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ABSTRACT
Designated a pandemic in March 2020, the spread of severe acute respiratory syndrome virus 2 
(SARS-CoV2), the virus responsible for coronavirus disease 2019 (COVID-19), led to new guidelines 
and restrictions being implemented for individuals, businesses, and societies in efforts to limit the 
impacts of COVID-19 on personal health and healthcare systems. Here we report the impacts of the 
COVID-19 pandemic on pancreas processing and islet isolation/distribution outcomes at the 
Alberta Diabetes Institute IsletCore, a facility specializing in the processing and distribution of 
human pancreatic islets for research. While the number of organs processed was significantly 
reduced, organ quality and the function of cellular outputs were minimally impacted during the 
pandemic when compared to an equivalent period immediately prior. Despite the maintained 
quality of isolated islets, feedback from recipient groups was more negative. Our findings suggest 
this is likely due to disrupted distribution which led to increased transit times to recipient labs, 
particularly those overseas. Thus, to improve overall outcomes in a climate of limited research islet 
supply, prioritization of tissue recipients based on likely tissue transit times may be needed.
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Introduction

Human pancreatic tissue and isolated islets of 
Langerhans are vital to research, where they are used 
to study islet morphology, β-cell proliferation, geno
mics, insulin and glucagon secretion, fuel-induced 
toxicity, transcription factor regulation, transplanta
tion, and many other aspects of endocrine physiology 
and diabetes. Characterization of human islet function 
is central to understanding diabetes, given the key role 
that islets play in disease pathophysiology1 and genetic 
susceptibility,2–4 and to regenerative strategies includ
ing the production of mature human β-cells from 
stem cells.5–7 Increased interest in – and need for – 
these areas of research, along with awareness of the 
limitations of non-human models, has elevated the 

demand for human research islets. Concerns have 
been raised regarding future access8,9 with data from 
the European Consortium for Islet Transplantation 
(ECIT) suggesting a growing gap between human 
research islet supply and demand,10 a trend first 
reported by the Islet Cell Resource Consortium (the 
predecessor to the Integrated Islet Distribution 
Program, or IIDP).11

To address the growing demand for human 
research tissue, the Alberta Diabetes Institute (ADI) 
IsletCore was established in 2010 with the goal of 
isolating, distributing, and biobanking insulin- 
producing pancreatic islets from donor organs with 
research consent, but not accepted into clinical trans
plantation programs.12 The ADI IsletCore is located at 
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the University of Alberta in Edmonton and is one of 
the world’s largest programs of islet isolation and 
distribution exclusively for research, providing ser
vices to over 130 research groups globally. Over the 
past 11 years, this program has grown to include the 
provision of biobanked samples, including Formalin- 
Fixed Paraffin-Embedded (FFPE) sections; cryopre
served and snap frozen islets; and custom collection 
of additional pancreas-associated tissues including 
spleen, adipose, intestine, lymph nodes, and blood;13 

with public sharing of data on basic donor informa
tion, quality measures, biobank inventory, and func
tional analysis (Figure 1).14

The World Health Organization (WHO) declared 
COVID-19 a pandemic on March 11th, 202015 and 
ADI IsletCore opted to halt processing of pancreases 
at this time. On March 17th, 2020 the Government of 
Alberta declared a Provincial State of Public Health 
Emergency under the Public Health Act for the first 
time in its history,16 and the University of Alberta 
implemented non-essential research restrictions, 
with buildings closed to all but essential and 
COVID-19-related research on March 23rd, 2020. 
Subsequent additional measures included travel 
restrictions and quarantine requirements, limitations 
on gatherings, mandatory two-meter physical distan
cing, and mask wearing requirements in indoor 
settings.16 Similar restrictions were implemented 
around the world, as jurisdictions strived to protect 
their communities and healthcare systems.17

In line with a nationwide implementation of dupli
cate negative SARS-CoV2 testing for organ donation, 
and following implementation of revised standard 
operating procedures that enabled our islet isolation 
team to work safely, the ADI IsletCore was able to 

resume operations on May 25th. Unfortunately, this 
two-month closure of the ADI IsletCore was the first 
of several, with three subsequent temporary shut
downs coinciding with ongoing waves of COVD-19 
cases, hospitalizations, and intensive care unit admis
sions experienced within Alberta (Figure 2(a)).18 

While the provincial- and university-mandated 
research restrictions did not impose the closure of 
the ADI IsletCore, this action was taken to limit 
impact on the healthcare system, which was under 
significant strain during these times. Coordinating 
organ procurement on our behalf impacts the work
load of Organ Procurement Organization staff, as well 
as necessitating multiple contacts between healthcare 
staff and transportation service providers. We chose to 
halt our acceptance and processing of pancreases, 
while maintaining user access to our biobanked sam
ples. In this report, we assess the overall impacts of the 
COVID-19 pandemic on the operations and out
comes of the ADI IsletCore facility.

Methods

Data sets and statistics

To report the impacts of the COVID-19 pandemic on 
ADI IsletCore’s operations, we reviewed data held in 
our database (REDCap 11.1.24) comparing two 19- 
month time periods: one beginning on the date of the 
ADI IsletCore’s first closure (March 12th, 2020, to 
October 12th, 2021: during COVID-19, abbreviated 
hereafter as DC), and one immediately prior to 
(September 12th, 2018, to March 11th, 2020; pre- 
COVID-19, abbreviated hereafter as PC). 
Comparison of continuous parameters between the 

Figure 1. Schematic illustration of ADI IsletCore operational flow.
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two timeframes was assessed by unpaired t-test. Non- 
continuous parameters were compared via a Chi- 
square test. A probability value of p < .05 was consid
ered statistically significant. Each data point in Figures 
2–4 and 6,7 represents an individual donor, with mean 
and standard error (SE) indicated.

Pancreas procurement

The ADI IsletCore processes pancreases from human 
organ donors across Canada. Pancreases are offered to 
ADI IsletCore only when they are deemed not ideal 

for clinical transplant purposes and proceeds only in 
cases of retrieval of other abdominal organs for trans
plantation. Consent for research use of the pancreas 
and associated tissues is obtained by the local Organ 
Procurement Organizations, who coordinate the 
donation process. All donors undergo serology testing 
for infectious agents, including SARS-Cov2, prior to 
donation. We process pancreases that have been 
donated following neurological determination of 
death (NDD), circulatory death (DCD), or medical 
assistance in dying (MAID). Organs are expedited in 
University of Wisconsin organ preservation solution 

Figure 2. (a.) Active COVID-19 case counts, hospitalizations, and Intensive Care Unit (ICU) admissions in Alberta and ensuing 
operational closure of ADI IsletCore (pink). (b.) Pancreata processed and (c.) number of islet equivalents (IEQ) isolated prior to, and 
during the COVID-19 pandemic (n = 83 PC, 49 DC).
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(UW) or equivalent (HTK, SPS) on ice to our facility 
using courier service and a commercial airline (Air 
Canada). In situations where other organs are being 
transported to Edmonton, pancreas may be trans
ported with these by a medical flight. Locally procured 
pancreases are collected directly from the University 
of Alberta Hospital.

Islet isolation

The islet isolation process is adapted from that 
of Ricordi et al.19 and involves both mechanical 
and enzymatic digestion of the pancreas. The 
organ is perfused with collagenase and neutral 
protease enzymes via the pancreatic ductal sys
tem, the tissue is agitated using a Ricordi 
chamber and auto-isolator, and the released 
islets are separated via a stainless-steel mesh. 
Subsequent purification of the digested tissue is 
performed via continuous gradient centrifuga
tion and fraction collection. Full protocol 
details are publicly available via protocols.io.20

Islet quantification and purity assessment

Human islets are quantified by using 
a microscope with an eyepiece reticle, in con
junction with a grid placed under the sample 
to ensure that each islet is only counted once. 
The islet sample is first stained with the zinc- 
binding dye, dithizone (DTZ), which enables 
visual identification of islets by their red 
color. Acinar tissue, which lacks zinc- 
containing beta cells, remains unstained. 
Preparation purity is estimated by visualizing 
the percentage of the sample that is DTZ- 
positive. Volumetric adjustment of human 
islets of different sizes to standardized Islet 
Equivalents (IEQ) is performed, and all islet 
quantifications are reported in IEQ.20

Insulin and DNA content

Islet preparations are characterized with respect to 
total cellular insulin (Alpco, Salem, NH, USA), and 
DNA content (Quant-iT™ PicoGreen ® dsDNA, 
Molecular Probes, Eugene, OR, USA) following 
the manufacturers’ instructions.20

Glucose-stimulated insulin secretion

Insulin secretion measurements are performed at 
37°C in Krebs Ringer Buffer (KRB) (in mM: NaCl 
115; KCl 5; NaHCO3 24; CaCl2 2.5; MgCl2 1; HEPES 
10; 0.1% BSA, pH7.4) with glucose concentrations as 
noted. Triplicate groups of fifteen islets are pre- 
incubated for two hours with 1 mM glucose KRB. 
Islets are subsequently incubated for one hour in 
1 mM glucose KRB followed by a one-hour stimula
tion in either 10 mM or 16.7 mM glucose KRB. 
Supernatants are removed and total insulin content 
extracted from the islet pellet using acid-ethanol. 
Samples are stored at −20°C and assayed for insulin 
via chemiluminescence (Alpco, Salem, NH, USA).20

Islet distribution

Prior to distribution, islets are cultured in supplemen
ted Connaught Medical Research Laboratories 
(CMRL) media at 22°C, 5% CO2 for approximately 
12 to 96 hours, depending on time of the isolation. On 
the day of distribution, IEQs are re-quantified and 
samples are aliquoted into 50 ml tubes, brought to 
volume with CMRL media, and packaged for ship
ment at ambient temperature. Tubes are packaged on 
their side to prevent islet pelleting, and a temperature 
indicator is included with the shipment. Islets are 
distributed via FedEx overnight service within 
Canada and the USA, with shipments overseas typi
cally delivered within 48 hours.

Recipient feedback

Feedback on each islet preparation received is 
requested from all recipient groups using an online 
form. Quality is assessed via multiple choice options of 
excellent, good, fair, or poor. User location is noted, 
and specific comments or concerns can be reported.

Results

Organ processing
The ADI IsletCore’s islet isolation activities were on 
hold for a total of 34 weeks, or 41% of the 19-month 
COVID-19 period during which we were unable to 
process organs (Figure 2(a)). Accordingly, a reduction 
in the number of organs processed during the 
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pandemic was observed, dropping from 83 pre- 
COVID-19 (PC) to 49 during COVID-19 (DC) 
(Figure 2(b)), a similar 41% reduction in organs 
processed.

As expected, the reduced number of organs 
received was paralleled by a decreased total yield of 
islets isolated (Figure 2(c); 19.4 million IEQ PC versus 
9.9 million IEQ DC). However, islet isolation success 
is also dependent on the quality of the donor 
pancreas,21 with factors such as age, BMI, medical 
history, and type of donation all having an impact on 
islet yield and function.12,22–28 We compared each of 
these criteria between the two time frames of interest, 
to determine whether these were altered DC 
(Figure 3). Donor age was significantly lower (47.6 ± 
1.7 years PC versus 41.7 ± 2.4 years DC, p < .05), 
whereas donor sex, BMI, HbA1c, and type of donation 
(NDD, DCD or MAID), pancreas mass and circulat
ing lipase and amylase did not differ between the two 
timeframes. Although the percentage of donors for 
whom overdose or motor vehicle accident was 
recorded as the cause of death is reported to have 
increased and decreased, respectively, during the 
pandemic,29 we find no significant changes in the 
causes of death for donors included in our study 
(data not shown). Ultimately, the mean number of 
IEQ isolated from each donor (252247.8 IEQ PC ± 
17771.6 IEQ PC versus 214179.6 ± 21285.7 IEQ DC, 
n = 49–83, p = NS) and per gram of pancreas weight 
(2945.4 ± 226.8 IEQ/g PC versus 2333.4 ± 211.2 IEQ/g 
DC, n = 49–83, p = NS) remained unchanged, indicat
ing that, despite the observed decrease in donor age, 
the reduction in total IEQ yield during the COVID- 
19 period appears to be entirely accounted for by 
a reduction in pancreases processed.

Logistics

The time between pancreatic cross-clamp in the oper
ating theater and the start of islet isolation at the ADI 
IsletCore, governed by surgical, transportation and 
staffing schedules, is referred to as cold ischemia 
time (CIT). Extended CIT is known to have an adverse 
influence on islet isolation.12 As such, ADI IsletCore 
typically only accepts donors with a cold ischemia 
time of less than 24 hours and historically has a pro
gram-wide mean CIT duration of 14.4 ± 0.3 hrs.

Global supply chain and transportation logistics 
issues have been a notable result of the pandemic, 
impacting many sectors. ADI IsletCore receives pan
creases from across Canada, which are transported to 
Edmonton via a single airline. A Government of 
Canada travel advisory to avoid non-essential 
travel,30 combined with measures to restrict the trans
mission of COVID-19 on domestic and international 
flights,31 led to a reduction in scheduled commercial 
flight activity across the country.32 We were surprised 
to find that there was no resultant increase in the CIT 
(Figure 4(a)), and instead a significant decrease was 
observed (14.4 ± 0.6 h PC versus 11.6 ± 0.8 h DC, 
n = 46–83, p < .005). While transit times from most 
provinces remained unchanged, an overall decrease in 
CIT was primarily driven by a reduction in CIT for 
local Alberta donors (11.6 ± 1.1 hrs PC versus 6.6 ± 1.1 
DC, n = 18–19, p < .005). This is most likely due to 
a sense of urgency to process pancreases as soon as 
possible, regardless of antisocial work hours, due 
a perceived increase in value of each donor at this 
time. An observed increase in the percentage of 
donors obtained locally (24.1% PC vs 36.7% DC) 
and decrease in those obtained from centers east of 
Ontario (22.9% PC versus 12.2% DC) is likely reflec
tive of the logistical impacts of obtaining organs from 
out-of-province and contributes to the reduced overall 
CIT (Figure 4(b)).

Islet distribution

The ADI IsletCore’s primary goal is to provide human 
islets to the broader research community. Currently 
we serve 132 research groups, 50% of which are in the 
US, 25% in Canada, and 25% in Europe, Asia or 
Australasia. Despite the observed reduction in the 
number of pancreases processed and islets isolated, 
we were able to fulfil 86% of requests for islets, both 
prior to and during COVID-19. ADI IsletCore uses 
FedEx courier service to distribute samples to recipi
ent labs. Courier services were affected by government 
restrictions to contain the spread of COVID-19, and 
experienced increased volumes, as well as disruptions 
caused by COVID-19 outbreaks and severe weather 
events at hub locations. These factors combined to 
result in additional transit time and frequent delivery 
delays and continue to impact human islet shipments 
at the current time (November 2021). While 94.5% of 
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shipments within Canada met the standard of 
next day delivery, 13.5% of those to the United States 
were delayed, and 43.9% of international shipments 
failed to arrive within the standard of 48 hours 

(Figure 5(b)). In several cases, international transit 
times were greater than five days, with several ship
ments taking seven or eight days to reach their 
destination.

Figure 3. Donor parameters prior to (blue) and during (red) SARS-CoV2. (a.) Donor age. (n = 83 PC, 49 DC) (b.) Donor sex. (n = 83 PC, 49 
DC) (c.) Donor body mas index (BMI). (n = 83 PC, 49 DC) (d.) Donor glycated hemoglobin (HbA1c). (n = 67 PC, 43 DC) (e.) Pancreas mass. 
(n = 79 PC, 49 DC) (f.) Donor circulating lipase level. (n = 43 PC, 45 DC) (g.) Donor circulating amylase level. (n = 39 PC, 11 DC) (h.) Type 
of donation. (n = 83 PC, 49 DC) *p < .05.
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Feedback from recipient labs is an important tool in 
improving the quality of islets and efficiency of ship
ping procedures provided by ADI IsletCore and is 
publicly available (www.isletcore.ca). We observed 
an overall decrease in the reported quality of our 
preparations during COVID-19, compared to prior 
to the pandemic (Figure 5 (ai)). In all geographic areas, 
a decrease in the percentage of preps rated “excellent” 
or “good” was observed, and an increase in “fair” and 
“poor” preps was reported (Figure 5 (aii, iii, iv)). This 
was also reflected in an increase in the number of 
requests for refunds (9% IEQ refunded DC versus 

2% IEQ refunded PC). There was also a notable 
increase in the refund requests relating to interna
tional shipments (Figure 5(c)). While these interna
tional shipments accounted for only 28.2% of the total, 
they represented 67.7% of the refund requests DC, an 
increase from 35.7% PC.

Islet function

Although increased shipping times likely 
accounts for much of the increase in negative 
feedback, we wondered whether poorer islet 

Figure 4. (a.) Cold ischemia time for pancreases transported from each of the organ procurement regions prior to (blue) and during 
(red) SARS-CoV2 (**p < .005. n = 2–31 for each region PC, 1–20 for each region DC). (b.) Breakdown of regions from which pancreases 
were received prior to (i) and during (ii) SARS-CoV2.
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outcomes and performance may be driving some 
decrease in the perception of islet quality. 
Insulin secretion in response to 1 mM, 10 mM 

and 16.7 mM glucose is measured for each prep 
as part of our standard quality assurance and 
human islet phenotyping program. The total 

Figure 5. Feedback obtained from recipient groups regarding the perceived quality of islets. (a.) Total feedback ratings are shown for 
the period prior to (blue) and during (red) SARS-CoV2 (i), as well as those received from recipient groups located in Canada (ii, n = 201 
PC, 131 DC), USA (iii, n = 128 PC, 79 DC) or internationally (iv, n = 99 PC, 70 DC). (b.) Percentage of shipments to different geographic 
areas that were delivered within the standard delivery times (n = 110 Canada, 162 USA, 107 international). On-time shipments are 
shown in blue, delayed deliveries are indicated in red. (c.) Number of shipments for which refunds were requested due to perceived 
low islet quality from each geographic area during the period prior to and during SARS-CoV2. Canada is represented in red, USA in 
blue, and international groups are shown in gray.
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islet insulin content (Figure 6(a)), and insulin 
secretory response to glucose, whether expressed 
as absolute values (Figure 6 (bi)), percent con
tent (Figure 6(bii)) or stimulation index 
(Figure 6(biii)), was unchanged during the pan
demic. Other in-house parameters of islet quality 
and function were similarly unchanged 
(Figure 7) including preparation purity, percen
tage of islets trapped in acinar, islet particle 
index, and insulin content per IEQ. The mean 
duration in culture prior to distribution and the 
percentage recovery following culture were also 
unchanged. Together, these findings suggest that 
the perceived reduction in the quality of islets 
reported by recipient groups was likely due to 
shipping disruptions and the ensuing extended 
duration that islets were subjected to suboptimal 
culture conditions during transit.33–36

Discussion

The importance of accessible and transparent col
lecting and reporting of human islet donor charac
teristics and phenotyping has recently been 
highlighted8 and is now a requirement for publica
tion in major journals in the field.37,38 Variables 
such as donor age, BMI, medical history, and type 
of donation have been previously demonstrated to 
impact islet yield and function.12,22–28 As such, ADI 
IsletCore captures metadata encompassing 64 vari
ables pertaining to each of our donors,14 hosted 
locally within the University of Alberta Faculty of 
Medicine & Dentistry’s secure data center. 
Technical parameters related to the isolation pro
cess, such as cold ischemia time,12,22,26 can also 
influence islet yield and function,23,27,28 and 56 
data points describing these variables, plus quality 

Figure 6. Measures of islet insulin secretory responses to a glucose challenge, from human islets isolated pre-COVID-19 (blue) and 
during COVID-19 (Orange). (a.) Islet insulin content. (b.) Islet insulin secretion expressed as absolute values (i), percent content (ii), and 
stimulation index (iii) (n = 209 measurements from 71 donors PC, 128 measurements from 43 donors DC). Each plotted data point 
represents an individual donor.
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assurance assessments and functional phenotyping 
of the islets, are also captured in our database. As 
such, the ADI IsletCore’s extensive database of 
donor, isolation, and functional parameters relating 
to its islet isolation activities presents an opportu
nity and resource for retrospective assessment of 
the impacts of the COVID-19 pandemic on our 
research islet isolation program.

The primary impact of the pandemic was closure of 
the ADI IsletCore on multiple occasions over the past 
19 months, amounting to 41% of the pandemic period 
included in this study. The decision to suspend activ
ities multiple times during the pandemic was 

challenging, given the impacts of this not only on 
our own staff and research, but for the many research 
groups worldwide that rely on human tissue for their 
own studies. ADI IsletCore staff did not remain idle 
during facility closures, and instead took the opportu
nity to review our operational and administrative pro
cedures, including the production of the “ADI 
IsletCore Welcome Booklet,” a novel resource which 
serves as a “User Guide to Human Islets” for islet 
biologists.39

While the closures of our facility had major impacts 
on the number of organs processed and islets isolated, 
we found the reduction in organs processed to be less 

Figure 7. Islet isolation outcomes and quality control parameters prior to and during the COVID-19 pandemic. (a.) Islet purity. (n = 77 
PC, 48 DC) (b.) Percentage of islets remaining trapped in acinar tissue following isolation. (n = 76 PC, 47 DC) (c.) Islet particle index (IPI). 
(n = 73 PC, 44 DC) (d.) Insulin content per islet equivalent. (n = 75 PC, 40 DC) (e.) Duration of islet culture, prior to distribution of islet to 
recipient groups. (f.) Percentage of islets recovered, following culture. (n = 69 PC, 45 DC).
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than expected. Given previous reports describing 
redirection of resources, increased screening require
ments, decreased donations, and suspension of trans
plantation programs,29,40–42 we expected a reduction 
in pancreases received during the periods when the 
ADI IsletCore was operational. However, our experi
ence did not reflect the reported impacts on organ 
donation, and we continued to receive donor pan
creases at the same frequency as during pre- 
pandemic times. Similarly, previously-reported 
impacts on donor cause of death29 were not reflected 
in our study. The organs offered to our program 
constitute only a subset of donated organs however, 
since organ priority is given to clinical transplantation 
programs and research programs that are geographi
cally proximal to the donating center. It is possible that 
the characteristics of the subgroup of organs in our 
study might not be indicative of the impacts of 
COVID-19 on the Canadian organ donation system 
at large. While the mean age of donors was slightly 
decreased during the pandemic, this is largely driven 
by four particularly young donors, under the age of 
10 years, received during this period. The inclusion of 
these donors appears to be coincidental and was not 
directly related to COVID-19. If these 4 young donors 
are excluded, we observe no statistical difference in the 
age of donors prior to versus during SARS-Cov2.

The steady influx of pancreases during our opera
tional periods enabled us to maintain our pre-COVID 
-19 level of request fulfillment. It is likely that any 
buildup of demand for islets following ADI IsletCore 
closure periods was counter-balanced by restrictions 
placed on recipient researcher centers, including facil
ity closures, a necessity for split shifts, staff redeploy
ments and staffing furloughs or absences.43 The 
balanced level of demand, in proportion to the num
ber of pancreases processed, also emphasizes the 
requirement for islets from multiple donors in 
research, rather than a total quantity of islets from 
a single or few donors. While in-house measures of 
islet quality and function remained unchanged, it is 
apparent that significant deterioration of islet quality 
occurred during transit, which is reflected in the 
reduced positive feedback from recipient groups. 
Unfortunately, extended transit times for islet ship
ments became a common occurrence during COVID- 
19, with FedEx suspending guaranteed delivery stan
dards and releasing a service update stating, “due to 

ongoing impacts from the COVID-19 pandemic, we 
are experiencing significant volumes, which may 
result in potential transit delays in your area.”44

Fortunately, the COVID-19 pandemic has not pre
vented ongoing and exciting research in islet biology, 
with many papers describing important advances 
being published during this unusual period.45 

Following the period reviewed in this study the ADI 
IsletCore has resumed full operations, although 
potential impacts of future COVID-19 waves remain 
unknown. At the time of writing, 85.2% of Alberta’s 
population aged 12 years and over is fully vaccinated, 
a requirement for several activities and workplaces. 
We are optimistic that with continued caution, gov
ernment regulation, and vaccination, that the ADI 
IsletCore will be able to operate effectively in service 
of the diabetes research community going forward.
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