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Introduction

Immunocompromised persons have high risk of persistent human papillomavirus (HPV) infection and HPV-related diseases, and lower immune response to vaccines. This study evaluated the immunogenicity and safety of administering a fourth dose of quadrivalent (4v)HPV vaccine in immunosuppressed women who did not seroconvert after three doses.





Methods

An open-label, not-controlled trial included immunosuppressed women (solid organ transplant patients and women receiving treatment for SLE) who did not seroconvert to at least one of the four HPV vaccine types after three 4vHPV vaccine doses. All participants received a fourth 4vHPV vaccine dose (median 27 months after third dose). Immunogenicity was evaluated a month after the fourth dose, by measuring seroconversion rates and antibody geometric mean concentration (GMC).





Results

Twenty-three women were included. Among women who did not seroconvert for each vaccine type after three doses, 2/10 seroconverted to HPV6, 3/10 to HPV11, 3/10 to HPV16 and 6/18 to HPV18, after the fourth 4vHPV dose. There was an increase in antibody GMC for HPV 6, 16, 18, with highest increase for HPV16 (from 6.02 to 44.63 International Units). There was no increase of anti-HPV-11. Within seven days after vaccination, only three of the 23 vaccinees reported any adverse event, none of which were classified as serious.





Conclusions

Although safe, the fourth 4vHPV vaccine dose led to seroconversion in only few immunosuppressed women who had not seroconverted after three doses.
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1 Introduction

People living with human immunodeficiency virus (PLWH), solid organ transplant (SOT) recipients, and other immunocompromised people are at increased risk of persistent human papillomavirus (HPV) infection (Reusser et al., 2015). There is also evidence of lower primary immune response to vaccination or lower antibody titers with the usual three-dose schedule of HPV vaccines in these populations (Heijstek et al., 2013; Kumar et al., 2013; Mok et al., 2013; Nelson et al., 2016; Danziger-Isakov and Kumar, 2019; Staadegaard et al., 2022). Additionally, HPV vaccines efficacy, effectiveness, duration of protection, and the need for booster doses are not well known yet in this population, but the vaccine has been shown to be safe in these individuals (Kumar et al., 2013).

An evaluation of the immunogenicity of the quadrivalent HPV (4vHPV) vaccine among 47 SOT recipients aged 18 to 35 years reported a lower response to vaccination four weeks after the third dose compared to immune-competent recipients in other trials, with seroconversion in 63.2% to HPV 6, 68.4% for HPV 11, 63.2% for HPV 16 and 52.6% for HPV 18 (Kumar et al., 2013). Lower response to vaccination was associated to vaccination in the early post-transplant period, use of high-dose tacrolimus and lung transplantation (Kumar et al., 2013). Another study with 50 SOT recipients aged 18 to 35 years showed a seropositivity rate of 70% (Danziger-Isakov and Kumar, 2019). A third study evaluated 22 kidney transplant recipients aged 9-21 years and evidenced seroconversion of 63.6%, 63.7%, 100% and 72.7% for HPV 6, 11, 16 and 18, respectively (Nelson et al., 2016).

A Chinese study evaluated the immune response to the 4vHPV vaccine in 50 women aged 18-35 years with Systemic Lupus Erythematosus (SLE) compared to 50 healthy women. Twelve months post initial vaccination, seropositivity in the SLE group was 82% (HPV 6), 89% (HPV 11), 95% (HPV-16) and 76% (HPV-18), while in the healthy group seropositivity was 98% for HPV-6, -11, -16, and 80% for HPV-18. Antibody titers were lower in those using immunosuppressants, and the vaccine was shown to be equally safe in both groups (Mok et al., 2013).

Studies with other vaccines, such as hepatitis B and influenza, have shown a better immune response in immunocompromised patients with vaccines containing a higher amount of antigen and/or a greater number of doses than the standard schedules (Fonseca et al., 2005; Bonazzi et al., 2008; Potsch et al., 2012).

In a previous open-label trial of 4vHPV vaccination of women aged 18 to 45 years in Sao Paulo, Brazil, we found lower seroconversion rates and lower antibody concentrations in women immunosuppressed due to SOT compared to healthy women, confirming findings from previous studies (Miyaji et al., 2024).

The aim of this study was to evaluate the safety and immunogenicity of the fourth dose of 4vHPV vaccine in immunosuppressed women with SOT (kidney, liver, heart, or lung) or SLE, who had not seroconverted to at least one HPV vaccine-type (6, 11, 16, 18) about 30 days after completing a 3-dose schedule of 4vHPV vaccine.




2 Materials and methods



2.1 Study design and participants

This open-label, not controlled clinical trial evaluated the safety and immunogenicity of the fourth dose of 4vHPV vaccine in immunosuppressed women who had not seroconverted to at least one of the four vaccine types after a three-dose vaccination schedule. Participants of a previous study that evaluated 4vHPV vaccine immunogenicity in women with SOT or with SLE were eligible for this study. The women aged 18 to 45 years when included in the first study. Both studies were conducted at the Reference Center for Special Immunobiologicals (CRIE) of the Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo (HC-FMUSP) in São Paulo, Brazil.

Enrolment to the current study occurred between 08/27/2020 and 05/24/2021. The inclusion criteria were participants of the parent study who (i) received all three doses of the 4vHPV vaccine; (ii) had not seroconverted to at least one of the four target HPV vaccine-types (HPV-6, -11, -16, -18) 30 days after completing their vaccination schedule; (iii) were available to participate throughout the second study period; and (iv) demonstrated interest in participating in the study, documented by signing the informed consent form. Exclusion criteria were for participants who (i) experienced a serious adverse event at a previous 4vHPV vaccine dose; (ii) were pregnant or breastfeeding; or (iv) had discontinued use of immunosuppressants for SOT or SLE.

All eligible and consenting participants received the fourth dose of 4vHPV vaccine and were followed for 30 days post vaccination.




2.2 Study procedures

Demographic, reproductive health, and clinical data regarding the underlying disease and/or transplantation, comorbidities, and immunosuppressive drugs in use were collected by interviewer administered questionnaire.

Pregnancy and rapid HIV tests were performed and a 10ml blood sample for HPV serology was collected before the administration of the fourth 4vHPV vaccine dose.

All participants were monitored for adverse events for seven days following vaccination. The participants remained at the clinic for 30 minutes after vaccination to assess immediate adverse events (AE) and received a diary to record signs and symptoms, in addition to temperature. Telephone contact was made seven days after vaccination to verify adverse events.

In a second visit, 30 days after vaccination, the participants brought their AE diary and provided a 10ml blood sample for post-vaccination HPV serology.

The 4vHPV vaccination schedule and time of blood drawn for serological tests are demonstrated in Figure 1.




Figure 1 | 4vHPV vaccination schedule and time of blood drawn for serological tests.



Local and systemic solicited and unsolicited AE were evaluated for severity and intensity; causal relationship with the vaccine; and measures taken. Local solicited AE included: pain, edema, and erythema; systemic AE included: fever, headache, myalgia, nausea, vomiting, malaise, diarrhea, skin spots, wheezing, edema in the lips or eyelids, drowsiness and dizziness.




2.3 Laboratory methods

The humoral immune response to vaccination was assessed by serum anti-HPV multiplexed pseudovirion-based serological assay (PsV-Luminex), which detected neutralizing antibodies against nine HPV types, including the four HPV types contained in the 4vHPV vaccine (6, 11, 16 and 18), and five other types included only in the 9vHPV vaccine (31, 33, 45, 52 and 58).

Blood samples were centrifuged to separate the serum, which was aliquoted and stored at -20°C at the Immunology Medical Research Laboratory (LIM-48) until transport to the Department of Laboratory Medicine, Karolinska Institute, in Stockholm, Sweden, where serological testing was performed in 2022.

An in-house multiplexed serology assay (xMAP technology) with mammalian cell-line–derived pseudovirions of HPV6/11/16/18/31/33/45/52/58, coupled to the heparin-coated polystyrene carriers was used (Faust et al., 2010; Artemchuk et al., 2018). The assay performance was rigorously validated using serum samples from women with cervical HPV DNA, confirmed by molecular testing (Faust et al., 2010; Artemchuk et al., 2018). Average coefficient of variation of our eight-plex assay was 20.7%.

Sera were tested using 50x to 1250x dilutions with a 3-fold increase per step. Samples were classified as seropositive according to the HPV type-specific cut-off values based on reactivity of a negative control serum panel from 99 Brazilian children (average age 5.2 years, range: 1.5-7.4) (Miyaji et al., 2022). As per WHO HPV Labnet Manual (World Health Organization, 2009), cut-off levels were assigned by averaging the median fluorescence intensity (MFI) values of a negative control serum panel plus 3 standard deviations (Eklund, et al., 2012). If the calculated value was less than 400 MFI, an arbitrary level of 400 MFI was assigned. Antibody levels of seropositive samples were further translated either into international or into arbitrary units. Anti-HPV16 and HPV18 antibody levels were calculated in international units (IU) by their calibration against WHO International Standard serum (NIBSC codes: 05/134 and 10/140) using reference factor 10 for HPV 16 and 16 for HPV 18 (World Health Organization, 2013; Ferguson et al., 2011). By the time of laboratory testing, international standard sera were not yet established for other HPV types. So, we used arbitrary units (AU) defined by a pool of sera from HPV vaccine recipients. Arbitrarily assigned reference factor 100 were used for HPV 6, 11, 31, 33, 45, 52, and 58. The parallel line method (PLL) was used to calculate antibody titers relative to the reference (Grabowska et al., 2002; Reizenstein et al., 1995). All serum samples were analyzed concomitantly using the same assay batch at a 1:150 dilution.

Luminex heparin-pseudovirion assay has been extensively previously validated, demonstrating good agreement with cervical DNA positivity (Faust et al., 2013; Artemchuk et al., 2018), biologically sound sensitivity and specificity as for HPV serology assays (Faust et al., 2013; Artemchuk et al., 2018), and correlated well with both ELISA and HPV neutralization assay (Faust et al., 2010). It has been extensively used for evaluation of anti-HPV antibody responses in seroepidemiological and HPV vaccination follow-up studies (Učakar et al., 2013; Artemchuk et al., 2019; Gray et al., 2021; Kann et al., 2021).

In this study, laboratory testing of the samples was performed in a blinded manner since sample IDs were coded. During laboratory testing, serum samples from different SOT groups and from immunocompetent women were randomized and equally represented on each of the serological plates to minimize assay-related variation in the results. Thus, considering the complexity of study design, there is no one-fits-all solution when it comes to the assay plate layout.




2.4 Statistical issues

Data were entered into an electronic database built in REDCap (Research Electronic Data Capture) [ https://redcap.vanderbilt.edu/].



2.4.1 Immunogenicity analysis

A descriptive analysis of baseline seropositivity rates for each of the HPV types analyzed was performed. Response to vaccination was assessed by the proportion of participants who presented seroconversion i.e., went from seronegative pre to seropositive post the 4th vaccine dose, and by the concentration mean titers (CMT) of antibodies for each HPV vaccine-type (6, 11, 16 and 18), four weeks (+7 days) after the fourth dose of vaccine, in those who seroconverted.




2.4.2 Safety analysis

A descriptive analysis of solicited and unsolicited local and systemic AE was performed 30 minutes after vaccination and in the subsequent seven days, summarized according to frequency and intensity.





2.5 Ethical issues

The study was approved by the Research Ethics Committee (CAPPesq) of HCFMUSP (CAAE, 36352320.2.0000.0068), on 08/06/2020. All participants were included only after signing the informed consent form. The collection and processing of participants’ data was limited to the necessary to meet the objectives of the study with appropriate precautions to ensure the participants confidentiality.





3 Results



3.1 Study design and participants

Of the 336 participants who completed the parent study, 53 immunosuppressed women who did not seroconvert to at least one of the four HPV vaccine-types after the three-dose schedule were invited to participate in this study.

The study enrolled 23 (43.4%) of the 53 eligible women, including 22 SOT recipients (16 kidney transplants, two liver, two heart, and two lung) and one SLE patient. Seven of these women had not seroconverted to all four HPV vaccine-types, four had not seroconverted to three vaccine-types, six had not seroconverted to two vaccine-types, and six had not seroconverted to one vaccine-type. Other five women with SLE, who had seroconverted to all four HPV vaccine-types, were also included in the study by mistake. We decided to keep them as comparator group of full seroconverters that received a fourth vaccine dose in the analysis of GMC over time. There was no loss of follow-up, and all participants who received the fourth vaccine dose provided a blood sample about a month after vaccination.

Participants’ demographic and clinical characteristics according to serological status after the primary regimen are shown in Table 1. The median age of seronegative participants was 38 years, and most self-reported white skin color. The median schooling duration was 11 years. The immunosuppressive drugs most commonly used by participants who have not seroconverted were tacrolimus (91.3%), mycophenolate (78.3%) and corticosteroids (91.3%). Systemic arterial hypertension was the most frequent comorbidity (43.5%). Only one transplant recipient had an episode of acute graft rejection, prior to enrolment in the parental study. The median interval between the third and fourth vaccine doses was 27 months (range, 18 to 36 months).


Table 1 | Demographic and clinical characteristics of immunosuppressed women who received the fourth dose of 4vHPV vaccine, according to serological status after a primary 3-dose schedule.






3.2 Immunogenicity

Table 2a presents the HPV serology results for the participants who remained seronegative for at least one of the four HPV vaccine-types after the three-dose schedule by HPV type. Some participants who were negative in the sample collected approximately 30 days after the third dose seroconverted in the interval between the third and fourth doses: 6/16 (HPV-6), 2/12 (HPV-11), 1/11 (HPV-16) and 2/20 (HPV-18). Seroconversion after the fourth dose of the 4vHPV vaccine, i.e., women who were negative in both samples after the primary schedule and before the fourth dose and were positive after the additional dose were: 2/10 for HPV-6, 3/10 for HPV-11, 3/10 for HPV-16 and 6/18 for HPV-18. Among those who were negative after the primary regimen, but positive in the collection prior to the fourth dose, one reverted to seronegative after the fourth dose: 1/2 (HPV18). For the HPV types not included in the 4vHPV vaccine, there was also seroconversion in the period between the third and fourth doses: 5/21 (HPV-31), 2/21 (HPV-33) and 1/20 (HPV-58). Seroconversion after the fourth dose occurred in 2/16 (HPV-31), 1/19 (HPV-33), 1/18 (HPV-52) and 1/19 (HPV-58). Reversion to seronegative also occurred: 1/2 (HPV-33).


Table 2 | Serological* status of participants (n=23) just before and after fourth vaccination dose for the HPV types for which they did not seroconvert a month after the third dose of the 4vHPV vaccine (2a), or did seroconvert (2b).



Table 2b presents the results for the HPV types to which the 23 participants had seroconverted after the three-dose vaccination schedule. Between the third and fourth dose, there was also a reversion to seronegativity of participants who were positive after the primary regimen: 1/7 for HPV-6; 3/11 for HPV 11; 2/12 for HPV 16 and 1/3 for HPV 18. Of these, only two were seropositive for HPV-11, one for HPV-16 and one for HPV-18, after the fourth dose. In addition, among the participants who tested positive after the primary regimen and also in the sample collected prior to the fourth dose, seroreversion occurred after the fourth dose (one for HPV-11 and one for HPV-18). Among participants seropositive for types 31, 33, 52 and 58, after the third dose, there was a reversion to seronegativity in the interval between the third and fourth dose: 1/2 for HPV-33; 4/5 for HPV-52 and 1/3 for HPV-58. Of these, only one for HPV-52 and one for HPV-58 returned positive after the fourth dose.

Table 3 shows the geometric mean concentrations (GMC) of anti-HPV antibodies in the seropositive samples before and after the fourth 4vHPV vaccine dose and the GMC ratio (post/pre) for each of the HPV types. There was a slight increase of anti-HPV-6, -16, and -18 GMC, which was more pronounced for HPV-16, which went from 6.02 to 44.63 International Units (IU). There was no increase of anti-HPV-11 GMC after the fourth dose. There was also an increase of GMC for HPV types 31, 33, 45 and 58, which were not included in the 4vHPV vaccine. Individual values of antibody levels over time are shown in Figure 2. Of the 23 women who have not seroconverted to at least one type of HPV after the third dose, ten participants had no or very low responses for all of the tested HPV types following both the third and the fourth 4vHPV vaccine doses.


Table 3 | HPV antibody geometric mean concentrations (GMC)* for the 4vHPV vaccine-types (6, 11, 16, and 18), and for the additional five types included in the 9vHPV vaccine (31, 33, 45, 52, and 58), before and after the 4th dose, among the 23 study participants (22 solid organ transplant recipients and 1 with systemic lupus erythematosus) who had not seroconverted for at least one HPV vaccine type after the third dose), considering the HPV types for which they had seroconverted.






Figure 2 | Individual values of antibody levels over time of the 23 women who have not seroconverted to at least one type of HPV after the third dose.



The five SLE participants who had seroconverted to all four HPV vaccine types after the third dose and were included in the analysis as comparators also showed a decrease in antibody levels over time in the interval between the third and fourth vaccine doses. However, the fourth dose had a booster effect for most of them, resulting in antibody concentrations greater than after the third dose (Table 4). After the fourth dose, their 4vHPV vaccine-types GMCs and GMC ratios were greater than those of participants who had not seroconverted to at least one HPV vaccine type after the third dose, but seroconverted after the fourth dose.


Table 4 | HPV antibody geometric mean concentrations (GMC)* among the five participants, with systemic lupus erythematosus, who had seroconverted for all four 4vHPV vaccine-types after the three-dose vaccination schedule.






3.3 Safety

In the 30 minutes after administration of the fourth vaccine dose, three of the 23 (13,04%) vaccinees presented pain at the injection site (grade 1), one presented burning at the application site (grade 1) and one reported pruritus in the right upper limb and left lower limb, but she associated the symptom with the use of immunosuppressants (vaccination was on the left deltoid). In the evaluation of the seven-day period after vaccination, only three of the 23 (13,04%) vaccinees reported any AE. Two participants reported pain at the injection site, one of them lasting one day and the other lasting two days. Headache and diarrhea were each reported by one participant. No serious AE was reported.

None of the 5 women included by mistake had any AE in the 30 minutes after the vaccine. One participant reported pain at the injection site (grade 1) lasting two days, and one participant reported headache, joint pain, myalgia, tiredness, and nausea in the seven-day period after vaccination. No serious AE were observed during the study.





4 Discussion

The results of this study suggest low seroconversion rate after the fourth 4vHPV vaccine dose in immunosuppressed women who did not seroconvert to at least one HPV vaccine type after the three-dose schedule. Among women who persisted seronegative in this study baseline, only 2/10 seroconverted after the 4th dose to HPV-6, 3/10 to HPV-11 and -16, and 6/18 to HPV-18. For the HPV types for which these 23 participants had seroconverted after the third dose, there was a modest/moderate increase in serum antibody levels after the fourth dose. On the other side, a booster effect with greater increase of antibody levels was observed after the fourth dose in the five women with SLE who had already seroconverted to all four HPV vaccine types after the three-dose schedule. Correlates of protection, i.e., the minimum concentration of antibodies that is correlated with clinical protection, have not been established for the HPV vaccine (Staadegaard et al., 2022). However, there is evidence that neutralizing antibodies levels induced by the vaccine in immunocompetent persons are much higher than those necessary for protection, since lower levels induced by only one dose of HPV vaccines were demonstrated to be protective (Lowy et al., 2015; Quang et al., 2022).

In the period between the third and fourth dose of the vaccine, some women who were positive after the primary scheme became negative,1/7 for HPV 6; 3/11 for HPV 11; 1/12 for HPV 16 and 1/3 for HPV 18. Of these, only two were seropositive for HPV11 and one for HPV18 after the fourth dose. In addition to lower seroconversion, immunosuppressed persons usually present fastest antibody waning over time, as compared to immunocompetent vaccinees (Kumar et al., 2013; World Health Organization, 2022).

Some participants who were seronegative after the third dose to the HPV vaccine types or to types contained only in the 9vHPV vaccine seroconverted before the fourth dose, which may be due to both delayed vaccine response to vaccination or natural post-vaccination exposure to HPV infection. The cross-reactive immune response to HPV types contained only in the 9vHPV vaccine may be due to the similarity of their L1 protein to HPV 16 (HPV types 31, 33, 52, and 58) or HPV 18 (HPV 45) (Malagón et al., 2012). There is evidence of immune response to HPV 31 after 4vHPV vaccination and to HPV types 31, 33 and 45 after the bivalent vaccine (Malagón et al., 2012). In a literature search, we have not found any studies evaluating the effect of a fourth dose of the 4vHPV vaccine among SOT recipients or patients whose immunosuppression was due to autoimmune diseases. We found studies on the fourth dose of the 4vHPV vaccine in children living with well-controlled HIV (Weinberg et al., 2012; Levin et al., 2017). In the first study, four weeks after the third dose, seropositivity was 100% for HPV types 6, 11 and 16 and 97% for HPV 18. Eighteen months after the third dose, seropositivity was 94% for HPV 6, 97% for HPV 11, 99% for HPV 16 and 76% for HPV 18. The fourth dose was administered 72 weeks after the third dose. Four weeks after the fourth dose seropositivity was 100% for HPV 6, 11 and 16 and 96% for HPV 18, and antibody levels were higher for all four HPV types (Weinberg et al., 2012). Antibody persistence was analyzed in these children two years after vaccination, with comparison of seroconversion rates and antibody concentration after 4-dose and 3-dose schedules (Levin et al., 2017). The fourth dose group had a seropositivity of 97% for HPV types 6 and 11, 99% for HPV-16, and 81% for HPV-18; whereas in the three-dose group, seropositivity was 91% for HPV-6, 95% for HPV-11, 91% for HPV-16, and 55% for HPV-18. The differences in seropositivity between the groups were not statistically significant. Seroconversion was similar to that observed in healthy children of the same age. Throughout the follow-up period, the fourth dose group had higher antibody levels, but the clinical significance of this finding is not clear (Levin et al., 2017). In another study, men living with HIV who received the fourth dose of the 4vHPV vaccine approximately 2 years after the third dose presented higher antibody levels for HPV types 16 and 18 four weeks after the fourth dose, when compared to four weeks after the third dose, but they were not significantly higher for HPV types 6 and 11 (Ellsworth et al., 2018).

Other vaccines, such as influenza and hepatitis B, elicit better immune response in immunocompromised individuals when administered with a greater number of doses and/or higher antigen concentration. For example, adults aged 65 years or more have better immune response when vaccinated with a high-dose influenza vaccine (60μg) as compared to the standard dose (15μg) (DiazGranados et al., 2014). In a controlled trial, 44 hematopoietic stem cell transplant recipients randomized to receive either a high-dose influenza vaccine (60μg) or the usual dose (15μg), post-vaccination H1N1 and H3N2 geometric mean titers were higher in the high-dose group, although only H3N2 was statistically significant (Halasa et al., 2016). In a Brazilian study, 163 people living with HIV were vaccinated with a double dose of hepatitis B vaccine (40μg). Seroconversion (anti-HBs ≥10) occurred in 83% after the third dose and in 91% after the fourth dose (Potsch et al., 2012). In another Brazilian study, involving 43 cirrhotic patients in waiting list for liver transplant, 67.5% had anti-HBs ≥10 after vaccination with three double doses (40μg) of hepatitis B vaccine. This seroconversion was higher than that found with the standard dose (20μg) (Bonazzi et al., 2008).

Our study had some limitations. Firstly, inclusion in the fourth dose study occurred during the COVID-19 pandemic, when immunosuppressed women were no longer attending the hospital for routine medical visits and exams, which led to eligible participants loss. Of the 53 women who had not seroconverted to at least one HPV vaccine-types, at the end of the parental study, only 23 (43%) received the fourth 4vHPV vaccine dose. Second, cellular immunity responses have not been evaluated. Finally, there was an inclusion error, with five participants with SLE being included, even though they were already positive for the four HPV vaccine-types. We decided to keep this group in a separate analysis because we considered of scientific interest to compare antibody levels after a fourth vaccine dose in this group with the group of participants who had not seroconverted to at least one vaccine type after the third dose.

Whilst there is already compelling evidence of the effectiveness of a single dose of the HPV vaccine in immunocompetent individuals up to 20 years of age (World Health Organization, 2022), the immune responses and effectiveness of HPV vaccines have not yet been well established in immunocompromised populations. Further studies will be required to evaluate the effectiveness of HPV vaccination in various immunocompromised populations, and to investigate alternative strategies to improve the immune response of immunosuppressed people, including vaccination with a higher concentration of antigen, complemented with assessment of cellular immunity response. Moreover, vaccines effectiveness in this population would be increased if they were vaccinated prior to transplantation or initiation of immunosuppressive therapy, whenever possible.
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racteristic Participants who had seroconverted for all Participants who had not seroconverted for at

four 4vHPV vaccine types* least one of the four 4vHPV vaccine-types
5) (n=23)
Age (years)
Median (range) 39 (23-47) 38 (21-46)

Skin color, n (%)

White 3 (60) 17 (73.9)
Black 1(20) 2 (8.6)
Brown (Pardo) 1(20) 4 (17.3)

Schooling (years)

Median (range) 11 (11-15) 1 (0-20)
Body mass index (Kg/m?)

Median (range) 259 (22.8-37.3) 255 (18.1-36.2)

Drugs, n (%)

Sirolimus - 3 (13.0)
Everolimus - 2 (8.6)
Tacrolimus - 21 (91.3)
Cyclosporine - 1 (4.3)
Azatipoprine - 3 (13.0)
Mycofenolate 4 18 (78.2)
Corticosteroids 4 o1 (91.3)
Hydroxychloroquine 4 1 (43)

Comorbidities, n (%)

Hypertension 4 11 (47.8)
Hypothyroidism 3 o) (8.6)
Dyslipidemia = 7 (30.4)
Anxiety - 1 (4.3)
Depression 2 2 (8.6)
Diabetes % 4 (17.3)
Other 2 6 (26)
None - 3 (13.0)

Pregnancies (n)
Median (range) 1 (0-2) 1 (0-3)
Deliveries (n)

Median (range) 1 (0-2) - (0-3)

| Abortions (n) ‘
Median (range) 0 (0-1) = (0-1)
Practices anal sexual, n (%) ‘

No 5 (100) 20 (86.9)

Leukocytes (per mm®) ‘
Median (range) 4081 (3830-12360) 5700 (3930-9940)

Lymphocytes (per mm?)

Median (range) 1120 (500-3330) 1740 (340-3470)

Interval between 3™ and 4" vaccine doses (months)

Median (range) 31 (19-35) 27 (18-36)

“Inclusion error.
Other comorbidities: Hyperuricemia, sinusitis, thrombosis, hemoglobinopathy C, cystic fibrosis, obesity, antiphospholipid antibody syndrome, and systemic lupus erythematosus (SLE).
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