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Background: Inflammatory bowel disease (IBD) is common in women of childbearing years, and active IBD during pregnancy is associated with
increased rates of preterm delivery and low-birth-weight newborns. Changes in the vaginal microbiome have been associated with preterm de-
livery. We aimed to determine the taxonomic composition of the vaginal microbiota at 3 time points during pregnancy in a population of women
with IBD.

Methods: Participants were recruited from the patient registry of the Preconception and Pregnancy IBD Clinic at Royal University Hospital in
Saskatoon, Canada. Self-collected vaginal swabs were obtained from patients at each trimester. Microbiota profiles were created by cpn60
amplicon sequencing.

Results: We characterized the vaginal microbiota of 32 pregnant participants with IBD (33 pregnancies) during each trimester. A total of 32 of 33
pregnancies resulted in a live birth with 43.8% (n = 14 of 32, 2 missing) by caesarean section; 2 of 32 were preterm. Microbiota compositions
corresponded to previously described community state types, with most participants having microbiota dominated by Lactobacillus crispatus. In
25 of 29 participants in which samples were available for more than 1 time point, there was no change in the community state type over time.
Prevalence of Mollicutes (Mycoplasma and/or Ureaplasma) was significantly higher in pregnant participants with IBD than in a previously profiled
cohort of 172 pregnant women without IBD who delivered at term.

Conclusions: The vaginal microbiome of participants with IBD was stable throughout pregnancy. Prevalence of Mollicutes, which has been as-
sociated with preterm delivery, warrants further study in this patient group.

Lay Summary

Composition of the vaginal microbiota was stable throughout pregnancy. Prevalence of Mollicutes was significantly higher in individuals with
inflammatory bowel disease than in a previously profiled cohort of 172 pregnant women without inflammatory bowel disease who delivered at
term.
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INTRODUCTION The importance of the intestinal microbiome in pathogen-
esis of IBD is well established,'! and it has been observed that
the microbiota of individuals with IBD is less diverse than in
healthy individuals.'? The lower diversity has in turn been as-
sociated with the initiation and maintenance of inflammation
and a loss of tolerance to commensal bacteria.’*'s Whether
the abnormal immune response in IBD patients that results
in inflammation in the gut affects microbiomes of other body
sites is not known.

Pregnancy in women without IBD has been reported to affect
the composition of the vaginal microbiota, resulting in greater
stability, increased proportional abundance of Lactobacillus
species, reduced prevalence of Mycoplasma and Ureaplasma,
and reduced diversity compared with the vaginal microbiomes
of nonpregnant women.'®?* Whether the vaginal microbial
communities of women with IBD undergo these same changes

Inflammatory bowel disease (IBD) is a lifelong, chronic disease
with no cure, and the incidence of IBD is increasing world-
wide.! The majority of patients diagnosed with IBD are in
their childbearing years, and the potential for complications
continues to be a source of fear and anxiety for many pa-
tients and their physicians. Patient concerns are a contributor
to the higher rate of voluntary childlessness in women with
IBD compared with those without.>? There have been several
reports that the risk of preterm delivery and low-birth-weight
babies is elevated in women with IBD,*” and these women
are also more likely to deliver by caesarean section than the
general population.®? The risk of negative pregnancy and
neonatal outcomes, however, are greater for women with ac-
tive disease in the preconception period than for those with
quiescent disease.!®
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is not known. In a recent study, pregnant women with in-
flammatory rheumatic and inflammatory bowel diseases were
observed to have “abnormal vaginal microbiota” more fre-
quently than healthy control subjects.?! In this study, abnormal
vaginal microbiota was defined as the occurrence of bacterial
vaginosis, Trichomonas vaginalis, or Candida spp. as observed
by microscopy of vaginal smear specimens, and women with
IBD represented about one-third of the case group. Increased
amounts of Gardnerella vaginalis (an organism strongly asso-
ciated with bacterial vaginosis) in the urine of nonpregnant
women with IBD has also been described.?

Given the established link of IBD to alternations of the
intestinal microbiome, and the associations of inflamma-
tion and vaginal microbiome dysbiosis with negative preg-
nancy outcomes,? more detailed investigations of the vaginal
microbiome in pregnant women with IBD are warranted. The
objective of the current study was to determine the taxonomic
composition of the vaginal microbiota at 3 time points during
pregnancy in a population with IBD.

Methods

Ethical Considerations

This study was approved by the University of Saskatchewan
Biomedical Research Ethics Board (Protocol 14-211).

Study Population and Sampling

Participants were recruited from the patient registry of the
Preconception and Pregnancy IBD Clinic at Royal University
Hospital in Saskatoon, Canada, between February 2015 and
August 2016. Pregnant participants >18 years of age with
confirmed IBD were eligible for inclusion. The diagnosis of
IBD was based on standard clinical, radiologic, endoscopic,
and histologic criteria. Baseline maternal data were collected
including information on demographics; IBD history; gyneco-
logical and obstetrical history (including history of sexually
transmitted infections, number, dates, and outcomes of pre-
vious pregnancies); and medical, surgical, and social history.
Self-collected vaginal swabs were obtained from patients who
consented to the study at their first antenatal visit. Samples
were collected at 3 time points in pregnancy: 12 to 16 weeks',
22 to 24 weeks’, and 32 to 34 weeks’ gestation, concurrent
with routine clinic visits. Vaginal swabs were stored at -80
°C immediately after collection until batch processing and
analysis.

Vaginal Microbiome Analysis

Total DNA was extracted from vaginal samples using a mag-
netic bead-based kit (MagMAX Total Nucleic Acid Isolation
Kit; Life Technologies, Burlington, ON, Canada). Reagent-
only extraction negative control samples were included with
each of 2 batches of extractions. Polymerase chain reaction
(PCR) amplification of the cpn60 barcode sequence and
sequencing library preparation was performed using an es-
tablished protocol (described in detail elsewhere).?* No tem-
plate control samples were included with each of 2 batches
of PCR reactions. Purified amplicons from each sample were
modified by dual indexing to allow pooling of amplicon li-
braries into a single 500-cycle sequencing run on an Illumina
MiSeq (Illumina, San Diego, CA, USA). Negative extraction
control samples (n = 2) and no template control samples
(n = 2) were carried through the entire sequencing process.
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Four hundred cycles were performed for read 1 and 100
cycles for read 2; only read 1 sequences were used in down-
stream analysis.

Bioinformatics

De-multiplexed Read 1 fastq files were processed with
Cutadapt® to remove amplification primer sequences, and
then quality filtered with Trimmomatic (minimum length
150, minimum quality 30).2° Quality filtered reads were
loaded into QIIME2 (https://qiime2.org) for sequence variant
calling and read frequency calculation with DADA2 (trun-
cation length 150). For taxonomic identification, variant
sequences were aligned to the cpnDB_nr reference database
(downloaded from www.cpndb.ca) using watered-BLAST.?
Only sequences with identities of >55% to a cpnDB sequence
were retained for downstream analysis.?® Sequences with the
same best match in the database were grouped into nearest-
neighbor “species” by summing their total read counts within
samples. Read count data were used to calculate Bray-Curtis
dissimilarity values in QIIME2 with a sampling depth of
1000 reads per sample.

For community state type (CST) analysis and clustering,
read counts were converted to proportions, and a Jensen-
Shannon distance matrix was calculated in R (version 4.1.0,
R Foundation for Statistical Computing, Vienna, Austria)
using the vegdist function in the vegan package. This distance
matrix was used for hierarchical clustering using the bclust
function in R with Ward linkage. CSTs were labeled according
to dominant species as described previously.?’

Mollicutes Detection

Because some Mollicutes lack the cpn60 gene, targeted PCR
assays were used to detect these species in study samples. A
family-specific semi-nested PCR that targets the 16S ribo-
somal RNA gene was used to detect Mollicutes (Mycoplasma
and/or Ureaplasma).’® A PCR targeting the gene encoding
the multiple-banded antigen was used to detect Ureaplasma
spp.>! Results of these PCR assays were interpreted as posi-
tive or negative by electrophoresis and visualization of the
reaction products on 1% (w/v) agarose gels stained with eth-
idium bromide. Results of Mollicutes and Ureaplasma detec-
tion were compared with previously reported results from
3 cohorts of Canadian women: pregnant women who de-
livered at term (n = 170),'® pregnant women who delivered
preterm (n = 46),”2 and nonpregnant reproductive-aged
women(n = 310).%

Statistical Analysis

Mollicutes and Ureaplasma PCR results were compared
between this study and previously reported pregnant and
nonpregnant cohorts with a chi-square test to detect sig-
nificant differences among the groups, followed by pairwise
comparisons using Fisher’s exact test. Statistical tests were
performed in GraphPad Prism version 9.1.2 (GraphPad
Software, San Diego, CA, USA).

Results
Description of the Study Population and Pregnancy
Outcomes

Thirty-two participants provided samples for the study, with
1 participant providing samples from 2 pregnancies that
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occurred during the study period. Demographic characteris-
tics, IBD diagnosis, and birth outcomes are shown in Table 1.
Most (n = 20 of 32, 62.5%) of the participants had a diag-
nosis of Crohn’s, and the remainder had an ulcerative colitis
diagnosis (n = 12 of 32, 37.5%). Thirty-two live births from
33 pregnancies resulted, with only 2 births occurring prior to
37 weeks gestational age.

Vaginal Microbiome Composition and Stability

A total of 80 vaginal swabs were processed for cpn60 amplicon
sequencing, including samples from 3, 2, or 1 time points
for 16, 15, and 2 pregnancies, respectively. Two extraction-
negative control samples and 2 no-template control samples
were also included in the sequencing run. Following adapter
removal and quality trimming, an average of 5935 reads per
sample were available for analysis. Two samples (121-2T and
008-2T) were removed from the analysis due to low read
counts (21 and 44 reads, respectively). For the remaining 78
samples, an average of 6161 reads per sample (range 768-16
118, median 5706). Most (3 of 4) negative control samples
yielded no data, and 1 extraction negative control sample
yielded 87 reads. When aligned to cpnDB_nr, 243 unique
sequence variants corresponded to 113 distinct nearest-
neighbor species, and 32 of these neighbors comprised at least
1% of at least 1 sample. Sequence data have been deposited in
the National Center for Biotechnology Information Sequence

Table 1. Description of study population (n = 32 women, n = 33
pregnancies)

Characteristic
Age, y 30 =4 (20-38)
Body mass index, kg/m? 26.9 + 5.6 (19.1-39.9)
Race
White 28 (87.5)
Other (6.3
Missing 2 (6.3)
Parity
0 15 (45.5)
1 8 (24.2)
2 5(15.2)
3 1(3.0)
Missing 3(9.1)
IBD diagnosis
Crohn’s disease 20 (62.5)
Ulcerative colitis 12 (37.5)
Birth mode?
Vaginal 16 (50.0)
C-section 14 (43.8)
Missing 2 (6.3)
Gestational age at delivery®
>37 wk (term) 28 (87.5)
<37 wk (preterm) 2(6.3)
Missing 2(6.3)

Values are mean = SD (range) or n (%).

Abbreviation: IBD, inflammatory bowel disease.

“Birth mode and gestational age at delivery were reported for 32 live
births.

Read Archive in association with BioProject Accession
PRJNA759867.

Clustering of vaginal microbiome profiles resulted in the
identification of 5§ CSTs previously described for the human
vaginal microbiome?: CST I dominated by Lactobacillus
crispatus, CST Il dominated by L. gasseri, CST III dominated
by L. iners, CST IV containing a heterogeneous mixture of
species, and CST V dominated or codominated by L. jensenii
(Figure 1). Clustering of samples from individual women
was apparent regardless of CST and was confirmed when the
vaginal microbiome CSTs for each woman were compared
across time points (Figure 2A). For the 29 pregnancies where
multiple samples were available, a change in CST was ob-
served in only 4 cases (patient IDs 105, 106 [second preg-
nancy], 124, and 131).

When microbiome profiles were compared among sam-
ples from individual participants (“within”), they were
found to be more similar to each other (median Bray-Curtis
dissimilarity 0.062) than to samples from different partici-
pants (“between”; median Bray-Curtis dissimilarity 0.999)
(Figure 2B), further illustrating the relative stability of the
microbiota composition throughout pregnancy. Participants
with only single samples available, and 2 samples with
<1000 reads (105-3T and 124-3T) were excluded from this
analysis.

Mollicutes Detection

Mollicutes (Mycoplasma and/or Ureaplasma) PCR de-
tection was performed on vaginal swabs from 31 partici-
pants, and 25 (80.6%) of 31 were found to be positive for
Mollicutes at least once in their pregnancy. Mollicutes status
did not change for 10 of 14 participants for whom results
were available for all 3 time points. Only 12 (38.7%) of
31 participants were positive for Ureaplasma spp. at any
point during pregnancy. Mollicutes and Ureaplasma preva-
lence data generated using exactly the same method were
available for comparison from previous studies of Canadian
women delivering at term or preterm® and nonpregnant
Canadian women.'® For this comparison, only samples from
the second time point in the current study were included
(n = 29). Significant differences were detected among groups
(chi-square test, P < .0001). Subsequent pairwise compari-
sons showed that the proportion of pregnant participants
with IBD that tested positive for Mollicutes was signifi-
cantly higher than pregnant women who went on to deliver
at term (Fisher’s exact test, P = .0005) and was not different
from either women who delivered preterm or nonpregnant
women (Fisher’s exact test, P > .05) (Table 2). Ureaplasma
prevalence in participants with IBD was not significantly
different than the other groups.

Discussion

The vaginal microbiome plays an important role in repro-
ductive health. In contrast to the intestinal microbiota, va-
ginal microbial communities are relatively sparse and tend to
be dominated by one or a few bacterial species, usually one
of several Lactobacillus species.”” Reduced numbers of lacto-
bacilli and an overgrowth of mixed aerobic and anaerobic
bacteria are characteristic of bacterial vaginosis, a dysbiosis
that can be associated with troubling symptoms, increased
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Figure 1. Clustering of vaginal microbiome profiles based on taxonomic composition. Bacterial species (nearest neighbors) are in rows, samples are in
columns with patient ID and time point indicated above the heatmap (1T = 12-16 weeks' gestation, 2T = 22-24 weeks' gestation, 3T = 32-34 weeks’
gestation). Proportional abundance of each species in each sample is indicated by color in the heatmap (yellow to red, according to the legend). Only
species accounting for at least 1% of at least 1 sample were included. The dendrogram above the heatmap indicates clustering by Jensen-Shannon
distance, and community state types (CSTs) |-V are indicated immediately below the dendrogram.

transmission of sexually transmitted infections, and negative
reproductive health outcomes including preterm birth.?* Most
of what is known about the vaginal microbiome in pregnancy,
however, has come from studies of women without chronic
inflammatory diseases. Given the complexities of manage-
ment of IBD in pregnancy and established pregnancy risks
associated with active inflammatory disease, foundational
knowledge of the characteristics of the vaginal microbiome
in IBD is needed.

In our current study, 14 (43.8%) of 32 participants had cae-
sarean deliveries, which is higher than the overall caesarean
delivery rate in Saskatchewan of 23.6% and the Canadian
average of 29.1%?>* but is not unexpected for a group of in-
dividuals with IBD. For example, in a study of women who
delivered between 2006 and 2014 at a hospital in Toronto,
Canada, women with Crohn’s disease or ulcerative colitis had

caesarean delivery rates of 52% and 48%, respectively.?* The
authors of this retrospective study found that the main pre-
dictors of caesarean delivery rates in the IBD population were
history of perianal disease, and prior caesarean delivery.’
Preterm birth occurs more frequently in women with IBD,
especially in patients with active disease either in the precon-
ception period or throughout their pregnancy.*” Only 2 par-
ticipants in our study delivered before 37 weeks’ gestation,
but disease activity status was not an eligibility criterion for
the study, and it was not designed to address preterm birth as
an outcome.

Vaginal microbiomes observed in our study were char-
acteristic of well-established CSTs that have been reported
in reproductive-aged women worldwide regardless of
pregnancy status and determined using a variety of tech-
niques.???*4! Most (n = 43 of 78, 55.1%) samples were
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Figure 2. A, Vaginal microbiome community state types of individual participants are indicated by colored blocks according to the legend. Patterns are
shown for participants with at least 2 samples available. B, Samples from different participants were more different from each other (between) than
from samples from the same participant (within). Median Bray-Curtis dissimilarity values for each set of comparisons are shown in red. Participants with
single samples only and samples with <1000 reads (n = 2) were excluded from this analysis.

Table 2. Mollicutes and Ureaplasma detection and comparison with previous studies

PCR-Positive Women?

IBD (n =29)° Term (n =170) Preterm (n = 46) Nonpregnant (n = 310)
Mollicutes 22 (75.9)* 68 (40.0)® 28 (60.8)* 217 (70.0)A
Ureaplasma spp. 11 (37.9)A8 40 (23.4)® 14 (30.4)® 149 (48.1)®

Values are n (%).

Abbreviations: IBD, inflammatory bowel disease; PCR, polymerase chain reaction.
Significant differences are indicated by superscript uppercase letters (Fisher’s exact, P < 0.05).

"Subject 106: samples from 2 pregnancies gave same results.

classified as CST I, dominated by L. crispatus, and the re-
maining samples were approximately evenly distributed
among CST I, III, and V (dominated by L. gasseri, L. iners,
and L. jensenii, respectively), and CST IV (mixed species,
low Lactobacillus) (Figure 1). Characteristic differences in
intestinal microbiota composition such as elevated levels
of adherent Escherichia and Fusobacterium, as well as re-
duced diversity, are well established to occur with IBD.#%
Our ability to compare our findings with previous reports
of vaginal microbiome composition in pregnant women

without IBD is limited because differences in the sequencing
method (pyrosequencing vs sequencing by synthesis) and
bioinformatic methods (de novo assembly vs variant calling)
used in previous studies preclude a direct quantitative com-
parison. Qualitatively, however, no conspicuous differences
were noted between the microbiome profiles we observed
in the current study and previous descriptions of pregnant
and nonpregnant reproductive-aged women using a cpn60
barcode sequencing approach!®32333 or 16S ribosomal
RNA amplicon sequencing studies.?’*
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The longitudinal design of the present study did allow an
examination of vaginal microbiome stability through preg-
nancy. Changes in CSTs were observed in only 4 of 29 par-
ticipants for whom multiple samples were analyzed (Figure
2A). Furthermore, regardless of CST, any sample was likely
to resemble another sample from the same participant more
closely than a sample from another participant (Figure 2B).
This stability is consistent with previous longitudinal studies
that describe Lactobacillus abundance, reduced diversity,
and stability over time as characteristics of the vaginal
microbiome in pregnancy.'®2** The explanation for these
characteristics is not clear, but it has been suggested that the
hormonal environment of pregnancy and the associated in-
crease in thickness of the epithelium and increased glycogen
deposition create an environment favorable for Lactobacillus
spp. that maintain a low pH and prevent the growth of other
bacteria.'®

Because some species of Mycoplasma and Ureaplasma
lack cpn60 genes, we used targeted PCR assays to detect
Mollicutes in the vaginal samples. Using the same method
on the same types of samples processed with the same DNA
extraction method, Freitas et al'®*? reported a lower preva-
lence of Mollicutes in pregnant women who delivered at
term compared with either nonpregnant women or preg-
nant women who delivered preterm. In the present study,
Mollicutes prevalence of pregnant participants with IBD
was significantly higher than pregnant women without IBD
who delivered at term, and similar to the prevalence in the
nonpregnant and preterm birth groups (Table 2). We specu-
lated that the higher prevalence of Mollicutes in the IBD
group could reflect a higher species richness and diversity
in the study population relative to pregnant women without
IBD, but larger sample numbers and inclusion of a non-IBD
control group would be required to investigate this relation-
ship. Mycoplasma spp. have been linked to preterm birth,*
and so their prevalence in women with IBD is certainly of
interest given the higher preterm birth rates observed in this
population and the lack of knowledge of the interaction of
the microbiome and pregnancy outcomes in the context of
IBD.

Conclusions

Taken together, our results provide insight into the compos-
ition and stability of the vaginal microbiome of pregnant
women with IBD. No obvious differences in composition
from what has been described in other pregnant cohorts were
observed, and in most cases, participants maintained a con-
sistent microbiota throughout their pregnancy. Our results
also suggest a difference in Mollicutes prevalence in the IBD
group relative to pregnant women without IBD. Future studies
should include a simultaneous sampling of nonpregnant age-
matched women with IBD, and investigate the influence of
preconception disease status on any pregnancy-associated
changes in the vaginal microbiome. The collaboration of
specialized preconception and pregnancy IBD clinics would
be a major advantage in making such studies possible.

Acknowledgments

The authors are grateful to the participants who enrolled in
the study.

Hill et al

Funding

This research was supported by a Saskatchewan Health
Research Foundation Establishment Grant to S.F. and J.E.H.

Conflicts of Interest

The authors have no conflicts of interest.

References

1. Alatab S, Sepanlou SG, Ikuta K, et al. The global, regional, and na-
tional burden of inflammatory bowel disease in 195 countries and
territories, 1990-2017: a systematic analysis for the Global Burden
of Disease Study 2017. Lancet Gastroenterol. Hepatol. 2020;5:17-
30.

2. Marri SR, Ahn C, Buchman AL. Voluntary childlessness is increased
in women with inflammatory bowel disease. Inflarmm Bowel Dis.
2007;13:591-599.

3. Fonager K, Serensen HT, Olsen ], et al. Pregnancy outcome for
women with Crohn’s disease: a follow-up study based on linkage
between national registries. Am | Gastroenterol. 1998;93:2426-
2430.

4. Norgird B, Hundborg HH, Jacobsen BA, et al. Disease activity in
pregnant women with Crohn’s disease and birth outcomes: a re-
gional Danish cohort study. Am | Gastroenterol. 2007;102:1947-
1954.

5. Cornish J, Tan E, Teare J, et al. A meta-analysis on the influence of
inflammatory bowel disease on pregnancy. Guz. 2007;56:830-837.

6. Morales M, Berney T, Jenny A, et al. Crohn’s disease as a risk
factor for the outcome of pregnancy. Hepatogastroenterology.
2000547:1595-1598.

7. Lee HH, Bae JM, Lee BI, et al. Pregnancy outcomes in women with
inflammatory bowel disease: a 10-year nationwide population-
based cohort study. Aliment Pharmacol Ther. 2020;51:861-869.

8. Ilnyckyji A, Blanchard JE Rawsthorne P, Bernstein CN. Perianal
Crohn’s disease and pregnancy: role of the mode of delivery. Am |
Gastroenterol. 1999;94:3274-3278.

9. Mahadevan U, Sandborn WJ, Li DK, et al. Pregnancy outcomes
in women with inflammatory bowel disease: a large community-
based study from Northern California. Gastroenterology.
2007;133:1106-1112.

10. Kim MA, Kim YH, Chun J, et al. The influence of disease activity
on pregnancy outcomes in women with inflammatory bowel dis-
ease: a systematic review and meta-analysis. | Crobns Colitis.
2021;15:719-732.

11. Sartor RB. Microbial influences in inflammatory bowel diseases.
Gastroenterology. 2008;134:577-594.

12. Kelly D, Mulder IE. Microbiome and immunological interactions.
Nutr Rev. 2012;70 Suppl 1:518-S30.

13. Murphy SE, Kwon JH, Boone DL. Novel players in inflammatory
bowel disease pathogenesis. Curr Gastroenterol Rep. 2012;14:146-
152.

14. Duchmann R, Kaiser I, Hermann E, et al. Tolerance exists towards
resident intestinal flora but is broken in active inflammatory bowel
disease (IBD). Clin Exp Immunol. 1995;102:448-455.

15. Mow WS, Vasiliauskas EA, Lin YC, et al. Association of antibody
responses to microbial antigens and complications of small bowel
Crohn’s disease. Gastroenterology. 2004;126:414-424.

16. Freitas AC, Chaban B, Bocking A, et al. The vaginal microbiome of
healthy pregnant women is less rich and diverse with lower preva-
lence of Mollicutes compared to healthy non-pregnant women. Sci.
Rep. 2017;7:9212.

17. Aagaard K, Riehle K, Ma J, et al. A metagenomic approach to char-
acterization of the vaginal microbiome signature in pregnancy.
PLoS One. 2012;7:e36466.

18. Romero R, Hassan SS, Gajer P, et al. The vaginal microbiota of
pregnant women who subsequently have spontaneous preterm



Composition and Stability of the Vaginal Microbiota of Pregnant Women With Inflammatory Bowel Disease

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

labor and delivery and those with a normal delivery at term.
Microbiome. 2014;2:18.

Walther-Anténio MR, Jeraldo P, Berg Miller ME, et al. Pregnancy’s
stronghold on the vaginal microbiome. PLoS One. 2014;9:¢98514.
MaclIntyre DA, Chandiramani M, Lee YS, et al. The vaginal
microbiome during pregnancy and the postpartum period in a Eu-
ropean population. Sci Rep. 2015;5:8988.

Rosta K, Mazzucato-Puchner A, Kiss H, et al. Vaginal microbiota
in pregnant women with inflammatory rheumatic and inflam-
matory bowel disease: a matched case-control study. Mycoses.
2021;64:909-917.

Schilling J, Loening-Baucke V, Dorffel Y. Increased Gardnerella
vaginalis urogenital biofilm in inflammatory bowel disease. |
Crobns Colitis. 2014;8:543-549.

Leitich H, Bodner-Adler B, Brunbauer M, et al. Bacterial vaginosis
as a risk factor for preterm delivery: a meta-analysis. Am | Obstet
Gynecol. 2003;189:139-147.

Fernando C, Hill JE. ¢cpn60 metagenomic amplicon library prep-
aration for the Illumina Miseq platform. Protocol Exchange.
2021. Accessed March 30, 2021. https:/protocolexchange.
researchsquare.com/article/pex-1438/v1

Martin M. Cutadapt removes adapter sequences from high-
throughput sequencing reads. EMBnet.journal. 2011;17:10-12.
Bolger AM, Lohse M, Usadel B. Trimmomatic: a flexible trimmer
for lllumina sequence data. Bioinformatics. 2014;30:2114-2120.
Schellenberg J, Links MG, Hill JE, et al. Pyrosequencing of the chap-
eronin-60 universal target as a tool for determining microbial com-
munity composition. Appl Environ Microbiol. 2009;75:2889-2898.
Johnson LA, Chaban B, Harding JC, Hill JE. Optimizing a PCR
protocol for cpn60-based microbiome profiling of samples var-
iously contaminated with host genomic DNA. BMC Res Notes.
2015;8:253.

Ravel ], Gajer P, Abdo Z, et al. Vaginal microbiome of reproductive-
age women. Proc Natl Acad Sci U S A. 2011;108 Suppl 1:4680-
4687.

van Kuppeveld FJ, van der Logt JT, Angulo AF, et al. Genus- and
species-specific identification of mycoplasmas by 16S rRNA ampli-
fication. Appl Environ Microbiol. 1992;58:2606-26135.

Watson HL, Blalock DK, Cassell GH. Variable antigens of Urea-
plasma wurealyticum containing both serovar-specific and serovar-
cross-reactive epitopes. Infect Immun. 1990;58:3679-3688.
Freitas AC, Bocking A, Hill JE, Money DM; VOGUE Research
Group. Increased richness and diversity of the vaginal microbiota
and spontaneous preterm birth. Microbiome. 2018;6:117.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

M

Albert AY, Chaban B, Wagner EC, et al.; VOGUE Research
Group. A study of the vaginal microbiome in healthy canadian
women utilizing cpn60-based molecular profiling reveals dis-
tinct gardnerella subgroup community state types. PLoS Omne.
2015;10:0135620.

Gu J, Karmakar-Hore S, Hogan ME, et al. Examining cesarean sec-
tion rates in Canada using the modified Robson classification. J
Obstet Gynaecol Can. 2020;42:757-765.

Sharaf AA, Nguyen GC. Predictors of cesarean delivery in preg-
nant women with inflammatory bowel disease. | Can Assoc
Gastroenterol. 2018;1:76-81.

Gajer P, Brotman RM, Bai G, et al. Temporal dynamics of the
human vaginal microbiota. Sci Transl Med. 2012;4:132ra52.
Chaban B, Links MG, Jayaprakash TP, et al. Characterization of
the vaginal microbiota of healthy Canadian women through the
menstrual cycle. Microbiome. 2014;2:23.

Fettweis JM, Brooks JP, Serrano MG, et al. Differences in vaginal
microbiome in African American women versus women of Euro-
pean ancestry. Microbiology (Reading). 2014;160:2272-2282.
Dumonceaux T]J, Schellenberg J, Goleski V, et al. Multiplex detec-
tion of bacteria associated with normal microbiota and with bac-
terial vaginosis in vaginal swabs using oligonucleotide-coupled
fluorescent microspheres. | Clin Microbiol. 2009;47:4067-4077.
Datcu R, Gesink D, Mulvad G, et al. Vaginal microbiome in women
from Greenland assessed by microscopy and quantitative PCR.
BMC Infect Dis. 2013;13:480.

Zhou X, Hansmann MA, Davis CC, et al. The vaginal bacterial
communities of Japanese women resemble those of women in other
racial groups. FEMS Immunol Med Microbiol. 2010;58:169-181.
Kostic AD, Xavier R], Gevers D. The microbiome in inflammatory
bowel disease: current status and the future ahead. Gastroenter-
ology. 2014;146:1489-1499.

Nagalingam NA, Lynch SV. Role of the microbiota in inflammatory
bowel diseases. Inflamm Bowel Dis. 2012;18:968-984.

Romero R, Hassan SS, Gajer P, et al. The composition and stability
of the vaginal microbiota of normal pregnant women is different
from that of non-pregnant women. Microbiome. 2014;2:4.
DiGiulio DB, Callahan BJ, McMurdie PJ, et al. Temporal and spa-
tial variation of the human microbiota during pregnancy. Proc Nat!
Acad Sci U S A. 2015;112:11060-11065.

Foxman B, Wen A, Srinivasan U, et al. Mycoplasma, bacterial
vaginosis-associated bacteria BVAB3, race, and risk of preterm
birth in a high-risk cohort. Am | Obstet Gynecol. 2014;210:226.
el-226.e7.


https://protocolexchange.researchsquare.com/article/pex-1438/v1
https://protocolexchange.researchsquare.com/article/pex-1438/v1

