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Bacterial vaginosis (BV) is the most common vaginal dysbiosis. In this condition, a
polymicrobial biofilm develops on vaginal epithelial cells. Accurately quantifying
the bacterial burden of the BV biofilm is necessary to further our understanding of
BV pathogenesis. Historically, the standard for calculating total bacterial burden of
the BV biofilm has been based on quantifying Escherichia coli 16S rRNA gene copy
number. However, E. coli is improper for measuring the bacterial burden of this
unique micro-environment. Here, we propose a novel gPCR standard to quantify
bacterial burden in vaginal microbial communities, from an optimal state to a
mature BV biofilm. These standards consist of different combinations of vaginal
bacteria including three common BV-associated bacteria (BVAB) Gardnerella spp.
(Q), Prevotella spp. (P), and Fannyhessea spp. (F) and commensal Lactobacillus spp.
(L) using the 16S rRNA gene (G:P:F:L, G:P:F, G:P:L and 1G:9L). We compared these
standards to the traditional E. coli (E) reference standard using known quantities of
mock vaginal communities and 16 vaginal samples from women. The E standard
significantly underestimated the copy numbers of the mock communities, and this
underestimation was significantly greater at lower copy numbers of these
communities. The G:P:L standard was the most accurate across all mock
communities and when compared to other mixed vaginal standards. Mixed
vaginal standards were further validated with vaginal samples. This new G:P:L
standard can be used in BV pathogenesis research to enhance reproducibility and
reliability in quantitative measurements of BVAB, spanning from the optimal to
non-optimal (including BV) vaginal microbiota.
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1 Introduction

Bacterial vaginosis (BV) is the most common vaginal infection,
affecting more than 30% of women in the United States (Bautista
etal., 2016). Although the exact etiology is yet to be identified, BV is
known to be associated with loss of protective lactic acid- and
hydrogen peroxide-producing Lactobacillus spp. and a dramatic
increase in facultative and strict anaerobic bacteria (BV-associated
bacteria; BVAB) (from 107 to 10° bacterial genomes per sample)
including Gardnerella spp. (107), Prevotella spp. (10%), and
Fannyhessea vaginae (10%) (Zozaya-Hinchliffe et al., 2010; Ravel
etal, 2011). The current recommended treatment regimens for BV
consist of oral and intra-vaginal metronidazole and clindamycin
(“Bacterial Vaginosis - 2021 Sexually Transmitted Diseases
Treatment Guidelines”, 2021), each with high initial success rates
(80%). However, more than 60% of women will have an episode of
recurrent BV (Bradshaw et al., 2006).

BV is associated with the formation of a polymicrobial biofilm
on the surface of vaginal epithelial cells, which likely contributes to
high recurrence rates after treatment (Patterson et al., 2007;
Swidsinski et al, 2008). The sequence of events leading to BV
biofilm formation is controversial and under active study (Machado
et al, 2016; Sousa et al., 2023). One hypothesis is that a virulent
strain of G. vaginalis, likely sexually transmitted, is the primary
pathogen that displaces protective Lactobacillus spp. and adheres to
the vaginal epithelium, initiating BV biofilm formation and
allowing secondary colonizers to attach and multiply (Patterson
et al,, 20105 Santiago et al,, 2011). In this hypothetical model, one
additional early colonizer is thought to be P. bivia, which is
recruited into the lower layers of the biofilm that is initiated by
G. vaginalis (Verstraelen et al., 2009). Vaginal sialidase, produced by
both G. vaginalis and P. bivia, promotes breakdown of the
protective mucous layer on the vaginal epithelium (Wiggins et al,
2001). Loss of the protective mucous layer on the vaginal epithelium
leads to increased adherence of other BVAB, including F. vaginae
(Hardy et al,, 2015), which join the BV biofilm in the upper layers,
leading to the formation of a mature, polymicrobial entity (Castro
et al, 2021). A better understanding of the development of the
polymicrobial BV biofilm is crucial for improving BV diagnosis and
developing more effective treatments.

Determining the burden of specific BVAB is important for
better understanding the pathogenesis of incident BV (Gajer et al.,
2012; Muzny et al, 2018). The 16S ribosomal ribonucleic acid
(rRNA) gene, present in all bacterial genomes, is used to estimate
bacterial burden (Woese et al., 1990). Polymerase chain reaction
(PCR) amplification and sequencing of hypervariable regions of the
16S rRNA gene has been widely applied to characterize the vaginal
microbiota and further investigate BV pathogenesis. However, this
method only provides the relative abundance of each micro-
organism, rather than absolute quantities (Poretsky et al., 2014).
Quantitative PCR (qPCR) targeting the 16S rRNA gene is
commonly used to measure the burden of bacterial species
(Santiago et al., 2012; Ricchi et al,, 2017; Galazzo et al., 2020).
Typically, these assays use plasmid standards containing the
Escherichia coli 16S rRNA gene. The E. coli (E) reference standard
is a common tool for measuring bacterial burden in many types of
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communities (Zozaya-Hinchliffe et al., 2010; Jian et al., 2020;
Tettamanti Boshier et al.,, 2020), however, this approach has not
been evaluated for its accuracy in vaginal samples. Generally,
universal primers amplify 16S rRNA genes from different genera
with varying efficiencies due to differences in intervening sequences
(e.g., guanine or cytosine [GC] content and length) (Aird et al,
2011), and E. coli is not a natural colonizer of the vaginal micro-
environment (Acinas et al., 2004; Vétrovsky and Baldrian, 2013).
Therefore, the use of an E standard may influence the results of the
quantification of 16S rRNA gene copy number within the
vaginal microbiota.

Accurate quantitation of bacterial burden in complex vaginal
communities requires specifically designed standards. We generated
standards specific for common vaginal micro-organisms to
establish a method that allows for estimation of the bacterial
burden of the vaginal micro-environment, from an optimal state
to a mature, polymicrobial BV biofilm. These novel standards are
composed of Gardnerella spp. (G), Prevotella spp. (P), Fannyhessea
spp. (F), and Lactobacillus spp. (L) were compared to the traditional
E standard using mock vaginal communities and patient-derived

vaginal samples.

2 Materials and methods
2.1 Vaginal samples

We used stored isolated deoxyribonucleic acid (DNA) from
vaginal swabs that were previously obtained in a study described in
Mott et al,, 2021 (Louisiana State University Health Sciences Center
[LSUHSC] IRB protocol #1081). In brief, vaginal samples were
collected from women seeking care at the LSUHSC CrescentCare
Sexual Health Center Clinic in New Orleans, LA using a Copan
Swab (Copan, Murrieta, CA, USA). DNA extraction and
sequencing were performed by the LSUHSC Microbial Genomics
Resource Group. Genomic DNA was extracted using the QIAamp
DNA Stool Mini Kit (Qiagen, Hilden, Germany), modified to
include bead beating. In addition to a swab being used for
sequencing, a swab was also used for Gram stain and Nugent
scoring to characterize the vaginal microbiome (Nugent et al,
1991). BV was common in this population of women (38% by
Nugent score) and representative samples were selected from across
the spectrum of the vaginal microbiota, characterized by Nugent
score (n=6 normal vaginal microbiota, 5 intermediate vaginal
microbiota, and 5 BV) and ethnicity (n=8 black, 7 white, and 1
other). Complete metadata is listed in Table S1B. Bacterial relative
abundance can be observed in heatmaps (Figure 52) (Agile Toolkit
for Incisive Microbial Analysis).

2.2 Primer design

We used published universal gPCR primers (UP) targeting the
sixth hypervariable region (V6) of the bacterial 16S rRNA gene of
multiple bacterial taxa (Bacchetti De Gregoris et al., 2011). We also
designed taxa-specific primers (SP) outside the V6 amplicon of the
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UP for our bacterial taxa of interest, Gardnerella spp., Prevotella
spp., Fannyhessea spp., Lactobacillus spp., and E. coli (Figure 1A).
We developed python and bash programs to computationally
nominate specific primers with set parameters (GC content:
>50%, melting temperature: 55-65°C, and primer length: 18-22
bp) and validated them using BLAST queries (https://github.com/
elnaggarj/16S-primer-design) (Altschul et al., 1990). Once chosen,
these primers were synthesized (Integrated DNA Technologies,
Coralville, TA) and sensitivity and specificity was tested via PCR
using vaginal samples and American Type Culture Collection

A Se. AR

10.3389/fcimb.2023.1198113

(ATCC) bacterial isolates when available; G. vaginalis ATCC
10287, L. crispatus ATCC 33197, and E. coli ATCC 25922.

2.3 qPCR conditions

Each gqPCR reaction contained 0.5 nmol of primers, 1 pl of
template, and 7 pl of SsoAdvanced Universal SYBR Green Supermix
(Bio-Rad, Hercules, CA) in a total of 10 pl. The qPCR conditions
included a premelt at 98°C for 3 minutes, and then 40 cycles of 98°C

=
NN

16S rRNA V6 region

|

"o s
B G with UP G with SP
30 30
Y =327+ 3539 . Y =-320X+3477
25 I R? = 0.9980 254 o RE=0.9958
E =101.23%

N E =101.79%

2 3 4 5 6 7 8
Log,, copies per reaction

c P with UP

Y =-352X+37.18
5 R2=0.9986
25 i\i\i E =9253%

2 3 4 5 6 7 8

Log,, copies per reaction
D F with UP
30
[ Y =-328X +35.89
‘\
25 i“i R2=0.9952

“E. E =10164%

2 3 4 5 6 7 8

Log,, copies per reaction
E L with UP
35
Y =-3.49X +37.52
0183 R2=0.9968

25 b E =9351%

2 3 4 5 6 7 8
Log,, copies per reaction

FIGURE 1

2 3 4 5 6 7 8

Log,, copies per reaction
P with SP
35
30 i Y =-3.50X +37.52
LN R?=0.9985
2 B
L™ E =93.05%
Cq a
20 e,
I“‘a\
15 Do
e
10 - rrem—-rer - rre—-rey

y
2 3 4 5 6 7 8

Logw copies per reaction

F with SP
30
{ Y =-327X +35.06
25 %\i‘*i R2=0.9973

3 E =102.10%

Log,, copies per reaction
L with SP
30
}"‘i Y =-3.15X +35.85
25 RN R?=0.9957

~g E =9357%

2 3 4 5 6 7 8
Log,, copies per reaction

(A) Diagram of universal primer (UP) and specific primer (SP) locations in the V6 region of the 16S rRNA gene. (B—E) qPCR standards using the SP

and UP for each vaginal bacteria of interest, Gardnerella spp. (G), Prevotella

spp. (P), and Fannyhessea spp. (F), and Lactobacillus spp. (L). Data points

are generated from three-fold dilutions of the purified plasmids starting at 107 copies to 167 copies per reaction. Each point represents an average of
3 replicate gPCR reactions with corresponding error bars. Efficiency (E) is calculated based on the slope of the linear regression. Axes are labeled by

the quantification cycle (Cq) and the number of copies per reaction (log10).
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for 15 seconds and 60°C for 15 seconds, followed by a final melt
curve where the temperature was incrementally increased 0.5°C for
5 seconds from 65°C to 98°C (Figure S1A). All qPCR reactions were
performed in triplicate and values are listed in Table SIA.

2.4 Standard curve generation

Standard curves were generated for bacteria taxa of interest,
Gardnerella spp., Prevotella spp., Lactobacillus spp., Fannyhessea
spp.> and E. coli. The rRNA gene was amplified for each bacterial
micro-organism of interest from vaginal samples, and the E. coli
rRNA gene was amplified from the ATCC strain using the SP.
Specific V6 amplicons for each bacterial micro-organism was
generated using OneTaq 2X Master Mix with Standard Buffer
(New England Biolabs [NEB] Ipswich, MA). 16S rRNA gene
amplicons for each micro-organism were sequenced and verified
to be identical to the reference genome (Eurofins genomics,
Louisville, KY, USA). For Gardnerella spp. we compared the
amplicon to the G. vaginalis ATCC 10287, Prevotella spp. to P.
bivia ATCC 29303, Fannyhessea spp. to F. vaginae ATCC BAA-55,
Lactobacillus spp. to L. crispatus ATCC 33197, and E. coli to E. coli
ATCC 25922. These amplicons were ligated into a pGEM-T Easy
vector (Promega, Madison, WI) (Figure S1B) and transformed into
chemically competent DH50 E. coli (Invitrogen Waltham, MA) to
isolate single colonies (Bertani, 2004). We performed validation for
correct inserts via Pvull-HF (NEB) digests on gel and Sanger
sequencing (Eurofins, Luxembourg). Vectors/plasmids with
specific amplicons for each vaginal bacterial organism were
purified using HiSpeed Plasmid Maxi Kit (Qiagen).
Concentrations of purified vectors were measured using a
NanoDrop 2000 (Thermo Scientific, Waltham, MA). The copy
number of each vector was calculated from concentrations
derived from quantitative gel densitometry. qPCR standards for
each bacterial taxa of interest were generated from ten three-fold
dilutions of the purified plasmids starting at 10” copies to 10> copies
per reaction. Taxa-specific standards were then amplified using SP
and UP. Vaginal mix standards and E standard assays were
amplified with UP (Bacchetti De Gregoris et al., 2011). The
regression coefficients and reaction efficiencies, based on the slope
of the regression (-1 + 107/51P¢) were compared for each standard.
A 100% efficiency indicated that the PCR product of interest was
accurately doubling with each cycle (Stolovitzky and Cecchi, 1996),
and an appropriate efficiency is between 90-110%.

2.5 Mock vaginal communities

Gardnerella spp., Prevotella spp., Fannyhessea spp., and
Lactobacillus spp. 16S rRNA genes in plasmids were combined in
known quantities to simulate mock vaginal communities. Mock
vaginal communities were generated at 10° 10°, 10* total copy
numbers, and quantified using both the E standard and the mixed
vaginal standards. The calculated output from each standard was
compared to the known input of each mock vaginal community.
The output was divided by the input to generate a percentage. A
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100% output/input indicated that identical input and output copy
numbers were read from the standard.

2.6 Assessing standards using
vaginal samples

Three ten-fold dilutions were made from the original isolated
DNA from the vaginal samples. The 16S rRNA gene copy number
per reaction was measured using the E and mixed vaginal standards
to determine if there was a change in the difference between the two
standards at different dilutions. Next, 16S rRNA gene copy number
per sample was calculated and compared between the two standards
and across Nugent categories (normal vaginal microbiota [0-3],
intermediate vaginal microbiota [4-6], and BV [7-10]) (Nugent
et al,, 1991).

2.7 Statistical analysis and power

Analyses were performed using Prism (version 9.3.1; GraphPad
Software, Inc., La Jolla, CA). Linear regressions were performed on
standard curves. QPCR-derived quantification cycle (Cq) value was
converted to 16S rRNA gene copies and compared using two-way
analysis of variance (ANOVA). Test statistics and p-values are listed
in Table S1C. Comparing 16 vaginal samples, we have over 95%
power to detect differences between the E and vaginal standard
using a two-tailed Type I error rate of 0.05.

3 Results
3.1 Taxa-specific primers to 16S rRNA gene

SP were generated for: Gardnerella spp. (G), Prevotella spp. (P),
Fannyhessea spp. (F), Lactobacillus spp. (L), and E. coli (EC)
(primer sequences listed in Table S1A), and quantitative
standards for each species using SP and UP were generated from
three-fold dilutions of the purified plasmids from 10” copies to 10>
copies per reaction (Figures 1B-E). The length of the UP amplicon
was similar across all tested bacterial species and the SP amplicon
varied between 230 and 290 base pairs (Table 1). Although there
was a difference in length between the UP and SP for a given micro-
organism, the efficiency did not vary more than 1% (Table 1).
Furthermore, there was no notable difference in the R? of the
standards and all R* were greater than 0.99, meaning that the
standards approximated a linear slope.

3.2 Vaginal specific standard for
bacterial burden

As the taxa-specific standards performed well on their own, we
next set out to generate a single vaginal standard to measure
bacterial burden in the vaginal micro-environment. We compared
standards that utilized common vaginal bacterial micro-organisms
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TABLE 1 Length and efficiencies of standards.

10.3389/fcimb.2023.1198113

Standard UP amplicon size (bp) SP amplicon size (bp) UP Efficiency (%) SP Efficiency (%)
Gardnerella spp. (G) 175 290 101.79 101.23

Prevotella spp. (P) 175 290 92.53 93.05

Fannyhessea spp. (F) 174 230 101.64 102.10

Lactobacillus spp. (L) 174 253 93.51 93.57

E. coli (E) 174 275 96.10 NA

G:P:F:L NA NA 96.49 NA

G:P:F NA NA 92.38 NA

G:P:L NA NA 95.30 NA

1G9L NA NA 95.25 NA

UP, universal primers; SP, specific primers; bp, base pairs.
NA, not applicable.

and generated standards consisting of different combinations of the
G, P, F, and L 16S rRNA genes. This included a standard consisting
of all four taxa in equal proportions (G:P:F:L), the BVAB (G:P:F), a
standard representing an intermediate community (G:P:L), and an
optimal community favoring lactobacilli (1G:9L).

Comparing these standards to each other and to the traditional E
reference standard, we observed that vaginal mix standards and E
standards were similar in efficiency (Table 1; Figures S3A-E). These
standards were then compared using mock vaginal communities,
where an optimal vaginal microbiota was represented by a mix of
nine parts L to one-part G 16S rRNA gene plasmids, an intermediate
community was represented by a mix of equal parts G, P,and L,and a
BV-like microbiota consisting of G, P, F (Figure 2). Interestingly, the
E standard significantly underestimated the mock vaginal
communities, indicated by the measured output being less than the
known input (all p < 0.05 when compared to 100%). Differences in
other mixed vaginal standards in mock communities were observed.
The measured output of the G:P:L mixed standard did not
significantly differ from the known input in any of the three
communities (all p > 0.05 when compared to 100%). Interestingly,
this mixed vaginal standard never significantly differed regardless of
the copy number of the vaginal community being measured.
Whereas, in the E standard, the difference between measurements
was greater at decreasing dilutions and was significant when
comparing 10° to 10* copy numbers (Figure S4A), indicating that
the E standard error varied based on the copy number of the 16S
rRNA gene in the sample. Overall, these results indicate that the G:P:
L mix standard was the most accurate for measuring all tested mock
vaginal communities as it did not significantly differ in any dilution.

We continued to assess these mixed vaginal standards using
vaginal samples collected from a diverse group of women enrolled
in a previous study (Mott et al., 2021). First, we wanted to determine
if this variation was based on the communities within these samples.
16 vaginal samples were stratified based on Nugent score category
(6 normal, 4 intermediate, and 6 BV) (Nugent et al., 1991) We
measured each sample with the different mixed standards and
compared them to the E standard (Figures 3A-D). Interestingly,
the difference between the G:P:F:L, G:P:L, and 1G:9L standards to
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the E standard significantly varied regardless of the Nugent
category. Samples in all three Nugent categories varied
consistently between the vaginal mix standard and the E
standard. The G:P:L standard was the most significantly different
(all p < 0.0001), followed by 1G:9L (all p < 0.003), and G:P:L:F (all p
< 0.01). However, the G:P:F standard was the most similar to the E
standard and was not significantly different at any Nugent score
category. To determine if there was a variation in copy number
similar to that observed in the mock vaginal communities, we
compared the difference in the 16S rRNA gene copy number at
three different dilutions (Figure S4B). The difference between the E
and vaginal mix standards became significantly greater at increasing
dilutions, supporting the results from the mock vaginal
communities, indicating a similar variation based on dilution.

4 Discussion

In this study, we generated novel qPCR standards for measuring
the bacterial burden in the vaginal micro-environment. These
standards were composed of 16S rRNA genes of common vaginal
micro-organisms, Gardnerella spp., Prevotella spp., Fannyhessea spp.,
and Lactobacillus spp., and were compared to the traditional E
standard. These new standards, specifically the one composed of G:P:
L, were able to improve the accuracy of bacterial burden measurements
within the vaginal microbial community and the complex BV biofilm.

Strengths of this study include the use of standards that are
representative of bacteria that are common members of the vaginal
microbiota (Salinas et al.,, 2020; Pacha-Herrera et al., 2022), rather
than E. coli, which is not typically present in this micro-
environment (Chen et al., 2021). An optimal vaginal microbiota
is dominated by Lactobacillus spp. such as L. crispatus, L. jensenii,
and L. gasseri, whereas in BV there is an increasing abundance of
facultative and strict anaerobic bacteria including G. vaginalis, P.
bivia, and F. vaginae. To generate taxa-specific primers, our SP
amplicons varied in length. However, we observed that the
efficiency between the UP and SP for a given micro-organism did
not vary more than 1%. This suggests that the UP region contributes
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Mock vaginal communities using E and G:P:L mix standard. The equal parts G:P:L community is meant to represent a BV-like vaginal microbiome
(top), G:P:L is representative of an intermediate microbiome (middle), and the 1G:9L is meant to represent an optimal vaginal microbiome (bottom).
Known copy numbers are used as input, listed on the x-axis. The output is calculated using the corresponding standard and divided by the input to
generate a percentage. A 100% output/input indicates the same copy number that was input was read as output from the standard. The resulting
output/input was averaged and compared to 100% using two-way ANOVA, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

more to the efficiency of the standard rather than to the variation in
the length of the SP region.

There are other BVAB present in the vaginal micro-
environment and the BV biofilm; therefore, the absolute bacterial
burden is difficult to quantify. To help account for this in our study,
we created mock vaginal communities where the quantities of 16S
rRNA gene copies are known. Since this is only a model of in vivo
conditions, variables such as biofilm resistance and efficiency of
DNA isolation cannot be actively replicated in these mock
communities and require additional experimentation and
validation (Lima et al., 2022). We tested our mock communities
at varying copy numbers, from 10° to 10* This was designed to
assess various points along the standard which ranges from 107 to
10° 16S rRNA gene copy numbers. Interestingly, the different
combinations of mixed vaginal bacteria performed variably across
the different mock communities, and the G:P:L mix standard was
observed to be the most accurate as it did not differ from 100% in
any case. Perhaps a mixed standard that closely represents an
intermediate vaginal community allows for a more robust
measurement of bacterial burden across the spectrum of BV. We
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also observed Nugent-independent differences between the G:P:L
and the E standard in a diverse range of vaginal samples.

A limitation of this study is that we chose to generate our mixed
vaginal standard using a subset of bacteria found in the vaginal
microbiome (Zozaya-Hinchliffe et al., 2010; Gajer et al, 2012).
These organisms are most common in both optimal (Lactobacillus
spp.) and BV (Gardnerella spp., Prevotella spp., and Fannyhessea
spp.) vaginal microbiomes. Also, these specific micro-organisms
have been found to change in relative abundance in the days leading
up to incident BV (Muzny et al.,, 2018). Additional vaginal bacteria
can be tested and combined in standards if there is particular
interest moving forward. For example, Sneathia spp. can be
included. There is growing evidence that Sneathia spp. are
involved in preterm birth and vaginal inflammation (Anahtar
et al., 2015; Fettweis et al., 2019; Laniewski and Herbst-Kralovetz,
2021) and may be a secondary colonizer to the BV biofilm. Another
limitation is that we only tested the V6 region of the 16S rRNA gene
because we based our approach on previous work in this area
(Bacchetti De Gregoris et al., 2011). We are unsure how standards
constructed from other regions would compare to our findings, as
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experiments were performed in triplicate and comparisons were made using two-way ANOVA, **P < 0.01, ***P < 0.001, ****P < 0.0001.

primers for different variable regions amplify specific micro-
organisms at varying efficiencies (Van Der Pol et al, 2019). The
V6 region is similar between species within the same genus, for
example different Lactobacillus spp. share the same 16S rRNA gene
sequence. Thus, we were not able to develop species-specific
standards for our micro-organisms of interest, Gardnerella spp.,
Prevotella spp., Fannyhessea spp., and Lactobacillus spp. (Janda and
Abbott, 2007; Vetrovsky and Baldrian, 2013). However, since there
are multiple different species of the same genus known to be found
in the vaginal microbiota (e.g., L. crispatus and L. gasseri), genus-
specific standards may perform better than ones generated using
specific species. A future step would be to test other taxa as well as
multiple variable regions of the 16S rRNA gene to identify a
standard most optimal for the vaginal microbiota.

Overall, the ability to accurately measure the bacterial burden of
the vaginal microbiota will improve our understanding of BV
pathogenesis. For example, different Gardnerella species may be
present in women who do not have BV, such as G. vaginalis, G.
leopoldii, G. piotii, and G. swidsinskii (Castro et al., 2020), but,
perhaps at a certain threshold or level of virulence, Gardnerella spp.
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can overcome the opposing forces in the vaginal micro-
environment to initiate BV biofilm development (Roy et al,
1994). A better understanding of this sequence of events and
changes in bacterial burden over time will help inform
improvements in BV diagnosis and treatment. This method can
also be synergized with complementary bioinformatics approaches
such as calculating inferred absolute abundance (Tettamanti
Boshier et al,, 2020). In this method, the total bacterial burden is
multiplied by the relative abundance through 16S rRNA gene
sequencing to obtain a value comparable to the burden of the
specific vaginal bacterial species. Improving the method to calculate
the bacterial burden will result in improved overall accuracy of this
calculation. Accurate bacterial burden measurements will also
improve vaginal microbiome studies where vaginal sample
collection takes place. Since this is a relatively cost-effective
method, bacterial burden can be determined to guide selection
and prioritization of samples for deeper sequencing. This method
can also be adopted to better understand the etiology of incident
BV. Dramatic bacterial shifts can occur in the vaginal micro-
environment within short periods of time (Gajer et al., 2012), and
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high resolution of these changes is required to elucidate bacterial
dynamics in the pathogenesis of BV. We plan to use our newly
generated standard in longitudinal studies in combination with
inferred absolute abundance to enhance our understanding of the
changes in the burden of key vaginal bacteria prior to the onset of
incident BV.
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(A) gPCR diagram. (B) pGEM-T Easy vector diagram with 16S rRNA gene.

SUPPLEMENTARY FIGURE 2
Relative abundance heatmap for vaginal samples used in this study.

SUPPLEMENTARY FIGURE 3

(A—E) gPCR standards using UP for Escherichia coli (E) and vaginal mixed
standards composed of Gardnerella spp. (G): Prevotella spp. (P): Fannyhessea
spp. (F), and Lactobacillus spp. (L). Data points are generated from three-fold
dilutions of the purified plasmids starting at 10” copies to 102 copies per
reaction. Each point represents an average of 3 replicate qPCR reactions with
standard deviation error bars. Efficiency (E) is calculated based on the slope of
the linear regression. Axes are labeled by the quantification cycle (Cq) and the
number of copies per reaction (logl10).

SUPPLEMENTARY FIGURE 4

(A) E standard for the 3 mock communities showing a decrease in accuracy.
(B) The E and G:P:L mix standard were performed on DNA isolated from
vaginal swabs. These standards were performed at three ten-fold dilutions D1
(1/10), D2 (1/100), and D3 (1/1000). The difference in the resulting copy
number from the E and G:P:L mix standard was calculated and compared
across the three dilutions.

SUPPLEMENTARY TABLE 1
(A) gPCR information. (B) Metadata for patients. (C) Statistical tests.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2023.1198113/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1198113/full#supplementary-material
https://doi.org/10.3389/fcimb.2023.1198113
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Elnaggar et al.

References

Acinas, S. G., Marcelino, L. A., Klepac-Ceraj, V., and Polz, M. F. (2004). Divergence
and redundancy of 16S rRNA sequences in genomes with multiple rrn operons. J.
Bacteriol 186, 2629-2635. doi: 10.1128/]B.186.9.2629-2635.2004

Aird, D., Ross, M. G., Chen, W.-S., Danielsson, M., Fennell, T., Russ, C., et al. (2011).
Analyzing and minimizing PCR amplification bias in illumina sequencing libraries.
Genome Biol. 12, R18. doi: 10.1186/gb-2011-12-2-r18

Altschul, S. F., Gish, W, Miller, W., Myers, E. W., and Lipman, D. J. (1990). Basic local
alignment search tool. J. Mol. Biol. 215, 403-410. doi: 10.1016/S0022-2836(05)80360-2

Anahtar, M. N, Byrne, E. H., Doherty, K. E., Bowman, B. A., Yamamoto, H. S.,
Soumillon, M., et al. (2015). Cervicovaginal bacteria are a major modulator of host
inflammatory responses in the female genital tract. Immunity 42, 965-976.
doi: 10.1016/j.immuni.2015.04.019

Bacchetti De Gregoris, T., Aldred, N., Clare, A. S., and Burgess, ]. G. (2011).
Improvement of phylum- and class-specific primers for real-time PCR quantification of
bacterial taxa. J. Microbiol. Methods 86, 351-356. doi: 10.1016/j.mimet.2011.06.010

Bacterial Vaginosis - 2021 Sexually Transmitted Diseases Treatment Guidelines
(2021) Centers for disease control and prevention. Available at: https://www.cdc.gov/
std/treatment-guidelines/STI-Guidelines-2021.pdf (Accessed 7.22.21).

Bautista, C. T., Wurapa, E., Sateren, W. B., Morris, S., Hollingsworth, B., and
Sanchez, J. L. (2016). Bacterial vaginosis: a synthesis of the literature on etiology,
prevalence, risk factors, and relationship with chlamydia and gonorrhea infections.
Military Med. Res. 3, 4. doi: 10.1186/s40779-016-0074-5

Bertani, G. (2004). Lysogeny at mid-twentieth century: P1, P2, and other
experimental systems. J. Bacteriol 186, 595-600. doi: 10.1128/JB.186.3.595-600.2004

Bradshaw, C. S., Morton, A. N., Hocking, J., Garland, S. M., Morris, M. B., Moss, L.
M, et al. (2006). High recurrence rates of bacterial vaginosis over the course of 12
months after oral metronidazole therapy and factors associated with recurrence. J.
Infect. Dis. 193, 1478-1486. doi: 10.1086/503780

Castro, J., Jefferson, K. K., and Cerca, N. (2020). Genetic heterogeneity and
taxonomic diversity among gardnerella species. Trends Microbiol. 28, 202-211.
doi: 10.1016/j.tim.2019.10.002

Castro, J., Rosca, A. S., Muzny, C. A,, and Cerca, N. (2021). Atopobium vaginae and
prevotella bivia are able to incorporate and influence gene expression in a pre-formed
gardnerella vaginalis biofilm. Pathogens 10, 247. doi: 10.3390/pathogens10020247

Chen, X,, Lu, Y., Chen, T,, and Li, R. (2021). The female vaginal microbiome in
health and bacterial vaginosis. Front. Cell. Infect. Microbiol. 11. doi: 10.3389/
fcimb.2021.631972

Fettweis, J. M., Serrano, M. G., Brooks, J. P., Edwards, D. J., Girerd, P. H., Parikh, H.
L, et al. (2019). The vaginal microbiome and preterm birth. Nat. Med. 25, 1012-1021.
doi: 10.1038/s41591-019-0450-2

Gajer, P., Brotman, R. M., Bai, G., Sakamoto, J., Schiitte, U. M. E., Zhong, X., et al.
(2012). Temporal dynamics of the human vaginal microbiota. Sci. Transl. Med. 4,
132ra52. doi: 10.1126/scitranslmed.3003605

Galazzo, G., van Best, N., Benedikter, B. ]., Janssen, K., Bervoets, L., Driessen, C., et al.
(2020). How to count our microbes? the effect of different quantitative microbiome
profiling approaches. front. Cell. Infect. Microbiol. 10. doi: 10.3389/fcimb.2020.00403

Hardy, L., Jespers, V., Dahchour, N., Mwambarangwe, L., Musengamana, V.,
Vaneechoutte, M., et al. (2015). Unravelling the bacterial vaginosis-associated
biofilm: a multiplex gardnerella vaginalis and atopobium vaginae fluorescence In situ
hybridization assay using peptide nucleic acid probes. PloS One 10, e0136658.
doi: 10.1371/journal.pone.0136658

Janda, J. M., and Abbott, S. L. (2007). 16S rRNA gene sequencing for bacterial
identification in the diagnostic laboratory: pluses, perils, and pitfalls. J. Clin. Microbiol.
45, 2761-2764. doi: 10.1128/JCM.01228-07

Jian, C., Luukkonen, P., Yki-Jarvinen, H., Salonen, A., and Korpela, K. (2020).
Quantitative PCR provides a simple and accessible method for quantitative microbiota
profiling. PloS One 15, €0227285. doi: 10.1371/journal.pone.0227285

Laniewski, P., and Herbst-Kralovetz, M. M. (2021). Bacterial vaginosis and health-
associated bacteria modulate the immunometabolic landscape in 3D model of human
cervix. NPJ Biofilms Microbiomes 7, 88. doi: 10.1038/s41522-021-00259-8

Lima, A., Franga, A., Muzny, C. A,, Taylor, C. M., and Cerca, N. (2022). DNA
Extraction leads to bias in bacterial quantification by qPCR. Appl. Microbiol.
Biotechnol. 106, 7993-8006. doi: 10.1007/s00253-022-12276-4

Machado, D., Castro, J., Palmeira-de-Oliveira, A., Martinez-de-Oliveira, J., and
Cerca, N. (2016). Bacterial vaginosis biofilms: challenges to current therapies and
emerging solutions. Front. Microbiol. 6. doi: 10.3389/fmicb.2015.01528

Mott, P. D,, Taylor, C. M,, Lillis, R. A., Ardizzone, C. M., Albritton, H. L., Luo, M.,
et al. (2021). Differences in the genital microbiota in women who naturally clear

chlamydia trachomatis infection compared to women who do not clear; a pilot study.
Front. Cell Infect. Microbiol. 11. doi: 10.3389/fcimb.2021.615770

Muzny, C. A, Blanchard, E,, Taylor, C. M., Aaron, K. ], Talluri, R., Griswold, M. E,,
et al. (2018). Identification of key bacteria involved in the induction of incident bacterial
vaginosis: a prospective study. J. Infect. Dis. 218, 966-978. doi: 10.1093/infdis/jiy243

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2023.1198113

Nugent, R. P,, Krohn, M. A, and Hillier, S. L. (1991). Reliability of diagnosing
bacterial vaginosis is improved by a standardized method of gram stain interpretation.
J. Clin. Microbiol. 29, 297-301. doi: 10.1128/JCM.29.2.297-301.1991

Pacha-Herrera, D., Erazo-Garcia, M. P., Cueva, D. F., Orellana, M., Borja-Serrano,
P., Arboleda, C,, et al. (2022). Clustering analysis of the multi-microbial consortium by
lactobacillus species against vaginal dysbiosis among Ecuadorian women. Front. Cell.
Infect. Microbiol. 12. doi: 10.3389/fcimb.2022.863208

Patterson, J. L., Girerd, P. H., Karjane, N. W., and Jefferson, K. K. (2007). Effect of
biofilm phenotype on resistance of gardnerella vaginalis to hydrogen peroxide and
lactic acid. Am. J. Obstet Gynecol 197, 170.e1-170.e7. doi: 10.1016/j.aj0g.2007.02.027

Patterson, J. L., Stull-Lane, A., Girerd, P. H., and Jefferson, K. K. (2010). Analysis of
adherence, biofilm formation and cytotoxicity suggests a greater virulence potential of
gardnerella vaginalis relative to other bacterial-vaginosis-associated anaerobes.
Microbiol. (Reading) 156, 392-399. doi: 10.1099/mic.0.034280-0

Poretsky, R., Rodriguez-R, L. M., Luo, C., Tsementzi, D., and Konstantinidis, K. T.
(2014). Strengths and limitations of 16S rRNA gene amplicon sequencing in revealing
temporal microbial community dynamics. PloS One 9, €93827. doi: 10.1371/
journal.pone.0093827

Ravel, J., Gajer, P., Abdo, Z., Schneider, G. M., Koenig, S. S. K., McCulle, S. L., et al.
(2011). Vaginal microbiome of reproductive-age women. Proc. Natl. Acad. Sci. U.S.A.
108 Suppl 1, 4680-4687. doi: 10.1073/pnas.1002611107

Ricchi, M., Bertasio, C., Boniotti, M. B., Vicari, N., Russo, S., Tilola, M., et al. (2017).
Comparison among the quantification of bacterial pathogens by qPCR, dPCR, and
cultural methods. Front. Microbiol. 8. doi: 10.3389/fmicb.2017.01174

Roy, S., Sharma, M., Ayyagari, A., and Malhotra, S. (1994). A quantitative
microbiological study of bacterial vaginosis. Indian J. Med. Res. 100, 172-176.

Salinas, A. M., Osorio, V. G., Pacha-Herrera, D., Vivanco, J. S., Trueba, A. F., and
Machado, A. (2020). Vaginal microbiota evaluation and prevalence of key pathogens in
ecuadorian women: an epidemiologic analysis. Sci. Rep. 10, 18358. doi: 10.1038/s41598-
020-74655-z

Santiago, G. L., dos, S., Deschaght, P., El Aila, N., Kiama, T. N., Verstraelen, H., et al.
(2011). Gardnerella vaginalis comprises three distinct genotypes of which only two
produce sialidase. Am. J. Obstet Gynecol 204, 450.e1-450.e7. doi: 10.1016/
j.2j0g.2010.12.061

Santiago, G. L., dos, S., Tency, L, Verstraelen, H., Verhelst, R,, Trog, M., et al. (2012).
Longitudinal qPCR study of the dynamics of 1. crispatus, 1. iners, a. vaginae, (sialidase
positive) g. vaginalis and p. bivia in the vagina. PloS One 7, e45281. doi: 10.1371/
journal.pone.0045281

Sousa, L. G. V., Pereira, S. A., and Cerca, N. (2023). Fighting polymicrobial biofilms
in bacterial vaginosis. Microbial Biotechnol 1751-7915.14261. doi: 10.1111/1751-
7915.14261

Stolovitzky, G., and Cecchi, G. (1996). Efficiency of DNA replication in the
polymerase chain reaction. Proc. Natl. Acad. Sci. U.S.A. 93, 12947-12952.
doi: 10.1073/pnas.93.23.12947

Swidsinski, A., Mendling, W., Loening-Baucke, V., Swidsinski, S., Dorffel, Y.,
Scholze, J., et al. (2008). An adherent gardnerella vaginalis biofilm persists on the
vaginal epithelium after standard therapy with oral metronidazole. Am. J. Obstet
Gynecol 198, 97.e1-97.e6. doi: 10.1016/j.ajog.2007.06.039

Tettamanti Boshier, F. A., Srinivasan, S., Lopez, A., Hoffman, N. G,, Proll, S,
Fredricks, D. N, et al. (2020). Complementing 16S rRNA gene amplicon sequencing
with total bacterial load to infer absolute species concentrations in the vaginal
microbiome. mSystems 5, €00777-e00719. doi: 10.1128/mSystems.00777-19

Van Der Pol, W. J., Kumar, R., Morrow, C. D., Blanchard, E. E., Taylor, C. M,,
Martin, D. H,, et al. (2019). In silico and experimental evaluation of primer sets for
species-level resolution of the vaginal microbiota using 16S ribosomal RNA gene
sequencing. J. Infect. Dis. 219, 305-314. doi: 10.1093/infdis/jiy508

Verstraelen, H., Verhelst, R., Claeys, G., De Backer, E., Temmerman, M., and
Vaneechoutte, M. (2009). Longitudinal analysis of the vaginal microflora in pregnancy
suggests that L. crispatus promotes the stability of the normal vaginal microflora and
that 1. gasseri and/or 1. iners are more conducive to the occurrence of abnormal vaginal
microflora. BMC Microbiol. 9, 116. doi: 10.1186/1471-2180-9-116

Veétrovsky, T., and Baldrian, P. (2013). The variability of the 16S rRNA gene in
bacterial genomes and its consequences for bacterial community analyses. PloS One 8,
€57923. doi: 10.1371/journal.pone.0057923

Wiggins, R., Hicks, S. J., Soothill, P. W., Millar, M. R, and Corfield, A. P. (2001).
Mucinases and sialidases: their role in the pathogenesis of sexually transmitted
infections in the female genital tract. Sex Transm Infect. 77, 402-408. doi: 10.1136/
sti.77.6.402

Woese, C. R, Kandler, O., and Wheelis, M. L. (1990). Towards a natural system of
organisms: proposal for the domains archaea, bacteria, and eucarya. Proc. Natl. Acad.
Sci. U.S.A. 87, 4576-4579. doi: 10.1073/pnas.87.12.4576

Zozaya-Hinchliffe, M., Lillis, R., Martin, D. H., and Ferris, M. J. (2010). Quantitative
PCR assessments of bacterial species in women with and without bacterial vaginosis. J.
Clin. Microbiol. 48, 1812-1819. doi: 10.1128/JCM.00851-09

frontiersin.org


https://doi.org/10.1128/JB.186.9.2629-2635.2004
https://doi.org/10.1186/gb-2011-12-2-r18
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/j.immuni.2015.04.019
https://doi.org/10.1016/j.mimet.2011.06.010
https://www.cdc.gov/std/treatment-guidelines/STI-Guidelines-2021.pdf
https://www.cdc.gov/std/treatment-guidelines/STI-Guidelines-2021.pdf
https://doi.org/10.1186/s40779-016-0074-5
https://doi.org/10.1128/JB.186.3.595-600.2004
https://doi.org/10.1086/503780
https://doi.org/10.1016/j.tim.2019.10.002
https://doi.org/10.3390/pathogens10020247
https://doi.org/10.3389/fcimb.2021.631972
https://doi.org/10.3389/fcimb.2021.631972
https://doi.org/10.1038/s41591-019-0450-2
https://doi.org/10.1126/scitranslmed.3003605
https://doi.org/10.3389/fcimb.2020.00403
https://doi.org/10.1371/journal.pone.0136658
https://doi.org/10.1128/JCM.01228-07
https://doi.org/10.1371/journal.pone.0227285
https://doi.org/10.1038/s41522-021-00259-8
https://doi.org/10.1007/s00253-022-12276-4
https://doi.org/10.3389/fmicb.2015.01528
https://doi.org/10.3389/fcimb.2021.615770
https://doi.org/10.1093/infdis/jiy243
https://doi.org/10.1128/JCM.29.2.297-301.1991
https://doi.org/10.3389/fcimb.2022.863208
https://doi.org/10.1016/j.ajog.2007.02.027
https://doi.org/10.1099/mic.0.034280-0
https://doi.org/10.1371/journal.pone.0093827
https://doi.org/10.1371/journal.pone.0093827
https://doi.org/10.1073/pnas.1002611107
https://doi.org/10.3389/fmicb.2017.01174
https://doi.org/10.1038/s41598-020-74655-z
https://doi.org/10.1038/s41598-020-74655-z
https://doi.org/10.1016/j.ajog.2010.12.061
https://doi.org/10.1016/j.ajog.2010.12.061
https://doi.org/10.1371/journal.pone.0045281
https://doi.org/10.1371/journal.pone.0045281
https://doi.org/10.1111/1751-7915.14261
https://doi.org/10.1111/1751-7915.14261
https://doi.org/10.1073/pnas.93.23.12947
https://doi.org/10.1016/j.ajog.2007.06.039
https://doi.org/10.1128/mSystems.00777-19
https://doi.org/10.1093/infdis/jiy508
https://doi.org/10.1186/1471-2180-9-116
https://doi.org/10.1371/journal.pone.0057923
https://doi.org/10.1136/sti.77.6.402
https://doi.org/10.1136/sti.77.6.402
https://doi.org/10.1073/pnas.87.12.4576
https://doi.org/10.1128/JCM.00851-09
https://doi.org/10.3389/fcimb.2023.1198113
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	A novel Gardnerella, Prevotella, and Lactobacillus standard that improves accuracy in quantifying bacterial burden in vaginal microbial communities
	1 Introduction
	2 Materials and methods
	2.1 Vaginal samples
	2.2 Primer design
	2.3 qPCR conditions
	2.4 Standard curve generation
	2.5 Mock vaginal communities
	2.6 Assessing standards using vaginal samples
	2.7 Statistical analysis and power

	3 Results
	3.1 Taxa-specific primers to 16S rRNA gene
	3.2 Vaginal specific standard for bacterial burden

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


