1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Immunol. Author manuscript; available in PMC 2021 October 15.

-, HHS Public Access
«

Published in final edited form as:
J Immunol. 2020 October 15; 205(8): 2312-2320. doi:10.4049/jimmunol.2000320.

Rapid Collection of Human Rectal Secretions Using OriCol
Devices is Suitable for Measurement of Mucosal
Immunoglobulins Without Blood Contamination

Julie Czartoski®*, Maria P. Lemos™¥, Youyi Fong”, Gregory J. Mize", Anne Konchan®, David
Berger™T, Janine Maenza™T, M. Juliana McElrath™ 1.2

* Vaccine and Infectious Disease Division, Fred Hutchinson Cancer Research Center, Seattle WA,
USA

T Division of Allergy and Infectious Diseases, Department of Medicine, University of Washington
School of Medicine, Seattle WA, USA

Abstract

Measurements of 1gG and IgA in human rectal secretions are used to evaluate the antibodies
elicited by HIV vaccines or the bioaccumulation following immuno-prophylaxis at the sites of
HIV exposure. To improve sampling methods and tolerability of the procedure, we optimized a
balloon device (OriCol) for rectal microbiome sampling requiring 10-second inflation and
compared this method to a 5-minute collection using sponges. Lubrication of the device did not
interfere with IgG, IgA or hemoglobin (Hb) ELISA. Lubricated OriCols inflated to 30cc
minimized Hb contamination (<4.68ng/ml) compared to collections with two sponge types (Weck-
Cel 267.2ng/ml, p<0.0001; and Merocel 59.38ng/ml, p=0.003). Median human serum albumin for
OriCols was 14.9ug/ml whereas Merocels and Weck-Cels were 28.57ug/ml (p=0.0005) and
106.2ug/ml (p=0.0002), respectively. Consistent with reduced systemic contamination, the median
IgG measured in OriCol-collected rectal secretions (986ng) was lower than secretions from
sponges (Weck-Cel 8,588ng; p<0.0001; Merocel 2,509ng; p=0.0389). The median IgA yield of
samples using the OriCol method (75,253ng) was comparable to that using Merocel (71,672 ng;
p=0.6942) but significantly higher than Weck-Cel sponges (16,173 ng, p=0.0336). Median
recovery volumes for OriCols were 800ul whereas Merocels and Weck-Cels were 615yl
(p=0.0010) and 655ul (p=0.0113), respectively. The balloon device was acceptable among 23
participants, as 85.1% experiencing their first collection ranked it as “7-acceptable-a lot” or “6-
acceptable-somewhat” in a 7-point Likert scale. Therefore, lubricated OriCols inflated to 30cc
allowed for a rapid, well-tolerated, blood-free collection of human rectal secretions.
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INTRODUCTION

The highest probability of sexual transmission of HIV occurs through receptive anal
intercourse (RAI)(1). Gaining insights into the immune responses needed to rapidly contain
HIV-1 following rectal exposures is critical to lower transmission rates by vaccination.
Recent studies have demonstrated retrograde migration of semen delivered to the rectal
compartment after simulated intercourse(2), defining the area where infectious ejaculate
interacts with rectal tissue. Similar investigations have sought to define where rectally and
orally delivered microbicides/drugs localize to prevent HIV(3-6), and to identify the
compartments where the interventions are most active. Similar characterizations are needed
for antibodies induced by vaccines or delivered by passive prophylaxis(7), as they aim to
block infection early after exposure. Establishing the rectal immunoglobulin concentrations
needed to prevent HIV infection at mucosal surfaces is fundamental in the comparative
evaluation of various immune strategies in current clinical testing.

Only a single layer of glandular columnar epithelium separates the rectal lumen from the
lamina propria, where many HIV target cells reside(8). In the rectum, antibodies are
differentially concentrated and their transport is heavily regulated by Fc receptors(9-15),
with IgG dominating in blood and colonic tissue, and IgA preferentially found in
secretions(9-11, 16-19). Thus, the analysis of gastrointestinal biodistribution of HIV
vaccine-induced immunoglobulins and the pharmacokinetics of passively-transferred
monoclonal antibodies in rectal compartments requires careful sampling, to ensure that the
compartmentalization of immunoglobulins in secretions, tissue and blood is maintained.
Thus, defining the precise mucosal 1gG and IgA levels that can accumulate in colonic
compartments following immune-based interventions, in the absence of systemic blood
immunoglobulin contamination, is critical to assess their potential benefit in mediating HIV
prevention.

Current rectal secretion sampling methods in humans use either Sno-Strips(20), cellulose
acetate wicks(21), or sponges(22-24) which are inserted in the rectum using a syringe,
pipette, or anoscope, and held against the rectal folds for up to 5 minutes to absorb
secretions. Merocel sponges have crosslinked polyvinyl alcohol in an open reticulate
structure to facilitate secretion recovery(22); Ultracell sponges have highly absorbent
polyvinyl acetal(6) and Weck-Cel spears have more rigid, closed cellulose structure(25). The
use of rectal sponges permits the collection of undiluted secretions(20, 21, 23, 24) and
targets sampling of recent secretions near mucosal tissue folds(25). However, as the sponges
were optimized for ocular surgery, which does not require elution or protein extraction, the
different absorption materials have not been compared for recovery of immunoglobulins.
Additionally, rectal sponges sample a very small surface area of the rectal compartment
(~3cm?), and often do not provide sufficient material for multiple antigen-specific assays.

The OriCol balloon device is designed for rectal microbiome sampling near the mucosal
surface(26). Through an anoscope, the balloon device is inflated for 10 seconds using an
applicator and retracted back after collection. Inflation of 30cc to 80cc could sample rectal
surfaces of 47 to 90cm?, potentially increasing the yield of secretions. Thus, we optimized
procedures for collection of rectal secretions using this device. We compared rectal
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secretions collected via anoscopy using two different sponges versus OriCol for the
measurement of rectally secreted antibody. Our overall goal was to identify rectal secretion
collection procedures that 1) shortened the duration of collection for participant comfort, 2)
supported the collection of mucosal immunoglobulins, and 3) decreased the likelihood of
blood contamination. We demonstrate that balloon devices reduce the likelihood of Hb
contamination in the secretion sample, without dramatic reductions in immunoglobulin
yields.

Study Population

For OriCol and sponge optimization studies, participants were enrolled in a Rectal Secretion
Optimization Study at the Seattle Vaccine Trials Unit. To assess tolerability and feasibility
for its use within a clinical trial, participants were enrolled in an experimental phase 1 HIV
prevention product study at the same research clinic (HVTN 116, Clinical Trials.gov
NCTO02797171). Eligibility criteria for both studies included HIV seronegative adults at low
HIV risk, good general health, and no history of rectal bleeding, as well as negative
screening for hemorrhoids or active rectal or perianal infection.

All participants were instructed to abstain from RAI and the use of any rectal or perianal
products for 48 hours prior to the study visit.

Ethics Approvals

Informed written consent was obtained from all participants. The Fred Hutchinson Cancer
Research Center Institutional Review Board characterized OriCols as a low risk device and
approved all studies and procedures (IR5460 and IR8447).

OriCol Preparation

The OriCol sampling device kit (Origin Sciences) includes an anoscope, applicator with
attached balloon (OriCol sampling device), connector, vial and syringe. Balloon devices
were prepared with a test inflation of 30-80cc and retraction to 100cc. When lubricated,
approximately 0.5ml of lubricant (PDI Lubricating Jelly 11) was applied by a gloved finger
around the inside rim of the device, bordering the balloon attachment. The device was then
inflated and deflated twice to 30-60cc to spread the lubricant. Devices without lubrication
were only assessed for inflation. For all devices, the syringe was then removed, the plunger
reset to 30-80cc and the syringe reattached for sample collection.

OriCol Collection and Elution

Participants were positioned lying on their left side and a lubricated OriCol anoscope was
inserted 8cm into the rectum. The balloon device was inserted into the anoscope with a
syringe attached and inflated to 30-80cc and held for 10 seconds. The balloon was then
withdrawn completely into the device and the device was removed from the anoscope.
Several procedures were compared for processing of the OriCol secretions after sample
collection:
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In method 1, 1 ml of Dulbecco’s phosphate buffered Saline (PBS, Gibco) with
1x protease inhibitors type | (P11, Calbiotech) was poured into the deflated
balloon immediately following collection at the bedside. The device was inverted
10 times to mix the secretions with the media, and emptied by inversion into a
4ml container, which was shipped to the nearby lab in wet ice for centrifugation.

In method 2, the balloon device without media was shipped to the lab in wet ice
immediately after collection. At the lab, 1ml of PBS with 1x P11 was added to
the balloon, and its surface was washed with the media 5 times to remove any
attached secretions and stool. The media and secretions were pipetted out of the
OriCol and transferred to a 2ml tube for centrifugation.

In method 3, 1 ml of PBS with 1x P11 was poured into the balloon immediately
following collection at the bedside and then shipped to the lab in wet ice for
further processing. At the lab, the balloon surface was washed with the media 5
times to remove any attached secretions and stool. The media and secretions
were pipetted out of the Oricol and transferred to a 2ml tube for centrifugation.

In method 4, 1 ml of RPMI 1640 with 25mM HEPES buffer and L-glutamine
(Gibco) containing 500U/ml of nystatin (Gibco), 100U/ml penicillin and
100U/ml streptomycin was poured into the balloon immediately following
collection at the bedside and then shipped to the lab in wet ice for further
processing. At the lab, the balloon surface was washed with the media 5 times to
remove any attached secretions and stool. The media and secretions were
pipetted out of the OriCol and transferred to a 2ml tube for centrifugation. The
supernatant received PII to a final concentration of 1X.

In all four methods, the sample was processed within 2 hours of collection. The collected
sample was centrifuged at 16,000xg for 5 minutes at 4°C. The supernatant was removed
from the stool/solid mucus pellet, and the volume measured with a p1000 pipette. The
supernatant was aliquoted and stored at —80°C before use in assays.

Sponge Preparation

Approximately 2.6cm was cut off the narrowest end of a 5ml narrow stem disposable
flexible polyethylene transfer pipette (Fisher) and the handle of a Weck-Cel surgical spear or
Merocel eye sponge was inserted approximately 1.4cm into the stem of the pipette(25). A
2ml tube (Sarstedt Micro tube) was prefilled with 50ul PBS at the lab. To facilitate
absorption and minimize mucosal damage with a dry sponge, each prepared spear/sponge
was pre-moistened by placing the tip into the tube with PBS prior to collection.

Sponge Collection and Elution

Participants were positioned lying on their left side and a lubricated Sani-Scope Disposable
Anoscope was inserted 8cm into the rectum. A moistened sponge attached to a flexible
pipette was inserted into the mucosal folds for 5 minutes. Following collection, the sponge
was placed in a sterile 2ml cryovial and immediately placed on dry ice for shipment to the

lab.
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Each frozen sponge was thawed 10-15 minutes on ice, then placed on a spinX column
(Costar) without filter in a microcentrifuge tube, and the handle removed with scissors. The
sponge was washed with 300ul of PBS with 1x P11, incubated at 4°C for 5 minutes, and then
centrifuged at 16,000xg for 5 minutes at 4°C. The sponge was washed a second time with
300ul of PBS with 1x PI1, incubated at 4°C for 10 minutes, and centrifuged at 16,000xg for
20 minutes at 4°C. The clarified supernatant was aliquoted and stored at —80°C before use in
assays.

For Hb concentrations, samples were diluted 1:3, 1:100 and 1:300 and assayed using the
human Hb ELISA Kit (Immunology Consultants Laboratory [ICL]) according to
manufacturer instructions. The standard curve was fit to a 4PL model using dilutions in the
range of 200ng/ml to 1.56ng/ml. Frozen serum samples from 9 healthy volunteers also
donating rectal secretions were used to determine the Hb contamination threshold in the Hb
ELISA. To eliminate the possible contribution of animal Hb from ingested food, Hb was
also quantitated in sera dilutions from animal species (fish, porcine, bovine, goat); the Hb
ELISA was found to have minimal cross-reactivity with animal Hb. Some cross-reactivity
was found when goat serum was used, because the secondary antibody is an anti-goat IgG
reagent, but this was only detected at a 1:1 dilution. For statistical analysis and graphing,
samples with Hb concentrations below detection were replaced by the limit of quantitation
of the assay (4.68ng/ml).

For 1gG and IgA yields, samples were diluted 1:10, 1:100 and 1:1000 and assayed using the
human IgG or IgA ELISA Kit (ICL) according to manufacturer instructions. Comparisons to
the animal sera tested above demonstrated minimal cross-reactivity with animal
immunoglobulins potentially present in food. For assessing the interaction of lubricating
jelly with the ELISA assays, human serum was diluted in media containing various
concentrations of lubricant, including those concentrations harvested after preparation of
OriCols with lubrication.

For detection of Human Serum Albumin (HSA), samples were diluted at 1:500 and 1:2000
and assayed using the Albumin Human ELISA kit (Invitrogen) according to manufacturer
instructions, with a limit of quantitation of 1.228ng/ml.

All the assays were read by monitoring absorbance on a Spectramax i3X Microplate Reader
(Molecular Devices). Extrapolation of duplicate samples at multiple dilutions was carried
out after 4PL fitting of each standard curve using Softmax Pro 6.5.1 software.

Statistical Analysis

The measurements were analyzed with R package robustrank. For independent samples,
two-sided Wilcoxon-Mann-Whitney two-sample tests were performed; for partially matched
samples, two-sided rank-based two-sample tests for paired data with missing values were
performed(27). Continuity correction was applied in both tests. P values <0.05 were
considered significant.
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Rectal Secretion Optimization Study Conduct

Thirty-eight participants from the Seattle area were enrolled in the Rectal Secretion
Optimization Study (see Table I). Participants were 58% assigned male at birth (AMAB) and
42% female assigned at birth (AFAB). They had a median age 35, with no history of
bleeding disorders, report or evidence of rectal abnormalities. Of the 38 participants, 14 had
collections using both OriCols and sponges; 12 had collections only with OriCol, and 12 had
collections only with sponges. No participant reported complications, including signs of
rectal bleeding, following the procedures.

Optimizing OriCol Collections to Maximize Mucosal IgG Recovery and Minimize Blood
Contamination

Manufacturer recommendations for the OriCol are to insert the lubricated anoscope in the
rectal compartment, inflate the unlubricated device to 80cc for 10 seconds and then retract
the balloon into the device. Fresh blood was often observed in these samples, and a small
amount of fresh blood was also noted in the rectal cavity immediately following collection.
We initially thought this was due to suction on rectal mucosa during balloon deflation; but
carefully breaking the suction seal prior to removal of the device did not prevent blood
contamination (data not shown).

To prevent bleeding during the collection procedure, we modified two other conditions:
balloon inflation volume and lubrication. We tested balloon inflation at 60cc and 30cc
(Figure 1A), and we added lubrication to the rim of the balloon-tube interface aiming to
reduce tissue damage. OriCol collections were compared to free Hb present in serum
samples, as the centrifugation of rectal secretions removes both fecal contamination and red
blood cells from the secretion supernatant (Figure 1B). Rectal samples with =1% of serum
Hb levels (median 91,373ng/ml, IQR 62,383-180,874) were deemed unacceptable for
mucosal secretion IgG quantitation (marked in red), since such blood contamination would
severely confound measurement of actual mucosal IgG.

Reducing inflation volume did not reduce Hb contamination (Figure 1B). Unlubricated
OriCol collections inflated to 80cc (median 16,989ng/ml of Hb; IQR 386.5-205,130), 60cc
(median Hb 91,377ng/ml; IQR 62,383-180,874), and 30cc (median Hb 46,339ng/ml; IQR
6,315-118,963) often exceeded the Hb threshold. However, OriCols tested using lubricated
balloons inflated to 60cc (median Hb 13.41ng/ml; IQR 4.68-43.66) and 30cc (median Hb at
limit of quantitation 4.68ng/ml; IQR 4.68-31.43) demonstrated significant reductions in Hb
contamination (p=0.005 and p=0.0002, respectively).

We measured the IgG and IgA yields with and without lubrication. OriCols inflated to 30cc
or 60cc with lubrication yielded slightly lower 1gG than the equivalent without lubrication
(Figure 1C, p=0.008 and p=0.012, respectively), but blood contamination potentially
contributed to the 1gG yield in samples collected without lubrication (Figure 1A). Overall,
lubricated devices contained significant mucosal 1gG with minimal evidence of blood
contamination.
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Lastly, we compared the supernatant volume of the secretions collected using the different
OriCol collection methods. Samples collected with 30cc of inflation (with or without
lubrication) yielded higher supernatant volumes than 60cc or 80cc inflation (Figure 1D). For
example, whereas samples collected using 30cc with lubrication yielded a median recovery
volume of 776pl (IQR735-855; p=0.013), manufacturer recommended collections of 80cc
with no lubrication yielded a median of 680ul (IQR525-738).

Because of the reduced Hb contamination, we selected lubricated OriCols to continue our
studies. We selected lubricated balloons with 30cc inflation as they required less suction
upon removal from the rectum, had slightly increased 1gG yield (Figure 1C) and better
recovery volume (Figure 1D) when compared to 60cc with lubrication.

Effects of Lubrication on Assay Readouts

Since the optimal collection method required spreading lubricant (containing water and
glycerin) on the balloon, by placing at the rim and inflating and deflating twice, we wanted
to explore the possibility that lubricant contamination would affect our assays. It is not
possible to collect rectal secretions without any lubrication, as most techniques involve a
lubricated anoscope insertion, so we tested the effects of lubricant on IgG, IgA and Hb
ELISA assay readouts.

We diluted lubricant at 10%, 5%, 2.5% and 1.25% weight by volume and used these as
diluents for a human serum sample with known measurements. Media collected from three
pre-lubricated devices was also used to dilute serum, to examine the effects of the maximum
concentration of lubricant present in the secretion collected from OriCols. Pre-lubricated
balloons were washed with 1ml of media, and the lubricant-containing media was used at
1:10 dilution to test Hb (Figure 2A), IgG (Figure 2B) and IgA (Figure 2C) of the same
serum sample. No rectal insertion took place in these OriCols. Although 10% lubricant had
effects in all the assays, lubricant at the concentrations used in the balloons performed
comparably to 0% lubricant and did not affect the quantitation of Hb, IgG or IgA.

Optimizing OriCol Sample Processing for Antibody Measurements

For microbiome analysis, the manufacturer recommends immediate addition of 1-4ml media
to the balloon, inverting the device to mix thoroughly, and immediate transfer of the sample
with media into a single aliquot tube, which can be frozen at the clinic.

For our clinical trial applications, a short collection time was desired to improve subject
tolerability and clinical operations, but the recommended downstream sample processing
required modifications. First, we needed to minimize freeze-thaw cycles, which can damage
antibody integrity. Second, multiple aliquots of the same sample were required for different
analyses in various laboratories. Third, many of our downstream IgG assays require
separation of the solid phase of fecal matter or mucus from the soluble proteins before
storage. Fourth, as some of our assays aim to identify antigen-specific 1gG, an initial dilution
into 4ml of media was suboptimal as it would leave many rectal sample concentrations
below the limit of detection.
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Therefore, we assessed the effects of modifications to the manufacturer recommendations to
maximize sample IgG concentrations. For optimization, all samples were collected using
1ml of media using processing methods 1) manufacturer recommended procedures at the
clinic, except for a lower media volume, 2) all recovery and processing done at the lab, and
3) media added at the clinic and processing done at the lab, as described in the methods.

As expected from the improved collection method of 30cc inflation with lubrication, Hb
contamination was minimal in all samples regardless of the sample processing method
(Figure 3A; median 6.42ng/ml; IQR 4.68-39.9 ng/ml). We did not detect significant
differences in 1gG recovery (Figure 3B; median 296.6ng; IQR 129.1-601.9).

The largest difference between processing methods was in the volume of secretions
recovered (Figure 3C). Decanting the devices with 1ml of PBS with PI1 into the
manufacturer’s recommended tube at the clinic left a considerable volume in the folds of the
device itself, with median recovery of 454l (IQR 275-650). The methods utilizing pipette
aspiration provided median recovery volumes of 764ul (IQR 686-834; p=0.097) and 776l
(IQR 722-786; p=0.045), after centrifugation of the stool/mucus pellet.

Therefore, we selected processing method #3 for the following reasons: 1) the addition of
Pl1-containing media at the clinic prevented protein degradation during transport to the lab
(Figure 3B and data not shown); 2) pipetting at the lab improved recovery volume (Figure
3C); 3) insoluble matter could be removed without adding freeze-thaw cycles; and 4) we
could generate smaller aliquots for single usage in protein assays.

Comparison of Secretions Collected Via OriCol (30cc with lubrication) and Sponges

Next we compared 30cc lubricated OriCol samples collected using processing method 3
(n=17; 9 AMAB and 8 AFAB, mean age 36 years) with samples collected via two brands of
sponges commonly used for the rectal collection: Merocel (n=38; 24 AMAB and 14 AFAB,
mean age 37 years); and Weck-Cel (n=34; 26 AMAB, 8 AFAB, mean age 35 years). Donors
in the three collection groups had comparable sex at birth ratios and age ranges (IQR 27—
43), and were unlikely to have blood in their stool. Balloon device collections were all below
the Hb contamination threshold and had significantly lower Hb concentrations than either
type of sponge collection (Figure 4A). Median OriCol Hb concentration was below
detection at 4.68ng/ml (IQR <4.68-31.43), whereas Merocel sponges had a median Hb
concentration of 59.38ng/ml (IQR 9.0-191.2; p=0.003 vs. OriCol) and Weck-Cel sponges
had a median Hb concentration of 267.2ng/ml (IQR 68.2— 2200; p<0.0001 vs. OriCol). We
monitored HSA in a random selection of samples, to assess any contamination of the
samples by plasma located in interstitial mucosal tissue (Figure 4B). Median HSA for
OriCols was 14.9ug/ml (IQR 2.6-50.8) whereas Merocels and Weck-Cels were significantly
higher, with a median HSA of 28.57ug/ml (IQR 22.75-60.70; p=0.0005) and 106.2 pg/ml
(IQR 41.87-1,147; p=0.0002), respectively.

OriCol collections yielded lower 1gG than sponges (Figure 4C). Balloons had a median of
986ng of 1gG (IQR 316-2,965) whereas Merocel and Weck-Cel collections had medians of
2,509ng (IQR 733-4,874; p=0.0389) and 8,588ng (IQR 2,871-18,288; p>0.0001),
respectively.
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The IgG yield of the soft, flexible Merocel sponges correlated well with the Hb
concentrations in them (Figure 4D; Spearman’s correlation r=0.7317, p<0.0001), suggesting
that their 1gG recovery could be due to low levels of blood contamination. Absorbent, yet
rigid Weck-Cel spears were not as strongly correlated with Hb (r=0.3453, p=0.0529) but
were well correlated to HSA (Figure 4E; r=0.7727, p=0.0074), suggesting that they also
draw their high 1gG from interstitial plasma (Figure 4B). OriCols did not show a correlation
among lgG and Hb (Figure 4F; r=0.516, p=0.8424), or 1gG and HSA (Figure 4G; r=0.0774,
p=0.8226), suggesting the recovered 1gG was mainly transudated into the colonic lumen.

Balloon sampling recovered a median of 75,253ng IgA (IQR 44,537-152,969ng; Figure
4H), which was significantly higher than Weck-Cel sponges (median IgA 16,173ng, IQR
8,546-112,225ng; p=0.0366) but indistinguishable from Merocel sponges (median IgA
71,672ng; 1QR 22,488-258,184ng; p=0.694).

Lastly, we compared the recovery volumes from the sponges and balloon collections (Figure
41). As expected from the 1ml addition of media, OriCol secretion supernatants had
increased recovery volumes compared to the sponges, which receive 650ul of media during
elution. Median recovery volumes for OriCols were 800ul (IQR 736-880) whereas Merocels
and Weck-Cels were 615pul (IQR 600-626; p=0.0010) and 655l (IQR 644-684; p=0.0113),
respectively.

Therefore, we concluded that OriCols inflated at 30cc with lubrication provided minimal Hb
contamination and increased recovery volume compared to both sponge types. The
improvements minimizing Hb and maximizing recovery volume were observed even after
exclusion of any sponge sample with more than 1% of free Hb in serum (data not shown).
OriCols had minimal systemic IgG contamination and a significant IgA yield, making them
ideal for rectal immunoglobulin studies.

Implementation of Balloon Device Collections in a Phase 1 Clinical Trial

Due to their short collection time and low blood contamination, we decided to introduce
balloon devices in a phase 1 trial to test their acceptability by trial participants. The study
requested donation of semen, rectal secretions using OriCols, and rectal biopsies in persons
AMAB; cervicovaginal secretions, cervical biopsies, vaginal biopsies, rectal secretions using
OriCols and rectal biopsies in persons AFAB. Of the 28 participants enrolled in the study, 27
were eligible for rectal sampling (see Table I1). Participants who enrolled and agreed to
OriCol sampling were 44% AMAB and 56% AFAB, median age 29, with no history or
report of rectal abnormalities or bleeding disorders.

Study participants donated their first mucosal samples before any study intervention was
conducted. The OriCol samples were collected prior to rectal biopsy. They were interviewed
two weeks later to evaluate acceptability of the mucosal sampling procedures. Participants
were asked to rank using a 7-point Likert scale their “experience with rectal secretion
collection using a balloon”. As seen in Table 11, 62.9% ranked OriCol collections as
“acceptable-a lot”; 22.2% as “somewhat acceptable”; 0% provided a “Not acceptable” score.
No differences in acceptability were observed among participants based on assigned sex at
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birth (p=0.835). No participant had any rectal complications at the rectal secretion collection
visit.

In this trial, OriCol secretions were processed according to method #4, diluted in RPMI1460
with antibiotics and antimycotics (see methods), to provide consistency with the media used
to process other mucosal samples from the study. As expected, the median Hb in these
samples was under the limit of detection (4.68ng/ml; IQR 4.68-474.4ng/ml; Figure 5A),
highlighting the low blood contamination observed, even when collections were carried out
during a complex multi-sample collection visit. HSA concentrations were also low in these
samples (median 17.51ug/ml IQR 4.13-60.16 pg/ml; Figure 5B) indicating low
contamination from interstitial plasma. The mean IgG was 829.9ng (IQR 389.8-2333ng;
Figure 5C), similar to the levels measured in the optimization samples (Figure 4B; p=0.753).
The recovery volume median was 730ul (IQR 639-782ul; Figure 5D), also comparable with
the optimization samples (Figure 4C; p=0.2125). In short, during this sample-intense trial,
rectal collections with lubricated balloon devices were acceptable to study participants,
maintained the desired mucosal IgG yields, and avoided blood contamination.

DISCUSSION

We have optimized a method to collect rectal secretions using balloon devices that preserves
the compartmentalization of rectal immunoglobulins, is well tolerated by participants, and
provides multiple benefits over current practices. The use of lubricated OriCols inflated to
30cc provides benefits for the clinician related to efficiency and for the laboratory related to
improved efficiency and decreased blood contamination. The device was generally well
tolerated for rectal secretion collection; no adverse events were experienced and no
participant complaints regarding the device were received. OriCols were easy to implement
at the clinic: lubrication of the device is easy; inflation volume can be accurately controlled
by syringe markings; the time that the anoscope remains inserted is under one minute
(whereas the time for sponge collection is between 5 and 6 minutes). In addition, the
processing of balloon secretions to remove the stool pellet can be accomplished by a short
processing method (less than 30 minutes) compared to several rounds of washes and
centrifugation for eluting secretions from sponges (~80 minutes). Because the ultimate goal
of using lubricated OriCols is the collection of rectal secretions in large-scale studies, these
operational benefits are encouraging as demonstrated in the implementation of the initial
mucosal collection in a phase 1 study at a single clinical site.

In addition to these logistical benefits, we further optimized collection and processing
procedures to maximize recovery of mucosal antibodies. Balloon inflation consistently
samples 8cm-13cm from the anal margin, an area where seminal plasma and HIV locate
after simulated RAI(2, 28). We demonstrate that lubricated OriCol sampling minimizes Hb
and HSA contamination compared to pre-moistened sponges. The use of the described
OriCol lubrication methodology is essential to obtaining blood-free secretions, so training
clinical staff on appropriate OriCol preparation will be important as the method is
implemented more widely.
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There are also some drawbacks to using lubricated OriCols for collecting rectal mucosal
samples. Currently, the device kit (USD $16.22) is more expensive than the sponges and
anoscope (USD $1.24), but cost reductions may be possible with expanded use. The second
is a slightly lower median 1gG concentration in the recovered fluid, despite sampling an area
15-30 times larger than the sponges. It might be possible to concentrate the 1gG, or to wash
the balloon with a lower volume than 1ml without affecting optimal recovery. Third, the
proposed OriCol methodology does not permit calculating the original volume of rectal
secretion collected and 1gG concentrations in the collected secretion volume prior to any
dilution. It should be possible to subtract the weight of the pre-lubricated OriCol from the
weight of the device immediately after collection, but the weight differential would be an
aggregate of lubricant carryover, fecal matter contamination and soluble secretions.
Therefore, estimates of concentration of rectal immunoglobulins in OriCol-collected
secretions will require normalizing to another secretion protein, or calculating the initial
dilution by measuring a media component not present in human secretions, to calculate the
dilution factor.

In summary, we describe an innovative balloon device to accurately sample rectal secretions,
that allows for analysis of mucosal proteins without blood contamination. In the two studies
presented here, these balloon devices, when lubricated, supported consistent collections of
mucosal 1gG and IgA with minimal Hb and HSA levels while sampling a greater rectal
surface area. The collection process is also faster than sponge methods and well tolerated.
We expect that our standardized collection protocol will support a multitude of downstream
assays including assessment of HIV-specific antibodies in vaccine or passive immunization
studies. Our approach is uniquely poised to detect mucosal antibodies, which is important to
evaluate HIV protection mechanisms playing a role during receptive anal sex.
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KEY POINTS
Rectal balloon collections minimize blood contamination of mucosal immunoglobulins
Rectal balloon collections require ring lubrication to minimize blood contamination

Rectal balloon collection is quick and well tolerated in humans
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Figure 1. Hb, 1gG and supernatant volumerecovery from OriCol collections of rectal secretions
involving 80cc, 60cc and 30cc of device inflation, with or without lubrication at the edge of the
balloon.

OriCols without lubrication were inflated to either 80cc (n=9), 60cc (n=5) or 30cc (n=7).
Pre-lubricated OriCols were tested with 60cc (n=5) or 30cc (n=15) inflation. Balloons
inflated to 80cc with lubrication were not tested. All were processed according to method
#3. The p values indicate significant comparisons when compared to manufacturer’s
recommended collection (80cc without lubrication). Samples marked in red indicate Hb
contamination threshold above 1% of free Hb in serum. A) Photograph of balloons inflated
at 30cc, 60cc and 80cc alongside a ruler in mm. B) Hb concentration measured by ELISA.
Serum samples (n=9) were used to define the Hb contamination threshold (marked by the
dashed line). Hb concentrations below the detection limit were graphed at 4.68ng/ml, the
limit of quantitation of the assay. C) 1gG yield measured by 1gG ELISA. D) Supernatant
volume recovered from OriCols after centrifugation and removal of stool pellet. Lines
represent medians and bars are the interquartile ranges (IQR) of each sample set.
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Figure 2. Effects of lubricant in Hb, 1gG and I gA detection.
The same serum sample was measured in triplicate for A) Hb concentration, B) 1gG

concentration, and C) IgA concentration. All were measured by ELISA. Serum was diluted
in different medias, each containing different concentrations of lubricant (10%, 5%, 2.5%,
1.25% or 0% weight/volume). In addition, 1:10 of media from washing 3 lubricated OriCols
(not inserted in the rectum) were also compared by ELISA. To have samples within the
ELISA ranges, before addition of the lubricant-spiked medias, serum was diluted 1:1,000 for
IgA, 1:10,000 for IgG, and 1:1,000 for Hb. There were no significant p values among
lubricated OriCols and media containing 0% lubrication. Lines represent medians and bars
are the interquartile ranges (IQR) of each sample set.
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Figure 3. Comparison of different OriCol processing methodsfor Hb, 1gG, and volume recovery.
Rectal secretions were collected with lubricated OriCol with 30cc inflation. The samples

were processed utilizing the following methods: 1) manufacturer recommended procedures
at the clinic (n=5), 2) all recovery and processing done at the lab (h=4), and 3) media added
at the clinic and processing done at the lab (n=6), as described in the methods section. A) Hb
concentration measured by ELISA. Serum samples (n=9) were used to define the Hb
contamination threshold (1% of serum levels, marked by dashed line). For graphing
purposes, Hb concentrations below the detection limit were plotted at 4.68ug/ml, the limit of
quantitation of the assay. B) 1gG yield measured by 1gG ELISA. C) Supernatant volume
recovered from balloon device after centrifugation and removal of stool pellet. The p values
indicate significant comparisons when compared to manufacturer recommendations (method
1). Lines represent medians and bars are the interquartile ranges (IQR) of each sample set.
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Figure 4. Comparison of volume, 1gG, I1gA and Hb recovery from rectal sponges (Weck-Cel and
Merocel) and OriCol collections.

Weck-Cel (n=24) or Merocel (n=21) sponges were pre-moistened with 50l of PBS before
insertion, then placed in a mucosal fold of the rectum for 5 minutes. Sponge secretions were
eluted in 600ul of PBS with P11, after centrifugations to remove the stool pellet. OriCol
collections with lubrication and 30cc inflation were processed according to method #3

(n=10). Samples marked in red indicate Hb contamination threshold above 1% of free Hb in
serum. A) Hb concentration measured by ELISA. Serum samples (n=9) were used to define
the Hb contamination threshold (marked by dashed line). For graphing purposes, Hb
concentrations below the detection limit were plotted at 4.68pg/ml, the limit of quantitation
of the assay. B) HSA concentration measured by ELISA. Concentrations below the detection
limit were plotted at 1.22ug/ml, the limit of quantitation of the assay. C) 1gG yield measured
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by 1gG ELISA. D) Spearman correlation between 1gG and Hb concentration in Merocel
sponges. E) Spearman correlation between 1gG yield and Hb concentration in Weck-Cel
sponges. F) Spearman correlation between IgG yield and Hb concentration in OriCols
inflated to 30cc with lubrication. G) Spearman correlation between IgG yield and HSA
concentration in OriCols inflated to 30 cc with lubrication. H) IgA yield measured by
ELISA. I) Supernatant volume recovered from collections after centrifugation and removal
of stool pellet. The p values indicate significant comparisons in when compared to OriCols.
Lines represent medians and bars are the interquartile ranges (IQR) of each sample set.
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Figure 5. Volume, 1gG, and Hb recovery from OriCol collectionsin a phase 1 study.
OriCol collections with lubrication and 30cc inflation were processed according to method

#4 (n=27). Samples marked in red indicate Hb contamination threshold above 1% of free Hb
in serum. A) Hb concentration measured by ELISA. Serum samples (n=9 from Figure 4A)
were used to define the Hb contamination threshold (marked by dashed line). Hb
concentrations below the detection limit were plotted at 4.68ug/ml, the limit of quantitation
of the assay. B) HSA concentration measured by ELISA. Concentrations below the detection
limit were plotted at 1.22ug/ml, the limit of quantitation of the assay. C) 1gG yield measured
by 1gG ELISA. D) Supernatant volume recovered from collections after centrifugation and
removal of stool pellet. Lines represent medians and bars are the interquartile ranges (IQR)
of each sample set.
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Demographics of the 38 participants enrolled and evaluated in the Rectal Secretion Optimization Study.

Table I.

Characteristics 38'\21(8@@)
Sex Assigned at Birth
Male (AMAB) | 22 (58%)
Female (AFAB) 16 (42%)
Gender
Cisgender | 37 (98%)
Transgender 1 (2%)
Race
White | 29 (76%)
African American/Black 5 (13%)
Native American 1 (3%)
Asian 1 (3%)
Multiracial * | 2 (5%)
Ethnicity
Hispanic or Latino 3 (8%)
Age
18-24 | 6 (16%)
25-29 | 11 (29%)
30-34 | 6 (16%)
35-39 | 6 (16%)
40-44 | 5 (13%)
45-49 | 2 (5%)
50-54 | 2 (5%)

*
Includes African American/Black/White
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Demographics of the 27 participants assessing the tolerability of rectal secretion sampling with the OriCol

Table Il.

device in their first collection within a Phase 1 study in Seattle.

Characteristics éAYIId\IO‘(;/z)) AMABN (%) | AFABN (%)
Sex Assigned at Birth# 12 (44%) 15 (56%)
Race
White | 16 (59%) 7
African American/Black 4 (15%) 3 1
Native American 0% 0 0
Asian 2 (7T%) 1 1
Multiracial and Other ™ | 5 (19%) 1 4
Ethnicity
Hispanic or Latino 1 (4%) 1 0
Age
18-24 | 4 (15%) 1 (4%) 3 (11%)
25-29 | 10 (37.0%) 4 (15%) 6 (229%)
30-34 | 5(19%) 2 (7%) 3 (11%)
35-39 | 2(7%) 1 (4%) 1 (4%)
40-44 | 3(11%) 2 (7%) 1 (4%)
45-49 2 (1%) 1 (4%) 1 (4%)
50-54 1 (4%) 1 (4%) 0
Experience with rectal secretion collection using a balloon
Acceptable —alot | 17 (62.9%) 7 (58.3%) 10 (66.6%)
Acceptable — somewhat | 6 (22.2%) 4 (33.3%) 2 (13.3%)
Acceptable - a little 1(3.7%) 0 (0%) 1(6.6%)
Neutral | 3(11.1%) 1(8.3%) 2 (13.3%)
Not acceptable — a little 0 (0%) 0 (0%) 0 (0%)
Not acceptable — somewhat 0 (0%) 0 (0%) 0 (0%)
Not acceptable — a lot 0 (0%) 0 (0%) 0 (0%)

#AII participants identified as cisgender

*
Includes four Asian/White and one Hispanic
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