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CST IV has a distinct virome
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BAQLaVa quantifies 
integratable phages
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The female genital tract (FGT) microbiome is highly dynamic, 
with a unique ecology that exists as distinct community state 
types (CSTs) across time and between women. FGT 
microbiome CSTs, classified into 5 types based on dominance 
of certain Lactobacillus species (I, II, III, V) or dominance of 
non-Lactobacillus bacteria (CST IV), are strongly associated 
with women’s and infant health. The FGT virome has been 
understudied relative to non-viral microbes, due to the great 
diversity of viral biology, their intractability in most experimental 
settings, and limited computational and experimental methods. 
However, FGT virome is critical for host and bacterial 
interactions that determine immune and health phenotypes.
We thus provide the first comprehensive characterization of 
the FGT virome integrating 1) two US cohorts with paired, 
longitudinal metagenomic and metatranscriptomic FGT 
samples, totalling 80 subjects, and 2) non-Western cohorts.

• Ordination analysis of bacterial profiles shows clustering of 
individual CSTs with inter-CST transition densities. 

• In contrast, ordination of viral profiles has CST IV extending 
perpendicularly from a mix of other CSTs. This suggests unique 
viruses in CST IV while other CSTs likely share most viruses. 

BAQLaVa quantifies VGB 
abundance (RPK) per 
sample. BAQLaVa was run 
with (BD) and without 
(noBD) bacterial depletion 
step on 1395 MGX & MTX 
samples. We identified 179 
VGBs that were fully 
depleted in BD and nearly 
as many VGBs were 
partially depleted indicating 
that these viruses are 
integrated within reference 
genomes used for bacterial 
depletion. This differential 
viral depletion can be used 
as a proxy for integratability  
providing crucial information 
about unknown VGBs.
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• MetaPhlAn profiled a total of 812 unique 
non-viral species and BAQLaVa profiled 781 
viral species (VGBs).

• 90, 28 and 662 VGBs with eukaryotic, 
prokaryotic and unknown host, respectively.
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CST IV associates with diverse viruses
MaAsLin3 was used to 
test for association of 
metadata variables of 
CST, country and ethnicity 
with VGB abundance and 
prevalence. 

• The majority of the 
associations are based 
on prevalence indicating 
ecosystem diversity.

• Consistent with the 
ordination above most of 
the associations were 
between VGBs and CST 
IV followed by Zambia. 

• But most of viral space 
profiled by BAQLaVa is 
novel and not yet well 
annotated/characterized.

• There are over 50 
papillomavirus VGBs but 
only one has significant 
associations.

Toutatisvirus toutatis 
from Faecalibacterium prausnitzii

Rockefellervirus from 
Staphylococcus epidermidis 
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VGBs are significantly associated
with CSTs and countries

The importance of the FGT virome

SARS-CoV-2 

longitudinal sampling

co
ho

rts

vaginal
swabs

cross-sectional sampling

email: orakov@hsph.harvard.edu

VGBs range from tailed-phages (caudoviricetes) to phages of 
bacteria potentially introgressed from the gut, and SARS-CoV2.


