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The immune system status and the vaginal microbiome represent risk 

factors for hrHPV and women living with HIV are susceptible to per-

sistent HPV infections. This study characterized the vaginal bacteri-

al communities in women living with HIV in Meru. A cross-sectional 

study was conducted involving 38 women living with HIV at the Meru 

Teaching and Referral Hospital. Genomic DNA extraction and 16S rRNA 

amplification was carried out. Bioinformatic analysis was performed 

using R and Cutadapt was used to perform sequence quality con-

trol. We identified 6,481 bacterial taxa. Lactobacillus and Gardnerella were the most abundant genera in 

the study population. In conclusion, this study shows the status of vaginal microbiome in Kenyan wom-

en living with HIV. Follow up studies are recommended to include control group of HIV-negative women.
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Introduction

Kenya has a total of 1,377,784 people living with 

HIV as per the National Syndemic Diseases Control 

Council (NSDCC) statistics, with a 5.31% preva-

lence among women (NSDCC 2023). Women living 

with HIV are six times more likely to develop cervical 

cancer in comparison to those without HIV, due to 

their immunocompromised status (WHO, 2024). In 

Sub-Saharan Africa, there is a substantial correlation 

between HIV and HPV-associated dysplasia, with 

HIV-infected women having a higher prevalence of 

hrHPV genotypes compared to HIV-negative wom-

en (Castle et al., 2020; Klein et al., 2019, 2020; Taku et 

al.,2020; Tchouaket et al., 2023).

The human microbiome constitutes a communi-

ty made up of symbiotic microbes which function in 

the maintenance of human physiology and general 

body fitness (Ma et al., 2024; Nieves Delgado & Baed-

ke, 2021). A healthy vaginal microbiome is domi-

nated by Lactobacilli which modulate genital health 

through the production of lactic acid and hydrogen 

peroxide (Sharifian et al., 2023). A Lactobacillus-domi-

nant vaginal microbiome protects women against in-

vading pathogens whereas hrHPV thrives in a diverse 

microbiome with an abundance of Gardnerella vag-

inalis and Atopobium vaginae (Santella et al., 2022; 

Sharifian et al., 2023). 

https://doi.org/10.58506/ajstss.v4i2.304
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Few studies describing the vaginal microbiome 

of women living with HIV have been conducted in 

Kenya, most of which are cross-sectional. This study 

sought to characterize the vaginal microbiome of a 

representative sample group of women living with 

HIV at the Meru Teaching and Referral Hospital’s 

(MeTRH) HIV clinic in Meru County, Kenya. We iden-

tified bacterial communities in the vagina of HIV pa-

tients with or without HPV. 

Materials and Methods

Study site

This study was carried out at the Meru Teaching 

and Referral Hospital’s (MeTRH) HIV clinic in Meru 

County, located in the Eastern region of Kenya. 

Ethical considerations

Ethical approval for the study was obtained from 

the Meru University of Science and Technology In-

stitutional Research Ethics Review Committee (MIR-

ERC); approval number MIRERC004/2024 

Study design and population

From a cohort of 303, we randomly selected 38 

participants to explore the relationship between 

HPV status and the vaginal bacterial microbiome.

 Sample and data collection

Semi-structured questionnaires were used to col-

lect data from the participants including socio-de-

mographic and behavioural characteristics. Vaginal 

swabs were collected using the Evalyn brush (Rov-

ers® Medical, Netherlands) through a self-sampling 

procedure and the samples were transported to the 

Centre for Molecular Biosciences and Genomics 

(CMB) Nairobi, for laboratory analysis. 

DNA extraction and quantification 

DNA extraction was done using the Wizard Ge-

nomic DNA Purification Kit (Promega Corporation, 

Wisconsin, USA). The Qubit™ dsDNA HS assay kit 

was used to quantify DNA yield after extraction 

(Thermo Fisher Scientific, Massachusetts, USA). 

Samples with a concentration of ≥1.5 ng/μl were se-

lected for sequencing.

High-risk HPV detection and16S rRNA sequencing

The HPV Screening PCR Kit was used to detect 

hr-HPV genotypes (GeneProof, Brno, Czech Repub-

lic). Real-time PCR was performed on the Bio-Rad 

CFX-96 platform (Bio-Rad, California, USA). Deep se-

quencing of the V3-V4 region was performed using 

MGIEasy Fast Library Prep kit (MGI Tech, Shenzhen, 

China). Libraries were circularised to form a DNA Na-

noball through rolling circle amplification. The DNB 

was sequenced on the combinatorial probe-anchor 

synthesis (cPAS)-based DNBSEQ-G99 (MGI Tech, 

Shenzhen, China) platform.

Data analysis

Data pre-processing and taxonomic classification

 Cutadapt was used to perform sequence quali-

ty control by trimming gene-specific 16S rRNAV3-V4 

primers from the sequence.  DADA2  filtered out poor 

quality reads, denoised sequence data and assigned 

taxonomy. Phyloseq was used to perform diversity 

analysis and generate data visualizations (v1.52.0).

 

Results

The median age of women was 35 years (29-40).

Most women reported occasional condom use during 

sexual intercourse (21/38). Contraceptive use was 

common (22/38), with the majority indicating use 

for more than 5 years. Most women in the study had 

a minimum  level of education as secondary school 

(20/38). Finally, most participants reported being 

single (21/38).  It was observed that none of the 

socio-demographic characteristic of the participants 

had a statistically significant relationship with vaginal 

bacterial microbiome status.

Vaginal microbiota composition and abundance

We identified 6,481 bacteria from 32 samples 

belonging to the following phyla: Firmicutes, Actino-

bacteria, Bacteroidetes, Fusobacteria, Tenericutes, 

Proteobacteria, Saccharibacteria and Spirochaete. 

Firmicutes, Actinobacteria, Bacteroidetes and Fuso-

bacteria were the most abundant phyla in the study 

population, in a decreasing order. 

 Firmicutes was the most abundant vaginal micro-

biome phyla followed by Actinobacteria, Bacteroide-

tes, Fusobacteria. Spirochaetes and Proteobacteria 

were the least abundant phyla as shown in Table 1 

below.
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Discussion

In this study, we described the vaginal microbi-

ome in Kenyan women living with HIV. We observed 

that Lactobacillus was the most abundant genus in 

our study population, which is typically the most 

dominant genus in the healthy vaginal microbiome 

(Ntuli et al., 2022; Reimers et al., 2016). This finding 

shows that despite the diversity and presence of 

pathogenic  bacterial genera; the vaginal microbi-

ome strives to maintain an abundant Lactobacillus. 

However, the high abundance of dysbiosis-related 

bacteria genera such as Gardnerella, Sneathia and 

Streptococcus could be attributed to the partici-

pants’ HIV status. HIV infection has been associated 

with the proliferation of dysbiotic bacteria includ-

ing Lactobacillus iners, Prevotella bivia, Atopobium, 

and Gardnerella, thereby increasing susceptibility 

to hrHPV (Badial et al., 2018; Klein et al., 2019, 2020; 

Shvartsman et al., 2023). HIV is associated with in-

creased progression risk from sub-clinical to clinical 

HPV disease. A decrease  in the abundance of Lacto-

bacilli promotes the growth of pathogenic bacteria 

resulting in increased susceptibility to viral infec-

tions such as HPV (Zeber-Lubecka et al., 2022, 2024).

 One of the main limitations of this study was the 

small sample size. Another limitation was the inabili-

ty to assign taxonomy up to the species which is also 

attributable to the small sample size.

Conclusion

Lactobacillus and Gardnerella  are the most abun-

dant bacterial  genera in the vaginal microbiome of 

women living with HIV. However, a control group of 

HIV-negative women should be carried out to con-

firm this. 

Recommendation

Subsequent studies should recruit more partic-

ipants to minimize the bias that might arise with 

small sample sizes

Acknowledgemets

Much appreciation goes to Nasteha Adan for aid-

ing in the sample collection and administering ques-

tionnaires. 

 Authorship: T.A. and F.K. came up with the re-

search idea, T.A. & S.M. conducted laboratory analy-

sis, T.A. drafted the manuscript, S.M, C.N.M.M, F.K, 

J.S,C.K reviewed the draft, S. M. performed the bioin-

formatic analysis, F.K. funded the study.

Funding: The authors declare no specific funding 

for this work.

References

Badial, R. M., DIas, M. C., Stuqui, B., Melli, P. P. D. S., 

Quintana, S. M., Bonfim, C. M. Do, Cordeiro, J. A., 

Rabachini, T., Calmon, M. D. F., Provazzi, P. J. S., & 

Rahal, P. (2018). Detection and genotyping of hu-

man papillomavirus (HPV) in HIV-infected women 

and its relationship with HPV/HIV co-infection. 

Medicine (United States), 97(14), 1–6. https://

doi.org/10.1097/MD.0000000000009545

Castle, P. E., Varallo, J. E., Bertram, M. M., Ratshaa, 

B., Kitheka, M., & Rammipi, K. (2020). High-risk 

human papillomavirus prevalence in self-collect-

ed cervicovaginal specimens from human immu-

nodeficiency virus (HIV)-negative women and 

women living with HIV living in Botswana. PLoS 

ONE,15(2),1–12.https://doi.org/10.1371/journal.

pone.0229086

Table 1: Abundance of phyla in the vaginal microbiome in women living with HIV I Meru

https://doi.org/10.1097/MD.0000000000009545 
https://doi.org/10.1097/MD.0000000000009545 
https://doi.org/10.1371/journal.pone.0229086 
https://doi.org/10.1371/journal.pone.0229086 


African journal of science, technology and social sciences. 4 (2) 2025, pas 104-107Atenya et al.

107

Klein, C., Gonzalez, D., Samwel, K., Kahesa, C., 

Mwaiselage, J., Aluthge, N., Fernando, S., West, 

J. T., Wood, C., & Angeletti, P. C. (2019). Rela-

tionship between the cervical microbiome, HIV 

Status, and precancerous lesions. MBio, 10(1). 

https://doi.org/10.1128/mBio.02785-18

Klein, C., Kahesa, C., Mwaiselage, J., West, J. T., 

Wood, C., & Angeletti, P. C. (2020). How the Cer-

vical Microbiota Contributes to Cervical Cancer 

Risk in Sub-Saharan Africa. Frontiers in Cellular 

and Infection Microbiology, 10(February), 1–11. 

https://doi.org/10.3389/fcimb.2020.00023

Ma, Z., Zuo, T., Frey, N., & Rangrez, A. Y. (2024). A 

systematic framework for understanding the mi-

crobiome in human health and disease: from basic 

principles to clinical translation. Signal Transduc-

tion and Targeted Therapy, 9(1), 237. https://doi.

org/10.1038/s41392-024-01946-6

Nieves Delgado, A., & Baedke, J. (2021). Does the 

human microbiome tell us something about race? 

Humanities and Social Sciences Communications, 

8(1), 1–12. https://doi.org/10.1057/s41599-021-

00772-3

Ntuli, L., Mtshali, A., Mzobe, G., Liebenberg, L. J. P., 

& Ngcapu, S. (2022). Role of Immunity and Vag-

inal Microbiome in Clearance and Persistence of 

Human Papillomavirus Infection. Frontiers in Cel-

lular and Infection Microbiology, 12(July), 1–10. 

https://doi.org/10.3389/fcimb.2022.927131

Reimers, L. L., Mehta, S. D., Massad, L. S., Burk, R. 

D., Xie, X., Ravel, J., Cohen, M. H., Palefsky, J. M., 

Weber, K. M., Xue, X., Anastos, K., Minkoff, H., 

Atrio, J., D’Souza, G., Ye, Q., Colie, C., Zolnik, C. 

P., Spear, G. T., & Strickler, H. D. (2016). The Cer-

vicovaginal Microbiota and Its Associations with 

Human Papillomavirus Detection in HIV-Infected 

and HIV-Uninfected Women. Journal of Infec-

tious Diseases, 214(9), 1361–1369. https://doi.

org/10.1093/infdis/jiw374

Santella, B., Schettino, M. T., Franci, G., De Francis-

cis, P., Colacurci, N., Schiattarella, A., & Galdie-

ro, M. (2022). Microbiota and HPV: The role of 

viral infection on vaginal microbiota. Journal of 

Medical Virology, 94(9), 4478–4484.https://doi.

org/10.1002/jmv.27837

Sharifian, K., Shoja, Z., & Jalilvand, S. (2023). The 

interplay between human papillomavirus and 

vaginal microbiota in cervical cancer develop-

ment. Virology Journal, 20(1), 1–9. https://doi.

org/10.1186/s12985-023-02037-8

Shvartsman, E., Perciani, C. T., Richmond, M. E. I., Rus-

sell, J. N. H., Tough, R. H., Vancuren, S. J., Hill, J. E., 

KAVI-ICR, Jaoko, W., McKinnon, L. R., Sandstrom, 

P. A., & MacDonald, K. S. (2023). Gardnerella sub-

group dominant microbiomes are associated with 

divergent cervicovaginal immune responses in a 

longitudinal cohort of Kenyan women. Frontiers 

in Immunology, 13(January), 1–15. https://doi.

org/10.3389/fimmu.2022.974195

Taku, O., Businge, C. B., Mdaka, M. L., Phohlo, K., 

Basera, W., Garcia-Jardon, M., Meiring, T. L., Gyl-

lensten, U., Williamson, A. L., & Mbulawa, Z. Z. 

A. (2020). Human papillomavirus prevalence and 

risk factors among HIV-negative and HIV-posi-

tive women residing in rural Eastern Cape, South 

Africa. International Journal of Infectious Dis-

eases, 95, 176–182. https://doi.org/10.1016/j.

ijid.2020.02.051

Tchouaket, M. C. T., Ka’e, A. C., Semengue, E. N. J., 

Sosso, S. M., Simo, R. K., Yagai, B., Nka, A. D., 

Chenwi, C. A., Abba, A., Fainguem, N., Perno, C. 

F., Colizzi, V., & Fokam, J. (2023). Variability of 

High-Risk Human Papillomavirus and Associated 

Factors among Women in Sub-Saharan Africa: 

A Systematic Review and Meta-Analysis. Patho-

gens, 12(8), 1–19. https://doi.org/10.3390/

pathogens12081032

Zeber-Lubecka, N., Kulecka, M., Dabrowska, M., 

Baginska-Drabiuk, K., Glowienka-Stodolak, M., 

Nowakowski, A., Slabuszewska-Jozwiak, A., Bed-

norz, B., Jędrzejewska, I., Piasecka, M., Pawelec, 

J., Wojciechowska-Lampka, E., & Ostrowski, J. 

(2024). Cervical microbiota dysbiosis associat-

ed with high-risk Human Papillomavirus infec-

tion. PloS One, 19(4), e0302270. https://doi.

org/10.1371/journal.pone.0302270

Zeber-Lubecka, N., Kulecka, M., Lindner, B., Krynicki, 

R., Paziewska, A., Nowakowski, A., Bidzinski, M., 

& Ostrowski, J. (2022). Increased diversity of a 

cervical microbiome associates with cervical can-

cer. Frontiers in Oncology, 12(September), 1–13. 

https://doi.org/10.3389/fonc.2022.1005537

https://doi.org/10.1128/mBio.02785-18 
https://doi.org/10.3389/fcimb.2020.00023
https://doi.org/10.1038/s41392-024-01946-6 
https://doi.org/10.1038/s41392-024-01946-6 
https://doi.org/10.1057/s41599-021-00772-3 
https://doi.org/10.1057/s41599-021-00772-3 
https://doi.org/10.3389/fcimb.2022.927131 
https://doi.org/10.1093/infdis/jiw374 
https://doi.org/10.1093/infdis/jiw374 
https://doi.org/10.1002/jmv.27837 
https://doi.org/10.1002/jmv.27837 
https://doi.org/10.1186/s12985-023-02037-8 
https://doi.org/10.1186/s12985-023-02037-8 
https://doi.org/10.3389/fimmu.2022.974195 
https://doi.org/10.3389/fimmu.2022.974195 
https://doi.org/10.1016/j.ijid.2020.02.051 
https://doi.org/10.1016/j.ijid.2020.02.051 
https://doi.org/10.3390/pathogens12081032 
https://doi.org/10.3390/pathogens12081032 
https://doi.org/10.1371/journal.pone.0302270 
https://doi.org/10.1371/journal.pone.0302270 
https://doi.org/10.3389/fonc.2022.1005537 

