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Fig. S1. Age distribution across States (provider location), bacterial species, HPV subtypes, BV status, cytology results, and hrHPV results. Only provider location, BV status, and
hrHPV results had significant association with age. Notably, age per bacteria species and BV status had little variations except for L. gasseri that was mostly detected in patients
aged between 35 and 50. HPV types 18 and 33 mostly occurred in older populations than the rest while samples from Delaware, Missouri, Colorado, and DC were from older
patients than the rest. Further, AGC, HSIL, and RCC were mostly in patients older than the other outcomes. In all, hrHPV-positive samples were in a younger population than
normal ones.
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Fig. S2. Distribution of gender across age, provider location (States), bacteria species, HPV types, BV status, and cytology results. Only provider
location was significantly associated with gender while the rest were not. Most bacterial species and a few HPV types were found in specimens
from males and unknown gender. ECA such as ASCUS and AGC were found in males and unknown while LSIL was found unknown genders.
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Fig. S2b. Distribution of gender across age, provider location (States), bacteria species, HPV types, BV status, and cytology results. Only provider
location was significantly associated with gender while the rest were not. Most bacterial species and a few HPV types were found in specimens
from males and unknown gender. ECA such as ASCUS and AGC were found in males and unknown while LSIL was found unknown genders.
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Fig. S3. Expanded view of counts of bacterial species and HPV types found in females
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Fig. S4. Expanded view of counts of bacterial species and HPV types found in males and unknown gender
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Fig. S5. Distribution of bacterial species, HPV subtypes, BV status, hrHPV outcome, and cervical cytology (pap smear) diagnosis per State (healthcare provider location). L. iners, F. vaginae, G.
vaginalis, and L. crispatus were dominant in samples from almost all States. Samples from most states were BV positive, NILM, and hrHPV negative. States are abbreviated.
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Fig. S6. BV Status distribution per State (provider location). The counts of BV-positive, BV-negative, and Transitional BV per healthcare provider State is shown above
in different column colours. States are abbreviated.



hrHPV Result Distribution by Provider Location
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Fig. S7. hrHPV results distribution per provider location (State). Abnormal hrHPV (i.e., hrHPV-positive) specimens were substantially lower than
normal (hrHPV-negative) specimens in most states, reflecting the generally lower prevalence of hrHPV in the USA.



Distribution of Pap Smear Cervical Cytology Outcomes by Provider (State)
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Fig. S8. Cervical cytology results from Pap smear analysis. The different cervical cytology outcomes are represented by different
colours per State. Similar to the hrHPV results, most States had a higher prevalence of NILM outcomes than ECA.
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Fig. S9. Association of bacterial species and HPV subtypes’ frequency with BV status and cervical cytology outcomes. F. vaginae, G. vaginalis, BVAB-2, Megasphaera
sp., and L. iners as well as all HPV subtypes were associated with BV-positive samples while L. gasseri, L. jensenii, and L. crispatus were strongly associated with BV-

negative samples. There were higher association/presence of all HPV types with ECA-types (ASCUS, HSIL and SIL) than with NILM while NILM was highly associated
with all the bacterial species than the other cervical cytology outcomes.
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Fig. S10. Association of bacterial species and HPV subtypes’ frequency with BV status and cervical cytology outcomes. F. vaginae, G. vaginalis, BVAB-2, Megasphaera
sp., and L. iners as well as all HPV subtypes were associated with BV-positive samples while L. gasseri, L. jensenii, and L. crispatus were strongly associated with BV-
negative samples. There were higher association/presence of all HPV types with ECA-types (ASCUS, HSIL and SIL) than with NILM while NILM was highly associated
with all the bacterial species than the other cervical cytology outcomes.
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Fig. S11. Mean concentration of bacterial species and HPV subtypes found in BV-negative, BV-positive, Transitional BV, NILM, RCC, and other ECA-type samples.
Higher concentrations of F. vaginae, G. vaginalis, BVAB-2, Megasphaera sp., HPV-31, HPV-33, and HPV-35 were associated with BV-positive and ECA-type samples
(ASCUS, HSIL, LSIL) while higher concentrations of L. jensenii, L. crispatus, HPV-18 and HPV-68 were associated with BV-negative samples. Most HPV subtypes had

higher concentrations in ECA-positive samples than in NILM-positive samples.
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Fig. S12. Mean concentration of bacterial species and HPV subtypes found in BV-negative, BV-positive, Transitional BV, NILM, RCC, and other ECA-type samples.
Higher concentrations of F. vaginae, G. vaginalis, BVAB-2, Megasphaera sp., HPV-31, HPV-33, and HPV-35 were associated with BV-positive and ECA-type samples
(ASCUS, HSIL, LSIL) while higher concentrations of L. jensenii, L. crispatus, HPV-18 and HPV-68 were associated with BV-negative samples. Most HPV subtypes had

higher concentrations in ECA-positive samples than in NILM-positive samples.
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Fig. S13. Mean concentration of bacterial species and HPV subtypes found in BV-negative, BV-positive, Transitional BV, NILM, RCC, and other ECA-type samples.
Higher concentrations of F. vaginae, G. vaginalis, BVAB-2, Megasphaera sp., HPV-31, HPV-33, and HPV-35 were associated with BV-positive and ECA-type samples
(ASCUS, HSIL, LSIL) while higher concentrations of L. jensenii, L. crispatus, HPV-18 and HPV-68 were associated with BV-negative samples. Most HPV subtypes had

higher concentrations in ECA-positive samples than in NILM-positive samples.
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Fig. S14. Mean concentration of bacterial species and HPV subtypes found in BV-negative, BV-positive, Transitional BV, NILM, RCC, and other ECA-type samples. Higher concentrations of F.
vaginae, G. vaginalis, BVAB-2, Megasphaera sp., HPV-31, HPV-33, and HPV-35 were associated with BV-positive and ECA-type samples (ASCUS, HSIL, LSIL) while higher concentrations of L.
jensenii, L. crispatus, HPV-18 and HPV-68 were associated with BV-negative samples. Most HPV subtypes had higher concentrations in ECA-positive samples than in NILM-positive samples.
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Fig. S15. Mean concentration of bacterial species found in BV-negative, BV-positive, and Transitional BV samples. Higher concentrations of F. vaginae, G. vaginalis,
BVAB-2, Megasphaera sp., HPV-31, HPV-33, and HPV-35 were associated with BV-positive samples while higher concentrations of L. jensenii, L. crispatus, HPV-18 and
HPV-68 were associated with BV-negative samples.
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Fig. S16. Mean concentration of bacterial species and HPV subtypes found in NILM, RCC, and other ECA-type samples. Higher concentrations of F. vaginae, G.
vaginalis, BVAB-2, Megasphaera sp., HPV-31, HPV-33, and HPV-35 were associated with ECA-type samples (ASCUS, HSIL, LSIL). Most HPV subtypes had higher
concentrations in ECA-positive samples than in NILM-positive samples.
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Fig. S17. Heatmap of p-values showing the significance of the association between the bacterial species and HPV subtypes’ frequencies, and BV-negative, BV-
positive, Transitional BV, NILM, RCC, and ECA-positive samples. While most bacteria were significantly associated with BV (except L. crispatus and Transitional BV)
and NILM, there were significant between fewer species and ASCUS and SIL. Most HPV subtypes were significantly associated with BV-negative and BV-positive,

ASCUS, HSIL, and SIL-positive samples.



Correlation Heatmap of Age, Sex, Provider Location, Bacterial Species, HPV Subtypes, BV Status, and Cytology Results
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Fig. S18. Correlation matrix showing the correlation between the demographics, bacterial species and HPV subtypes prevalence, and BV and cervical cytology
outcomes. The heatmap provides insights into how different variables (age, sex, provider location, bacterial species, HPV subtypes, BV status, and cervical cytology
outcomes) are correlated with each other. Dark red indicates a strong positive correlation (closer to +1). Dark blue indicates a strong negative correlation (closer to -
1). Lighter colors (light blue or light red) represent weaker correlations (closer to 0). The diagonal is dark red because any variable is perfectly correlated with itself
(correlation =1).



Correlation Heatmap with Corrected Labels (Both Axes)
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Fig. S19. Expanded correlation matrix showing the correlation between the demographics, bacterial species and HPV subtypes prevalence, and BV and cervical
cytology outcomes. The heatmap provides insights into how different variables (age, sex, provider location, bacterial species, HPV subtypes, BV status, and cervical
cytology outcomes) are correlated with each other. Dark red indicates a strong positive correlation (closer to +1). Dark blue indicates a strong negative correlation
(closer to -1). Lighter colors (light blue or light red) represent weaker correlations (closer to 0). The diagonal is dark red because any variable is perfectly correlated
with itself (correlation = 1). Gender and BV is expanded to show their individual components (male, female, unknown, BV positive, BV negative, and Transitional BV)
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P-value Heatmap: Pairwise Chi-square and ANOVA Analysis (Presence/Absence Data)
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Fig. S20. A chi-square and ANOVA analysis heatmap plot showing significant and non-significant associations between the various demographics, BV and cervical
cytology outcome, bacterial species and HPV subtypes. Categorical variables were analysed using Chi-square while non-categorical ones such as concentration
values of HPV and bacteria species were analysed using ANOVA.



s Concentrations

v

E

Spearman Correla

1.0
8
6
- 0.4
2
o
o
o

AL
A PR e
:BRRNERERNRRRRNANEE - -
d | e
T TR
;INERERINNRRENEREEE - -
‘HERNNNERERANRRERAN -
:HENRRNRNNRRRRENEN - -
L e
A T e
: IRNREREERERARRNEE -
--------- T adf|"ds esaeydseda)y
:NEEN EENNSERNRRRAN
] R
--------- geulfen
sHEMEEEE " EA SRR o
--------- 113ssed ]
---------§;

L. iners

L. gasseri

L. crispatus
F. vaginae

G. vaginalis

BvAB-2
HPV 16
HPV 18

HPV 31
HPV 33
HPV 35
HPV 45

HPV 51

HPV 52
HPV 58
HPV 59
HPV 68

Fig. S21. A Spearman correlation matrix that shows the correlation between Lactobacillus and non-lactobacillus bacteria species and HPV sub

types in terms of their concentrations.

Megasphaera sp.Type 1



coef

coef

Significant HPV-HPV Interaction Coefficients across BV Status (3 categories) and Cytology Outcomes

Outcome
NILM
ECA_AGC
ECA_ASCUS
ECA_ASC H
ECA_HSIL
ECA_LSIL
RCC
BV_Status_Negative
BV_Status_Transitional
BV_Status_Positive

~ “ N ~V ~F

Interaction

14
U

Significant HPV-Pathogen Interaction Coefficients across BV Status (3 categories) and Cytology Outcomes

Outcome
NILM
ECA_AGC
ECA_ASCUS
ECA_ASC_H
ECA_HSIL
ECA_LSIL
RCC
BV_Status Negative
BV_Status_Transitional
BV_Status_Positive

~ > “ ,\"\f
Interaction

~>

Fig. S22. HPV-HPV and HPV-bacterial pathogens interactions effects on cervical cytology outcomes. The upper plot is the co-efficient of the interactions showing
the strength and direction of the interaction effects.



Significant HPVWV-Pathogen Interaction Coefficients across BW Status (3 categories) and Cytology Outcomes

Cha e arree
MILM
ECA AGC
ECa_ asSCUs
ECa asd H
ECa HSIL
ECa_LSIL
RiCC
BN _Status MNegabiee
E'-.I'_S-:.ﬂ'. u-:._'l'r s aatisarnesl
B _Status Positive

coef

g " b -~ -~ -~ =
Interaction
P-values of Significant HPV-Pathogen Interactions acrass BW Status (2 categories) and Cytology OQutcomes

——— Gigmificance Threshold (O.05])
ML

ECA_AGC

BCA_ASCLUS
ECA_AST H

ECA_HSIL

ECA_LSIL

R

BV _Status_Megative
B% Status Transiticmal
BV _Status Positive

P t]

0.00
0.00
002
0.01
[0 e
0.01
a0
Q.03
L ]
0.0
a:82
003
0.0Z
L ]
Q.00
Lo
o003
0.0z
0, g
.03
Q.04
Lo S
003
Q.02
a:01
.00
[P
0.03
8283

- . .. . . ..
3_

1-.

D_

B_

2_

'9'

sk

5__

ﬁ_

5k

2F

2k

?_

_q_

<f

3k

3__

?_

- E

2_

ﬁ_

(=

B_ -
2 [

a

d_

=3

8 i
hoe ] e

S e ] -...;‘:—
Interacticon

~ ~

Fig. S23. HPV-bacterial pathogens interactions effects on BV outcomes. The upper plot is the co-efficient of the interactions showing the strength and direction of
the interaction effects and the lower plot shows the significance (p-values) of the interactions.
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Fig. S24. HPV-Lactobacillus species interactions effects on BV outcomes. The upper plot is the co-efficient of the interactions showing the strength and direction of
the interaction effects and the lower plot shows the significance (p-values) of the interactions.
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Fig. S25. lactobacillus-bacterial pathogens interactions effects on BV outcomes. The upper plot is the co-efficient of the interactions showing the strength and
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Fig. S26. Bacteria-bacterial pathogens interactions effects on BV outcomes. The upper plot is the co-efficient of the interactions showing the strength and direction
of the interaction effects and the lower plot shows the significance (p-values) of the interactions.
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Fig. S27. lactobacillus-Lactobacillus interactions effects on BV outcomes. The upper plot is the co-efficient of the interactions showing the strength and direction of
the interaction effects and the lower plot shows the significance (p-values) of the interactions.
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KMeans Clustering Visualization on PCA Biplot
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Fig. S29. K. means clustering data plotted unto two components to show the distribution of the HPV subtypes and bacterial species across the samples. The red

and blue samples (stars) are outliers while the green samples are spread towards the two different components.



Average Bacterial Species Concentrations by KMeans Clusters
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Fig. $30. A combined heatmap showing the average concentrations of bacterial species and HPV subtypes across the three K-means clusters. Cluster 1 in both cases is associated with BV-
positive and ASCUS/HSIL conditions owing to the higher concentrations of bacterial pathogens and HPV subtypes in that cluster.




