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Abstract

Introduction: Antiretroviral therapy (ART) does not cure HIV infection due to the persistence of HIV reservoirs in long-lived
memory CD4 T cells present in the blood, lymph nodes, intestinal tract, and other tissues. Interest grows in obtaining
gut-tissue samples for HIV persistence studies, which poses an ethical challenge to provide study volunteers with adequate
information on risks and benefits. Herein we assess the risks and benefits of undergoing gut biopsy procedures for HIV
pathogenesis and reservoir studies.

Methods: A group discussion was organised with physicians and community representatives on performing either a flexible
sigmoidoscopy or a colonoscopy. Consensus was reached on conducting colonoscopy in persons ≥50 years. Thirty
HIV-infected, ART-treated and nine uninfected participants were recruited. Colonoscopy was performed to collect 30 gut
mucosal biopsies. When present, polyps were removed and abnormal mucosal findings were biopsied for pathological
analysis. Participants were interviewed on potential discomfort following colonoscopic examination.

Results: The HIV-infected and uninfected groups were comparable in terms of age and gender with more men who have
sex with men (MSM) in the former group. Abnormal colonoscopic findings were observed in 43.6% of all the participants
and did not differ by HIV status. In total, 24 polyps were removed with a higher mean number of polyps removed in
HIV-infected versus uninfected participants (1.7 vs 1.0, P=0.013). The number of polyps marginally correlated with inverted
CD4:CD8 ratio. Based on our findings, colonoscopic examination was safe to use for gut biopsy procedures where almost
half of the participants had polyps removed.

Conclusion: Participation in the study provided colon cancer screening as an ancillary benefit that participants could
have received in standard medical care, thus mitigating burdens of invasive procedures. Dialogue between community
representatives and clinical researchers can increase participation and advance HIV cure research.
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Introduction

Antiretroviral therapy (ART) has transformed the lives of individuals
living with HIV by controlling viral replication, preventing the
development of AIDS, and partially reducing the risk for
inflammatory non-AIDS events [1,2]. Despite controlling plasma
viraemia with suppressive ART, latent HIV reservoirs persist in blood
and tissues representing the major barrier to an HIV cure.

Viral reservoirs consist of replication-competent proviruses that
remain in long-lived latently infected CD4 T cells and possibly in
myeloid cells of ART-treated individuals [3,4]. The size of the latent
reservoir is influenced by several factors that include the nadir
CD4 T cell count [5], the CD4:CD8 ratio [6], the time between
infection and initiation of ART [7–10] and to a lesser extent, the
duration of therapy [11].

Knowledge of HIV reservoirs has been acquired principally through
studies on peripheral blood samples, whereas the majority of cells
comprising the latent reservoir reside in solid tissues [12,13], with
a potential of lower drug penetration [12–14]. Poles et al. have

reported more than twice the number of lymphoid cells in the
gut-associated lymphoid tissue (GALT) compared with blood that
contain potentially replication-competent HIV-1 DNA in individuals
receiving ART [15]. They further reported a lack of decay of HIV-1
in GALT, which was similar to the blood. Recently, results from
tissue-reservoir studies have suggested that the predominant total
body reservoir may be composed of lymph node and intestine
[16,17]. The intestine represents a unique site for HIV persistence
as CD4 T cells are constantly exposed to the gut microbiota and
express high levels of immune activation. Moreover, we have
previously shown that CD4 T cells (Th-17) in the gut, specialised
in host defence, are preferentially infected and constitute a
significant reservoir [16].

Therefore, owing to the unmet need of the HIV cure agenda to
understand persistence, efforts must increase to elucidate HIV
reservoirs in tissues in order to design tissue-targeted immune
intervention. The quest to access tissues in humans has been
attempted by a few groups at different phases of infection. Such
attempts included a handful of patients treated during the acute
and chronic phases of infection [8], and a very few post mortem
[18,19]. Chiu et al. recently characterised the safety of flexible
sigmoidoscopies in clinical trial participants and reported no serious
adverse events [20]. They further reported an adverse event rate
of 1.6% per procedure that involved abdominal pain, diarrhoea,
bleeding, flatulence and bloating.
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The growing need for the study of HIV reservoirs in tissues for
more general and widespread research and with the help of
numerous volunteers poses an ethical challenge when participants
face uncertainty with respect to the risks and benefits in clinical
studies aiming at viral eradication. Willingness to participate in
HIV cure research may be influenced by type of intervention and
tissue sampling. Determinants of participation have been generally
assessed outside of the particulars of individual study designs in
a large survey [21]. These preliminary results indicate the awareness
of people living with HIV (PLWH) for potential personal and social
benefits, in addition to future – albeit uncertain – clinical benefits.
These findings also underscore the degree of commitment in
participation, the motivation of altruism and the important
roles for involvement of community representatives in study
design [22].

In order to assess the risks and benefits of undergoing gut biopsy
procedures to understand the persistence of HIV reservoirs, we
organised a group discussion on performing either a flexible
sigmoidoscopy or a colonoscopy with community representatives
and physicians specialising in HIV medicine. While in Canada both
approaches are considered acceptable for colon cancer screening
[23,24], full colonoscopy affords an evaluation of the right side
of the colon and may be slightly more effective in reducing
colorectal cancer rates, with only a very modest decrease in cost
effectiveness [25]. Approximately one in four polyps may be missed
by limiting endoscopic evaluation to the splenic flexure [26].
Although the individual cost of flexible sigmoidoscopy is cheaper
than colonoscopy, programmatic screening by colonoscopy may
in fact be more cost effective than sigmoidoscopy [27]. Other
considerations include the following: colonoscopy preparation,
duration of the procedure, potential risks of multiple colon mucosal
biopsies and potential benefits for screening polyps (Table 1).
Taking all these factors into account, a consensus was reached
on conducting colonoscopy to obtain gut mucosal biopsies while
providing full colon cancer screening. We then wanted to document
that the argument justifying the use of colonoscopy was confirmed
by clinical practice. We show safety and tolerability to undergo
30 gut mucosal biopsies in the descending colon in HIV-treated
patients and healthy controls. In addition to their altruistic
commitment, the participants obtained ancillary benefits for colon
cancer screening using colonoscopy over flexible sigmoidoscopy
performed in a research setting.

Methods

Group discussion

In September 2014, a group discussion among HIV-treating
physicians, immunologists, virologists and community
representatives was organised in Montreal.
The objective was to discuss the optimal
strategy for the collection of a greater number
of gut mucosal biopsies to study HIV
pathogenesis and reservoirs. Advantages and
limitations of conducting either a flexible
sigmoidoscopy or a colonoscopy were
presented to the participants (Table 1).
Consensus was reached on using colonoscopy,
which, although requiring more preparation,
time and resources than sigmoidoscopy,
would provide full colon cancer screening as
an ancillary potential benefit to participants.

Study population

Thirty HIV-infected ART-treated asymptomatic
adults aged ≥50 years, with an undetectable

viral load (VL) and nine age-matched uninfected volunteers were
invited to participate in this study from March 2015 to May 2017
at the Chronic Viral Illness Services, McGill University Health Centre,
Montreal, Canada. HIV-infected individuals were contacted through
their treating physician and HIV-uninfected volunteers were
identified at the gastroenterology service where they were
scheduled for the colon cancer screening programme for persons
aged ≥50 years [28].

Clinical procedures
Participants were instructed to adhere to a clear-liquid diet 24
hours before the procedure to begin a bowel preparation regimen
to clear the bowels. On the day of the examination, participants
were offered the choice of conscious sedation. Only one healthy
control among all participants elected not to receive conscious
sedation. Colonoscopy was then performed with a high-definition
colonoscope inserted to the caecum, followed by slow withdrawal
and careful examination of the mucosa. When present, polyps were
removed by snare polypectomy and were sent for pathological
assessment; abnormal mucosal findings were biopsied. Sigmoid
biopsies (30 biopsies) were then collected from the descending
colon [29] for the study. These were collected from the normal
mucosa of the descending colon at least 30 cm from anal margin
to perform an immunological investigation and HIV reservoir
measurements. Briefly, we previously reported that CD4 T cell
subsets expressing the chemokine receptor CCR6 are enriched in
HIV DNA compared to their CCR6- counterparts in both colon and
blood of HIV-infected individuals receiving ART [16]. It has been
reported that that the colon CCR6 CD4 T cells in ART-treated
individuals express higher levels of CCR5, integrin β7 and
phosphorylated mTOR [30]. Such findings highlight the potential
beneficial use of mTOR inhibitors in decreasing HIV reservoirs and
restoring Th17-mediated immunity.

Matched peripheral blood samples (100 mL/donor) were collected
from participants on the same day as the colonoscopy. Plasma
VL was measured using the Amplicor HIV-1 monitor ultrasensitive
method (Roche Diagnostics Systems, Branchburg, NJ, USA). The
day after the procedure, each participant was contacted by
telephone by a research nurse to inquire about their wellbeing
including abdominal pain, discomfort and presence of blood in
stool.

Data collection and statistical analyses

Socio-demographic data including age, sex, ethnicity and past
medical history were recorded from the patient‘s medical chart.
For each participant, data were extracted from colonoscopic and
pathological reports. Univariate analysis was conducted using
appropriate statistical tests including Student‘s t-test, chi-squared

Table 1. Comparative characteristics of performing sigmoidoscopy versus colonoscopy to obtain
multiple gut biopsies

Characteristics Sigmoidoscopy Colonoscopy

Bowel preparation Limited, only during the
procedure

Yes, oral laxative

Estimated duration of the procedure 15 minutes 30 minutes

Analgesic medication No Yes

Possible polyp removal ≤50 cm of anal margin Throughout colon

Time for multiple biopsies Shorter Longer

Post-biopsy side effects Infrequent Infrequent

Ability to drive back home Yes No (for 4 hours)

Estimated cost in Canada Less costly ~ CA$ 450 More costly ~ CA$ 580
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(χ2) test, Fisher‘s exact test, and Spearman rank correlation test
at 5% level of significance using GraphPad 7.0 and SPSS 23.0.

Ethical considerations

The study was conducted in compliance with the principles
included in the Declaration of Helsinki and received approval from
the Institutional Review Board of the McGill University Health
Centre. All study participants signed a written informed consent
for study participation.

Results

Participant characteristics

A total of 39 individuals participated in the study with a mean
age of 58.4±6.0 years. The majority of the participants (92.3%)
were male, white (92.3%), and belonged to the HIV-infected group
(76.9%). The mean age (P=0.614), gender (P=0.127) and ethnic
background (P>0.999) of both groups was similar. The majority
(86.7%) of the HIV-infected participants were MSM in comparison
to only one MSM (11.1%) amongst the HIV-uninfected participants
(P<0.001). A history of smoking, alcohol and family history of
colon cancer were comparable between the two groups (P>0.05)
(Table 2). Mean duration of ART in the HIV-positive group was
15.3±6.2 years.

HIV-infected participants receiving long-term ART had a
significantly lower mean CD4 T cell count (532±205 vs 757±247
cells/mm3; P=0.012), a higher CD8 T cell count (790±343 vs
346±130 cells/mm3; P<0.001) and a lower CD4:CD8 ratio

(0.75±0.35 vs 2.3±0.6; P<0.001; Table 2) It has been reported
that the risk of AIDS or other clinical events becomes significantly
reduced in persons with CD4 T cell counts above 500 cells/mm3

while on ART [31]. In addition, our study included asymptomatic
ART-treated PLWH. Gut biopsy samples collected from these
ART-treated individuals generated significant results. We
demonstrated that the CD4 T cell subsets expressing the
chemokine receptor CCR6+ versus CCR6- are enriched in HIV DNA
in both colon (P=0.0014; median 2.8-fold increase) and blood
(P=0.026; median 1.5-fold increase) of HIV-infected individuals
receiving ART [16]. We next reported that CCR6+ versus CCR6-
CD4 T cell infiltrating the colon in ART-treated individuals express
a distinctive molecular signature that includes higher levels
of CCR5, integrin β7 expressions and enhanced mTOR
phosphorylation [30]. These results identify mTOR as a druggable
key regulator of HIV persistence in gut homing CCR6+ CD4 T cells.

Effect of the procedure on participants

No serious side effects were reported during or after the procedure.
None of the participants was hospitalised within 3 months of the
procedure and no documented complications were observed
following the procedure either after a telephone call by the nurse
and/or consultation of patient charts during this period. To further
assess the acceptability of undergoing colonoscopy, participants
were contacted by telephone at least 3 months after the procedure
to assess whether they would undergo another medically required
colonoscopy. Among the 19 reachable participants, all agreed that
they would undergo another colonoscopy for medical reasons.
Based on our findings, colonoscopy was safe to use for gut biopsy

procedures where almost half of the
participants – all of them over 50 years of age
– had polyps removed.

Abnormal colonoscopic findings

Abnormal colonoscopic findings, including
polyps and in one case asymptomatic patchy
colitis in the sigmoid colon, in relation to
lymphoid follicular hyperplasia were observed
in 17 (43.6%) of the participants and were
not associated with age, gender, ethnicity, risk
group, CD4 and CD8 T cell counts and
CD4:CD8 ratio (P>0.05). Similarly, a history
of smoking and alcohol use was not
associated with abnormal colonoscopic
findings. However, a family history of cancer
was significantly associated with abnormal
colonoscopic findings (P=0.030), irrespective
of HIV status. The proportion of participants
with abnormal colonoscopic findings in HIV-
infected and uninfected groups was similar
(43.3% vs 44.4%; P=0.953). A total of 24
polyps were removed, 1–3 polyps in each
participant, with a higher mean number of
polyps removed in HIV-infected versus
uninfected participants (1.7 vs 1.0; P=0.013).
Ten participants had one polyp and six had
two or more polyps removed. All the
participants with two or more polyps
belonged to the HIV-infected group (Figure
1). Overall, the number of polyps inversely
correlated with the CD4:CD8 ratio with a
marginal statistical significance (r=−0.495;
P=0.051) (Figure 2). Anatomical sites where
polyps were located included rectum (one
polyp), sigmoid colon (nine polyps),

Table 2. Socio-demographic, behavioural and clinical characteristics of study participants
(n=39)

Characteristics HIV positive HIV negative P
n=30 n=9

Age in years, (mean ±SD) 58.2 ± 6.3 59.3 ± 5.0 0.614

Sex 0.054

Male, n (%) 29 (96.7) 7 (77.8)

Female, n (%) 1 (3.3) 2 (22.2)

Ethnic background >0.999

Non-white, n (%) 3 (10.0) 0 (0.0)

white, n (%) 27 (90.0) 9 (100.0)

Exposure group <0.001

Heterosexual, n (%) 4 (13.3) 8 (88.9)

MSM, n (%) 26 (86.7) 1 (11.1)

Smoking 0.749

Yes, n (%) 13 (43.3) 3 (33.3)

No, n (%) 17 (56.7) 6 (66.7)

Alcohol use 0.706

Yes, n (%) 17 (56.7) 4 (44.4)

No, n (%) 13 (43.3) 5 (55.5)

Family history of cancer 0.169

Yes, n (%) 7 (23.3) 0 (0.0)

No, n (%) 23 (76.7) 9 (100.0)

CD4 T cell count (cells/mm3, mean ± SD) 532 ± 205 757 ± 247 0.012*

CD8 T cell count (cells/mm3, mean ± SD) 790 ± 343 346 ± 130 <0.001

CD4/CD8 ratio (mean ± SD) 0.75 ± 0.35 2.3 ± 0.60 <0.001

VL, log10copies/mL (mean ± SD) <1.7 – –

* P<0.05
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descending colon (one polyp), transverse colon (one polyp),
hepatic flexure (two polyps), ascending colon (three polyps),
terminal ileum (one polyp) and caecum (six polyps) (Table 3).

An estimation was made that if flexible sigmoidoscopy had been
performed instead of colonoscopy, it would have been possible
to screen for polyps in the first 50 cm after the anal margin. This
would have detected an estimated 11 polyps representing only
46% of the total polyps removed with colonoscopy. Such findings
justify the use of colonoscopy over sigmoidoscopy for identification
and removal of polyps.

Discussion

The past 20 years have witnessed the evolution of HIV research
in understanding the mechanisms by which HIV persists despite
effective ART [12]. Persistence of HIV reservoirs in hard-to-reach
tissues has emerged as the central focus for eradication strategies
[13]. To this end, we have previously shown enrichment of

replication-competent HIV DNA in CCR6+ CD4 T cells in blood
and the colon in 13 ART-treated participants [16]. Access to tissue
samples remains a challenge from a clinical and ethical point of
view owing to the potential risks of tissue sampling, especially
in the context of preliminary proof of principle or exploratory HIV
eradication studies [21].

In order to address this question, we first organised a group
discussion between various stakeholders including community
representatives, researchers and physicians to assess the usefulness
and acceptability of performing sigmoidoscopy versus colonoscopy
for the collection of gut biopsy samples in the descending colon
for HIV cure research. After reaching a consensus, two
recommendations were made: (1) to use colonoscopy; and (2) to
invite participants 50 years and over to select the population that
may benefit most from participation in the context of colon cancer
screening. In this study, we report that colonoscopic examination

Table 3. Location of polyps. One participant from the HIV-positive group had asymptomatic colitis in the sigmoid colon. The polyps in bold (n=13) are
those which would have not been detected/removed if sigmoidoscopy was used

ID Number
of polyps

Location of first polyp Location of second polyp Location of
third polyp

Group
(HIV positive/negative)

Biposy#3 1 5 mm from sigmoid colon – – Negative

Biposy#4 1 5–9 mm from sigmoid colon – – Negative

Biposy#7 1 5–9 mm from rectum – – Negative

Biposy#9 1 <5 mm from caecum – – Negative

Biposy#15 1 5–9 mm from hepatic flexure – – Positive

Biposy#17 3 5 mm from caecum 5–9 mm from caecum 10–15 mm from
ascending colon

Positive

Biposy#19 1 5 mm from sigmoid colon – – Positive

Biposy#21 2 5 mm from transverse colon 10–15 mm from hepatic flexure – Positive

Biposy#22 1 5–9 mm from sigmoid colon – – Positive

Biposy#23 2 5–9 mm from sigmoid colon <5 mm from rectosigmoid junction – Positive

Biposy#27 3 10–15 mm from sigmoid colon 0.1 cm×0.1 cm from ascending colon 0.1 cm×0.1 cm from
terminal ileum

Positive

Biposy#28 2 10–15 mm from descending colon 5–9 mm from ascending colon – Positive

Biposy#29 1 5 mm from sigmoid colon – – Positive

Biposy#31 1 <5 mm from sigmoid colon - – Positive

Biposy#37 2 <5 mm from caecum <5 mm from caecum and diverticulum – Positive

Biposy#38 1 <5 mm from caecum – – positive
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Figure 1. Distribution of abnormal colonoscopic findings in HIV-infected and
uninfected participants. One participant from the HIV-infected group had
asymptomatic colitis in the sigmoid colon
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Figure 2. Correlation of number of polyps with CD4:CD8 ratio in the study
participants. All the participants with two or more polyps belonged to HIV-
infected group. The correlation coefficient was calculated using Spearman‘s
rank correlation test
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to collect gut mucosal biopsies was safe, well tolerated and
provided the ancillary benefits of colon cancer screening.

A total of 39 individuals over 50 years of age participated in the
study and underwent colonoscopy. No major side effects were
reported during or after the procedure and abnormal colonoscopic
findings including polyps were observed in almost half of the
participants. Intestinal polyps are usually non-cancerous growths
but if left untreated some can develop into colorectal cancer over
time [32]. Also, based on 1.2-fold higher number of polyps located
in the right versus left colon [33], our study estimates 11 polyps
removed from the right colon in comparison to 13 from the left
colon. Right-sided colon cancer when compared to left, has been
associated with older age, advanced stages and with poor
prognosis, as recently reviewed [34].

The study participants were categorised into two groups based
on HIV status and the groups were comparable in terms of age,
sex, socio-demographic and behavioural characteristics with the
exception of a higher proportion of MSM in the HIV-infected
group. This is one study limitation as composition of gut microbiota
may differ in MSM compared with non-MSM. Noguera-Julian et
al. have reported MSM versus non-MSM individuals to have a
significantly richer and more diverse faecal microbiota, rich in
Prevotella species regardless of HIV status [35]. A reduction in
bacterial richness was observed with HIV infection despite
dominance of genus Prevotella and has been linked with
inflammation [35,36]. Such differences may explain the differences
in the abnormal colonoscopic findings seen in our study and need
further exploration. As expected, a lower CD4 T cell count and a
lower CD4:CD8 ratio were observed in HIV-infected participants
who were on ART for an average time of 15 years.

In the ART era, HIV has become a chronic infection rendering
HIV-infected persons susceptible to developing non-AIDS
conditions including lung and colorectal cancer at a higher rate
than the general population [37]. We did not find an association
between HIV status and abnormal colonoscopic findings in our
study. Our results are comparable to a US population-based
retrospective study on 5473 HIV-patients where risk-adjusted
outcomes of colorectal surgery in patients with HIV did not differ
significantly from the general population. Of note, compared to
the general population, a significantly lower age of HIV-infected
participants presenting with abnormal colonoscopic findings
including polyps was reported in this study [37]. We, however,
selected participants aged 50 years or over in the two groups,
and therefore, adjusted for age at the study design.

We observed an association between family history of cancer and
abnormal colonoscopic findings confirming the role of genetic
factors alongside environmental factors [38–40]. An association
between abnormal colonoscopic findings with a history of smoking
or alcohol use was not found, both of which are risk factors for
the development of colon cancer [41]. This could be attributed
to the small sample size in our study with the majority comprising
ART-treated HIV-infected individuals. Of note, smoking and alcohol
abuse are comparatively higher among PLWH than the general
population, further increasing their risk for colon cancer.

To our knowledge, no previous study analysed the association
between CD4:CD8 ratio and the number of polyps, which showed
a marginally significant negative correlation in our study. This could
be related to higher HIV-associated gut damage, gut dysbiosis
and immune dysfunction [42–44], predisposing these participants
to polyp development. This hypothesis-generating finding justifies
a prospective study to confirm such an observation.

Our study has several limitations that need to be considered while
interpreting the results. First, the generalisability of study findings

is limited by a small sample size, predominantly white male
population, and the age of the participants. However, with
advancements in healthcare, ageing has emerged as an important
issue in the general population and is considered to be accelerated
in PLWH [45]. Furthermore, our HIV-infected patients mainly
comprised MSM individuals, a group that has been shown to have
distinct gut microbiota [35] and, therefore, could potentially
influence our study findings. In terms of the initial group
discussion, we do not know whether similar conclusions would
have emerged if the study had recruited significant numbers of
women (including transwomen), other ethnicities or representatives
of Canada‘s Indigenous peoples and non-MSM individuals. We
recommend that future studies pay close attention to these issues
of community demographics. Our study highlights the need for
colonoscopic examination in the ageing population. Owing to the
small sample size, we conducted only univariate analyses to
determine associations and such analysis is prone to confounding.
Therefore, large-scale studies will be required to further confirm
these associations using multivariable modelling. Nevertheless, our
study reports significant findings from the colonoscopic
examination of HIV-infected persons.

Globally, colonoscopic examination of HIV-infected persons for
obtaining multiple gut mucosal biopsies for HIV cure research was
safe and well tolerated. In addition, polyps were identified
throughout the colon for half of the participants and were removed
during the procedure. Participation in the study provided ancillary
benefits that participants could have received in standard medical
care, thus mitigating burdens of undergoing colon mucosa multiple
biopsies, a relatively invasive procedure. Dialogue between
community representatives, physicians, and researchers can
optimise participation in research studies on tissue samples to
augment clinical care while also facilitating HIV cure research.
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