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Abstract 33 

BACKGROUND. Varicella-zoster virus (VZV) is under consideration as a promising 34 

recombinant viral vector to deliver foreign antigens including HIV. However, new vectors 35 

have come under increased scrutiny since vaccination with Ad5-vectored HIV vaccine 36 

trials demonstrated increased HIV risk in individuals with pre-immunity to the vector 37 

which was thought to be associated with mucosal immune activation (IA). Therefore, 38 

defining the impact of VZV vaccination on IA is particularly important with the prospect 39 

of developing an HIV/VZV chimeric vaccine. METHODS. VZV-seropositive healthy 40 

Kenyan women (n=44) were immunized with high dose live-attenuated VZV vaccine, 41 

and the expression of IA markers including CD38 and HLA-DR on CD4 T cells isolated 42 

from blood, cervix and rectum, markers of cell migration and tissue retention and the 43 

concentration of genital and intestinal cytokines were assessed. A delayed group (n=22) 44 

was used to control for natural variations in these parameters. RESULTS. Although 45 

immunogenic, VZV vaccination did not result in significant difference in the frequency of 46 

cervical activated (HLA-DR+CD38+) CD4 T cells (median 1.61%, IQR 0.93%-2.76%) at 47 

12 weeks post-vaccination when compared to baseline (median 1.58%, IQR 0.75%-48 

3.04%), the primary outcome for this study. VZV vaccination also had no measurable 49 

effect on any of the IA parameters at 4, 8 and 12 weeks post-vaccination.  50 

CONCLUSION. This study provides the first-ever evidence about the effects of VZV-51 

vaccination on human mucosal IA status and supports further evaluation of VZV as a 52 

potential vector in an HIV vaccine. TRIAL REGISTRATION. ClinicalTrials.gov 53 

NCT02514018. FUNDING. Primary support from CIHR. For others see below. 54 
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Introduction 63 

Previous phase IIb/III HIV vaccine trials attest to the challenges faced in human 64 

immunodeficiency virus (HIV) vaccine development. The use of adenovirus serotype 5 65 

(Ad5) as a recombinant viral vector to deliver HIV genes, not only failed to prevent HIV 66 

infection and to reduce viral load following infection in vaccinated individuals (1-3), but 67 

also showed a trend towards increased rates of HIV infection in the vaccine arm 68 

compared to placebo (1, 2). Post-hoc analysis showed that the Ad5-based HIV vaccine 69 

increased susceptibility to HIV infection, especially among those individuals with pre-70 

existing antibody immunity to the Ad5 vector (4, 5). Although risk of HIV infection per se 71 

has not been completely elucidated, it is known that CD4 T cell activation and 72 

phenotypes contribute to the ability to support productive infection. Studies in rhesus 73 

macaques showed that the frequency of activated CCR5+ CD4 T cells in the rectal 74 

mucosa prior to challenge with simian immunodeficiency virus (SIV) positively correlated 75 

with increased risk to infection and SIV peak viremia in the animals (6). Activated CD4 T 76 

cells, expressing CD38 and HLA-DR, were shown to be more susceptible to infection 77 

and to favor viral replication when compared to resting CD4 T cells (7-9). Additionally, 78 

genital inflammation measured by an increased level of pro-inflammatory cytokines was 79 

associated with elevated risk to HIV infection (10, 11) and a quiescent state of immune 80 

activation (IA) linked to resistance to HIV acquisition in highly exposed HIV-1 81 

seronegative (HESN) individuals (9, 12, 13). Genital inflammation subverted the 82 

protection conferred by the use of 1% tenofovir gel in the CAPRISA 004 trial (14) and 83 

blocking the ability of leukocytes to respond to chemoattractants in the female genital 84 
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tract (FGT) of humanized mice was shown to prevent HIV systemic dissemination (15). 85 

The confirmation that the increased rate of HIV acquisition observed in in the Ad5-based 86 

HIV vaccine trials was associated with increased mucosal IA could not be confirmed 87 

since mucosal specimens were not collected in those studies. Expanded Ad5-specific 88 

CD4 T cells from blood expressed increased levels of CCR5 and the mucosa homing-89 

marker α4β7 (16, 17), suggesting that Ad5-vector may promote migration of HIV target 90 

cells to the mucosa. A follow-up study in rhesus macaques showed that vaccination with 91 

adenovirus vector induced a significant increase in the frequency of activated memory 92 

CD4 T cells in rectal mucosa but not in blood (18). Together, there was a reappraisal of 93 

the initial Ad5 vaccine rhesus macaque studies (19, 20), with a more critical eye. 94 

Subsequent non-human primate (NHP) studies done with Ad5 demonstrated modest 95 

control of viral load (approximately 2 log reduction), with subsequent escape 96 

unaccounted for by loss of cytotoxic T lymphocyte control (21, 22). Therefore the 97 

limitations of the NHP model and the recognition of the key role mucosal host immune 98 

responses against the viral vectors has pushed subsequent vaccines toward much 99 

more extensive testing of vectors and of mucosal immunity in humans and macaques.  100 

The use of persistent-replicating viral vectors could be instrumental in safely mimicking 101 

attenuated HIV antigenic presentation and helping maturing and maintaining a 102 

protective response via vaccine, as suggested by studies in NHP models using 103 

cytomegalovirus (CMV) as a vector for SIV genes (23-25). However, a detailed 104 

assessment of the mucosal immune responses induced by these viral vectors, including 105 

IA, is warranted if they are to be used as a chimeric vector bearing HIV antigens (26, 106 
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27). Additionally, it has been shown that an activated immune microenvironment prior to 107 

vaccination can interfere with the efficacy of vaccines (28) and that vaccination may 108 

induce sustained CD4 T cell activation potentially increasing HIV susceptibility in certain 109 

populations (29), thus supporting the examination of the IA status in vaccinology. 110 

The long-lived humoral and cellular immunity induced by varicella-zoster virus (VZV) 111 

(30, 31), its efficacy and safety record as a live-attenuated vaccine (31-34), where 112 

vaccination causes viremia in both seronegative and seropositive individuals (35) 113 

combined with its amenability to function as a viral vector expressing foreign antigens 114 

(36, 37) make VZV a prime candidate to serve as a persistent-replicating vector in an 115 

HIV vaccine (38). VZV-recombinant vaccine constructs encoding HIV and SIV Env have 116 

been previously tested (39, 40). Although administration of the VZV-vectored SIV Env 117 

vaccine has been linked to accelerated disease progression in rhesus macaques 118 

intravenously challenged with SIVsmE660 (40), this result should not be read as a 119 

reason to cease the investigation of VZV as a vector in an HIV vaccine. The outcome 120 

observed by Staprans et al (2004) is unlikely to be due to VZV intrinsic features but 121 

rather to the study design which included: 1) the use of the highly passaged attenuated 122 

human live-attenuated VZVOka23 vaccine strain in monkeys that was shown not to cross 123 

the species-barrier as evidenced by its failure to either induce vaccine-specific CD8 T 124 

cell responses or establish latency (so that VZVOka23 vaccine acted as a non-replication 125 

competent vaccine); 2) the inclusion of a single gene product Env in the vaccine which 126 

was heterologous to the challenge virus did not induce neutralizing antibodies and CD4 127 

proliferative responses were the sole anti-SIV T cell response induced by the vaccine; 128 
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3) the use of cell-associated instead of cell-free viral vaccine preparation which may 129 

also have increased IA and the availability of activated CD4 T cells at the time of 130 

challenge. Our group has observed that cynomolgus macaques (CyM) vaccinated with 131 

the VZV-SIV constructs expressing SIV Gag, Pol and Env and a hybrid of SIV Nef, Tat 132 

and Rev did not exhibit a worse outcome than controls, on the contrary, three out of the 133 

eight vaccine recipients demonstrated complete and sustained SIV viral clearance 134 

(undetectable viral load defined as a viral load less than 50 copies in plasma by real-135 

time PCR) post-challenge (41). Importantly, VZV-SIV vaccine also did not increase 136 

susceptibility to SIV infection in this model. The VZV-vectored constructs tested in the 137 

SIV macaque model used the less attenuated parental human strain of VZVOka (Oka-P) 138 

as a carrier, which previously was shown able to be able to cross the species-barrier 139 

and effectively infect CyM (42). 140 

VZV exposure and subclinical viremia are associated with maintenance of specific cell-141 

mediated immunity able to limit replication of reactivated VZV (43-45) and increased 142 

Th1 memory responses induced by VZV vaccination is associated with protection from 143 

herpes zoster (46). However, the impact of VZV vaccination with regard to genital and 144 

rectal mucosal immunity remains to be defined. We recently showed that VZV-145 

seropositive individuals sustained anti-VZV antibody responses at the genital, oral and 146 

rectal mucosa and also demonstrated that VZV vaccination boosted anti-VZV IgG and 147 

IgA at the FGT (47). Here, we examined the impact of immunization with the live-148 

attenuated zoster vaccine (VZVOka, Zostavax®) on several aspects of IA associated with 149 

increased susceptibility to HIV infection longitudinally over a period of 12 weeks 150 
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systemically and at both the genital and rectal mucosa, two major sites for HIV entry. 151 

The primary outcome of the present study was to determine whether 12 weeks post-152 

vaccination, the frequency of CD4 T cells isolated from cervical tissue co-expressing the 153 

IA markers CD38 and HLA-DR were significantly changed by vaccination. CD38+HLA-154 

DR+ CD4 T cells were previously shown to express high levels of CCR5 and to be highly 155 

susceptible to HIV infection (7). Besides, T cells co-expressing these two markers were 156 

shown to exhibit high levels of several other markers of IA and lower cytotoxicity (48). 157 

Secondary outcomes were to determine changes in a combination of 14 cytokines 158 

(including pro-inflammatory cytokines such as IL-1α, IL-1β, TNF, chemokines IL-8, IP-159 

10, MIP-1α and MIP-1β, the differentiation markers IL-4) measured longitudinally in 160 

cervico-vaginal secretion (CVS) and rectal secretion (RS). Tertiary outcomes included: 161 

the frequency of CD4 T cells expressing the HIV co-receptor CCR5, the activation 162 

markers CD69 and Ki67, and markers of cell migration and retention (α4β7, α4β1, 163 

αEβ7) in blood, cervix and rectum. This investigation was conducted in a cohort of 164 

healthy Kenyan women at low-risk to HIV acquisition and with pre-existing immunity to 165 

VZV who showed anamnestic VZV-specific humoral responses upon administration of a 166 

single dose of VZVOka vaccine (47).   167 



 

 10 

Results  168 

Participant demographics 169 

Forty-five (45) participants (Figure 1 and Table 1) were randomized into the immediate 170 

(n=23) or delayed (n=22) vaccination groups, as described in methods and in the 171 

published protocol (38) (Figure 2). The inclusion of a delayed group allowed for the 172 

adjustment of natural variations in IA parameters independently of vaccination, serving 173 

as an internal control group. Blood, cervico-vaginal and rectal specimens were collected 174 

longitudinally for the comprehensive examination of several markers of IA pre- and post-175 

vaccination with VZVOka (Figure 2). Vaccine was administered to 44/45 (98%) 176 

participants, and 41/44 immunized women (93%) completed the visits required for 177 

assessment of the primary study outcome. There were no differences in age, marital 178 

status, education level, contraceptive use or sexual behavior between the two groups 179 

(Table 1). While the rate of HSV-2 seropositivity was higher in the delayed than in the 180 

immediate group (p=0.008), subsequent adjustment for HSV-2 status did not alter our 181 

findings. The median participant age was 26 years old (IQR: 21-30). The majority of the 182 

participants were married (73%), and 58% used the progesterone-based injectable 183 

hormonal contraceptive (HC), depot medroxyprogesterone acetate (DMPA).  184 

 185 

No impact of live-attenuated VZVOka on genital IA 186 

The frequency of CD4 T cells expressing the IA markers HLA-DR, CD38, CD69, and 187 

Ki67, as well as the HIV co-receptor CCR5 was measured using flow cytometry (Figure 188 

3A). At 12 weeks post-vaccination, there was no significant difference in the frequency 189 
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of cervical activated (HLA-DR+CD38+) CD4 T cells (median 1.61%, IQR 0.93%-2.76%) 190 

when compared to week 0 (just prior to vaccination) (median 1.58%, IQR 0.75%-191 

3.04%): the primary endpoint for this study (Figure 3B). Based on the standard deviation 192 

(SD) of the differences in frequency of HLA-DR+CD38+ CD4 T cells in the same 193 

individual between weeks prior to vaccination (delayed group) (SD=3.0%, n=59) and 194 

using a significant level (alpha) of 0.05, we had 80% power to detect a true difference of 195 

at least 1.35 units [frequency (%) of HLA-DR+CD38+ CD4 T cells] between these weeks. 196 

VZVOka vaccination also did not lead to changes in the frequency of HLA-DR+CD38+ 197 

CD4 T cells at any of our time-points even prior to adjustment for multiple-comparisons 198 

(Figure 3B).  In addition, no change was seen in the expression of the markers HLA-DR, 199 

CD69 and Ki67, of the HIV co-receptor CCR5 (Figure 3C-F), or of integrins α4β7, α4β1 200 

and αEβ7 as a result of vaccination (Figure S1). The power to detect true changes in 201 

the cellular markers assessed in this study has been summarized in Table 1S. 202 

Considering the SD of the differences in the frequencies of expression between weeks 203 

prior to vaccination (delayed group) in the same individual for each of the markers, the 204 

sample size, a significance level (α) of 0.05 and power (β) of 80%, we had the ability to 205 

detect less than 1-fold change (i.e. less than 2 times the baseline value) for all the 206 

cellular IA markers expressed on cervical CD4 T cells (Table 1S). Therefore we 207 

concluded that VZV vaccination did not cause cervical CD4 T cell IA.  208 

Next the concentration of 14 cytokines in the CVS was assayed. First the correlation 209 

between the normalized concentration of these 14 cytokines was assessed and strong 210 

positive correlations (Spearman’s correlation > 0.4) between 71% of the cytokine pairs 211 
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were identified (Figure 4A). To avoid redundancy and to limit our analysis to a smaller 212 

number of covarying components, principal component analysis (PCA) was performed 213 

on all cytokines except MIP-1β, which was analyzed separately since it did not correlate 214 

with the other cytokines measured in CVS cytokines. The first principal component 215 

(PC1) explained 63% of the variability in our dataset (Figure 4B). PC2 and PC3 216 

explained 11% and 8% of the variability, respectively (Figure 4B). VZVOka vaccination 217 

did not change genital PC1, PC2 or PC3 factor scores (Figure 4C-E), or the 218 

concentration of the chemokine MIP-1β. Considering the SD of the differences in the PC 219 

factor scores between weeks prior to vaccination (delayed group) in the same individual, 220 

the sample size, and α=0.05 we were powered to detect fold changes (from week 0) 221 

higher than 2.1-, 2.4- and 1.9-fold for PC1, PC2 and PC3 scores, respectively (β=80%) 222 

(Table 2S). The longitudinal assessment of each FGT cytokine concentration 223 

comprising the PCA also showed no change post-vaccination (Figure S2). Overall, 224 

although VZV vaccination significantly increased the concentration of VZV-specific IgG 225 

(mIU/mL) measured in plasma and in CVS (47), neither T cell flow cytometry data nor 226 

FGT cytokine concentrations demonstrated any impact of VZV vaccination on genital IA 227 

parameters in healthy VZV-seropositive Kenyan women (Figure S3). 228 

 229 

Genital IA associated with DMPA use and bacterial vaginosis (BV) 230 

Levels of IA prior to vaccination (ie: in the delayed group) fluctuated over time in some 231 

individuals (Figures 3 and 4). The association of these genital IA fluctuations with STIs, 232 

the use DMPA and BV was assessed (Table 2 and Figure 5). Of interest, the use of 233 
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DMPA as a contraceptive was associated with a reduced level of PC1 score (TNFα, IL-234 

10, IL-4, IL-1, IL-8, IFNγ, IL-6, IL-17A) in the FGT (Figure 5A). Due to the low incidence 235 

of BV and vulvovaginal candidiasis (VVC) (Table 2), for each participant we grouped all 236 

the records during the 12 weeks prior to and post-vaccination and examined 237 

associations with variability in cytokine and chemokine levels. As shown in Figure 5B, a 238 

BV positive test was associated with a significantly elevated PC1 (TNFα, IL-10, IL-4, IL-239 

1, IL-8, IFNγ, IL-6, IL-17A) and PC3 (IL-1α, GM-CSF) scores and reduced PC2 (IP-10, 240 

MIP-3α, MIP-1α) score. A paired analysis using the median PC scores for the BV 241 

negative visits, showed similar results, with BV onset associated with significantly lower 242 

PC2 score and elevated PC3 (p<0.001, after adjusting for multiple comparisons) (Figure 243 

5C). Women using DMPA as a contraceptive method were 7.7 times less likely to test 244 

positive for BV than women using other types of contraceptives (p=0.019). HSV-2 245 

seropositivity was not associated with significant difference for PC1 and PC2 scores, but 246 

a significantly elevated median PC3 score comprising IL-1α and GM-CSF (p=0.027, 247 

after adjusting for multiple comparisons) (Figure S4A). VVC was not associated with 248 

differences in PC scores (Figure S4B).  249 

 250 

Live-attenuated VZVOka did not alter rectal or blood IA status 251 

Given the lack of information regarding the effects of VZVOka vaccination on enteric IA 252 

and the importance of the rectal mucosa in HIV transmission, we also examined the 253 

impact of VZVOka immunization on markers of IA and on CCR5, α4β7, α4β1 and αEβ7-254 

expression by rectal CD4 T cells. Rectal biopsies were collected at three time points in 255 
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the study: 12 weeks prior to vaccination, on the day of vaccination and 12 weeks post-256 

vaccination. Freshly isolated cells were analyzed by flow cytometry (Figure 6A). As with 257 

cervical CD4 T cells, there was no significant elevation of IA in rectal CD4 T cells due to 258 

VZVOka immunization at week 12 post-vaccination when compared to the day of 259 

vaccination (baseline) (Figure 6B-E); the frequency of CCR5+ CD4 T cells (Figure 6F), 260 

and CD4 T cells expressing α4+β7hi, α4+β1+, and αE+β7hi integrins was also unaltered 261 

(Figure S5). In the delayed group, a slight decrease in the median frequency of HLA-262 

DR, α4β7 and CD38 and HLA-DR co-expressing CD4 T cells was observed over the 12 263 

weeks of pre-vaccination follow up (p=0.04; Fig 6), suggesting that enrollment in the 264 

study may potentially be associated with lowering of rectal IA. However, none of these 265 

changes remained significant after adjusting for multiple comparisons.  266 

We next characterized any changes in the same 14 cytokines in rectal secretions, using 267 

a similar approach as in the FGT (above). We first assessed the correlations between 268 

the normalized concentration of these 14 cytokines measured in RS, and found strong 269 

positive correlations (Spearman’s correlation > 0.4) between 86% of the cytokine pairs 270 

(Figure 7A). We next performed principal component analysis (PCA) on the panel of 14 271 

cytokines. The first principal component (PC1) explained 58% of the variability in our 272 

dataset, whereas PC2 and PC3 explained 14% and 7% of the variability, respectively 273 

(Figure 7B). The pattern matrices for the PCA in CVS and in RS were similar. The 274 

variables encompassing rectal PC1 and PC3 coincided with components of cervico-275 

vaginal PC1 and PC3. However, MIP-1β, which was not included in cervico-vaginal 276 

PCA, and IL-17A, which was part of cervico-vaginal PC1 were integrated into rectal PC2 277 
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(Figure 7B). Similar to the FGT, VZVOka vaccination did not result in any significant 278 

change in the PC1, PC2 or PC3 factor scores at the rectal mucosa (Figure 7C-E). The 279 

study power to detect a true difference in the expression of the cellular markers and in 280 

the PC factor scores for the rectal site is shown in Tables 1S and 2S, respectively. The 281 

longitudinal assessment of each cytokine concentration composing the PCA in the rectal 282 

secretions agreed with these findings by showing no significant change post-vaccination 283 

(Figure S5). At an individual cytokine level, the median rectal concentration of MIP-1α 284 

and MIP-3α fell 12 weeks after enrollment into the study (p=0.044 and p=0.005, 285 

respectively) and the median concentration of IL-4 slightly increased (p=0.015) (Figure 286 

S6), but these differences were not significant after adjusting for multiple comparisons. 287 

Contrary to the observed for the FGT, the rectal PC scores were independent of DMPA 288 

use as a contraceptive (Figure S7). Overall, we conclude that VZV vaccination did not 289 

increase rectal IA.  290 

A comprehensive assessment of activation and expression of CCR5 and integrins in 291 

CD4 T cells isolated from blood also confirmed the absence of deleterious effects 292 

related to VZVOka vaccination (Figure S8).  293 
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Discussion  294 

Worldwide, HIV transmission predominantly occurs at the mucosal interface and mainly 295 

through heterosexual transmission. Mucosal activated CD4 T cells are pivotal to the 296 

establishment and dissemination of HIV infection (7, 15, 49-53). Enhanced mucosal IA 297 

upon vaccination with Ad5 vector remains the main explanation for the increased rate of 298 

HIV infection among vaccine recipients who showed pre-immunity to the vector in the 299 

Ad5-vectored HIV vaccine clinical trials, highlighting the importance of examining tissue-300 

specific effects induced by viral vectors (6, 16-18). In this light, we comprehensively 301 

assessed the impact of VZVOka vaccination on the IA status of both cervico-vaginal and 302 

rectal mucosa of Kenyan women with pre-immunity to VZV in preparation for its further 303 

investigation as a vector in an HIV vaccine. As shown here, we did not observe any 304 

significant change in the frequency of activated CD4 T cells or in CCR5+ CD4 T cells at 305 

12 weeks post-vaccination at any of the sites. Analysis performed in both circulating and 306 

cervical CD4 T cells as early as 4 weeks post-vaccination also did not show significant 307 

changes in IA when compared to matched baseline samples collected immediately prior 308 

to vaccination (week 0). It is important to highlight that we were not powered to detect 309 

changes lower than the ones stated in Table 1S, and it is possible that by using a larger 310 

sample size one may detect changes that were imperceptible here.  311 

Enhanced expression of α4β7 integrin, a mucosal homing marker, has also shown to 312 

contribute to susceptibility to HIV infection and to worsen HIV clinical prognosis (54). 313 

Further supporting a role for the integrin, α4β7 blockade with a monoclonal antibody 314 

was recently shown to reduce HIV susceptibility and suppress viral load in NHPs (55, 315 
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56). Anti-α4β7 monoclonal antibody therapy however, was unable to prevent gut CD4 T 316 

cells depletion during acute SIV infection in NHPs, with benefits to CD4 T cell 317 

reconstitution in gut tissues demonstrated only at later stages of infection (57). Ad5-318 

specific blood CD4 T cells exhibit high expression of α4β7, suggesting that Ad5-vector 319 

may promote migration of HIV target cells to the mucosa, increasing their availability at 320 

the site of HIV infection. Our results revealed that VZVOka vaccination did not result in an 321 

elevated frequency of CD4 T cells expressing α4β7 either in blood, cervical or rectal 322 

mucosa at any time-points post-vaccination. We have previously shown in this cohort 323 

that expression of αEβ7 may be especially important for T cell distribution in the rectal 324 

mucosa and that αE+β7hiCD4 T cells express high levels of CCR5 and CD69 expression 325 

(58). Analysis of the frequency of αE+β7hiCD4 T cells prior to and post-vaccination 326 

showed that VZVOka vaccination was not associated with any significant change in this 327 

cell population in any of the tissues studied here. Additionally, cervical CD4 T cells 328 

expressing the integrin α4β1, previously shown to be readily infected by HIV-R5-329 

pseudovirus in an in vitro assay (59), also were not altered by VZVOka vaccination. 330 

Besides cellular markers of IA, genital inflammation measured by an increased level of 331 

pro-inflammatory cytokines is associated with elevated risk to HIV infection (10, 11). 332 

Examination of a panel of cytokines, including TNF, IL-1α, IL-1β, IL-6, IL-8, IP-10 and 333 

MIP-1α, concurred with our cellular results by showing no significant change in the 334 

concentration of cytokines in both CVS or RS associated with VZVOka vaccination. 335 

Importantly, all participants remained HIV-1 and HIV-2 negative at the end of our study. 336 
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This study also demonstrates that mucosal IA status is highly dynamic and undergoes 337 

regular fluctuations as was evidenced in the 12 week run-in period prior to the 338 

administration of the VZVOka  vaccine in the delayed group, reflecting the importance of 339 

conducting longitudinal studies in relevant human populations with appropriate controls 340 

such as a delayed arm. This variability between individuals and even within visits in the 341 

same individual is currently being further analyzed. Characterization of changes to the 342 

female genital microbiome over an extended period of 48 weeks will be correlated with 343 

host changes in mucosal cellular and soluble IA parameters as well as demographic, 344 

contraception, and behavioral factors. Previous studies have shown that the cervico-345 

vaginal microbiota can impact genital inflammation and can increase HIV risk by 346 

recruiting HIV target cells to the mucosa (60, 61). BV and STIs, such as HSV-2 and 347 

chlamydia, are associated with elevated genital inflammation and increased risk to HIV 348 

infection (62-64). Recent findings by McKinnon et al. demonstrated that genital 349 

inflammation can attenuate the protection conferred by 1% tenofovir gel (14) making the 350 

consideration of genital inflammation also of primordial importance when evaluating HIV 351 

vaccines.  352 

This study was drawn from an HIV-uninfected African population with lower rates of 353 

partner change, no known commercial sex work, and low rates of STI and may well 354 

assist in deciphering the interaction of factors such as DMPA, BV and HSV-2, as most if 355 

not all previous studies have been done in cohorts drawn predominantly from women 356 

with complex risk behaviors and higher rates of and both viral and bacterial genital 357 

infections which persist and reactivate confounding the analysis of IA. 358 
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Of interest, the cumulative analysis of PC scores for all BV cases in the study compared 359 

to all BV negative records (unpaired analysis) as well as the comparison between the 360 

median PC scores for BV negative and BV positive scores in a paired way showed a 361 

significant reduction in the PC2 score (comprising IP-10, MIP-3α and MIP-1α) and an 362 

increase in PC3 score (including IL-1α and GM-CSF) for BV positive compared to BV 363 

negative. These results are in agreement with previous findings showing that 364 

concomitantly increased IL-1α and decreased IP-10 concentrations in the FGT 365 

predicted the presence of an STI or BV with a quite good predictive value (sensitivity 366 

71%, specificity 74%) (65). DMPA use was inversely associated with BV incidence in 367 

our cohort, with DMPA users at 7.7 times lower risk to be tested positive for BV than 368 

women using other contraceptives during the study period. Additionally, we observed a 369 

less pro-inflammatory profile, as evidenced by a lower PC1 score in DMPA user’s CVS 370 

than in CVS from women using implant or IUDs as contraceptives, agreeing with 371 

previous observations showing that injectable hormonal contraceptives were broadly 372 

associated with an immunosuppressive FGT innate immune profile (66). With respect to 373 

HSV-2 infection, during the study period we did not observe any clinical indication (such 374 

as genital ulcers) of new HSV-2 infections or symptomatic HSV-2 reactivation.  375 

Invasiveness and lack of acceptability precluded more frequent rectal mucosal 376 

sampling, which would have added to the ability to compare the cervical IA parameters 377 

at multiple time points. A VZV-non-immune arm would have been a useful comparator 378 

for the study also and was contemplated initially however screening revealed a very 379 

high rate of VZV immunity in this urban population (47) despite the customary belief that 380 
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VZV seropositivity is lower in adults in the tropics so recruitment of an adequate sample 381 

size of that arm was deemed to be futile. Additionally, since menstrual cycle, hormonal 382 

contraceptives and BV can modulate genital inflammation and HIV susceptibility, future 383 

HIV prevention trials should plan to further evaluate the impact of these factors on the 384 

protection/risk conferred by the intervention in testing. As administration of live-385 

attenuated VZV vaccine is contra-indicated to pregnant women and it is recommended 386 

that pregnancy be avoided for three months following vaccinations, all of our 387 

participants were required to use an effective contraceptive method during the duration 388 

of the study. The inclusion of a cohort of women not using hormonal contraceptives and 389 

consistently using condoms or abstaining sex would have also added to the study by 390 

showing whether contraceptives can help reducing/controlling immune activation. 391 

However, since it would also imply increasing our sample size, and hindering our 392 

screening it could not be implemented in the present trial. 393 

In the race for developing an HIV vaccine, the incorporation of a recombinant 394 

reactivating viral vector is advantageous compared to other vaccine strategies by 395 

attaining a more long-lasting multifaceted immune response. A pragmatic approach 396 

combining modalities and limiting IA is our best shot in succeeding on this challenging 397 

endeavor. VZV is a persistent-replicating vector that similar to HIV, is able to establish 398 

viral latency in the body, and holds several advantageous features for the expression of 399 

foreign antigens. Here we provided the first ever in depth analysis of mucosal IA prior to 400 

and following VZV vaccination in a healthy human population. We expanded our 401 

findings to the cellular and secretory compartments providing a detailed assessment of 402 
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mucosal immunity at the FGT and rectal mucosa. We conclude that VZV vaccination 403 

was safe and did not increase risk of HIV acquisition, as it did not induce IA either 404 

systemically or at the primary portals of entry for HIV. Our findings pave the way forward 405 

for the use of VZV as a novel vector for future HIV vaccine development initiatives.    406 
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Methods 407 

Study cohort  408 

Participants consisted of healthy, VZV-seropositive, adult Kenyan women, not pregnant 409 

or breast-feeding, deemed to be at a low-risk to HIV infection, who were willing to use 410 

an effective contraceptive method during the duration of the study and met other 411 

eligibility criteria (n=45); the full study protocol is described elsewhere (38).  412 

 413 

Study Design 414 

Participants were randomly assigned to either (1) receive the commercially available 415 

zoster vaccine (Zostavax®, MSD, Merck & Co) immediately after baseline sample 416 

collections (immediate group), or (2) to be followed for 12 weeks prior to vaccine 417 

administration (delayed group) (1:1). The randomization was performed sequentially 418 

following a statistician-generated randomization list stored locked by the clinic manager 419 

for the study. After randomization, neither clinic staff nor participants were blinded. 420 

Study samples and data were not identified with the randomization status with the 421 

purpose to keep the laboratory personnel and data analysts blinded to the participants’ 422 

allocation.  The zoster vaccine, containing live-attenuated VZVOka (≥19,400 plaque-423 

forming units - PFU), was refrigerated and diluted within 30 minutes of subcutaneous 424 

administration as per manufacturer’s directions.  Study participants were confirmed non-425 

pregnant using the hCG-combo test prior to receiving the vaccine and agreed to use an 426 

effective contraceptive method during the study period. 427 

 428 
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Study outcomes 429 

The primary outcome of KAVI-VZV 001 trial was cervical mucosal CD4 T cell IA after 430 

VZVOka vaccination, defined as the change in frequency of cervical CD4 T cells co-431 

expressing CD38 and HLA-DR between weeks 0 and 12 post-vaccination compared with 432 

the changes observed in the 12 week-period that preceded vaccination in the delayed 433 

group. Secondary and tertiary outcomes included cytokine levels in cervico-vaginal and 434 

rectal secretions, and other markers of cellular IA (expression of HLA-DR, CD69, Ki67) 435 

in blood, cervical and rectal CD4 T cells pre- and post-vaccination with VZVOka (38).  436 

 437 

Sample collection 438 

Sample collection and processing are described in details in full elsewhere (38). Briefly, 439 

blood was collected using BD Vacutainer® heparin tubes for the isolation of peripheral 440 

blood mononuclear cells (PBMCs) using a standard Ficoll gradient (Histopaque®-1077 441 

Hybri-Max™, Sigma-Aldrich). The collection of cervico-vaginal secretion (CVS) was 442 

performed using a flexible plastic cup (SoftcupTM, Instead) inserted into the vagina for 20 443 

minutes. Cervical cells were collected using 2 cytobrushes (Digene®, Qiagen), each 444 

inserted into the cervical canal and turned 360º once. Rectal secretions and rectal 445 

biopsies were collected using a proctoscope. Rectal secretions (RS) were collected 446 

using two sponges (Merocel®, Medtronic) and rectal biopsies (10 punches) were 447 

collected using a Sarrat disposable forceps (STE1500, Stericom). 448 

 449 

Immunophenotyping of cells 450 
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PBMCs, cervical and rectal cells were stained immediately with the LIVE/DEAD Far Red 451 

Cell Stain Kit (Invitrogen), and viable cells labeled with the following monoclonal 452 

antibodies: CD3 APCeFluor780 (SK7), HLA-DR FITC (L243), CD49d PE (9F10), Ki67 453 

PECy7 (20Raj1) from eBioscience; CD4 BV510 (SK3), CD38 PE-CF594 (HIT2), CCR5 454 

BV421 (2D7) from BD Horizon; and CD69 (FN50), and β7 PECy5 (FIB504) from BD 455 

Pharmingen. All antibodies were titrated before use. Rainbow beads (Spherotech) were 456 

used to ensure that the data collection remained consistent throughout the study. 457 

Samples were acquired on an LSRII flow cytometer using the DiVa software package 458 

(BD Biosciences). Analysis of the acquired data was performed using FlowJo software 459 

(Tree Star, Inc.).  460 

 461 

Measurement of Cytokines and Chemokines Concentrations 462 

Fourteen cytokines and chemokines (IL-1α, IL-1β, IL-6, IL-8, IL-10, IL-17A, IFNγ, GM-463 

CSF, IP-10, MIP-1α, MIP-1β, MIP-3α, TNF-α and IL-4) were measured in all CVS and 464 

RS samples using the electro-chemiluminescence U-Plex system (Meso Scale 465 

Discovery). All samples underwent a single freeze-thaw cycle and were run in duplicate 466 

according to manufacturer’s instructions. A quality control was included with every plate 467 

to ensure reproducibility. Cytokine measurements below or over the limit of detection for 468 

the method were included in the analysis if they were in the fit curve range and the R-469 

squared for the curve was > 0.999.  470 

 471 

Genital infection diagnosis 472 
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Bacterial vaginosis (BV) and vulvovaginal candidiasis (VVC) were screened at every 473 

visit, using a Gram stained vaginal smear; BV was diagnosed using Nugent’s criteria 474 

(67), and VVC as the presence of yeast forms with a vaginal pH<4 (68). Participants 475 

were tested for sexually transmitted infections (STI) at screening. Neisseria 476 

gonorrhoeae and Chlamydia trachomatis were tested using the GeneXpert® CT/NG test 477 

(Cepheid), Trichomonas vaginalis was diagnosed using wet prep pH>4 and InPouchTM 478 

TV (Biomed) bioculture system. Syphilis was tested using the rapid plasma reagin 479 

(RPR) test and confirmed by Treponema pallidum particle agglutination assay (TPHA) 480 

Thermo-Scientific). HIV-1 and HIV-2 test was performed 3 times during the study using 481 

HIV RAPIDS (DetermineTM HIV 1/2 and UniGoldTM) and BIOELISA HIV-1+2 Ag/Ab. 482 

HSV-2 serostatus was determined in plasma samples collected at enrollment using a 483 

clinically-validated Western blot performed at the National Microbiology Laboratory at 484 

the Public Health Agency of Canada.  485 

 486 

Statistics 487 

Fisher’s exact test was used to compare categorical data among groups. Two-tailed 488 

Mann-Whitney test was used to compare independent samples. Wilcoxon Signed Rank 489 

test was used to compare responses between two time-points. The sample size was 490 

calculated based on the SD of frequencies of cervical CD38+HLA-DR+ CD4 T cells 491 

measured between subsequent visits from a previous cohort, and aiming to achieve 492 

80% power to detect changes of 1SD in frequency, using two-tailed test with a 493 

significance level (alpha) of 0.05 and assuming 10% drop out rate (38). The numeric-494 
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fold change was calculated as the ratio of the true mean difference able to be detected 495 

between week 12 and week 0 over the initial value (week 0). For example, an initial 496 

value of 2 and a value of 4 at week 12 corresponded to 1-fold change (or equivalently, a 497 

change to 2 times). Spearman correlation (rs) was used to determine the association 498 

between variables. Logistic regression was used to estimate the effect of depot 499 

medroxyprogesterone acetate (DMPA) use on BV incidence. Cytokine expression was 500 

evaluated using principal component analysis (PCA) on the normalized (log10) cytokine 501 

concentrations aiming to identify the main components that could explain the data 502 

variability while reducing the dimensionality of the cytokine dataset. Sampling adequacy 503 

for PCA was tested using a correlation matrix for 14 cytokines, Kaiser-Meyer-Olkin 504 

measure and by Bartletts’s test of sphericity. Extraction was performed based on 505 

Eigenvalue > 1.0 ensuring that those did not exceed the Eigenvalues generated by our 506 

parallel analysis (Monte Carlo PCA) and using oblimin with Kaiser normalization as a 507 

rotation method. Factor scores were generated using Bartlett’s approach. P-value of 508 

<0.05 was considered to be statistically significant, with * p < 0.05  ** p < 0.01 *** p < 509 

0.001 **** p < 0.0001. Unadjusted and adjusted p values are specified in the graphs. 510 

Results were adjusted for multiple comparisons using the Holm step-down procedure. 511 

Statistical analyses were performed using IBM®SPSS®Statistics (v.23). Graphs were 512 

generated using Prism 6 (GraphPad, USA) software.  513 

 514 

Study approvals 515 
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This study was reviewed and approved by KNH/UON ERC, the University of Toronto 516 

REB and by the Kenyan Pharmacy and Poisons Board. KAVI-VZV-001 is registered 517 

with ClinicalTrials.gov (NCT02514018). All participants included in this study provided 518 

written informed consent. 519 
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Figures. 799 

 800 

Figure 1. KAVI-VZV 001 enrollment and follow-up diagram.   801 
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 802 

 803 

Figure 2. Immunization and sample collection schedule. The primary endpoint was 804 
determined between weeks 12 post-vaccination and week 0.  805 
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 806 
Figure 3. Cervical cellular IA markers. (A) Representative flow cytometry plots for the 807 
identification of cervical CD4+ T cells, and CCR5+, CD69+, Ki67+, CD38+HLADR+ and 808 
HLADR+ CD4+T cells. Cells were pre-gated on lymphocytes, singlets, viability by 809 
LIVE/DEAD staining and CD3+ cells. Expression of (B) CD38+HLADR+, (C) HLA-DR+, 810 
(D) CD69+, (E) Ki67+, (F) CCR5+ on cervical CD4+ T cells prior to vaccination (weeks -811 
12 to 0) and post-vaccination (weeks +4 to +12). Graphs at the left show median with 812 
interquartile ranges (IQR) and graphs at the right the paired comparison between weeks 813 
-12 and 0 and between weeks 0 and +12 for each of the graphs. Individuals in the 814 
immediate and delayed groups are shown in red and blue, respectively, and were 815 
grouped according to time from vaccination for this analysis. Time points were 816 
compared to week 0 using Wilcoxon signed rank-test. No significant change was 817 
observed between any of the time-points (unadjusted for multiple comparisons). n.s. not 818 
significant. 819 
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 820 
Figure 4. Cervical soluble IA markers. (A) Spearman’s correlation (rs) between 821 
cervico-vaginal cytokines (using log10 normalized concentrations). Only rs with p<0.0005 822 
are shown (n=234). (B) Pattern matrix for the principal component analysis (PCA) 823 
showing loading of each cytokine on the principal components. First principal 824 
component (PC1) explains 63% of variance, and PC2 and PC3 explain 11% and 8% of 825 
variance, respectively. Loads higher than 0.450 are highlighted. (C) PC1 (D) PC2 (E) 826 
PC3 factor scores and (F) MIP-1β prior to vaccination (weeks -12 to 0) and post-827 
vaccination (weeks +4 to +12). Graphs at the left show median with interquartile ranges 828 
(IQR) and graphs at the right the paired comparison between weeks -12 and 0 and 829 
between weeks 0 and +12 for each of the graphs. Individuals in the immediate and 830 
delayed groups are shown in red and blue, respectively, and were grouped according to 831 
time from vaccination for this analysis. Time points were compared to week 0 using 832 
Wilcoxon signed rank-test. No significant change was observed between any of the 833 
time-points (unadjusted for multiple comparisons). n.s. not significant.   834 
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 835 

Figure 5. Impact of DMPA use and BV incidence on genital IA. (A) PC factor scores 836 
comparisons between records for DMPA users (n=135) and for women using other 837 
hormonal contraceptives (n=99). (B) Comparison between PC factor scores for BV+ 838 
records (n=17) and BV- records (n=217). Graphs show median with interquartile ranges 839 
(IQR). **p < 0.01 ***p < 0.001 ****p < 0.0001 as determined by a two-tailed Mann-840 
Whitney test. (C) Paired comparison between PC factors for BV+ visits and the median 841 
for BV- visits for each participant who had BV during this period of the study. ***p < 842 
0.001 calculated by Friedman Test, followed by Wilcoxon signed rank-test, and adjusted 843 
for multiple comparisons using step-down procedure. n.s. not significant.  844 
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 845 
Figure 6. Rectal cellular IA markers. (A) Representative flow cytometry plots for the 846 
identification of rectal CD4+ T cells, and CCR5+, CD69+, Ki67+, CD38+HLADR+, and 847 
HLADR+ CD4+T cells. Cells were pre-gated on lymphocytes, singlets, live and CD3+ 848 
cells. Expression of (B) CD38+HLADR+, (C) HLADR+, (D) CD69+, (E) Ki67+, (F) CCR5+ 849 
on rectal CD4+ T cells prior to vaccination (weeks -12 and 0) and post-vaccination (week 850 
+12). Graphs at the left show median with interquartile ranges (IQR) and graphs at the 851 
right the paired comparison between weeks -12 and 0 and between weeks 0 and +12 852 
for each of the graphs. Individuals in the immediate and delayed groups are shown in 853 
red and blue, respectively, and were grouped according to time from vaccination for this 854 
analysis. Time points were compared to week 0 using Friedman Test, followed by 855 
Wilcoxon signed rank-test. p and p’ show p values unadjusted and adjusted for multiple 856 
comparisons using step-down procedure, respectively. n.s. not significant.  857 
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 858 

Figure 7. Rectal soluble IA markers. (A) Spearman’s correlation (rs) between rectal 859 
cytokines (using log10 normalized concentrations). Only rs with p<0.0005 are shown 860 
(n=107). (B) Pattern matrix for the principal component analysis (PCA) showing loading 861 
of each cytokine on the principal components. First principal component (PC1) explains 862 
58% of variance, and PC2 and PC3 explain 14% and 7% of variance, respectively. 863 
Loads higher than 0.450 are highlighted. (C) PC1 (D) PC2 (E) PC3 factor scores prior to 864 
vaccination (weeks -12 and 0) and post-vaccination (week +12). Graphs at the left show 865 
median with interquartile ranges (IQR) and graphs at the right the paired comparison 866 
between weeks -12 and 0 and between weeks 0 and +12 for each of the graphs. 867 
Individuals in the immediate and delayed groups are shown in red and blue, 868 
respectively, and were grouped according to time from vaccination for this analysis. 869 
Time points were compared to week 0 using Wilcoxon signed rank-test. No significant 870 
change was observed between any of the time-points (unadjusted for multiple 871 
comparisons). n.s. not significant.  872 

873 
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Table 1. Baseline Demographic Characteristics, Sexual Behavior, and Herpes Simplex 874 

virus Type 2 (HSV-2) Serostatus 875 

Baseline 

Participants 

Enrolled 

(n=45) 

Immediate 

Group 

(n=23) 

Delayed 

Group 

(n=22) 

P 

Demographic Characteristics     

 Mean age (SD), years 27.0 (6.6) 25.6 (5.4) 28.5 (7.4) 0.212 

 Median age (IQR), years 26 (21-30) 26 (21-27) 26 (23-31) 0.175 

 Marital status     

  Single, number (%) 10 (22.2) 5 (21.7) 5 (22.7) >0.999 

  Married cohabiting, number (%) 33 (73.3) 16 (69.6) 17 (77.3) 0.738 

  
Married living away from partner, 

number (%) 
1 (2.2) 1 (4.3) 0 >0.999 

  
Divorced or separated, number 

(%) 
1 (2.2) 1 (4.3) 0 >0.999 

 Work status     

  Unemployed, number (%) 3 (6.7) 1 (4.3) 2 (9.1) 0.608 

  Housekeeper, number (%) 2 (4.4) 1 (4.3) 1 (4.5) >0.999 

  Casual worker, number (%) 16 (35.6) 6 (26.1) 10 (45.5) 0.221 

  
Professional or technical worker, 

number (%) 
1 (2.2) 0 1 (4.5) 0.489 

  Self-employed, number (%) 19 (42.2) 11 (47.8) 8 (36.4) 0.550 

  Student 4 (8.9) 4 (17.4) 0 0.108 

 Education     
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Completed primary school, 

number (%) 
41 (91.1) 22 (95.7) 19 (86.4) 0.346 

  
Completed secondary school, 

number (%) 
16 (35.6) 11 (47.8) 5 (22.7) 0.121 

  
Completed post-secondary 

school, number (%) 
6 (13.3) 4 (17.4) 2 (9.1) 0.665 

 Contraception method     

  Injectable, number (%) 26 (57.8) 13 (56.5) 13 (59.1) >0.999 

  Implant, number (%) 16 (35.6) 8 (34.8) 8 (36.4) >0.999 

  Intrauterine device, number (%) 3 (6.7) 2 (8.7) 1 (4.5) >0.999 

Sexual Behavior     

 
Use of condoms with regular 

partners 
    

  Never, number (%) 33 (73.3) 18 (78.3) 15 (68.2) 0.514 

  Occasionally, number (%) 10 (22.2) 5 (21.7) 5 (22.7) >0.999 

  Frequently, number (%) 0 0 0 >0.999 

  Always, number (%) 2 (4.4) 0 2 (9.1) 0.233 

 Partner tested positive for HIV     

  No, number (%) 35 (77.8) 18 (78.3) 17 (77.3) >0.999 

  Do not know, number (%) 10 (22.2) 5 (21.7) 5 (22.7) >0.999 

HSV-2 serostatus, number (%)     

 HSV-2 positive 24 (53.3) 8 (34.8) 16 (72.7) 0.008 

IQR: interquartile range  

Statistical Analysis: Student’s t-test and Fisher’s Exact Test (2-sided) 
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Table 2. Number of participants who came to the clinic in each time-point and respective 876 

number of DMPA users, bacterial vaginosis (BV), vulvovaginal candidiasis (VVC), pelvic 877 

inflammatory disease (PID), and herpes simplex virus-2 (HSV-2) positive cases. 878 

Study Week -12 -8 -4 0 +4 +8 +12 Total number  

of records 

Participants, number 22 21 22 44 42 42 41 234 

DMPA, number 13 13 12 25 25 25 22 135 

BV, number 2 2 0 2 3 5 3 17 

VVC, number 2 1 3 1 3 2 2 14 

PIDA, number 0 0 1 0 0 1 0 2 

HSV-2B, number 16 15 16 24 24 24 24 143 

DMPA: DEPO-Provera, medroxyprogesterone acetate 
BV: Bacterial vaginosis (Nugent score ≥ 7) 
VVC: vulvovaginal candidiasis 
PID: pelvic inflammatory disease 
HSV-2: herpes simplex virus 2 
ABased on clinical symptoms 
BBased on the presence of anti-HSV-2 antibody at screening 
 
 879 
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