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Materials and Methods
Participants and Samples
We enrolled a subset of participants from the Evidence for Contraceptive Options and HIV Outcomes (ECHO) Trial, conducted at 12 sites in South Africa, Zambia, Kenya and eSwatini between Dec 14, 2015, and Sept 12, 2017, which achieved a retention rate of over 93% [1]. The ECHO trial recruited HIV-negative, sexually active non-pregnant women aged 16-35 years who sought contraception, had no medical contraindications, and had not used any of the study contraceptive methods in the previous six months. Participants were randomized to receive either copper IUD, LNG-implant, or DMPA-IM (Table 1). The Human Research Ethics Committees at the Universities of Witwatersrand and Cape Town approved the study protocols (Reference numbers: 141112 and 714/2018, respectively). All participants provided written informed consent and demographic, behavioral, and medical information. Study staff collected health history, demographic data, and other metadata using standardized case report forms during the parent ECHO trial.
We collected lateral wall vaginal swab samples from women enrolled at the Setshaba Research Centre (SRC) in Tshwane (n=53) and the MatCH Research Unit (MRU) in the eThekwini District, South Africa (n=109). We collected samples immediately before contraceptive initiation, and at 1 (M1) and 3 (M3) months when medroxyprogesterone acetate (MPA) concentrations were near peak and trough levels, respectively. Participants were HIV-seronegative at baseline, and none had been using HIV preexposure prophylaxis (PrEP). We stored swabs dry at -80oC at Bio Analytical Research Corporation (BARC) in Johannesburg, South Africa and transferred to Dr. Masson’s laboratory at the University of Cape Town, South Africa and to Dr. Buck’s lab at Virginia Commonwealth University (VCU) in May 2020 on dry ice with temperature monitoring. We processed swabs for DNA using Qiagen DNeasy Powersoil kits per manufacturer instructions upon their arrival at VCU and DNA was eluted in nuclease-free water and kept -20oC. 
2.2 16S rRNA Taxonomic Surveys 
We performed 16S rRNA gene surveys as previously described [2] and DNA was amplified using indexed primers targeting the V1-V3 variable regions of the 16S rRNA genes. We sequenced the amplified samples on an Illumina MiSeq sequencer using 2x300 base paired end protocols to a targeted depth of 50,000 reads per sample. Sequences were deposited in the Sequence Read Archive under BioProject (SUB12094402). We assigned vagitypes as described previously, with vaginal 16S rRNA profiles categorized into community state types (CSTs) according to the taxon with the highest proportion of reads (≥30%). For samples with no single dominant taxon (<30% of reads), a “No Type” classification was assigned [2]. Alternatively, we designated vagitypes dominated by L. crispatus, L. gasseri or L. jensenii as “optimal”, those dominated by L. iners as “intermediate” and those lacking Lactobacillus species as “non-optimal” [3]. 
2.3 Diversity analysis 
We analyzed read counts of taxa present in at least 2% of the samples at >0.1% abundance. We excluded three samples that had fewer than 5,000 high-quality reads. We normalized the samples by rarefaction to the depth of 5,000 reads. Alpha diversity was quantified by two metrics: (a) the Shannon index, which measures species richness based on both the number of different species present and their relative abundance and (b) the inverse Simpson index, which assesses species richness and evenness within a community. We calculated these metrics using the vegan package in R [4]. Differences in alpha diversities were measured by the paired Wilcoxon test. We measured and visualized beta diversity using Non-Metric Multi-Dimensional Scaling, and assessed Bray-Curtis distance differences using the Adonis test in the vegan package in R [4]. As an alternative method, for measuring beta diversity, we normalized the pretreated reads table using the centered log ratio (clr) transformation [5]. A constant of 0.5 was added to each count before analysis to eliminate zero counts [6]. We visualized beta diversity by analyzing the clr transformed reads table using a t-distributed stochastic neighbor embedding plot in the Rtsne package in R [7,8]. 
2.4 Longitudinal Analysis
Poisson regression models were fit to test for homogenous associations of vaginal microbiome and month across pairs of contraceptive method. For each pair of contraceptive method, a Poisson regression model was fit to vaginal microbiome (optimal, intermediate, non-optimal) counts across time. Thus, vaginal microbiome counts were modeled as a function of contraceptive method, month, and vaginal microbiome class using both a homogenous association model (no three-way interaction) and a non-homogenous association model (includes the three-way interaction). We compared these two models (i.e. a test for homogenous association) using an analysis of deviance chi-square test in R [4]. 
2.5 Transition analysis
We used the R package msm to fit a continuous-time Markov chain model (R package markovchain [9]) for vagitype transitions as previously described [10]. The model takes as input the subject, state, and visit for each sample. The states were optimal vaginal microbiome (L. crispatus, L. gasseri or L. jensenii dominant), intermediate (L. iners dominant), and non-optimal (including all other vaginal microbiomes). We used 95% confidence intervals for transition probabilities to determine whether there were statistically significant differences between vaginal microbiome states groups.
2.6 Cytokine and Antimicrobial Peptide Quantification 
We measured cytokines and immune markers – including Macrophage inflammatory protein (MIP)-1α (CCL3), MIP-1β (CCL4), MIP-3α (CCL20), interferon gamma-induced protein 10 (IP-10; CXCL10), regulated on activation, normal T cell expressed and secreted (RANTES; CCL5), interleukin (IL)-6, IL-8, IL-1β and tumor necrosis factor (TNF)-α, interferon (IFN)-α, and secretory leukocyte peptidase inhibitor (SLPI) using customized Human Magnetic Luminex Screening Assays (R&D Systems, Minneapolis, USA) as described previously [11]. We quantified Human beta defensin (HBD)-1 and -2 using Enzyme Linked Immunosorbent Assay kits (Novus Biologicals, Colorado, USA).
2.7 Mixed Model using Cytokine and Antimicrobial Expression Levels.
We modeled each cytokine and antimicrobial peptide expression level via a mixed effects model that includes a random subject effect and covariates for contraceptive method, visit (baseline, month 1, month 3), BMI, active sexually transmitted infection status, and vaginal microbiome class (Optimal, Intermediate, Suboptimal). We generated an analysis of variance table for each fixed effect covariate (see Supplementary Table 2).
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Supplementary Figure 1. Baseline vaginal microbiome profiles by study site (Tshwane and in the eThekwini District, South Africa, 2015-2017). A, Frequencies of vagitypes in baseline cohorts. The number of women with vaginal microbiomes characterized as each vagitype. Vagitypes are characterized as vaginal microbiome profiles exhibiting at least 30% of a single taxon as previously described [2]. B, Hierarchical clustering of the 15 most abundant taxa according to the site of collection using the ‘pheatmap’ package in R software with default settings. Community state types (CSTs) and sites of collection are color-coded. Only three of the five Community State Types as originally defined; i.e., CST I which is predominantly L. crispatus, CST II which is predominantly L. jensenii, CST III which is predominantly L. iners, CST IV which is comprised of multiple anaerobic taxa, and CST V which is predominantly L. gasseri, were identified. CSTII (L. jensenii) and CSTV (L. gasseri) were absent. C, Stacked bar charts illustrating little differences in  the abundances of the identified vagitypes in the MatCH and Setshaba study sites. D, Shannon and Reverse Simpson measures of the alpha diversity; i.e., the within sample diversity, of the two baseline study sites illustrating no significant differences (p=0.23 or 0.24 respectively). E, Bray Curtis diversities of the samples from the two study sites again showing no significant differences (p=0.2587) between the vaginal microbiomes from the two study sites. 


Relative abundance



[image: ]


[image: ]

Supplementary Table 1. Transition frequencies in the vaginal microbiomes of women using different contraceptive methods in Tshwane and in the eThekwini District, South Africa, 2015-2017.​


[image: ]




















Supplementary Table 2. Fixed Effects Tests. Mixed effect model using immune markers and multiple covariates (Tshwane and in the eThekwini District, South Africa, 2015-2017). A mixed effect model was fit to each cytokine and antimicrobial peptide including a random subject effect and covariates for contraceptive method (copper-IUD, DMPA-IM, LNG-implant), visit (baseline, month 1 or 3), BMI, active STI, and vaginal microbiome profile (Optimal, Intermediate, Nonoptimal). ​
​
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Supplementary Table 3. Differences in cytokine, chemokine and antimicrobial peptide levels samples from women with different microbiome profiles at baseline, month 1 and month 3 in Tshwane and in the eThekwini District, South Africa, 2015-2017. Significance (P values) is shown comparing the levels between samples with nonoptimal (NonOp) or Intermediate (Int), nonoptimal to optimal (Op), and intermediate to optimal for each factor in women using copper-IUD, DMPA or LNG-implant contraception. Yellow highlighted text indicates significantly lower levels, and Red highlighted text indicates significantly higher levels of that cytokine in either the intermediate or optimal vaginal microbiomes. ​
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IL-6 IP-10 IL-1B
Source | F Ratio | p-value Source | F Ratio | p-value Source | F Ratio | p-value
METHOD | 13.6898 | <0.0001 METHOD | 6.3236 | 0.0023 METHOD | 9.1208 | 0.0002
VISIT | 3.4779 | 0.0321 VISIT | 2.7075 | 0.0683 VISIT | 0.6547 | 0.5203
BMICAT | 2.0080 | 0.1585 BMICAT | 2.6372 | 0.1064 BMICAT | 1.8287 | 0.1783
ACTIVE_STI | 2.9991 0.0840 ACTIVE_STI | 0.0154 | 0.9013 ACTIVE_STI | 5.9431 | 0.0152
VMB | 1.4393 | 0.2382 VMB | 25.3425 | <0.0001 VMB | 16.4821 | <0.0001
MIP-3a IFN-a SLPI
Source | F Ratio | p-value Source | F Ratio | p-value Source | F Ratio | p-value
METHOD | 3.2435 | 0.0417 METHOD | 2.8835 | 0.0590 METHOD | 0.3850 | 0.6811
VISIT | 1.6384 | 0.1959 VISIT | 1.1222 | 0.3269 VISIT | 3.1788 | 0.0430
BMICAT | 2.9041 0.0903 BMICAT | 57326 | 0.0178 BMICAT | 2.9875 | 0.0859
ACTIVE_STI | 2.9466 | 0.0867 ACTIVE_STI | 0.6654 | 0.4151 ACTIVE_STI | 0.9497 | 0.3303
VMB | 2.5691 0.0777 VMB | 0.0097 | 0.9904 VMB | 32.9048 | <0.0001
HBD1 HBD2
Source | F Ratio | p-value Source | F Ratio | p-value
METHOD | 4.6780 | 0.0107 METHOD | 4.6091 | 0.0114
VISIT | 1.2293 | 0.2939 VISIT | 2.4868 | 0.0848
BMICAT | 7.1698 | 0.0082 BMICAT | 0.5080 | 0.4770
ACTIVE_STI | 0.0491 0.8247 ACTIVE_STI | 2.2210 | 0.1368
VMB | 1.8643 | 0.1563 VMB | 8.0123 | 0.0004





image14.png
Baseline Month 1 Month 2
NonOp | NonOp | Intto | NonOp [ NonOp Intto NonOp | NonOp | Intto
toInt to Op Op to Int to Op Op to Int to Op Op
SLPI Copper-IUD__| 0.067 0.14 073 0.23 0.057 0.27 0.018 031 0.74
DMPA 0.043 0.011 0.18 00084  0.022 047 0.19 0.0038 0.23
LNG-implant |F0F 011 0.67 33E-05 | 0.0027 i 0.00016 | 6E-05 0.16
1P-10 Copper-IUD__| 0.32 0.82 0.87 0.026 0.068 0.56 0.0055 03 0.79
DMPA 0.26 0.14 04 0.064 0.25 0.76 0.64 0.34 0.32
LNG-implant |/ 011 09 41E06 0.0025 |00 0.00014 | 0.0001 03
TNF-a | Copper-IuD | 0.39 0.65 0.82 0.23 0.28 0.52 0015 0.44 0.44
DMPA 0.22 0.033 0.18 0.025 0.067 0.85 0.73 0.11 0.17
LNG-implant | 0.12 0.24 0.58 0.00046  0.014 0.83 0.0033 6.00E-05 | 0.1
MIP-1a_| Copper-IUD | 0.96 02 0.15 0.22 0.47 0.98 0.071 0.64 0.85
DMPA 0.85 0.7 0.62 0.78 0.65 0.59 04 0.86 0.45
LNG-implant | 0.68 0.85 0.98 0.003 0.17 055 0.057 0.037 1
MIP-3a_| Copper-IUD | 0.52 0.38 0.14 0.38 0.74 0.62 0.077 0.46 0.2
DMPA 0.87 0.75 0.85 0.98 0.68 041 0.59 1 0.96
LNG-implant | 0.85 05 0.34 0.15 0.48 0.68 0.045 0.041 0.95
IL-6 Copper-IUD__| 0.85 0.079 0025 |03 0.9 045 0.74 0.97 0.8
DMPA 0.044 0.14 0.74 0.32 0.24 072 0.87 0.89 0.75
LNG-implant | 0.68 08 1 0.038 0.62 0.07 0.085 0.041 0.84
IL-8 Copper-IUD__| 0.72 011 0031 | 039 0.56 0.89 0.18 0.53 0.15
DMPA 0.57 0.22 0.37 0.35 0.9 1 0.44 0.15 0.38
LNG-implant | 0.83 0.74 0.53 0.21 0.067 0.028 0.023 0.25 0.095
HBD1 Copper-IUD__ | 0.8 0.93 0.86 0.36 0.9 0.44 0.35 0.56 03
DMPA 0.057 023 1 0.89 0.035 0.023 0.17 0.11 0.22
LNG-implant | 0.82 0.19 0.27 0.52 0.16 061 0.032 0.53 0.21
IFN-a Copper-IUD__| 0.57 0.49 0.96 0.67 071 0.82 0.95 08 0.74
DMPA 0.052 0.69 021 047 0.29 0.15. 0.32 0.75 0.75
LNG-implant | 0.46 0.13 0.34 0.15 0.94 0.38 0.37 0.78 0.39
HBD2 Copper-IUD__ | 0.62 0.12 0.16 0.27 0.8 0.66 0.45 0.67 0.45
DMPA 0.039 0.044 0.52 0.36 0.014 0.029 0.21 045 0.81
LNG-implant | 0.86 0.045 0.066 | 04 0.094 04 0.4 0.64 0.092
IL18 Copper-IUD__| 0.047 0.0011 | 0.0055 | 0.8 0.53 0.59 0.51 021 0.48
DMPA 0.023 0.026 0.85 0.0054 | 0.17 0.96 0.0091 0.012 0.21
LNG-implant | 0.15 0.032 0073 | 095 0.015 0.032 0.76 0.077 0.072
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