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Abstract

Background: Vaginal swabs have been traditionally used for the diagnosis of bacterial vaginosis (BV). Currently, there are limited studies that have investigated the use of other sample types other than vaginal swabs for the detection of BV from South African populations. This study investigated whether urine can be used for the detection of BV-associated microorganisms in South African pregnant women.

Methods: One-hundred self-collected vaginal swabs and urine samples were obtained from women presenting for antenatal care at King Edward VIII Hospital in Durban. The BD MAX™ vaginal panel assay was used for diagnosing BV and droplet digital polymerase chain reaction was used to quantify Gardnerella vaginalis, Prevotella bivia, Atopobium vaginae and Lactobacillus crispatus. The absolute counts were determined on the QX200 Droplet Reader (Bio-Rad) using the QuantaSoft Software. Data analysis was performed with statistical computing software called R, version 3.6.1.

Results: Median copy numbers obtained for G. vaginalis and P. bivia across urine and swabs in BV-positive samples were not significantly different (p = 0.134 and p = 0.652, respectively). This was confirmed by the correlation analysis that showed a good correlation between the two sample types (G. vaginalis [r = 0.63] and P. bivia [r = 0.50]). However, the data obtained for A. vaginae differed, and a weak correlation between urine and swabs was observed (r = 0.21). Bacterial vaginosis-negative samples had no significant difference in median copy numbers for L. crispatus across the urine and swabs (p = 0.062), and a good correlation between the sample types was noted (r = 0.71).

Conclusion: This study highlights the appropriateness of urine for the detection of microorganisms associated with BV.
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Background

Bacterial vaginosis (BV) is a clinical condition that is caused by alterations of the vaginal microbiota. Predominant, normal lactobacilli species are replaced by diverse communities of anaerobic and facultative bacteria.1,2,3 These bacteria include: Gardnerella vaginalis, Atopobium vaginae, Prevotella, Mycoplasma and numerous other microorganisms.2,3,4,5,6

The prevalence of BV in women has been associated with socio-demographic factors, diagnostic criteria, gestational age, vitamin D deficiency and smoking.7,8 South Africa has the highest prevalence of BV in Africa.9 The prevalence of BV was reported to be 17.6% in a population of pregnant women in the Gauteng province.9 A more recent study conducted by our research group reported a prevalence of 49.4% for BV in antenatal women from Durban.10

The common symptom of BV is the occurrence of an abnormal malodorous (strong fishy odour) vaginal discharge.3 Implications of untreated BV include pelvic inflammatory disease (PID) and an increased susceptibility to sexually transmitted infections (STIs) and human immunodeficiency virus (HIV).11,12,13

Several reports indicate that BV-positive women have a higher incidence of HIV infection. Furthermore, an increased severity of BV is associated with increased prevalence of HIV.13,14,15,16 Untreated BV is associated with severe pregnancy outcomes which includes late miscarriages, preterm labour, premature rupture of membranes (PROMs), post-partum endometritis, low birth weight infants and a host of other complications. Bacterial vaginosis therefore proves to be a major health risk in pregnancy.6,17,18

Bacterial vaginosis is classically diagnosed in the laboratory using the Nugent Scoring System as a gold standard.5,6,14,18,19 Other methods of diagnosing BV include the use of Amsel Criteria and nucleic acid amplification tests.3,5,6,18 Current diagnostic methods require the use of vaginal swabs to determine BV status. Collection of swabs by a clinician using a speculum to detect BV can be an uncomfortable and invasive method of sample collection, especially during pregnancy. Therefore, this method of collection may not be ideal for pregnant women. Although self-collected vaginal swabs are not considered invasive, it can pose a level of discomfort for the women during collection. In contrast, urine is a non-invasive sample. In majority of the primary healthcare clinic settings, pregnant women are screened for glucose and leukocytes by providing a urine sample to be tested.20 Therefore, obtaining urine as a sample type used to test BV is far more attainable and easier.

This study compared the bacterial load of BV-associated microorganisms in paired urine and self-collected vaginal swab samples. The microorganisms investigated in this study included: Gardnerella vaginalis (G. vaginalis), Atopobium vaginae (A. vaginae), Prevotella bivia (P. bivia) and Lactobacillus crispatus (L. crispatus). Gardnerella vaginalis, A. vaginae and P. bivia were selected because these microorganisms are most associated with a positive diagnosis for BV. Lactobacillus crispatus was selected as this microorganism is associated with a healthy vaginal microbiota (dominant in BV-negative women). This study provides the first report on correlation between urine and vaginal swabs for the detection and the quantification of BV-associated microorganisms in South African pregnant women.

Methods

Study setting and population

In this study, 273 pregnant women 18 years and older, willing to provide written informed consent as well as swab and urine samples, were included in the analysis. The women were recruited from the King Edward VIII Hospital in Durban, South Africa, during November 2017 – April 2018. Each woman provided three self-collected vaginal swabs (collected before the urine sample) and thereafter a urine sample (not restricted to first void only). The women were provided with instructions on how to collect the vaginal swab samples. The study population included both symptomatic women as well as asymptomatic women. Women who reported symptoms were treated as per the syndromic management guidelines.21

Laboratory testing

Study design and sample selection

This study was a sub-study of a larger study which recruited 273 pregnant women. Samples were tested using the BD MAXTM vaginal panel and stratified into BV-positive and BV-negative. The final subset for this study contained matched urine and swab pairs for 25 BV-positive and 25 BV-negative women. These 100 samples were further tested using droplet digital polymerase chain reaction (ddPCR) technology.

Diagnosis of bacterial vaginosis

The BV status of the enrolled women was determined using the BD MAX™ Vaginal Panel assay (Becton Dickinson) on the self-collected swabs as per the manufacturer’s instructions. The women were diagnosed as either BV-positive or BV-negative.

Deoxyribonucleic acid isolation from swabs and urine

The extraction of the swab and urine samples was performed using the PureLink Microbiome deoxyribonucleic acid (DNA) purification kit (Invitrogen, Cat No. A29790, ThermoFisher Scientific [Waltham, Massachusetts, United States]). For the extraction of the urine, a starting volume of 10 mL of sample was used. The sample was centrifuged, and the extraction was performed on the cell pellet. The vaginal swab was immersed in 1 mL of phosphate buffered saline (PBS) and gently vortexed to dislodge the sample material from the swab. After vortexing, the swab was discarded and the PBS containing the vaginal material was used for the extraction. Similarly, to the urine extraction, the sample was centrifuged, and the extraction was performed on the cell pellet. The extractions were performed as per the manufacturer’s instructions.

Droplet digital polymerase chain reaction

Detection and quantification of the investigated microorganisms were performed by ddPCRthat provides absolute quantification of target genes. For the ddPCR assay, predesigned TaqMan primer and probes (ThermoFisher Scientific) were used to quantify G. vaginalis (Assay ID: Ba04646236_s1), P. bivia (Assay ID: Ba04646278_s1), A. vaginae (Assay ID: Ba04646222_s1) and L. crispatus (Assay ID: Ba04646245_s1). A total of 2.5 µL of extracted DNA from urine and swabs was used in a 20-µL ddPCR reactions with the 2× digital PCR supermix for probes (No dUTP). Droplets were generated using the manual droplet generator, Droplet Generation Oil for Probes (Bio-Rad, Hercules, CA, USA) and the PCR mix containing the sample. A total of 40 µL of droplets were used for the PCR reaction, with the following conditions: 95 °C for 10 min, 40 cycles of 94 °C for 30 s and 60 °C for 1 min and 98 °C for 10 min. Cycled PCR reactions were read on the QX200 Droplet Reader (Bio-Rad, Hercules, CA, USA) using the QuantaSoft Software and acquired on channel 1 for 6-carboxyfluorescein (FAM). Analysis was performed on the QuantaSoft Software using manual thresholding.

Statistical analysis

Descriptive analysis and inferential statistics were conducted. Wilcoxon’s non-parametric test was used to compare any differences in measurements between the groups. The distributions within the groups were also visually displayed as boxplots. The association between the binary outcome (BV status) and the categorical demographic profile was assessed using the chi-square test or Fisher’s exact test in the case of smaller frequencies. All the analysis was performed with the aid of a freely available Statistical Computing software called R, version 3.6.1. The correlation between urine and vaginal swab groups was evaluated using Spearman’s correlation (GraphPad, USA) and significance was tested at p < 0.05. For Spearman’s correlation, R > 0.7 is considered a strong correlation, R value between 0.5 and 0.7 considered a moderate correlation and R < 0.4 is considered a weak correlation.

Ethical considerations

Full ethics approval for the present study was granted by the Biomedical Research Ethics Committee (BREC) of the University of KwaZulu-Natal (BE276/18).

Results

Characteristics of study population

In this population, a higher proportion of the women did not experience symptoms of abnormal vaginal discharge at enrolment (66% vs. 34%) (Table 1). Most of the women had attained a high school level of education (64%) and were unmarried (84%). With respect to sexual behaviour, most women had reported having a regular sexual partner (90%), experiencing sexual debut between the ages of 15–20 years (84%), having between two and four lifetime sexual partners (46%) and not practicing condom use during their last sex act (66%). Most women were in the third trimester of pregnancy (56%) and had no previous history of STIs (52%). When stratified according to BV status, trimester of pregnancy was found to have a statistically significant association with the BV status (p = 0.04). A higher proportion of BV-negative women (72%) was observed in the third trimester, whilst higher proportion of BV-positive women (24% and 36%, respectively) was observed in the first and second trimesters of pregnancy (Table 1). That is, women in the third trimester were 91% less likely to be BV-positive when compared to those in the first trimester (p = 0.039). However, there was not enough evidence to suggest a significant difference in the likelihood of being BV-positive between the women in the first and second trimesters of pregnancy (p = 0.249) (data not shown).
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Laboratory findings

Comparison of deoxyribonucleic acid readings in urine and swab samples according to bacterial vaginosis status

When comparing the median DNA concentration and purity values in the urine and the swab samples across BV-positive and BV-negative samples, there was no significant difference (p > 0.05) (Figure 1 and Appendix 1). This indicates that there was no bias in the quality or integrity of the different sample types used for the ddPCR reactions.
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Comparison of the abundance of each bacterium in bacterial vaginosis-negative and bacterial vaginosis-positive women

Gardnerella vaginalis was observed as the most abundant microorganism, followed by A. vaginae and P. bivia in the BV-positive women, whereas L. crispatus was the most abundant microorganism in the BV-negative women. As expected, a higher abundance of A. vaginae and G. vaginalis was observed in BV-positive samples when compared to BV-negative samples. The level of abundance of these microorganisms between the two BV states was found to be statistically significant (p < 0.001). However, there was no statistical significance between the abundance of P. bivia across the BV states (p = 0.228). In keeping with previous reports, a higher abundance of L. crispatus was shown to be present in the BV-negative samples when compared to the BV-positive samples (p = 0.002) (Figure 2).
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Comparison of the abundance of each microorganism in urine versus swab samples

The median copy numbers of each microorganism quantified from urine were compared to the copy numbers of each microorganism quantified from the swab samples. This comparison was made across the BV-positive and BV-negative samples. According to Figure 3 for the BV-negative samples, there were no significant differences in the median copy number of each microorganism between the urine and swab samples (p > 0.05). However, in the BV-positive samples, a higher median copy for A. vaginae was observed in the swab samples when compared to the urine samples (p = 0.004).
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A Spearman’s correlation for the swab and urine samples for each microorganism was performed. A strong correlation between the two sample types was noted for G. vaginalis, P. bivia and L. crispatus (Figure 4). These data are in accordance with Figure 3 that showed that there is no significant difference in the copy numbers across both sample types for the microorganisms above. However, for A. vaginae, a weak correlation between urine and swab samples was noted (Figure 4). This was expected, because there was a significant difference in the microbial load between urine and swab samples for this microorganism (Figure 3).
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Discussion

This study provides the first evidence for the detection and quantification of BV-associated bacteria (G. vaginalis, P. bivia, A. vaginae and L. crispatus) in urine samples collected from South African pregnant women.

This study showed G. vaginalis to be the most abundant microorganism in the BV-positive samples followed by A. vaginae and P. bivia (Figure 2). This correlates with previous studies that have reported G. vaginalis to be the leading microorganism associated with BV.3,22,23,24 The levels of abundance of G. vaginalis are used as the indicator for diagnosis of BV.24 In the current study, a higher microbial load of G. vaginalis was detected in the urine and swab samples of BV-positive women when compared to the BV-negative women. In addition, the findings from the present study indicated that urine is an appropriate sample for detection and quantification of G. vaginalis because a good correlation was obtained between the urine and swabs (R = 0.63, p < 0.0001). These findings are supported by other published studies. In a study conducted by Swidsinski et al.,25 the authors reported on the presence of G. vaginalis in first-void urine samples obtained from German pregnant women. More recently, Datcu et al.20 also demonstrated the potential to detect G. vaginalis from a urine sample collected from women in the general population of Greenland.

In this study, A. vaginae was the second most abundant microorganism detected amongst the BV-associated bacteria. A higher abundance of A. vaginae was shown to be present in the urine and swab samples of BV-positive women when compared to BV-negative women. This was expected as Atopobium species have been detected in the vaginal microbiota of women with BV.26 A study conducted by Bradshaw et al.27 also reported on the presence of A. vaginae in Australian women diagnosed with BV in Melbourne, Australia.

In the current study for the BV-positive women, a higher median copy for A. vaginae was observed in the swab samples when compared to the urine samples (p = 0.004). This resulted in a poor correlation (R = 0.21, p = 0.001) between the two sample types.

Prevotella was reported as the least abundant microorganism quantified in this study. Previous studies have reported a lower abundance of Prevotella when compared to G. vaginalis in BV-positive women.5,28 The current study found a moderate correlation (R = 0.50, p ≤ 0.0001) between the urine and swabs samples for the detection of P. bivia. Similar results were found in a study conducted by Datcu et al.,20 which showed a low level of detection of Prevotella from urine, thereby confirming our study findings. After an extensive survey of the literature, there were no published findings on the detection of A. vaginae and P. bivia from urine samples collected from pregnant women, thereby limiting the discussion of the current study. However, the current study now provides data that fill this gap in knowledge.

According to our analysis, L. crispatus was shown to be present at a higher abundance in the BV-negative women when compared to the BV-positive women. This result was expected as L. crispatus is associated with a healthy vaginal microbiota because L. crispatus produces lactic acid and other compounds that are inhibitors of bacterial species that are positively associated with BV.2,29,30 Obtaining data on the abundance of bacteria that are positively and negatively associated with BV will assist with future studies that aim to determine the bacterial load cut-off in a urine sample. This provided the rationale for the inclusion of L. crispatus in the current study. In this study, L. crispatus was shown to be present in both urine and swabs samples from women who were classified as BV-negative. A good correlation between the two sample types was observed (R = 0.71, p < 0.0001).

The present study had the following limitations: we did not attempt to investigate every known vaginal microorganism known to cause BV (BV-associated bacteria [BVAB 1,2,3], Mobiluncus) because of funding constraints; the gold standard Nugent scoring method was not used for the diagnosis of BV because we found that this technique did not work well with self-collected vaginal swabs (inadequate sample material on the majority of the swabs thereby making the microscopic evaluations challenging), and lastly, the present study was a pilot study that only included 100 patient samples.

However, the strengths of this study are as follows: the stratification according to BV status was performed using an FDA-approved automated assay for the diagnosis of BV (i.e. BD MAX™ Vaginal panel assay), which is extremely sensitive and specific, as well as superior to microscopy which is highly subjective. Despite the small sample size, the study was able to show significant correlations between the urine and swabs for the detection and quantification of the investigated microorganisms.

Conclusion

The results obtained in this study indicate the successful detection and quantification of all investigative BV-associated microorganisms from urine samples using ddPCR. The detection of BV-associated microorganisms from urine offers a much more comfortable and less-biased sampling method when compared to vaginal swabs (bias because downstream processing is dependent on amount of material on the swab). The lack of published data on the detection of BV-associated microorganisms from urine samples collected from pregnant women in the South African and African setting lends novelty to the present study. In addition, there are no published works on the use of ddPCR for absolute quantification of BV-associated microorganisms. The data from this study can be used as preliminary data to develop larger studies which investigate the feasibility of this technology for future diagnostics.

Acknowledgements

I (D.N.) acknowledge that my manuscript stems from my thesis for my master’s degree at the University of KwaZulu-Natal that was completed in 2019.

Competing interests

The authors declare that they have no financial or personal relationships that may have inappropriately influenced them in writing this article.

Authors’ contributions

D.N., M.N., F.D. and N.A. recruited the study population. D.N. and F.D. performed the Nugent scoring. D.N. performed the deoxyribonucleic acid extractions. J.G. performed the ddPCR reactions. F.D. conducted the testing using the BD MAX™ Vaginal Panel assay. V.R. and N.A. designed the study. P.T. performed the statistical analysis. N.A. funded parts of the study and performed the data interpretations. All authors contributed to the final draft of the manuscript.

Funding information

This study was supported by a research grant awarded to N.A. by the National Research Foundation (Grant number: 112080) and the University of KwaZulu-Natal, College of Health Sciences.

Data availability

The data that support the findings of this study are available from the corresponding author, D.N., upon reasonable request.

Disclaimer

The views and opinions expressed in this article are those of the authors and do not necessarily reflect the official policy or position of any affiliated agency of the authors.

References


	1. 	Kenyon C, Colebunders R, Crucitti T. The global epidemiology of bacterial vaginosis: A systematic review. Am J Obstet Gynecol. 2013;209(6):505–523. https://doi.org/10.1016/j.ajog.2013.05.006

	2. 	Nasioudis D, Linhares I, Ledger W, Witkin S. Bacterial vaginosis: A critical analysis of current knowledge. BJOG. 2017;124(1):61–69. https://doi.org/10.1111/1471-0528.14209

	3. 	Onderdonk AB, Delaney ML, Fichorova RN. The human microbiome during bacterial vaginosis. Clin Microbiol Rev. 2016;29(2):223–238. https://doi.org/10.1128/CMR.00075-15

	4. 	Hardy L, Jespers V, Van Den Bulck M, et al. The presence of the putative Gardnerella vaginalis sialidase A gene in vaginal specimens is associated with bacterial vaginosis biofilm. PLoS One. 2017;12(2):e0172522. https://doi.org/10.1371/journal.pone.0172522

	5. 	Machado A, Castro J, Cereija T, Almeida C, Cerca N. Diagnosis of bacterial vaginosis by a new multiplex peptide nucleic acid fluorescence in situ hybridization method. PeerJ. 2015;3(1):e780. https://doi.org/10.7717/peerj.780

	6. 	Malaguti N, Bahls LD, Uchimura NS, Gimenes F, Consolaro MEL. Sensitive detection of thirteen bacterial vaginosis-associated agents using multiplex polymerase chain reaction. BioMed Res Int. 2015;2015(2):1–10. https://doi.org/10.1155/2015/645853

	7. 	Trabert B, Misra DP. Risk factors for bacterial vaginosis during pregnancy among African American women. Am J Obstet Gynecol. 2007;197(5):477.e1–477.e8. https://doi.org/10.1016/j.ajog.2007.03.085

	8. 	Taheri M, Baheiraei A, Foroushani AR, Nikmanesh B, Modarres M. Treatment of vitamin D deficiency is an effective method in the elimination of asymptomatic bacterial vaginosis: A placebo-controlled randomized clinical trial. Indian J Med Res. 2015;141(6):799. https://doi.org/10.4103/0971-5916.160707

	9. 	Redelinghuys MJ, Ehlers MM, Dreyer AW, Lombaard H, Kock MM. P3.035 Prevalence of genital mycoplasmas and bacterial vaginosis in pregnant women in Gauteng, South Africa. Sex Trans Inf. 2013;89(Suppl 1):A159. https://doi.org/10.1136/sextrans-2013-051184.0495

	10. 	Dessai F, Nyirenda M, Sebitloane M, Abbai N. Diagnostic evaluation of the BD Affirm VPIII assay as a point-of-care test for the diagnosis of bacterial vaginosis, trichomoniasis and candidiasis. Int J STD AIDS. 2020;31(4):303–311. https://doi.org/10.1177/0956462419895684

	11. 	Cherpes TL, Meyn LA, Krohn MA, Lurie JG, Hillier SL. Association between acquisition of herpes simplex virus type 2 in women and bacterial vaginosis. Clin Inf Dis. 2003;37(3):319–325. https://doi.org/10.1086/375819

	12. 	Martin Jr HL, Richardson BA, Nyange PM, et al. Vaginal lactobacilli, microbial flora, and risk of human immunodeficiency virus type 1 and sexually transmitted disease acquisition. J Inf Dis. 1999;180(6):1863–1868. https://doi.org/10.1086/315127

	13. 	Myer L, Denny L, Telerant R, De Souza M, Wright Jr TC, Kuhn L. Bacterial vaginosis and susceptibility to HIV infection in South African women: A nested case-control study. J Inf Dis. 2005;192(8):1372–1380. https://doi.org/10.1086/462427

	14. 	Bitew A, Abebaw Y, Bekele D, Mihret A. Prevalence of bacterial vaginosis and associated risk factors among women complaining of genital tract infection. Int J Microbiol. 2017;2017(1):4919404. https://doi.org/10.1155/2017/4919404

	15. 	Cohen CR, Duerr A, Pruithithada N, et al. Bacterial vaginosis and HIV seroprevalence among female commercial sex workers in Chiang Mai, Thailand. AIDS (London, England). 1995;9(9):1093–1097. https://doi.org/10.1097/00002030-199509000-00017

	16. 	Taha TE, Gray RH, Kumwenda NI, et al. HIV infection and disturbances of vaginal flora during pregnancy. J Acquir Immune Defic Syndr Hum Retrovirol. 1999;20(1):52–59. https://doi.org/10.1097/00042560-199901010-00008

	17. 	Ajayi V, Sadauki H, Randawa A. Bacterial vaginosis is a common vaginal infection among first-time antenatal clinic attendees: Evidence from a tertiary health facility in North-West Nigeria. J Prev Inf Cntrl. 2016;2(1):2.

	18. 	Zariffard MR, Saifuddin M, Sha BE, Spear GT. Detection of bacterial vaginosis-related organisms by real-time PCR for Lactobacilli, Gardnerella vaginalis and Mycoplasma hominis. FEMS Immunol Med Microbiol. 2002;34(4):277–281. https://doi.org/10.1111/j.1574-695X.2002.tb00634.x

	19. 	Nugent RP, Krohn MA, Hillier SL. Reliability of diagnosing bacterial vaginosis is improved by a standardized method of gram stain interpretation. J Clin Microbiol. 1991;29(2):297–301. https://doi.org/10.1128/JCM.29.2.297-301.1991

	20. 	Datcu R, Gesink D, Mulvad G, et al. Bacterial vaginosis diagnosed by analysis of first-void-urine specimens. J Clin Microbiol. 2014;52(1):218–225. https://doi.org/10.1128/JCM.02347-13

	21. 	Department of Health Republic of South Africa. Sexually transmitted infections management guidelines 2015. Pretoria: Department of Health Republic of South Africa; 2015.

	22. 	Baruah FK, Sharma A, Das C, Hazarika NK, Hussain JH. Role of Gardnerella vaginalis as an etiological agent of bacterial vaginosis. Iranian J Microbiol. 2014;6(6):409.

	23. 	Janulaitiene M, Paliulyte V, Grinceviciene S, et al. Prevalence and distribution of Gardnerella vaginalis subgroups in women with and without bacterial vaginosis. BMC Inf Dis. 2017;17(1):394. https://doi.org/10.1186/s12879-017-2501-y

	24. 	Hardy L, Jespers V, Abdellati S, et al. A fruitful alliance: The synergy between Atopobium vaginae and Gardnerella vaginalis in bacterial vaginosis-associated biofilm. Sex Transm Infect. 2016;92(7):487–491. https://doi.org/10.1136/sextrans-2015-052475

	25. 	Swidsinski A, Verstraelen H, Loening-Baucke V, Swidsinski S, Mendling W, Halwani Z. Presence of a polymicrobial endometrial biofilm in patients with bacterial vaginosis. PLoS One. 2013;8(1):e53997. https://doi.org/10.1371/journal.pone.0053997

	26. 	Ling Z, Liu X, Luo Y, et al. Associations between vaginal pathogenic community and bacterial vaginosis in Chinese reproductive-age women. PLoS One. 2013;8(10):e76589. https://doi.org/10.1371/journal.pone.0076589

	27. 	Bradshaw C, Tabrizi S, Fairley C, Morton A, Rudland E, Garland S. The association of Atopobium vaginae and Gardnerella vaginalis with bacterial vaginosis and recurrence after oral metronidazole therapy. J Inf Dis. 2006;194(6):828–836. https://doi.org/10.1086/506621

	28. 	Shipitsyna E, Roos A, Datcu R, et al. Composition of the vaginal microbiota in women of reproductive age–sensitive and specific molecular diagnosis of bacterial vaginosis is possible? PLoS One. 2013;8(4):e60670. https://doi.org/10.1371/journal.pone.0060670

	29. 	Abdelmaksoud AA, Koparde VN, Sheth NU, et al. Comparison of Lactobacillus crispatus isolates from Lactobacillus-dominated vaginal microbiomes with isolates from microbiomes containing bacterial vaginosis-associated bacteria. Microbiology. 2016;162(3):466–475. https://doi.org/10.1099/mic.0.000238

	30. 	Petrova MI, Reid G, Vaneechoutte M, Lebeer S. Lactobacillus iners: Friend or foe? Trends Microbiol. 2017;25(3):182–191. https://doi.org/10.1016/j.tim.2016.11.007



Appendix 1

Supplementary data



[image: SAJID-36-199-T2.jpg]



[image: SAJID-36-199-T3.jpg]

OPS/symbol.jpg
 — .\

\ U





OPS/SAJID-36-199-F1.jpg
a = Negative & Posttive || B

34 34 Urine
p=0370
.
24 24
o * o
s s
= =
> >
.
1 s 1
.
T T
Purity Purity
DNA measurement DNA measurement

& Negative & Posttive || d

Urine
40 4 40 - p=0.850
. .
30 - 30 4
.
E S
§ 20 ,—>, 20
10 - 10 4
0 T 0 T
Conc. Conc.
DNA measurement DNA measurement

DNA, deoxyribonucleic acid; conc., concentration.

FIGURE 1: Comparison of the deoxyribonucleic acid purity and concentration
values in the swab and urine samples across the bacterial vaginosis states.
There was no significant difference (p > 0.05) in deoxyribonucleic acid purity
and concentration values in urine and swab samples across bacterial vaginosis-
positive and bacterial vaginosis-negative samples. (a) DNA purity of swab
samples, (b) DNA purity of urine samples, (c) DNA concentration of swab
samples, (d) DNA concentration of urine samples.
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FIGURE 3: Comparison of the abundance of each microorganism in bacterial
vaginosis-positive and bacterial vaginosis-negative groups in urine versus swab
samples: (a) negative and (b) positive.
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FIGURE 2: The abundance of each microorganism in relation to bacterial
vaginosis status. Gactobacillus vaginalis was shown to be the most abundant
microorganism in bacterial vaginosis-positive samples. Lactobacillus
crispatus was the most dominant microorganism in bacterial vaginosis-
negative samples.
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FIGURE 4: The graph on the top left shows the correlation of urine versus swab samples for the detection and quantification of Lactobacillus crispatus. A strong correlation
between the sample types, R = 0.71, p < 0.0001, was observed. The plot on the top right shows the correlation of urine versus swab samples for Gardnerella vaginalis. A
moderate correlation between urine and swab samples, R = 0.63, p < 0.0001, was observed. The graph on the bottom left displays the correlation of urine versus swab
samples for Prevotella bivia as shown here. A moderate correlation between urine and swab samples, R = 0.50, p < 0.0001, was observed, followed by the correlation of
urine versus swab samples for Atopobium vaginae. A weak correlation between urine and swab samples, R = 0.21, p = 0.001, was observed. (a) Lactobacillus crispatus,
(b) Gardnerella vaginalis, (c) Prevotella bivia and (d) Atopobium vaginae.
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TABLE 1: Characteristics of the women investigated in this study.

Variable BV positive BV negative Total )
n % n % n %
Total 25 25 50 -
Aget,: 0.602
Current abnormal discharge 0.136
No 14 56 19 76 33 66 -
Yes 1 44 6 24 17 34 -
Level of education 0377
Primary school 1 4 0 0 1 2 :
High school 14 56 18 72 32 64 -
College or university 10 4 7 28 17 34 -
Married 0.702
No 22 8 20 8 4 8 -
Yes 3 12 s 2 8 16 -
Has a regular sex partner 0.050*
No 0 0 5 20 5 10 -
Yes 25 100 20 8 45 90 -
Cohabiting with partner 0390
No 13 52 16 64 29 58 -
Yes 12 48 9 36 21 4 -
Age of first sex 0.830
<15 1 4 1 4 2 4 -
15-20 22 8 20 8 4 8 -
21-25 2 8 3 12 5 10 -
c25 0 0 1 4 1 2 :
Number of lifetime sex partners 0.816
1 6 24 7 28 13 26 -
2-4 11 44 12 48 23 46 -
>4 8 32 6 24 14 28 -
Partner has other partners 0.186
No 5 20 9 3% 14 28 -
Yes 12 48 6 24 18 36 -
Do not know & 32 10 40 18 36 -
Condom use 0597
Never 6 24 5 20 11 2 -
Rarely 3 12 1 4 4 8 -
Sometimes 15 60 16 64 31 62 -
Always 1 4 3 12 4 8 -
Condom use at last sex act 0370
No 15 60 18 72 33 66 -
Yes 10 4 7 28 17 34 -
Intravaginal practices 0.110
Yes L T 0 4 8 -
No 21 8 25 100 46 92 -
Trimester of pregnancy 0.040
1st 6 2 1 4 7 14 -
2nd 9 3% 6 24 15 30 -
3rd 10 4 18 72 28 56 -
Past preterm delivery 0.189
No 20 8 23 958 43 878 -
Yes 5 20 1 42 6 122 -
Past miscarriage 0.480
No 19 76 21 8 40 80 -
Yes 6 24 4 16 10 20 -
Abnormal discharge in the past 0254
No 12 48 16 64 28 56 -
Yes 13 52 9 36 22 4 -
Previous treatment of sexually transmitted infections 1.000
No 13 52 13 52 26 52 -

Yes 12 48 12 48 24 48 -

BV, bacterial vaginosis; SD, standard deviation.
*,Statistical significance, p < 0.05.

t, Mean: BV-positive = 29.2; BV-negative = 28.4; Total = 28.8; {, SD: BV-positive = 5.0;
BV-negative = 6.7; Total = 5.9.
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TABLE 2-A: ledian values for the abundance of bacterial vaginosis-associated microorganisms across the bacterial vaginosis (BV) states.

BV status BV negative N=25 BV positive P Overall N=50
G. vaginalis

Swab concentration = E = = <0.001 = -
Median (Q1-Q3) 3.50 0.0700-37.2 8700 1080-1 000 000 Ranksum 106 1.85-753 000
Min—-Max 0-1 000 000 = 0.0700-1 000 000 = = 0-1 000 000 -
Urine concentration = = = = 0.002 = =
Median (Q1-Q3) 3.40 0.190-125 1130 18.3-10 900 Ranksum 74.0 1.40-6210
Min—-Max 0-1 000 000 = 0-1 000 000 = = 0-1 000 000 -

P. bivia

Swab concentration - - - B 0.228 N =
Median (Q1-Q3) 0.600 0.150-6.70 2.70 0.170-94.0 Ranksum 1.25 0.155-13.9
Min—-Max 0-3750 - 0-5800 N - 0-5800 -
Urine concentration - - - = 0.327 - B
Median (Q1-Q3) 1.20 0.290-7.60 2.60 0.400-31.1 Ranksum 2.10 0.320-18.8
Min—-Max 0-1210 - 0-1710 B N 0-1710 =

A. vaginae

Swab concentration = = = = <0.001 = =
Median (Q1-Q3) 0.620 0.0700-4.50 1340 527-3120 Ranksum 88.4 0.253-1330
Min—-Max 0-738 = 0.0700-5230 = = 0-5230 -
Urine concentration = = = = 0.002 = -
Median (Q1-Q3) 1.00 0.0800-11.1 544 1.30-5600 Ranksum 7.35 0.318-1510
Min—-Max 0-7220 = 0-1 000 000 = = 0-1 000 000 -

L. crispatus

Swab concentration - - - - <0.001 - -
Median (Q1-Q3) 0.350 0-11 000 [ 0-0 Ranksum 0 0-119
Min—-Max 0-1000 000 - 0-227 - - 0-1 000 000 -
Urine concentration - - B - 0.001 N -
Median (Q1-Q3) 0.360 0.0700-737 0 0-0.0900 Ranksum 0.0800 0-4.65
Min—Max 620 - - 0-6620 -
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TABLE 1-A ledian value for the deoxyribonucleic acid purity and concentration values in swab and urine samples across the bacterial vaginosis (BV) states.
BV status BV negative N=25 BV positive N=24 » Overall

Swab samples

Purity = = = = 0.652 - =
Median (Q1-Q3) 171 1.46-1.81 170 1.61-1.82 Ranksum izl 1.47-1.81
Min—-Max 1.11-1.87 = 0.880-1.87 = = 0.880-1.87 =
Concentration = = = = 0.734 = =
Median (Q1-Q3) 133 6.90-19.4 119 7.08-27.4 Ranksum 133 7.00-21.3
Min—-Max 2.60-76.4 = 3.50-135 = = 2.60-135 =
Urine samples

Purity - - - - 0.342 - -
Median (Q1-Q3) 122 0.770-1.48 0.965 0.418-1.46 Ranksum 111 0.660-1.48
Min—-Max 0.320-26.6 - 0.320-1.97 - - 0.320-26.6 -
Concentration - - - - 0.834 - N
Median (Q1-Q3) 8.80 4.70-14.2 8.60 4.88-16.1 Ranksum 8.80 4.80-15.5
Min—-Max 21 1.20-585 - 1.20-585 -






