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Abstract: Background. Anal HPV infection, anal dysplasia and, ultimately, anal cancer are partic-
ularly common in HIV-infected men who have sex with men. Treatment of anal dysplasia, aiming
to prevent evolution to squamous cell carcinoma of the anus, is currently limited to direct ablation
and/or application of topical therapy. The aim of the present study is to investigate the effect of
oral bacteriotherapy (Vivomixx®in EU, Visbiome®in USA) on anal HPV infection and HPV-related
dysplasia of the anal canal in HIV-infected men who have sex with men. Methods. In this ran-
domized, placebo-controlled, quadruple-blinded trial (NCT04099433), HIV-positive men who have
sex with men with anal HPV infection and HPV-related dysplasia were randomized to receive oral
bacteriotherapy or placebo for 6 months. Anal HPV test, anal cytology and high resolution anoscopy
with biopsies of anal lesions were performed at baseline and at the end of the study. Safety and
tolerability of oral bacteriotherapy were also evaluated. Interim analysis results were presented.
Results. 20 participants concluded the study procedures to date. No serious adverse events were
reported. In respect to participants randomized to placebo, individuals in the experimental arm
showed higher rate of anal dysplasia regression (p = 0.002), lower rate of onset of new anal dysplasia
(p = 0.023) and lower rates of worsening of persistent lesions (p = 0.004). Clearance of anal HPV
infection was more frequently observed in the bacteriotherapy group (p = 0.067). Conclusion. Being
an interim analysis, we limit ourselves to report the preliminary results of the current study. We
refer the conclusions relating to the possible effectiveness of the intervention to the analysis of the
definitive data.

Keywords: HPV; HIV; MSM; anal dysplasia; probiotics; oral bacteriotherapy

1. Introduction

Squamous cell carcinoma of the anus (SCCA) is almost invariably associated with
Human Papilloma Virus (HPV) infection in the anal canal and, similarly to cervical cancer,
it is typically preceded by the onset of local dysplasia, namely: low grade and high grade
squamous intraepithelial lesions (LSIL and HSIL, respectively) [1,2].
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Although HPV infection, as well as LSIL and HSIL, can regress spontaneously, HIV in-
fected individuals show high rates of HPV persistence and high incidence of dysplasia [3-6].
Not surprisingly, the incidence of anal SIL and SCCA is particularly high among HIV-
infected men having sex with men (MSM), with receptive anal intercourse being a major
risk factor for acquisition of anal HPV infection [7,8].

Modulation of microbial flora with the use of probiotics, either through oral or local
administration, promoted the clearance of genital HPV infection and dysplasia among the
HIV-negative female population in prospective not-controlled clinical trials [9-12]. The
main mechanisms through which this effect is exerted are represented by the restoration of
local microbiome and epithelial lining, immunomodulation of the local immune response
and interference with pathogen colonization [13-19]. Notably, HIV-infected MSM almost in-
variably show alterations of the normal composition of the gut microbiome (dysbiosis) [20],
which may lead to impaired local immune system and, therefore, could contribute to HPV
persistence in the anal tract [21-23]. To the best of our knowledge, no study addressed the
role of oral bacteriotherapy on the progression of HPV-related lesions of the anal canal
so far. Our literature search retrieved only one case report describing the clearance of
multiple anal condylomas in a 56-year-old HIV-infected man following local and oral
bacteriotherapy [24]. We hypothesized that similar results might be achieved in the HIV+
MSM population through oral administration of high dose of probiotics.

Herein we report the interim analysis results of a randomized controlled trial (RCT)
investigating the effect of oral bacteriotherapy on anal HPV infection and HPV-related
dysplasia in highly active anti-retroviral therapy (HAART)-treated HIV+ MSM.

2. Materials and Methods
2.1. Study Design and Outcomes

The present randomized, placebo controlled, quadruple blind study (participants,
care providers, investigators, outcome assessors), was designed to investigate the effect of
oral bacteriotherapy on anal HPV infection and HPV-related dysplasia in HAART treated
HIV+ MSM. Two study arms were compared: an arm formerly called “experimental group”
in which oral bacteriotherapy was administered, and an arm called “control group” whose
participants took a placebo. Randomization was independently carried out on a 1:1 basis
by an external society. Study design is reported in Figure 1.

PROCEDURES PROCEDURES
* Anal HPV genotype * Anal HPV genotype
* Anal cytology Drop-out * Anal cytology

0 participiants

* HRA + biopsies * HRA + biopsies

9 participants
Me—
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20 participants
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11 participants

—
Control Group

11 participants

Experimental Group
TR TR TS
DAILY PROBIOTICS
9 participants

Drop-out

0 participiants
Enrollment T0 (baseline) T1 (6 months)

Figure 1. Study flow-chart.

Primary outcomes were: (i) change from baseline in the number of HPV positive anal
swabs, (ii) change from baseline in the number of dysplastic lesions.
The rate of adverse events throughout the study was evaluated as secondary outcome.
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2.2. Eligibility and Enrollment Criteria

Participants were enrolled at the HIV Outpatient Clinic of Policlinico Umberto I
Hospital of “Sapienza” University of Rome, Italy.

Subjects were considered eligible for the study if: (i) >18 years old; (ii) on stable
HAART since at least 12 months with undetectable HIV RNA in plasma (lower limit of
detection 37 copies/mL); (iii) positive for anal HPV infection with at least 1 histology
proven area of anal dysplasia of any grade.

Exclusion criteria were: (i) refusal to provide written informed consent; (ii) known
diagnosis of inflammatory bowel disease; (iii) use of antibiotics and/or probiotics within
the 3 months prior to screening for enrollment in the study. To avoid the risk of bias, HPV
vaccinated subjects were not enrolled and initiation of vaccination course during the study
was not allowed. Similarly, the use of over-the-counter probiotics represented a reason for
withdrawal from the study.

2.3. Study Procedures

Demographic and clinical data were collected at baseline (T0) and after 6 months (T1)
on electronic CRF. At each study visit (TO and T1) participants underwent: (1) anal HPV
DNA detection and genotyping; (2) anal cytology; (3) high resolution anoscopy (HRA)
with biopsies of areas suspicious for dysplasia. A self-reported questionnaire investigating
the presence of gastrointestinal symptoms (abdominal bloating, abdominal pain, fecal
consistency, number of daily evacuations, nausea, constipation) was administered to all
participants at T0O and T1.

HPV DNA extraction was performed using QIAamp Blood and Tissue kit (Qiagen,
Milano, Italy). HPV identification has been performed through PCR using a pair of specific
primers: MY09 and MY11, which allowed the amplification of a 450 bp fragment of the late
L1 region of HPV. PCR products corresponding to proper fragments were purified with
QIAquick PCR purification kit. DNA sequencing was performed with an automatic DNA
sequencer (model 370A Applied Biosystems, Monza, Italy), according to the manufacturer
specifications (Amplicycle Kit, Applied Biosystems, Monza, Italy). Sequence similarity
was determined by BLAST and ClustalW programs. Samples were classified as “multiple
infection” when L1 and E6/7 sequencing gave discordant results [25].

Clearance of anal HPV infection was defined as: (a) negative swab at the end of the
study in participants with positive swab at baseline, (b) positive swab at the end of the
study that shows a different genotype from baseline [26].

Cytology specimens were collected over a period of 15-20 s, smeared onto a glass
slide and fixed with alcohol within 15 s from brush withdrawal from the anus. The slides
were stained using Papanicolau stain; cytology results were provided following the LAST
recommendations [27].

HRA were conducted at TO and T1 by the same provider. HRA technique and areas
of suspected dysplasia were defined following the 2016 IANS International Guidelines
for Practice Standards in the Detection of Anal Cancer Precursors [28]. Biopsies were
performed on every area showing characteristics of possible dysplasia with the use of
sterile disposable colonoscopy forceps. Biopsies were immediately fixed with formalin
solution and sent to the Pathology Laboratory; histology results were provided following
the LAST recommendations.

T1 HRA was planned within 30 days from the end of intake of the study product but
due to the SARS-CoV2 pandemic it was delayed by an additional 30 days in 6 individuals
(Supplementary Materials).

2.4. Probiotic Compound and Placebo

Participants were randomly assigned to receive a 6-month course of oral supple-
mentation with daily probiotics or placebo. The probiotic compound was composed
as follows: Streptococcus thermophilus DSM24731®, Lactobacillus plantarum DSM24730®,
Bifidobacterium breve DSM24732®, Lactobacillus paracasei DSM24733®, Lactobacillus delbrueckii
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subsp. bulgaricus DSM24734®, Lactobacillus acidophilus DSM 24735®, Bifidobacterium longum
DSM24736®, Bifidobacterium infantis DSM24737®, (trade name: Vivomixx®in EU and
Visbiome®in USA). Probiotics were administered at the concentration of 1800 billion
bacteria/day (4 sachet/day, each sachet containing 450 billion bacteria cells in powder
formulation). The placebo was composed of maltose and silicon dioxide. Sachet envelopes
and content were indistinguishable between probiotics and placebo. Since probiotics
needed refrigeration, storage at +4 °C was required for both compounds. All participants
were told to ingest the study product at least 30 min before or 2 h after introducing food.

2.5. Statistical Analysis

Since literature data on the topic of the study are scarce and since this is a pilot study,
the number of participants was arbitrarily set at 40 subjects. The interim analysis of 50% of
the overall population to be enrolled in the trial and the final analysis with 100% of sample
size enrolled were planned. Statistical analysis was conducted with Statistical Package
for Social Science software, version 25 (SPSS Statistics, IBM, New York, NY, USA). Unless
otherwise stated, data were presented as median and interquartile range (IQR, 25th-75th)
for continuous variables, and as proportions, simple frequencies (n) and percentages for
categorical variables. The Kolmogorov-Smirnov test and histograms were applied to
assess the normal distribution of data. The presence of statistically significant differences
between groups was assessed using Student t-test or Mann-Whitney test for normally and
non-normally distributed variables, respectively. The Chi-square test (x?) was used to test
group differences of proportions.

Multivariate logistic regression models were used to adjust for potential confound-
ing. Odds ratios (ORs) with 95% confidence intervals (95% Cls) were calculated for all
associations. A two-sided p-value of less than 0.05 was considered statistically significant.

2.6. Ethical Aspects

The study was independently approved by the Committee of the Public Health and
Infectious Diseases Department of “Sapienza” University of Rome and by the local Ethics
Committee (N° of approval 457/17, 29 May 2017). Written informed consent was obtained
from each participant prior to the enrollment in the trial. The study protocol was registered
in the ClinicalTrials.gov register (Identifier number: NCT04099433).

Probiotic compound and placebo were donated by the probiotic manufacturing com-
pany without any obligation. The probiotic manufacturing company did not take part in
data analysis nor did it obtain access to study data or results prior to their publication.

3. Results

Since the trial is still ongoing, here we report the interim analysis (as per protocol) of
the results of the first 20 participants that concluded the protocol.

3.1. Baseline Characteristics of Participants

Among 20 subjects that have concluded the study protocol to date, 9 have been
randomized to daily intake of oral probiotics and 11 to placebo. Baseline characteristics of
the study population are reported in Table 1.

The concordance between anal biopsies and diagnosis of dysplasia was 100%. Total
number of dysplasia observed at baseline was 17 in the experimental arm and 19 in the
control arm. In each group, five subjects showed more than one lesion.

3.2. End of Study Results (T1)

All participants reported unprotected receptive anal intercourse during the study.
44.5% of participants in the experimental arm reported sexual contacts exclusively with
the usual partner and 55.5% with multiple sexual partners. In the control arm, 36% of
participants had receptive anal intercourses with the usual partner and 64% with multiple
sexual partners.



Biomedicines 2021, 9, 1738

50f 10

Table 1. Baseline characteristics (T0) of the study population. Data are reported as total number (%)
ore median (IQR).

Experimental Group Control Group p-Value
Participants 9 11

Age 44 (35-49.5) 55 (50-58) 0.010
Diabetes 0 1 (9%) 0.341
Cigarette smokers 3 (33%) 6 (55%) 0.367

Anal receptive intercourse 9 (100%) 11 (100%) 1
Lifetime sexual partners 100 (100-150) 50 (40-250) 0.341
HPV vaccination 0 0 1.000
Years from HIV diagnosis 12 (10-14) 18 (10.5-25.5) 0.081
T CD4 nadir (cells/pL) 460 (350-532) 262 (113-406) 0.387
T CD4 baseline (cells/uL) 877 (700-936) 700 (540-897) 0.606
Treatment with NRTI 8 (89%) 9 (82%) 0.673
Treatment with INSTI 4 (44%) 8 (73%) 0.227
Treatment with NNRTI 5 (56%) 3 (27%) 0.227
Treatment with PI 1 (11%) 2 (18%) 0.673
High risk HPV 6 (67%) 5 (45%) 0.367
Anal condyloma 2 (22%) 1 (9%) 0.656
Number of SIL (histology) 1(1-2) 2 (1-3) 0.714

Participants with HSIL o

(histology) 1 (11%) 0 0.317

NRTI: nucleoside reverse transcriptase inhibitors; INSTI: integrase strand transfer inhibitors; NNRTI: non
nucleoside reverse transcriptase inhibitors; PI: protease inhibitors.

At the end of the study, individuals in the experimental group showed significant im-
provements in the considered outcomes as compared to the control group, as shown below.

Nutritional and metabolic status of patients were also evaluated, as part of the routine
follow-up for HIV+ individuals. No differences in blood pressure, body weight, BMI
and lipid profile (cholesterol and triglycerides) were observed between groups at T1 (nor
at baseline).

Main characteristics of the study population at T1 are reported in Table 2.

Table 2. Characteristic of the two groups at the end of the study (T1). Data are reported as total
number (%) ore median (IQR).

Experimental Group  Control Group p-Value

HPV clearance 6 (67%) 2 (18%) 0.067

High risk HPV T1 3 (33%) 6 (55%) 0.367

Number of SIL (histology) 1(0-1) 2 (2-4) 0.053
Participants with normal HRA 3 (33%) 0 0.230
Participants with regression of at least 1 SIL 8 (88%) 1 (9%) 0.002
Participants with persistent and worsened SIL 1(11%) 7 (78%) 0.004
Participants with onset of new SIL 2 (22%) 8 (73%) 0.023
Participants with HSIL (histology) 0 3 (27%) 0.083

3.2.1. Effects of Modulation of Gut Flora on Anal HPV Infection in HIV-Positive MSM

At T1, 67% of subjects in the experimental arm and 18% in the control group showed
clearance of baseline anal HPV (p = 0.067).

In the experimental arm: three participants with hr-HPV showed a negative HPV DNA
at T1 and three participants (two with hr-HPV and one with Ir-HPV) showed clearance of
baseline HPV infection but acquired a new genotype. In the control arm: two participants
cleared baseline HPV infection but showed acquisition of a new genotype at T1.
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3.2.2. Effects of Modulation of Gut Flora on Anal Dysplasia in HIV-Positive MSM
Anal Cytology

In the experimental arm: two participants with cytologic LSIL at baseline showed
absence of abnormalities at T1. In the control arm: one participant with normal cytology at
enrollment showed onset of LSIL at T1 and one participant with cytologic LSIL at baseline
showed HSIL at T1 (HSIL was subsequently confirmed by histology).

3.2.3. HRA and Histology Results

Among the population of the experimental arm: total number of dysplasia decreased
from 17 to 12, the median number of lesions decreased from one with IQR 1-2 to one
with IQR 0-1 and the number of participants with multiple dysplasia decreased from five
to two. Persistence of dysplasia with unchanged HRA characteristics was observed in
55% of subjects, while persistence with worsening of HRA appearance was observed in
11% of participants.

Among the population of the control arm: total number of dysplasia increased from
19 to 30, the median number of lesions increased from two with IQR 1-3) to two with
IQR 24 and the presence of multiple dysplasia increased from five to nine participants.
Persistence of dysplasia with unmodified characteristics at HRA was observed in 54% of
participants, while persistence with worsening of HRA appearance was observed in 73%
of participants.

The regression of at least one dysplastic lesion was observed in 88% of subjects in the
experimental arm versus 9% in the control arm. At the end of the study a normal HRA
with absence of abnormal area was observed in 33% of the experimental group population
and 0% of the control group.

Onset of new dysplasia was observed in 22% of participants in the experimental arm
(LSIL in both cases) and 73% of participants in the control arm, 37.5% of whom showed
histology-proven HSIL. The number of SIL on HRA examination is shown in Figure 2.

6

5

Ared del grafico /
4 Py

NUMBER OF SIL (HRA)

TO T1

Figure 2. Number of SIL on HRA examination. Blue lines: experimental group. Grey lines: control group.

At baseline, condyloma of the anal canal were observed in two participants in the
experimental arm and one in the control arm. At T1, while regression was observed in all
cases, onset of new condylomas was observed in one subject in the control arm.

Multivariate linear regression confirmed the observed results. In the study population,
being assigned to probiotic intake was associated with an increased likelihood of HPV
clearance (OR 8.9; p = 0.028) as well as an increased likelihood of regression of pre-existent
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dysplasia (OR 80; p = 0.001). Moreover, the intake of probiotic compound was protective
against the onset of new lesions (OR 0.107; p = 0.025) and protective against worsening of
persistent dysplasia (OR 0.047; p = 0.009).

3.2.4. Safety and Tolerability of Oral Bacteriotherapy

No adverse events were reported during the course of the study. Participants in both
groups completed a self-reported questionnaire on gastrointestinal symptoms at baseline
and T1. No differences were observed in terms of tolerability between probiotic and
placebo, with abdominal bloating during the first weeks reported by one participant in
each group.

4. Discussion

The incidence of SCCA among HIV+ MSM can be as high as the incidence of prostate
or colorectal cancer in the general population or even greater, depending on patients’
age [29]. Similarly, the prevalence of anal dysplasia among HIV+ MSM ranges between
50% and 90%, and it has been reported to be high also in young individuals [30].

Vaccination in HPV-infected subjects showed some effectiveness in the prevention
of anal dysplasia recurrence, but its indication mainly refers to the prevention of HPV
infection and anal precancers rather than its treatment. Early detection and ablation of
anal cancer precursors has been adopted from many clinicians as the preferred strategy to
prevent progression to SCCA [31]. The effectiveness of a similar approach has been proven
to date for the prevention of HPV-related neoplasia of the female genital tract. Targeted
HPV anti-viral drugs are not currently available and, even so, efficacy of such molecules
against dysplasia could not be assumed without specific investigations.

The administration of lactic acid bacteria is of common use as aid in the treatment of
a wide range of diseases, due to their local and systemic immunomodulatory effects. In
women with bacterial vaginosis, the administration of lactic acid bacilli promotes a local
HPV-unfavorable environment through the restoration of the integrity of epithelial lining,
increase of mucus production, decrease of local pH and, most importantly, enhancement
of immune response against HPV-infected cells. Moreover, in people living with HIV,
probiotics demonstrated the ability to improve gut mucosa integrity, replenish immune cells
of the mucosal compartment and compete with the overgrowth of detrimental saprophytic
bacteria [32,33]. In this scenario, probiotics that contain lactic acid bacteria represent a
potential and intriguing strategy to promote immune response against HPV and HPV-
infected cells.

In synthesis in this study, 20 participants concluded the protocol procedures to date.
Individuals in the experimental arm showed a higher rate of anal dysplasia regression
(p = 0.002), lower rate of onset of new anal dysplasia (p = 0.023) and lower rates of wors-
ening of persistent lesions (p = 0.004), with respect to participants randomized to placebo.
Clearance of anal HPV infection was more frequently observed in the bacteriotherapy
group (p = 0.067), however it did not reach statistical significance. No adverse effects or
safety concerns were reported in the experimental group.

Major limitations of this interim analysis of the study were the small sample size of
participants enrolled, short study interval and the weak p-values in the clearance of baseline
anal HPV (p = 0.067) despite the trend observed (67% of subjects in the experimental arm
and 18% in the control group).

Since this is an interim analysis, and considering its limits, we limit ourselves to
reporting the preliminary results of the current study, without drawing conclusions. We
refer the conclusions relating to the possible effectiveness of the intervention with this
specific probiotic formulation to the analysis of the definitive data.
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5. Conclusions

The findings of the interim analysis are in line with the evidence coming from
similar studies that have been undertaken in female patients with HPV-related cervical
lesions [15,25].

Although seemingly encouraging and worthy of disclosure, these results are neverthe-
less too preliminary and therefore potentially biased to draw ultimate conclusions.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/biomedicines9111738/s1, Figure S1: Regression of high-grade lesion (HSIL) in a participant
in the experimental arm. A: acetic acid appearance of the lesion at T0. B: Lugol-iodine appearance
of the lesion at TO. C: acetic acid appearance of the area at T1. D: Lugol-iodine appearance of the
area at T1, Figure S2: Progression of a dysplastic lesion in a participant in the observational arm.
A: acetic acid appearance of the lesion at TO (LSIL). B: Lugol-iodine appearance of the lesion at TO
(LSIL). C: acetic acid appearance of the area at T1 (HSIL). D: Lugol-iodine appearance of the area at
T1 (HSIL).
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