
Reviewers' comments:  

Reviewer #4, expert in biostatistics (Remarks to the Author):  

No further comments. The authors have adequately responded to my critique.  

Reviewer #5, expert in HPV epidemiology (Remarks to the Author):  

This is an important descriptive study which lends important biological marker data to help generate 

specific mechanistic hypotheses for the consistent epidemiologic associations between HPV infection 

and increased HIV infection risk.  

The authors have generally responded well to the comments of the reviewers. In my view, the 

disconnect between the reviewers and the authors is the fundamental tension between how far 

epidemiologic research can contribute to demonstration of causality when compared with experimental 

laboratory studies, remaining cognizant that the laboratory evidence may be so highly contrived that 

the extrapolation of results to a complex human biological system may also be limited.  

To that end, in this reviewer's opinion, the study was well-designed epidemiologically and used state-

of-the-art biomarker measures both for HIV, HPV, and cytokines. These are all commonly used in 

epidemiologic research.  

It is suggested that the authors carefully review the manuscript for all causal inference statements, 

and tone them down to better reflect the observational nature of what is really a hypothesis-

generating dataset (albeit a very important one). A few possible (non-exhaustive) examples:  

1. Title could be changed to: "Differences in genital cytokine milieu by HPV infection status in women 

at high risk of HIV acquisition". This title does not implicitly assume that the differences are triggered 

by HPV infection, but may be correlatively associated with other changes in the female genital tract 

(FGT). There are valid hypotheses to suggest this as outlined in Nowak et al (JID 2011;203(8):1182-

91) and Averbach (as referenced by the authors)  

2. Discussion first sentence: "This study tested the hypothesis that HPV can increase HIV acquisition 

risk by modulating the female genital mucosa in a way that may facilitate HIV infection". In fact, this 

is not what the study tested. The study tested the hypothesis that the FGT cytokine milieu would differ 

by HPV status, and the nature of the difference could lead to more refined hypotheses regarding a 

biological mechanism to explain the increased risk of HIV observed in HPV positive women (especially 

those with clearance).  

3. Discussion last paragraph line 355 (clean): add the following (CAPS) to sentence: "In summary, we 

provide here DATA HELPFUL IN THE EXPLORATION OF HYPOTHESES REGARDING POTENTIAL 

mechanisms by which HPV increases HIV infection risk in young women".  

4. Discussion last paragraph lines 358-64 could be rephrased as follows to more accurately reflect the 

study design: "The study assessed genital inflammation and HPV in specimens representing the 

mucosal surface over which sexual transmission of both viruses takes place, and demonstrated a 

DIFFERENCE IN GENITAL CYTOKINES BY HPV STATUS OVER TIME, WHICH INFORMS POSSIBLE 

MECHANISMS TO EXPLAIN THE COMPLEX epidemiological relationship between HPV and HIV risk. 

While these data do not rule out possible unmeasured explanations for the increased HIV risk 

associated with HPV infection, they do provide compelling biological evidence THAT the immune 

response IS ELEVATED IN HPV POSITIVE WOMEN, CONSISTENT WITH INCREASED HIV infection risk.  

A few additional comments not previously highlighted for consideration:  



1. The authors make a public health argument that HPV vaccination may reduce HIV risk, and support 

this with evidence that the associations are observed when restricting the HPV outcomes to the HPV-

vaccine types. A more interesting analysis may be to look at the risk of HIV among vaccine protected 

types, and then among all non-vaccine protected types, relative to HPV negative women. This may 

give a better understanding of the excess risk of vaccine preventable vs. non-preventable types to the 

overall HPV risk, which in the presence of significant multiple infection may be more important when 

making claims about population attributable fraction (e.g., if we eliminated 9 types, how much HIV 

would we prevent given the risk remaining with the other 30+?).  

2. A prior reviewer commented on not having cervical cytology. While I agree with the authors that 

this is unlikely to confound the analysis presented, their statement on line 346 (clean) that there 

would be little if any abnormal cytology in these young women is probably incorrect. Younger women 

usually have highest rates of abnormal cytology, though usually low grade. Just a point of 

clarification.  

3. It might be considered, given the long interval between sampling for HPV detection, that an 

additional adjustment is made for the time between baseline HPV detection and HIV acquisition.  

4. On page 6 lines 137-141 - the authors should consider the observation by Nowak et al. (JID 

2011;203(8):1182-91) that multiple type HPV infections increase significantly immediately following 

HIV acquisition. Given the long sampling interval defining the HPV categories (clearance, persistence, 

acquisition), this 'reverse causality' should be considered in the context of the role of memory T-cell 

depletion during acute HIV infection.  

5. In general, the use of the terms cleared vs. controlled is not just semantic when attempting to 

extrapolate the observed data (observed clearance) to biological mechanism (possible that observed 

clearance biologically reflects immune control of virus). Similarly, acquisition may reflect reactivation 

which is immunologically mediated. So while it is understood that there is no way to differentiate new 

infection from acquisition or cleared infection from controlled infection, the biological inferences would 

be quite different. 



Response to Referees 
 
Reviewer #5, expert in HPV epidemiology (Remarks to the Author): 
 
“This is an important descriptive study which lends important biological marker data 
to help generate specific mechanistic hypotheses for the consistent epidemiologic 
associations between HPV infection and increased HIV infection risk.  
 
The authors have generally responded well to the comments of the reviewers. In my 
view, the disconnect between the reviewers and the authors is the fundamental 
tension between how far epidemiologic research can contribute to demonstration of 
causality when compared with experimental laboratory studies, remaining cognizant 
that the laboratory evidence may be so highly contrived that the extrapolation of 
results to a complex human biological system may also be limited.  
 
To that end, in this reviewer's opinion, the study was well-designed epidemiologically 
and used state-of-the-art biomarker measures both for HIV, HPV, and cytokines. 
These are all commonly used in epidemiologic research.  
 
It is suggested that the authors carefully review the manuscript for all causal 
inference statements, and tone them down to better reflect the observational nature 
of what is really a hypothesis-generating dataset (albeit a very important one). A few 
possible (non-exhaustive) examples: 
 
1. Title could be changed to: "Differences in genital cytokine milieu by HPV infection 
status in women at high risk of HIV acquisition". This title does not implicitly assume 
that the differences are triggered by HPV infection, but may be correlatively 
associated with other changes in the female genital tract (FGT). There are valid 
hypotheses to suggest this as outlined in Nowak et al (JID 2011;203(8):1182-91) and 
Averbach (as referenced by the authors) 
 
We thank the reviewer for their valuable insight. The title was changed to 
capture the sentiment of the suggestion: “HPV infection and the genital 
cytokine milieu in women at high risk of HIV acquisition” 
 
2. Discussion first sentence: "This study tested the hypothesis that HPV can 
increase HIV acquisition risk by modulating the female genital mucosa in a way that 
may facilitate HIV infection". In fact, this is not what the study tested. The study 
tested the hypothesis that the FGT cytokine milieu would differ by HPV status, and 
the nature of the difference could lead to more refined hypotheses regarding a 
biological mechanism to explain the increased risk of HIV observed in HPV positive 
women (especially those with clearance). 
 
The reviewer’s point is well taken. We have changed the first paragraph of the 
discussion to relay the suggested changes: “This study confirmed the 
epidemiological link between HPV and increased risk of HIV infection, and 
tested the hypothesis that the female genital tract cytokine milieu would differ 
by HPV status. The data presented are in support of this hypothesis, 
particularly in women who clear their HPV infection. Since clearance was most 
consistently associated with increased HIV risk, and with the broadest 



cytokine response, including all cytokines previously associated with HIV risk 
in this cohort41, the data underscore the importance of further investigation to 
fully understand the complex immunological environment that may mediate 
the increased risk of HIV associated with HPV infection.” 
 
 
3. Discussion last paragraph line 355 (clean): add the following (CAPS) to sentence: 
"In summary, we provide here DATA HELPFUL IN THE EXPLORATION OF 
HYPOTHESES REGARDING POTENTIAL mechanisms by which HPV increases 
HIV infection risk in young women". 
 
The sentence is now expanded to acknowledge the hypothesis-generating 
nature of the work and reads as: In summary, although not a definitive 
mechanism, these data provide some insight into how HPV might increase HIV 
risk and highlight the importance of further studies to validate and expand on 
the concepts raised. The data suggest, among others, an urgency in 
understanding and controlling the immune predictors of HPV status and 
multiple type infection, in both HIV infected and uninfected women; in 
determining the cellular or other factors associated with the cytokines 
observed in the different HPV status categories; and in understanding the 
immune impact of HPV infection in vaccinated individuals and its relation to 
HIV risk. 
 
4. Discussion last paragraph lines 358-64 could be rephrased as follows to more 
accurately reflect the study design: "The study assessed genital inflammation and 
HPV in specimens representing the mucosal surface over which sexual transmission 
of both viruses takes place, and demonstrated a DIFFERENCE IN GENITAL 
CYTOKINES BY HPV STATUS OVER TIME, WHICH INFORMS POSSIBLE 
MECHANISMS TO EXPLAIN THE COMPLEX epidemiological relationship between 
HPV and HIV risk. While these data do not rule out possible unmeasured 
explanations for the increased HIV risk associated with HPV infection, they do 
provide compelling biological evidence THAT the immune response IS ELEVATED 
IN HPV POSITIVE WOMEN, CONSISTENT WITH INCREASED HIV infection risk. 
 
We thank the reviewer for their suggestion and note that these changes were 
made. The section now reads as: The study assessed genital inflammation and 
HPV in specimens representing the mucosal surface over which sexual 
transmission of both viruses takes place, and demonstrated a difference in 
genital cytokines by HPV status over time, which informs possible 
mechanisms to explain the complex epidemiological relationship between HPV 
and increased HIV risk. While these data do not rule out possible unmeasured 
explanations for the increased HIV risk associated with HPV infection, they do 
provide compelling biological evidence for elevated immune responses in HPV 
positive women, consistent with increased HIV infection risk. 
 
We thank the reviewer for their thorough review of our work and for the 
constructive responses. We have reviewed our manuscript and refined (toned 
down) statements that claim demonstration of causality. In addition to the 
above suggestions, the following changes were made: 
 



Line 27: Running title: Mucosal cytokines by HPV status 
 
Lines 80 – 84: Here we hypothesized that the female genital immune 
environment may differ according to HPV infection status; a concept that, if 
confirmed, would shed light on possible mechanisms for the reported 
associations between HPV infection and HIV risk. It is biologically plausible for 
cervical HPV infection, or other potentially correlated changes in the female 
genital tract to impact HIV risk, since sexual transmission of HIV is primarily 
mediated through interaction of the virus with genital cellular targets for 
infection, in the same mucosa where HPV replicates. 
 
Lines 86 – 88: It is therefore reasonable that immune cell recruitment to 
eliminate or contain HPV infection in the genital epithelium may promote an 
immune environment that favors HIV infection. 
 
Lines 185 – 188: These data suggest that the high frequency of HPV clearance 
in the cohort underscores its large contribution to increased rates of HIV 
acquisition, and support the hypothesis that effective immune responses 
against HPV infection may contribute to HIV risk 19,21,39. 
 
Lines 191 – 192: Given the associations between HPV and HIV observed in this 
study, we hypothesized that the mucosal cytokine milieu may vary by HPV 
status. 
 
Lines 199 – 203: Cytokines previously associated with HIV risk in CAPRISA 
004 participants41 (IL-8, MIP-1a, and MIP-b) were elevated in the genital tract of 
HPV positive women relative to HPV negative women (Figure 3). A similar 
profile of elevated cytokine concentrations was also observed on infection 
with any of the 9 vaccine-preventable HPV types relative to HPV negative 
women (Figure 3b). 
 
 
A few additional comments not previously highlighted for consideration: 
 
1. The authors make a public health argument that HPV vaccination may reduce HIV 
risk, and support this with evidence that the associations are observed when 
restricting the HPV outcomes to the HPV-vaccine types. A more interesting analysis 
may be to look at the risk of HIV among vaccine protected types, and then among all 
non-vaccine protected types, relative to HPV negative women. This may give a 
better understanding of the excess risk of vaccine preventable vs. non-preventable 
types to the overall HPV risk, which in the presence of significant multiple infection 
may be more important when making claims about population attributable fraction 
(e.g., if we eliminated 9 types, how much HIV would we prevent given the risk 
remaining with the other 30+?).  
 
We thank the reviewer for this insightful suggestion. We updated the results 
and discussion to reflect our additional analysis of the contribution that 
infection with nonavalent vaccine types, non-vaccine types, or no HPV has to 
the risk of HIV infection (Table 2). Assuming that immune responses 
associated with vaccine-targeted and cross-protected HPV types may be 



important in these analyses, we assessed types included in the Gardasil®-9 
vaccine, since this vaccine includes most of the HPV types that may receive 
cross-protection if using the other two vaccines. The data demonstrate a 
slightly higher HIV IR/100py in women with detectable Gardasil®-9 types 7.3 
(95% CI 5.1 to 10.0) compared to women without (5.7, 95% CI 3.6 to 8.6), and 
only the risk associated with Gardasil®-9 type infection was significantly 
different to the HIV risk observed in HPV negative women. However, the HIV 
risk associated with infection by non-vaccine types exhibited a statistical trend 
(noting the decreased power for this analysis). Although our data demonstrate 
a potential for HPV vaccines to impact HIV risk, larger studies of HIV incidence 
in regions with differential HPV vaccine uptake are required to 
comprehensively determine the excess HIV risk attributed to infection with 
vaccine preventable versus non-preventable types. Further, considering our 
data on overlaps in cytokine profiles associated with HIV risk and with 
clearance, persistence and acquisition of HPV, additional studies are required 
to determine whether the impact of HPV vaccination on HIV risk may be 
bolstered through complementary efforts to control the potential 
immunological impact of infection with non-vaccine HPV types. 
 
We have updated Table 2, the results text, and the discussion as follows:  
Lines 136 – 138: Infection with non-Gardasil®-9 HPV types was associated with 
a 2-fold increase in HIV risk relative to HPV negative women, although not 
statistically significant (Table 2). 
Lines 283 - 297: Considering the association between increased risk of HIV 
acquisition and infection by vaccine-preventable HPV types, these data 
underscore the importance of protecting young women from HPV infection 
through vaccination and cross-protection 46 against the broadest number of 
oncogenic HPV strains. The data also suggest the potential for increased HIV 
risk if infected by non-vaccine types, and emphasizes the importance of larger 
studies of HIV incidence in regions with differential HPV vaccine uptake to 
comprehensively determine the excess HIV risk attributed to infection with 
vaccine-preventable versus non-preventable types. Our finding that infection 
with any of the 9 vaccine-preventable HPV types was associated with raised 
concentrations of several genital cytokines associated with HIV risk suggests 
that any HIV protection provided by HPV vaccination may be biologically 
mediated. Considering the observed overlap in cytokine profiles associated 
with HIV risk and HPV clearance, persistence and acquisition, additional 
studies will be required to determine whether the ability of HPV vaccination to 
prevent HIV may need to be bolstered through complementary efforts to 
address any immunological effects associated with infection by non-vaccine 
HPV types. 
 
 
2. A prior reviewer commented on not having cervical cytology. While I agree with 
the authors that this is unlikely to confound the analysis presented, their statement 
on line 346 (clean) that there would be little if any abnormal cytology in these young 
women is probably incorrect. Younger women usually have highest rates of 
abnormal cytology, though usually low grade. Just a point of clarification. 
 



We thank the reviewer for the clarification. We specified that the absence of 
cervical cytology was unlikely due to confound the analyses presented since 
abnormal cytology in younger women would likely be low grade. Lines 370 – 
374: Data on cervical cytology was not documented within the CAPRISA 004 
trial. However, considering the population was HIV uninfected and mainly in 
their twenties, we would expect very little high grade abnormal cytology. 
However, given that this was a microbicide safety trial, extensive vaginal 
observation data were available, and these data do not support any 
widespread clinically obvious abnormal cytology likely to confound the 
analysis presented. 
 
 
3. It might be considered, given the long interval between sampling for HPV 
detection, that an additional adjustment is made for the time between baseline HPV 
detection and HIV acquisition. 
 
The survival analyses conducted here already take into account the time 
between baseline HPV detection and HIV acquisition. However, since HPV 
genotyping was only conducted 3 months into the study we considered an 
additional adjustment of reporting person-years from first HPV detection 
instead of from study start. We opted against excluding the first 3 months in 
the study in order to avoid over-estimation of HIV incidence. Nevertheless, the 
expected increases with this adjustment would have been marginal, with the 
risk of HIV infection on prevalent HPV infection being maintained at 2.5-fold 
relative to HPV negative women, suggesting that the additional adjustment 
would not drastically alter our findings of an association between HPV 
detection and HIV acquisition. Our methods section reflects the timing of HPV 
measurements and that the time at risk was defined from randomization.  
 
 
4. On page 6 lines 137-141 - the authors should consider the observation by Nowak 
et al. (JID 2011;203(8):1182-91) that multiple type HPV infections increase 
significantly immediately following HIV acquisition. Given the long sampling interval 
defining the HPV categories (clearance, persistence, acquisition), this 'reverse 
causality' should be considered in the context of the role of memory T-cell depletion 
during acute HIV infection. 
 
The reviewer makes an important point that has now been noted in our 
discussion. The Nowak paper very elegantly describes a relationship between 
HIV infection and increased numbers of detectable HPV (with, presumably, a 
greater propensity for acquisition, clearance, and/or persistence). The strength 
of the CAPRISA 004 study design lies in the emphasis on identifying the timing 
of HIV infections (Abdool Karim et al., 2010). At screening and at each monthly 
visit participants were tested for HIV with two rapid tests. Participants with two 
negative rapid tests continued follow-up in the study. If either of the tests were 
positive or indeterminate, then the participant was considered a suspected 
seroconvertor and RNA PCR testing was performed to confirm HIV status. If 
the RNA PCR test was positive, Western blots and ELISAs were performed 
retrospectively on stored specimens to provide additional confirmatory 
information on the presence / absence of infection. The timing of HIV infection 



was defined as the midpoint between last negative and first positive tests (by 
PCR or rapid HIV antibody test); and the date of seronegative infections was 
defined as 14 days before a positive PCR. While cytokine data were available 
for the majority of visits for each participant, HPV genotyping data were only 
available for baseline and study exit for most participants. In the cytokine 
analysis, considering the established relationship between HIV infection and 
immune dysregulation, our linear mixed models only included cytokine data 
collected from confirmed HIV-negative samples with complementary HPV 
genotyping data for that visit, and therefore reflects the genital mucosal 
immune milieu associated with a current HPV status in HIV negative women.  
The survival analysis, however, is indeed limited by a potential overestimation 
of the HIV incidence associated with multiple type infection, or with clearance, 
persistence, or acquisition of HPV. Because HPV genotyping data were 
available for baseline and study exit visits of most seroconverters, the 
longitudinal HPV classification would have been based on genotyping 
conducted after HIV infection. Since our study only included cytokine data for 
confirmed HIV negative specimens with matching HPV typing, we can only 
speculate on the immune profile associated with HIV infection that could 
promote an HPV status and larger studies designed to address this important 
question are sorely needed.    
 
We updated the methods section for clarity on the timing of sampling and 
sample availability for the analyses; Lines 605 - 609: Cytokine data were 
available for the majority of visits for each participant, and specimens 
available from confirmed HIV-uninfected genital mucosal sampling visits were 
included in the cytokine analyses. HPV genotyping data were only available for 
baseline and study exit for most participants, and longitudinal HPV 
classification may have been based on genotyping conducted after HIV 
infection for some participants. 
 
We also updated the discussion to emphasize the limitation in the estimation 
of HIV incidence by HPV status in the longitudinal classifications, and 
highlighted the importance of future studies to expand on the concepts raised 
in this paper, such as defining the immune predictors of HPV status and 
multiple type infection, in both HIV infected and uninfected women; 
determining the cellular or other factors that may be associated with the 
cytokines we observed in the different HPV status categories that may better 
describe a mechanism for the relationship between HPV and increased HIV 
risk in young women. Lines 345 - 363 now read as: Considering that acute HIV 
infection is demonstrated to increase the number of HPV types detected39, the 
survival analysis is limited by this potential for overestimation of the HIV 
incidence associated with multiple type infection, or with clearance, 
persistence, or acquisition of HPV. Although the CAPRISA 004 trial included 
frequent HIV testing and rigorous retrospective viral load confirmations37, HPV 
genotyping data were available for only baseline and study exit visits of most 
seroconverters, and longitudinal HPV classification would have been based on 
genotyping conducted after HIV infection. Additionally, the difficulty in timing 
the changes in HPV status in the context of HIV infection, we were unable to 
determine the degree of HPV-HIV co-infection occurring from the same 
infected partner. Cytokine data were, however, available for the majority of 



visits for each participant. Considering the established relationship between 
HIV infection and immune dysregulation, our linear mixed models only 
included cytokine data collected from confirmed HIV-negative samples with 
complementary HPV genotyping data for that visit, and therefore reflects the 
genital mucosal immune milieu associated with a current HPV status in HIV 
negative women. Since cytokine data were available for confirmed HIV 
negative specimens, we can only speculate on the immune profile associated 
with HIV infection that could promote an HPV status. Our data does, however, 
support the hypothesis that immune profiles observed in HPV infection may 
contribute in some way to the established link between HPV infection and HIV 
risk.    
 
5. In general, the use of the terms cleared vs. controlled is not just semantic when 
attempting to extrapolate the observed data (observed clearance) to biological 
mechanism (possible that observed clearance biologically reflects immune control of 
virus). Similarly, acquisition may reflect reactivation which is immunologically 
mediated. So while it is understood that there is no way to differentiate new infection 
from acquisition or cleared infection from controlled infection, the biological 
inferences would be quite different. 
 
The manuscript now acknowledges the difficulty in these classifications. Lines 
154 - 157 now include: Similarly, the term “acquired” here refers to the 
absence of DNA for an HPV type at one visit but the detection of it at the next 
consecutive visit, acknowledging that this definition may reflect new or re-
infection, or reactivation 39. The discussion reiterates the acknowledgement in 
lines 341 - 345: The misclassification of HPV categories also extends to the 
difficulty in determining whether acquisition events represent reactivation or 
new infection, whether cleared infections refer to latent or eliminated infection, 
and the challenges of understanding the immunological profiles associated 
with each.  



REVIEWERS' COMMENTS:  

Reviewer #5 (Remarks to the Author):  

The author's response was satisfactory - one clarification may be helpful  

Infection with non-Gardasil®-9 HPV types  

140 was associated with a 2-fold increase in HIV risk relative to HPV negative women,  

141 although not statistically significant (Table 2).  

For this sentence, could the authors clarify whether this category included women with exclusively 

non-Gardasil-9 types (vs. co-infected with Gardasil-9 types)?  

If this category does not include gardasil-9 types, it certainly suggests the risk to HIV transmission 

may not be related to the oncogenicity of the HPV, but to more general immune control of HPV. If this 

is true, then it would be helpful to state in the manuscript to the % of prevalent gardasil-9-type-

infected women were co-infected with non-gardasil-9 types 



RESPONSE TO REVIEWERS' COMMENTS: 
 
Reviewer #5 (Remarks to the Author): 
 
The author's response was satisfactory - one clarification may be helpful 
 
Infection with non-Gardasil®-9 HPV types 
140 was associated with a 2-fold increase in HIV risk relative to HPV negative 
women, 
141 although not statistically significant (Table 2).  
 
For this sentence, could the authors clarify whether this category included women 
with exclusively non-Gardasil-9 types (vs. co-infected with Gardasil-9 types)?  
 
If this category does not include gardasil-9 types, it certainly suggests the risk to HIV 
transmission may not be related to the oncogenicity of the HPV, but to more general 
immune control of HPV. If this is true, then it would be helpful to state in the 
manuscript to the % of prevalent gardasil-9-type-infected women were co-infected 
with non-gardasil-9 types 
 
 
The participants in this group were indeed infected exclusively with non-
Gardasil-9 HPV types. The percentage of women with prevalent Gardasil®-9 HPV 
who were co-infected with non-Gardasil®-9 types, 73%, is noted in the methods 
section, and the discussion is updated to further highlight the potential for HIV 
transmission to be related not only to oncogenicity but to general immune 
control of HPV infection. Although our data links oncogenicity and infection with 
vaccine-type HPV with HIV risk, we nonetheless emphasize the importance of 
larger studies of HIV incidence in regions with differential HPV vaccine uptake 
to comprehensively determine the excess HIV risk attributed to infection with 
vaccine-preventable versus non-preventable types. 
 
Lines 662-663: Several baseline HPV infection categories were defined in order 
to assess the relationship between HIV acquisition and HPV DNA detection 
(prevalent HPV infection), multitype HPV infection, oncogenicity, and with 
vaccine type HPV infection. Considering the high number of multitype HPV 
infections, the potential for co-infection is particularly acknowledged within the 
latter two groups. For example, while women in the non-Gardasil®9 HPV types 
group were infected exclusively with non-Gardasil®9 HPV types, women in the 
Gardasil®9 group could be infected with both vaccine and non-Gardasil®9 HPV 
types, but had to be infected with at least one of the HPV types in the Gardasil®9 
vaccine. Co-infection with non-Gardasil®9 HPV types was observed in 73% of 
the women in the Gardasil®9 HPV types group.  
 
Lines 395-398: The data also suggest the potential for increased HIV risk if 
infected by non-vaccine types, indicating that the risk to HIV transmission may 
not be related to the oncogenicity of the HPV alone, but to general immune 
control of HPV. This concept emphasizes the importance of larger studies of 
HIV incidence in regions with differential HPV vaccine uptake to 



comprehensively determine the excess HIV risk attributed to infection with 
vaccine-preventable versus non-preventable types. 
 
 
RESPONSES TO EDITORIAL REQUESTS: 
 
Your manuscript has been checked for clarity and against journal policies and 
formatting style. The issues listed below must be addressed. If using Microsoft Word, 
please use the tracked changes feature to make these changes. 
 
***Please provide a point-by-point response to the list below with your submission.*** 
 
 
TITLE PAGE: 
 
* I have made some edits to the abstract in the attached Word file. Please check that 
you agree with them. 
 
 
We agree with the changes and have addressed the queries posed in the 
editorial comments. 
 
With regard to the comment referring to the sentence “Among 48 vaginal 
cytokines profiled, cytokines associated with HPV prevalence, incidence, 
persistence and particularly clearance overlap substantially with…,” i.e. “Can 
you describe this in simpler terms? Would it be correct to collectively describe 
this group as HPV positive?”, the sentence was altered to read as: “Among 48 
vaginal cytokines profiled, cytokines associated with HPV infection overlap 
substantially with...” This term encompasses all HPV infection categories, 
even HPV clearance, which could not be referred to under the proposed term 
“HPV positive”. 
 
With regard to the queries related to the inclusion of specific cytokine names, 
“It is unclear if these three cytokines are associated with HIV as well as HPV, 
or just with HIV, or something in between. Please either state cytokines for all 
groups, or do not specify the cytokines for any group,” we agree with the 
concern and have opted to remove the cytokine names. The sentence now 
reads as: “Among 48 vaginal cytokines profiled, cytokines associated with 
HPV infection overlap substantially with cytokines associated with HIV risk, 
but are distinct from those observed in HPV negative women. 
 
 
* The abstract should briefly discuss the background and context of the work, 
followed by the major results and conclusions of the paper. The discussion of the 
current work should begin with "Here we report" or an equivalent phrase. 
 
 
The abstract now follows this format. 



 
 
* When discussing the current work in the abstract, please use the present tense. 
 
 
The abstract is now written in the present tense. 
 
 
MAIN TEXT: 
 
* Please use the present tense when discussing the current work in the Introduction. 
 
 
This has been addressed throughout the introduction.  
 
 
*Please provide the actual cytokine concentrations and the calculated fold change in 
the Source data. 
 
 
These have now been provided in the Source Data. 
 
 
* Please explain in the Methods how the b-coefficient was calculated. 
 
 
This has now been explained in the methods section (lines 710-719). 
 
 
*What does the dotted line represent in the figures? 
 
 
The relevant figures now include a description of the relevance of the dotted 
line: “The models test the hypothesis that the mean cytokine levels in comparator 
groups are equal i.e. b=0. The dotted line at b=0 distinguishes higher (to the right of 
the line) from lower (to the left of the line) mean cytokine differences in the 
respective categories relative to the remained HPV negative group.” 
 
 
LANGUAGE AND STYLE: 
 
* Please ensure that +/- values are defined at the first point of use within the text and 
figure legends and numbers of replicates are given. 
 
 
Line 160: CD4+CCR5+ is explained in the text as: “…the T cells are relevant to 
HIV infection as preferred targets of infection (CD4 T cells expressing the 
CCR5 co-receptor for HIV entry i.e. CD4+CCR5+ T cells) 
Line 180: “HPV DNA was detected in 73.8% (95% CI 70.7 to 76.9%) of 
participants at baseline (HPV+; Table 1).” 



Table 1: In legend: “HPV+: cervicovaginal HPV DNA detected; HPV-: no 
cervicovaginal HPV DNA detected;” 
 
 
* Wherever p-values are stated in the text and figure legends, please also state the 
name of the statistical test. 
 
 
This change has been conducted throughout the manuscript. 
 
 
METHODS AND DATA: 
 
* Please provide the absolute cytokine concentrations as Supplementary Data, and 
describe in the Methods how the values shown in the figures were derived from 
these data. Please state how many times each sample was measured, with how 
many dilutions per sample.  
 
 
The absolute cytokine concentrations and mean differences are now included 
as a Source document as requested in the in-text comment; and the methods 
section includes a description of how the values shown in the figures were 
derived from these data (lines 647-656; 710-719). 
 
To address how many times each sample was measured, and the dilutions per 
sample, the following lines were included:  
Lines 647-656: All specimens were plated undiluted, and all laboratory assays 
were conducted blinded. Duplicates were included within plates to assess 
intra-plate variability (n=20 wells duplicated per plate), and replicates were 
placed across separate plates to assess inter-plate variability (n=32 wells 
replicated across plates). Cytokine assessments were repeated if correlation 
coefficients of associations between replicates were below Spearman rho = 0.8, 
and if significant differences in magnitudes among replicates were observed. 
Individual cytokines undetectable in >40% of specimens were assessed as 
categorical values. 
Line 623: “The concentrations of cytokines were previously measured in 
undiluted CVL fluid of CAPRISA 004 participants using Luminex multiplex 
assays24.” 
 
 
* In the Methods section, please provide sufficient information such that the 
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