivative max amplification curve of L. gasseri qPCR
(V2.1-V2.9) reported as log transformed copies/ng total DNA, generated based on all wells and
the standard curve is generated based on the amplification curve of the standard positive controls
ranging from 10° to 10° copies/uL. The fluorescence (465-510 nm) is indicated on the y-axis and
the number of cycles is indicated on the x-axis. Red and brown indicate positive amplification in
the unknown samples and the positive control standards respectively; blue indicates uncertainty
and green indicates negative amplification in the wells.

1223 A —Plate V2.1 uss| B —Plate V2.2

ne|  C—Plate V2.3 wal D Plate V2.4

() Fluorescence (465-510)

!

Rt

1235 E - Plate V2.5 ‘ 11,957 F — Plate V2.6

~(dIdT) Fluorescence (465-510)
-(didT) Fluorescence (465-510)

335

1.36;

3 8 7 72 4 76 8 a % £ il @ ) %

A. O. Breetzke



M G- Plate V2.7 4 5 M _ Plate V2.8

11.867 7 11337
10,337
9337
8337
7.337
6.337
5337

4337

~(/dT) Fluorescence (465-510)

3337
2337
1.337

0377

[ ] 70 72 74 7 8 a4 3 a8 @ %2 94 %

vl 1-Plate V2.9

~(@dT) Fluorescence (465-510)

66 68 7 72 w 3 ] ] 2 2 % ] @ @ En %
Temperature (*C)

Figure 1.2.2: Melt curve of L. gasseri gPCR (V2.1-V2.9) generated based on the amplification
curve of all wells where red indicates a single product (peak) and blue indicates no product. The
—d/dT fluorescence (465-510 nm) is indicated on the y-axis and the temperature (C) is indicated
on the x-axis.

1.3 Lactobacillus jensenii

Eight plates were run in total for the 143 samples in triplicate with the positive controls for L.
Jensenii due to more samples requiring confirmation of their replicate consistency. For instances
where either one or two replicates showed primer dimers, no amplification or different values in
comparison to the other replicates for the sample, the sample was re-run on another plate to

confirm the readings (Figure 1.3.1, Figure 1.3.2).
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Figure 1.3.1: Absolute quantitative derivative max amplification curve of L. jensenii qPCR
(V2.1-V2.8) reported as log transformed copies/ng total DNA, generated based on all wells and
the standard curve is generated based on the amplification curve of the standard positive controls
ranging from 10° to 10° copies/uL. The fluorescence (465-510 nm) is indicated on the y-axis and
the number of cycles is indicated on the x-axis. Red and brown indicate positive amplification in
the unknown samples and the positive control standards respectively; blue indicates uncertainty
and green indicates negative amplification in the wells.
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Figure 1.3.2: Melt curve of L. jensenii qPCR (V2.1-V2.8) generated based on the amplification
curve of all wells where red indicates a single product (peak) and blue indicates no product. The
—d/dT fluorescence (465-510 nm) is indicated on the y-axis and the temperature (C) is indicated
on the x-axis.
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1.4 Lactobacillus iners

Six plates were run in total for the 143 samples in triplicate with the positive controls for L.
iners. Repeats were not run for L. iners as it was established with the previous three bacteria that
the majority of the negatives were due to lower readings for the bacteria in comparison to L.

iners (Figure 1.4.1, Figure 1.4.2).
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Figure 1.4.1: Absolute quantitative derivative max amplification curve of L. iners qPCR (V2.1-
V2.6) reported as log transformed copies/ng total DNA, generated based on all wells and the
standard curve is generated based on the amplification curve of the standard positive controls
ranging from 10° to 10° copies/uL. The fluorescence (465-510 nm) is indicated on the y-axis and
the number of cycles is indicated on the x-axis. Red and brown indicate positive amplification in
the unknown samples and the positive control standards respectively; blue indicates uncertainty
and green indicates negative amplification in the wells.
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Figure 1.4.2: Melt curve of L. iners qPCR (V2.1-V2.6) generated based on the amplification
curve of all wells where red indicates a single product (peak) and blue indicates no product. The
—d/dT fluorescence (465-510 nm) is indicated on the y-axis and the temperature (C) is indicated
on the x-axis.

1.5 Gardnerella vaginalis

A total of seven plates were run for G. vaginalis in order to quantify the number of copies/ng
present within the samples. For instances where either one or two replicates showed primer
dimers, no amplification or different values in comparison to the other replicates for the sample,

the sample was re-run on another plate to confirm the readings (Figure 1.5.1, Figure 1.5.2).
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Figure 1.5.1: Absolute quantitative derivative max amplification curve of G. vaginalis qPCR
(V2.1-V2.7) reported as log transformed copies/ng total DNA generated based on all wells and
the standard curve is generated based on the amplification curve of the standard positive controls
ranging from 10° to 10° copies/uL. The fluorescence (465-510 nm) is indicated on the y-axis and
the number of cycles is indicated on the x-axis. Red and brown indicate positive amplification in
the unknown samples and the positive control standards respectively; blue indicates uncertainty
and green indicates negative amplification in the wells.
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Figure 1.5.2: Melt curve of G. vaginalis qPCR (V2.1-V2.7) generated based on the amplification
curve of all wells where red indicates a single product (peak) and blue indicates no product. The
—d/dT fluorescence (465-510 nm) is indicated on the y-axis and the temperature (C) is indicated
on the x-axis.
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1.6 Prevotella bivia

Five plates were run in total for the 143 samples in triplicate with the positive controls for P.
bivia. There were no instances where either one or two replicates showed primer dimers, no
amplification or different values in comparison to the other replicates for the samples, thus no
samples were repeated. There was not enough standard control DNA to run repeats of all the
dilutions each time, thus a reference standard curve was used to quantify the samples (Figure

1.6.1, Figure 1.6.2).
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Figure 1.6.1: Absolute quantitative derivative max amplification curve of P. bivia qPCR (V2.1-
V2.5) reported as log transformed copies/ng total DNA, generated based on all wells and the
standard curve is generated based on the amplification curve of the standard positive controls
ranging from 10° to 10° copies/uL. The fluorescence (465-510 nm) is indicated on the y-axis and
the number of cycles is indicated on the x-axis. Red and brown indicate positive amplification in
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the unknown samples and the positive control standards respectively; blue indicates uncertainty
and green indicates negative amplification in the wells.
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Figure 1.6.2: Melt curve of P. bivia qPCR (V2.1-V2.5) generated based on the amplification
curve of all wells where red indicates a single product (peak) and blue indicates no product. The
—d/dT fluorescence (465-510 nm) is indicated on the y-axis and the temperature (C) is indicated
on the x-axis.
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Appendix E: Results

This appendix contains all of the data not included within Chapter 4: Results, as well as all of the
P. bivia data.
1 Descriptive statistics

Table 1.1: Descriptive statistics for each bacterial species, quantified from DNA extracted from
the WISH lateral wall swab for each participant.

Bacteria

L. crispatus L. gasseri L. jensenii L. iners G. vaginalis  P. bivia
Min 0.0 0.0 0.0 1.034 1.738 1.738
25% Percentile (.0 1.976 1.570e-016  266.7 1015 3667
Median 3.957 17.58 1.568 2807 8540 11073
75% Percentile 4980 64.67 59.00 18727 49867 75533
Max 7.113e+007 320000 5.440e+006 4.167e+007 3.033e+006 2.553e+007
Mean 858412 3327 48743 337988 151382 750128
Std. Deviation  7.157e+006 27908 462042 3.485e+006 414156 3.405e+006
Std. Error 598472 2334 38638 291468 34633 284714

2. Comparison of absolute bacterial quantities to BV status, inflammation levels, age,

hormonal contraceptive and STI status, bacterial versus viral STI’s and HPV
2.1 Association levels between the quantities of the bacteria of interest and BV status

Participants were categorized as being BV positive, intermediate or negative based on Nugent
scoring. A Nugent score of 0-3 is BV negative, a score of 4-6 is BV intermediate and a score of

7-101s BV positive.

Table 2.1: Comparison of the non-parametric paired Friedman’s ANOVA test across all bacterial
groups with a Dunn’s Multiple Comparison test for BV positive, BV intermediate and BV

negative groups:

Bacterial comparisons BV Group p-values

Positive Intermediate Negative
L. gasseri vs L. jensenii 0.0158" >(0.9999 >(0.9999
L. gasseri vs L. crispatus >0.9999 >(0.9999 0.0009"
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L. gasseri vs L. iners <0.0001" 0.1756 <0.0001"

L. gasseri vs G. vaginalis <0.0001" 0.0123" 0.0002"
L. gasseri vs P. bivia <0.0001" 0.0001" <0.0001"
L. jensenii vs L. crispatus ~ (.741 >0.9999 <0.0001"
L. jensenii vs L. iners <0.0001" 0.1178 <0.0001"
L. jensenii vs G. vaginalis ~ <0.0001" 0.0074" <0.0001"
L. jensenii vs P. bivia <0.0001" <0.0001" <0.0001"
L. crispatus vs L. iners <0.0001" 0.0044" >0.9999
L. crispatus vs G. vaginalis  <(.0001" 0.0001" >0.9999
L. crispatus vs P. bivia <0.0001" <0.0001" 0.0012"
L. iners vs G. vaginalis 0.007 >0.9999 >0.9999
L. iners vs P. bivia 0.0274 0.8133 0.3939
G. vaginalis vs P. bivia >0.9999 >0.9999 0.0041"
ANOVA p-value <0.0001" <0.0001" <0.0001"

*The asterisk indicates a p-value lower than the standardized p-value of 0.05 with a 95%
confidence interval.

2.1.1 Prevotella bivia

We compared the quantified log copies/ng of P. bivia between the BV groups. There was no
significant difference in P. bivia between the BV groups (Kruskal-Wallis ANOVA p=0.8031)
(Figure 2.1.1). This is one of the reasons that P. bivia was not included in the comparison
between the bacteria per category. The results are not reliable and indicate and oversensitivity of

the primers, resulting in increased copies/ng between all thee BV groups.
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Figure 2.1.1: Comparison of the quantities of P. bivia (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between BV positive, intermediate and negative groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

2.2 Association levels between bacteria of interest and inflammatory immunological factor

levels

The two inflammatory groups were defined based on the unsupervised analysis of the 47
immunological factors of interest in the cervicovaginal fluid of women in the WISH cohort.
These immunological factors were categorized into high and low inflammation by partitioning
around medoids (PAM) using an R package ‘cluster’ with a k-value of 2. The samples were
originally separated into high and low inflammation based on the levels of only the pro-
inflammatory and chemokine factors measured. However, the inflammation separation of the
participant samples showed little difference between the two pro-inflammatory and chemokine
groups of immunological factor analysis in comparison to using all of the factors to determine
high and low inflammation. Thus the final inflammation categorization was done using all 47

immunological factors.

The immunological factors measured in this study can be generally grouped into five different
categories. The immunological factors considered as pro-inflammatory were IL-1a, IL-1b, IL-6,
IL-12p40, 1L-12(p70), 1L-18, MIF, TNF-a, TNF-b and TRAIL. The immunological factors
considered chemokines were CTACK, Eotaxin, GROa, IL-8, IL-16, IP-10, MCP-1, MCP-3,
MIG, MIP-1a, MIP-1b, IFN-a2, and RANTES. The immunological factors considered growth
factors were b-NGF, FGF basic, G-CSF, GM-CSF, HGF, IL-3, IL-7, IL-9, LIF, M-CSF, PDGF-
bb, SCF, SCGF-b, SDF-1a and VEGF. The immunological factors considered adaptive were
IFN-g, IL-4, IL-13, IL-17, IL-2Ra, IL-2, and IL-5. The immunological factors considered
regulatory were IL-10 and IL-1ra.
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Table 2.2: Comparison of the non-parametric, paired Friedman’s ANOVA test across all
bacterial groups with a Dunn’s Multiple Comparison test for the Inflammation high and low
groups:

Bacterial comparisons Inflammation Level p-values
Low High
L. gasseri vs L. jensenii >0.9999 0.0463
L. gasseri vs L. crispatus 0.0097" >0.9999
L. gasseri vs L. iners <0.0001" <0.0001"
L. gasseri vs G. vaginalis <0.0001" <0.0001"
L. gasseri vs P. bivia <0.0001" <0.0001"
L. jensenii vs L. crispatus 0.0005" 0.23
L. jensenii vs L. iners <0.0001" <0.0001"
L. jensenii vs G. vaginalis ~ <(0.0001" <0.0001"
L. jensenii vs P. bivia <0.0001" <0.0001"
L. crispatus vs L. iners >0.9999 <0.0001"
L. crispatus vs G. vaginalis ().9929 <0.0001"
L. crispatus vs P. bivia 0.0007" <0.0001"
L. iners vs G. vaginalis >0.9999 0.8439
L. iners vs P. bivia 0.1302 0.0117°
G. vaginalis vs P. bivia 0.3712 >0.9999
ANOVA p-value <0.0001" <0.0001"

" The asterisk indicates a p-value lower than the standardized p-value of 0.05 with a 95%
confidence interval.

2.2.1 Prevotella bivia

We compared the quantified log copies/ng of P. bivia between the inflammation groups. The
high inflammation group and the low inflammation group had no significant difference
(p=0.8438) (Figure 2.2.1). The copies/ng within this inflammatory group should not be

compared against the other five bacteria due to unreliable primers.
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Figure 2.2.1: Comparison of the quantities of P. bivia (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between women with high and low genital inflammation. All p-value comparisons were
based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

2.3 Association levels between the quantities (copies/ng) of bacteria of interest and age

The age of all participants was recorded upon screening for participation within the study. For
this analysis, age was binarised into 16-18 years of age versus 19-22 years of age.

Table 2.3: Comparison of the non-parametric paired Friedman’s ANOVA test across all bacterial
groups with Dunn’s Multiple Comparison test p-values for the two age groups 16 to 18 years old
compared to 19 to 22 years old:

Bacterial comparisons Age Group p-values
16-18 years old 19-22 years old

L. gasseri vs L. jensenii 0.2457 >(0.9999

L. gasseri vs L. crispatus >(0.9999 >(0.9999

L. gasseri vs L. iners <0.0001" <0.0001"

L. gasseri vs G. vaginalis ~ <0.0001" <0.0001"
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L. gasseri vs P. bivia <0.0001" <0.0001"

L. jensenii vs L. crispatus ~ 0.0419" 0.0582

L. jensenii vs L. iners <0.0001" <0.0001"
L. jensenii vs G. vaginalis ~ <0.0001" <0.0001"
L. jensenii vs P. bivia <0.0001" <0.0001"
L. crispatus vs L. iners <0.0001" <0.0001"
L. crispatus vs G. vaginalis  <().0001" <0.0001"
L. crispatus vs P. bivia <0.0001" <0.0001"
L. iners vs G. vaginalis 0.8223 >0.9999
L. iners vs P. bivia 0.0117" 0.1348

G. vaginalis vs P. bivia >0.9999 0.7713

ANOVA p-value <0.0001" <0.0001"

" The asterisk indicates a p-value lower than the standardized p-value of 0.05 with a 95%
confidence interval.

2.3.1 Prevotella bivia

We compared the quantified copies/ng of P. bivia between the age groups. The 16-18 years old
age group and the 19-22 years old age group had no difference in log copies/ng (p=0.2629)
(Figure 2.3.1). Although the P. bivia age data follows the same trend as the other bacteria, this

analysis should be repeated with new primers.
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Figure 2.3.1: Comparison of the quantities of P. bivia (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
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study, between the two 16-18 years old and 19-22 years old, age groups. All p-value
comparisons were based on an unpaired, non-parametric Mann-Whitney t-test statistic. Each
point in the figure represents an individual participant. The three horizontal bars represent the
median value (middle bar), upper interquartile range (top bar) and lower interquartile range
(bottom bar).

2.4 Association levels between the quantities (copies/ng) of vaginal bacteria and hormonal
contraceptives

The hormonal contraceptive that each participant was using was recorded at the first visit of the
WISH Cohort study process. The three hormonal contraceptives of particular interest within this

study include DMPA, the Implanon and Nur Isterate.

Table 2.4: Comparison of the non-parametric paired Friedman’s ANOVA test across all bacterial
groups with a Dunn’s Multiple Comparison test for the DMPA, Implanon and Nur Isterate
hormonal contraceptive groups:

Bacterial comparisons Hormonal Contraceptive p-values
DMPA Implanon Nur Isterate

L. gasseri vs L. jensenii 0.8817 >0.9999 >0.9999
L. gasseri vs L. crispatus >0.9999 >0.9999 0.1923
L. gasseri vs L. iners 0.0057" >0.9999 <0.0001"
L. gasseri vs G. vaginalis 0.0057" 0.0375" <0.0001"
L. gasseri vs P. bivia <0.0001" 0.2103 <0.0001"
L. jensenii vs L. crispatus 0.5144 >0.9999 0.0065"
L. jensenii vs L. iners <0.0001" 0.0375" <0.0001"
L. jensenii vs G. vaginalis ~ <0.0001" <0.0001" <0.0001"
L. jensenii vs P. bivia <0.0001" 0.0003" <0.0001"
L. crispatus vs L. iners 0.0132° 0.8817 <0.0001"
L. crispatus vs G. vaginalis  ().0132" 0.003" <0.0001"
L. crispatus vs P. bivia <0.0001" 0.0245" <0.0001"
L. iners vs G. vaginalis >0.9999 >0.9999 >0.9999
L. iners vs P. bivia >0.9999 >0.9999 0.0015"
G. vaginalis vs P. bivia >0.9999 >0.9999 0.3366
ANOVA p-value <0.0001" <0.0001" <0.0001"

" The asterisk indicates a p-value lower than the standardized p-value of 0.05 with a 95%
confidence interval.
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2.4.1 Prevotella bivia

We compared the quantified log copies/ng of P. bivia, and found no significant differences

between the hormonal contraceptive groups (Kruskal-Wallis ANOVA p=0.2820) (Figure 2.4.1).
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Figure 2.4.1: Comparison of the quantities of P. bivia (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the hormonal contraceptives DMPA, Nur Isterate and the Implanon. All p-value
comparisons were based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each
point in the figure represents an individual participant. The three horizontal bars represent the
median value (middle bar), upper interquartile range (top bar) and lower interquartile range
(bottom bar).

2.5 Association levels between the quantities (copies/ng) of the bacteria of interest and the
absence or presence of any once STI in the WISH cohort

The STI status was determined based on the absence or presence of any one bacterial

(Chlamydia trachomatis, Neisseria gonorrhea, and Mycoplasma genitalium), viral (Herpes

194
A. O. Breetzke



Simplex Virus 2, and Human Papilloma Virus) or parasitic (Trichomonas vaginalis) STI for each

participant.

Table 2.5: Comparison of the non-parametric, paired Friedman’s ANOVA test across all
bacterial groups with a Dunn’s Multiple Comparison test for the absence or presence of any one
STI of interest in the WISH study.

Bacterial comparisons STI Status Group p-values
Absent Any one Present

L. gasseri vs L. jensenii 0.918 0.436

L. gasseri vs L. crispatus >0.9999 >(0.9999

L. gasseri vs L. iners <0.0001" <0.0001"

L. gasseri vs G. vaginalis <0.0001" <0.0001"

L. gasseri vs P. bivia <0.0001" <0.0001"

L. jensenii vs L. crispatus 0.1534 0.0079"

L. jensenii vs L. iners <0.0001" <0.0001"

L. jensenii vs G. vaginalis ~ <0.0001" <0.0001"

L. jensenii vs P. bivia <0.0001" <0.0001"

L. crispatus vs L. iners <0.0001" 0.0002

L. crispatus vs G. vaginalis  <(0.0001" <0.0001"

L. crispatus vs P. bivia <0.0001" <0.0001"

L. iners vs G. vaginalis >0.9999 0.9398

L. iners vs P. bivia 0.1884 0.0079"

G. vaginalis vs P. bivia 0.918 >(0.9999

ANOVA p-value <0.0001" <0.0001"

" The asterisk indicates a p-value lower than the standardized p-value of 0.05 with a 95%
confidence interval.

2.5.1 Prevotella bivia

We compared the quantified log copies/ng of P. bivia and found no significant differences
between the participants with and without any one STI (p=0.1905) (Figure 2.5.1). Although this
follows the trend of the other bacterium within this cohort, due to the lack of accuracy of the

primers this data should not be taken as reliable.
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Figure 2.5.1: Comparison of the quantities of P. bivia (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on absence or presence of any one of the
WISH cohort STIs present. All p-value comparisons were based on an unpaired, non-parametric
Mann-Whitney t-test statistic. Each point in the figure represents an individual participant. The
three horizontal bars represent the median value (middle bar), upper interquartile range (top bar)
and lower interquartile range (bottom bar).

2.6 Association levels between the quantities (copies/ng) of the bacteria of interest and the
presence of bacterial or viral STI’s in the WISH cohort

The STI status was determined based on the sum value of the presence or absence of all bacterial
(Chlamydia trachomatis, Neisseria gonorrhea, and Mycoplasma genitalium), or viral (Herpes

Simplex Virus 2, and Human Papilloma Virus) for each participant within the WISH cohort.

Asterisk stars were used in the following figures where one start (*) indicates a p-value lower
than 0.05, two stars (**) indicate a p-value lower than 0.01 and three stars (***) indicate a p-

value lower than 0.001.

Table 2.6.1: Comparison of the non-parametric, paired Friedman’s ANOVA test across all
bacterial groups with a Dunn’s Multiple Comparison test for the three STI groups, none, one and
two or more bacterial STI’s of interest in the WISH study is present.
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Bacterial comparisons Bacterial STI grouping p-values

None One Two<
L. gasseri vs L. jensenii 0.5221 >0.9999 0.6815
L. gasseri vs L. crispatus >0.9999 0.9595 >0.9999
L. gasseri vs L. iners <0.0001" <0.0001" >0.9999
L. gasseri vs G. vaginalis <0.0001" <0.0001" 0.0812
L. gasseri vs P. bivia <0.0001" <0.0001" 0.0055"
L. jensenii vs L. crispatus 0.2835 0.0294" >0.9999
L. jensenii vs L. iners <0.0001" <0.0001" 0.0095"
L. jensenii vs G. vaginalis <0.0001" <0.0001" <0.0001"
L. jensenii vs P. bivia <0.0001" <0.0001" <0.0001"
L. crispatus vs L. iners <0.0001" 0.0117" >0.9999
L. crispatus vs G. vaginalis <0.0001" 0.0001" 0.0437"
L. crispatus vs P. bivia <0.0001" <0.0001" 0.0026"
L. iners vs G. vaginalis >0.9999 >0.9999 >0.9999
L. iners vs P. bivia 0.129 0.1043 0.4769
G. vaginalis vs P. bivia >0.9999 >0.9999 >0.9999
ANOVA p-value <0.0001" <0.0001" <0.0001"

" The asterisk indicates a p-value lower than the standardized p-value of 0.05 with a 95%
confidence interval.

The absence of any bacterial STI group (Figure 2.6.1A) had significantly different copies/ng of
G. vaginalis and L. iners in comparison to L. gasseri (p<0.0001), L. jensenii (p<0.0001) and L.
crispatus (p<0.0001). This trend was followed by the group with one bacterial STI present
(Figure 2.6.1B) except G. vaginalis and L. iners had a significance of p=0.0001 and p=0.0117 in
comparison to L. crispatus respectively, with L. crispatus having significantly different copies/ng
in comparison to L. jensenii (p=0.0294). In the presence of two or more bacterial STIs (Figure
2.6.1C), G. vaginalis and L. iners had significantly higher copies/ng in comparison to L. jensenii
(p<0.0001, p=0.0095) with G. vaginalis further having higher copies/ng in comparison to L.
crispatus (p=0.0437). The absence of, or presence of one bacterial STI, show similar trends in
bacterial copies/ng with the presence of two or more bacterial STIs having fewer differences

between the bacterial copies/ng.
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Figure 2.6.1A: Box-plot of the absence of any one bacterial STI for L. gasseri (red), L. jensenii
(orange), L. crispatus (green), L. iners (blue), G. vaginalis (purple) reported as log transformed
copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR)
of the data set and the ‘whiskers’ which are the two lines (bottom and top) extending from the
box component of each block that end with a horizontal stroke, indicate the range from the
smallest and largest non-outliers to the 25% and 75% percentile components, respectively. The
middle line indicates the median value for each data set.
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Figure 2.6.1B: Box-plot of the presence of any one bacterial STI for L. gasseri (red), L. jensenii
(orange), L. crispatus (green), L. iners (blue), G. vaginalis (purple) reported as log transformed
copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR)
of the data set and the ‘whiskers’ which are the two lines (bottom and top) extending from the
box component of each block that end with a horizontal stroke, indicate the range from the
smallest and largest non-outliers to the 25% and 75% percentile components, respectively. The
middle line indicates the median value for each data set.
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Figure 2.6.1C: Box-plot of two or more bacterial STIs for L. gasseri (red), L. jensenii (orange),
L. crispatus (green), L. iners (blue), G. vaginalis (purple) reported as log transformed copies/ng
total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR) of the data
set and the ‘whiskers’ which are the two lines (bottom and top) extending from the box
component of each block that end with a horizontal stroke, indicate the range from the smallest
and largest non-outliers to the 25% and 75% percentile components, respectively. The middle
line indicates the median value for each data set.

Table 2.6.2: Comparison of the non-parametric, paired Friedman’s ANOVA test across all viral
groups with a Dunn’s Multiple Comparison test for the three STI groups, none, one or two viral
STI’s of interest in the WISH.

Bacterial comparisons Viral STI grouping p-values
None One Two
L. gasseri vs L. jensenii 0.4463 0.4859 >0.9999
L. gasseri vs L. crispatus >0.9999 >0.9999 0.6729
L. gasseri vs L. iners <0.0001" <0.0001" >0.9999
L. gasseri vs G. vaginalis <0.0001" <0.0001" 0.1307
L. gasseri vs P. bivia <0.0001" <0.0001" 0.2033
L. jensenii vs L. crispatus 0.0083" 0.3777 0.6729
L. jensenii vs L. iners <0.0001" <0.0001" >0.9999
L. jensenii vs G. vaginalis <0.0001" <0.0001" 0.1307
L. jensenii vs P. bivia <0.0001" <0.0001" 0.2033
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L. crispatus vs L. iners 0.0184" <0.0001" >0.9999
L. crispatus vs G. vaginalis 0.0011" <0.0001" >0.9999
L. crispatus vs P. bivia <0.0001" <0.0001" >0.9999
L. iners vs G. vaginalis >0.9999 >0.9999 >0.9999
L. iners vs P. bivia 0.6725 0.0054" >0.9999
G. vaginalis vs P. bivia >0.9999 0.5104 >0.9999
ANOVA p-value <0.0001° <0.0001° 0.0038"

" The asterisk indicates a p-value lower than the standardized p-value of 0.05 with a 95%
confidence interval.

In the presence of one viral STI (Figure 2.6.2A), G. vaginalis and L. iners had significantly
different copies/ng in comparison to L. gasseri (p<0.0001), L. jensenii (p<0.0001) and L.
crispatus (p<0.0001). A similar pattern was followed in the absence of any viral STI (Figure
2.6.2B), except G. vaginalis and L. iners had a significance of p=0.0011 and p=0.0184 in
comparison to L. crispatus, respectively. Further, L. crispatus had significantly different
copies/ng in comparison to L. jensenii (p=0.0083). The presence of two viral STIs (Figure

2.6.2C) showed no association with the copies/ng of the bacterium which showed no difference.
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Figure 2.6.2A: Box-plot of the absence of any one viral STI for L. gasseri (red), L. jensenii
(orange), L. crispatus (green), L. iners (blue), G. vaginalis (purple) reported as log transformed
copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR)
of the data set and the ‘whiskers” which are the two lines (bottom and top) extending from the
box component of each block that end with a horizontal stroke, indicate the range from the
smallest and largest non-outliers to the 25% and 75% percentile components, respectively. The
middle line indicates the median value for each data set.
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Figure 2.6.2B: Box-plot of the presence of any one viral STI for L. gasseri (red), L. jensenii
(orange), L. crispatus (green), L. iners (blue), G. vaginalis (purple) reported as log transformed
copies/ng total DNA. The ‘box’ component of each plot indicates the interquartile range (IQR)
of the data set and the ‘whiskers” which are the two lines (bottom and top) extending from the
box component of each block that end with a horizontal stroke, indicate the range from the
smallest and largest non-outliers to the 25% and 75% percentile components, respectively. The

middle line indicates the median value for each data set.
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Figure 2.6.2C: Box-plot of two viral STIs for L. gasseri (red), L. jensenii (orange), L. crispatus
(green), L. iners (blue), G. vaginalis (purple) reported as log transformed copies/ng total DNA.
The ‘box’ component of each plot indicates the interquartile range (IQR) of the data set and the
‘whiskers’ which are the two lines (bottom and top) extending from the box component of each
block that end with a horizontal stroke, indicate the range from the smallest and largest non-
outliers to the 25% and 75% percentile components, respectively. The middle line indicates the
median value for each data set.

2.6.3 Prevotella bivia

We compared the quantified log copies/ng of P. bivia between those with none, one or two (or
more) bacterial or viral STI groups s. The bacterial STI groups had no significant difference in P.
bivia (Kruskal-Wallis ANOVA p=0.5566). The copies/ng of P. bivia in the viral STI group with
no STI differed significantly from the presence of two viral STIs (p=0.0488). There was no
significant difference in P. bivia between the viral STI groups (Kruskal-Wallis ANOVA
p=0.0526) (Figure 2.6.3). This data should not be taken as reliable due to the primer errors

discussed previously.
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Figure 2.6.3: Comparison of the quantities of P. bivia (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, where the samples have been separated based on none, one, two (or more <) of the WISH
cohort Bacterial (B) versus Viral (V) STIs being present. All p-value comparisons were based on
an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).

2.7 Association levels between the quantities (copies/ng) of bacteria of interest and the
absence or presence of low and high risk HPV subtypes in the WISH cohort

The HPV status was considered negative in the absence of all HPV subtypes amplified by the
Roche linear array, low risk if 6, 11, 40, 42, 54, 55, 61, 62, 64, 67, 69, 70, 71, 72, 81, 83, 84,
89(CP6109) and 1S39 HPV subtypes were present, and high risk if 16, 18, 26, 31, 33, 35, 39, 45,
51, 52, 53, 56, 58, 59, 66, 68, 73 and 82 HPV subtypes were present.

Table 2.7: Comparison of the non-parametric paired Friedman’s ANOVA test across all bacterial
groups with a Dunn’s Multiple Comparison test for the HPV groups.

Bacterial comparisons HPV Group p-values
Negative Low Risk High Risk
L. gasseri vs L. jensenii 0.4845 >(0.9999 >0.9999
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L. gasseri vs L. crispatus >0.9999 >0.9999 0.6674

L. gasseri vs L. iners 0.0023" 0.0017" <0.0001"
L. gasseri vs G. vaginalis 0.0023° 0.0001" <0.0001"
L. gasseri vs P. bivia <0.0001" <0.0001" <0.0001"
L. jensenii vs L. crispatus 0.0023" >0.9999 0.0089"
L. jensenii vs L. iners <0.0001" <0.0001" <0.0001"
L. jensenii vs G. vaginalis <0.0001" <0.0001" <0.0001"
L. jensenii vs P. bivia <0.0001" <0.0001" <0.0001"
L. crispatus vs L. iners 0.4845 <0.0001" 0.0881
L. crispatus vs G. vaginalis 0.4845 <0.0001" 0.0112"
L. crispatus vs P. bivia 0.0034" <0.0001" 0.0002"
L. iners vs G. vaginalis >0.9999 >0.9999 >0.9999
L. iners vs P. bivia >0.9999 >0.9999 >0.9999
G. vaginalis vs P. bivia >0.9999 >0.9999 >0.9999
ANOVA p-value <0.0001" <0.0001" <0.0001

" The asterisk indicates a p-value lower than the standardized p-value of 0.05 with a 95%
confidence interval.

2.7.1 Prevotella bivia

We compared the quantified log copies/ng of P. bivia between the HPV groups. There was no
significant difference in P. bivia between the HPV groups (Kruskal-Wallis ANOVA p=0.7775)
(Figure 2.7.1). The lack of difference between the copies/ng in each group has been attributed to
the inaccurate primers and thus the results are unreliable until validated with new, accurate

primers.
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Figure 2.7.1: Comparison of the quantities of P. bivia (log transformed copies/ng DNA)
measured in the DNA extracted from vaginal lateral wall swabs from participants in the WISH
study, between the negative, low risk and high risk HPV groups. All p-value comparisons were
based on an unpaired, non-parametric Dunn’s Multiple Comparison test. Each point in the figure
represents an individual participant. The three horizontal bars represent the median value (middle
bar), upper interquartile range (top bar) and lower interquartile range (bottom bar).
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