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Abstract

Background: The rapid course of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic calls
for fast implementation of clinical trials to assess the effects of new treatment and prophylactic interventions. Building
trial platforms embedded in existing data infrastructures is an ideal way to address such questions within well-defined
subpopulations.

Methods: We developed a trial platform building on the infrastructure of two established national cohort stud-
ies: the Swiss human immunodeficiency virus (HIV) Cohort Study (SHCS) and Swiss Transplant Cohort Study (STCS).
In a pilot trial, termed Corona VaccinE tRIAL pLatform (COVERALL), we assessed the vaccine efficacy of the first two
licensed SARS-CoV-2 vaccines in Switzerland and the functionality of the trial platform.

Results: Using Research Electronic Data Capture (REDCap), we developed a trial platform integrating the infrastruc-
ture of the SHCS and STCS. An algorithm identifying eligible patients, as well as baseline data transfer ensured a fast
inclusion procedure for eligible patients. We implemented convenient re-directions between the different data entry
systems to ensure intuitive data entry for the participating study personnel. The trial platform, including a randomi-
zation algorithm ensuring balance among different subgroups, was continuously adapted to changing guidelines
concerning vaccination policies. We were able to randomize and vaccinate the first trial participant the same day we
received ethics approval. Time to enroll and randomize our target sample size of 380 patients was 22 days.

Conclusion: Taking the best of each system, we were able to flag eligible patients, transfer patient information

automatically, randomize and enroll the patients in an easy workflow, decreasing the administrative burden usually
associated with a trial of this size.
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Background and purpose
In 2020, the coronavirus disease 2019 (Covid-19) pan-
demic evoked unprecedented challenges concerning
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virus, authorities continue to need up-to-date evidence
for decision making in regard to the Covid-19 pandemic.
Carefully designed and conducted clinical trials are key
to understand different aspects of the on-going epidemic,
including testing, treating and vaccination strategies in
different subpopulations [2]. Given the rapid course of
the events, clinical researchers and trial support units
worldwide were challenged to set up trials very fast,
including the corresponding data collection tools [3].
While usually the process of setting up a trial starts with
a clear study plan, then followed by the implementation
of the data infrastructure, the process needed to be more
flexible in the case of Covid-19 in order to act fast.

Immunocompromised patients, such as transplanted
patients or people living with human immunodeficiency
virus (HIV), were mostly left out in the first trials investi-
gating immune response to vaccines against severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) [4,
5]. Thus, this group of patients form a potentially vul-
nerable group with many open questions concerning the
efficacy and safety of SARS-CoV-2 vaccines [6-8]. At
the time of our study design, only few studies were pub-
lished looking specifically into transplanted patients or
people living with HIV: In the case of people receiving
a solid organ transplant, Boyarsky et al. reported SARS-
CoV-2 antibody responses of 658 patients that received a
solid organ transplant in the US [6, 9]. In this study, solid
organ transplant patients that already received a SARS-
CoV-2 vaccine were recruited through social media to
participate in a prospective cohort to measure the anti-
body response. In the case of people living with HIV,
Woldemeskel et al. studied cellular and humoral immune
response in 12 people living with HIV and 17 HIV-nega-
tive controls, they found no significant difference in the
titers of SARS-CoV-2 spike antibodies between cases and
controls in this study population [10]. Similarly, Ruddy
et al. observed high SARS-CoV-2 antibody titers in 14
people living with HIV [11].

Cohort studies form an ideal research framework to
perform nested clinical trials, such as studying the effi-
cacy and safety of new treatment or prophylactic options.
The main advantage is that in addition to trial specific
data, longitudinal information about these participants
are available and ready to be used for more in-depth anal-
ysis [12, 13]. In addition, contact details of the potential
study participants are already available, which accelerates
a trial set-up. This was shown by the Rotterdam Study, a
prospective cohort study, where more than 8000 study
participants were invited to fill out COVID-19 specific
questions already in April 2020 [14].

In this project, we aimed to develop a trial platform
within the framework of the Swiss HIV Cohort Study
(SHCS) and Swiss Transplant Cohort Study (STCS), two
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well-established nation-wide cohort studies [15, 16].
We aimed to develop an interoperable system embed-
ded in the data collection of two running cohort studies
ensuring transfer of baseline data. We aimed to include
intuitive redirections between the systems to keep the
administrative burden of the involved physicians and
study nurses to a minimum. In a pilot project, the Corona
VaccinE tRial pLatform (COVERALL) was set up to
assess the vaccine efficacy of the first two licensed SARS-
CoV-2 vaccines in Switzerland and the functionality of
the trial platform. Figure 1 summarizes the timeline of
this project.

Methods

Study design of the Swiss HIV Cohort Study

The Swiss HIV Cohort Study (SHCS) is a prospective
multicenter cohort study enrolling adult people liv-
ing with HIV in Switzerland [15, 17]. The study was
launched in 1988, is approved by all local research eth-
ics committees. Written informed consent was obtained
from all participants. Clinical, laboratory, epidemiologi-
cal and lifestyle information is collected during bi-annual
follow-up visits in all patients. All medication includ-
ing HIV treatment, co-medication and vaccinations are
reported in the SHCS. Starting in April 2020, the SHCS
dynamically introduced and adapted SARS-CoV-2 rel-
evant information, including information regarding
SARS-CoV-2 testing (polymerase chain reaction, tests
for SARS-CoV-2 antigen, and antibody), infection, as well
as vaccination. In 2018, rollout of an electronic data cap-
ture tool started, enabling physicians and study nurses to
enter patient information electronically into the database.
The SHCS data capture tool uses the Django Web Frame-
work, a high-level Python-based web framework built
for development of applications, which manages all parts
of application development, from database back-end
to user-friendly front-end [18]. The Django Framework
offers the possibility for the development of customized
tools for data entry, data monitoring, benchmarking and
quality checks. With its modular design, one can imple-
ment independent tools and features within the pro-
ductive environment and make them visible to specific
subsets of users. The SHCS covers around 75% of all
individuals on antiretroviral therapy in Switzerland and
is representative of the HIV epidemic in this country [15,
17].

Study design of the Swiss Transplant Cohort Study (STCS)

The Swiss Transplant Cohort Study (STCS) is a mul-
ticenter, prospective cohort study, launched in 2008,
enrolling all patients receiving a solid organ transplant
in Switzerland (transplantation centers: Basel, Bern,
Geneva, St. Gallen, Lausanne and Zurich) [16]. The STCS
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Fig. 1 Overview of the timeline for development of the trial platform: From the first confirmed Covid-19 case in Switzerland to the finalization of

was approved by the local research ethics committees
of all participating institutions, and all participants pro-
vided their written informed consent. The STCS uses a
data capture tool enabling study nurses at the transplant
centers to enter patient information electronically. In line
and close collaboration with the SHCS, the STCS decided
to migrate the legacy system to the Django Web Frame-
work and will soon use it for capturing clinical data [18].
The STCS also implements the requirements of the Swiss
Transplantation Act for nationwide follow-up monitor-
ing of all transplanted patients since 2008. For this pur-
pose, a minimal dataset, i.e., baseline information about
the transplantation and patient characteristics, is col-
lected from all solid organ transplant recipients in Swit-
zerland according to the legal requirements. For patients
who provided their written informed consent to take
part in the STCS, the full research dataset, i.e., informa-
tion about follow-up visits and biological samples, is col-
lected. In regard to Covid-19, the STCS implemented a
targeted system to capture all Covid-19 cases in organ
transplant patients since the beginning of the pandemic.

Design of the pilot trial: Corona VaccinE tRiAL pLatform
(COVERALL)

We set up the COVERALL trial platform and custom-
ized it for the first pilot trial to test the functionality of
the trial platform (see Fig. 1 for an overview of the study
timeline). The main focus was to determine the duration

of the trial set up, i.e., time from deciding which interven-
tions will be tested until the first patient is randomized,
as well as the time of patient recruitment, i.e., time from
activation of the first study site until (i) 40 patients and
(ii) 380 patients (the targeted trial population) were ran-
domized. Moreover, we were interested in the following
pre-specified outcomes: Patient consent rate, propor-
tion of missing data at baseline and proportion of miss-
ing data for clinical outcomes. The COVERALL pilot
trial is a parallel two-arm, open-label, non-inferiority
randomised clinical trial with the aim two compare the
first two licensed SARS-CoV-2 vaccines in Switzerland
[20]. Eligible patients enrolled in the SHCS or STCS were
approached by study personnel, and written informed
consent for participation in COVERALL was obtained.

Data infrastructure

The trial platform uses the data infrastructure of the
two well-established systems of the SHCS and STCS.
These systems were connected to a new data collection
tool developed with Research Electronic Data Capture
(REDCap). The platform was customized for a first pilot
trial comparing the messenger ribonucleic acid (mRNA)
vaccines Comirnaty® and Spikewax® in the SHCS and
STCS, termed COVERALL [20]. The innovation of this
project is to perform automatic patient selection, rand-
omization, and automatic transfer of baseline data to the
trial platform by using the available data infrastructures
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(SHCS and STCS) and the REDCap data collection tool.
We summarized the workflow in Fig. 2. We outline the
detailed steps of the data infrastructure in the following
paragraphs.

Flagging patients within the SHCS: In autumn 2020, we
extended the SHCS electronic data entry tool by a feature
allowing for integrating nested studies in the workflow
of a regular SHCS follow-up visit. The users are made
aware of the existence of substudies within the SHCS,
eligibility of patients is indicated. For COVERALL, a
nested trial with three levels of prioritization of patients
was added (see Fig. 3A). For this, at COVERALL study
launch, an algorithm was executed to assign a priority
(high, medium, low) to each active patient, based on the
most recent laboratory and clinical information and the
current recommendations given by the Federal Office of
Public Health:

1. High risk: All patients aged at least 75, the most
recent CD4 count below 200 cells/pL, or the latest
HIV viral load measurement being detectable (>500
copies/ml).

2. Medium risk: All patients (not in the high risk cat-
egory) with a past coronary heart disease, diabetes,
hypertension, metabolic syndrome, low glomerular
filtration rate, or high body mass index.
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3. Low risk: All remaining active patients not in the high
or medium risk category.

A list of eligible patients in the three categories was
produced and integrated into the Django system, with
dynamic updates indicating whether the patient is partic-
ipating (see Fig. 3B). The nested study tool was set to be
visible for all physicians and study nurses participating in
the COVERALL study, i.e., only to a subset of the partici-
pating SHCS study nurses and physicians. On the patient
overview page, the user is made aware of the COVER-
ALL study, and the risk category is indicated. Clicking on
the respective link, the user can navigate directly to the
nested study view, where patients can be included in the
study with only one click (see Fig. 3C).

Patient selection and baseline data transfer for the
STCS: Before the COVERALL study launch, baseline
data needed for the randomization algorithm (patient
STCS identifier, sex, birth year, center, type of organ (kid-
ney or lung), immunosuppressive treatments, date of
transplantation) was extracted from the STCS database
and uploaded to the REDCap platform.

Log-in for users to REDCap: Before the COVERALL
study launch, a list of all participating study nurses and
physicians was requested by the participating SHCS
and STCS centers. A file including names and e-mail
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addresses was then uploaded to REDCap to automati-
cally create REDCap user accounts. All users received
an automatic email by REDCap with log-in informa-
tion. User roles including access rights were then
assigned to the study nurses and physicians.

Inclusion of new SHCS patients and follow-up infor-
mation: For the SHCS, an application programming
interface (API, see details below) was implemented to
allow communication between the SHCS electronic
data platform (Django) and REDCap. Patients can be
added to the COVERALL study in the SHCS Django
(see Flagging patients within the SHCS above). The user
is directly navigated to the REDCap platform and, after
log-in, directly redirected to the respective patient (see
Fig. 4A). To enter follow-up information, the user can
navigate to the patient file using the links in the SHCS
Django, or navigate on the REDCap dashboard, where
information regarding the progress about inclusion and
follow-up process is given (see Fig. 4B). For the STCS,
the same API was not yet implemented in STCS Django
because the system is not yet operational. Therefore,
subject selection and baseline data of all patients was
uploaded to REDCap before the COVERALL study
launch. To include a new patient or to enter follow-up
information, the STCS user needs to directly navigate
to the main REDCap interface, log-in, and search for
the respective patient STCS identifier in the REDCap
search tool (see Fig. 4C). After filling out eligibility and
exclusion criteria, the patient was then randomized and
was hence included in the COVERALL study. After
this, follow-up information and adverse events could
be entered. On the study dashboard, progress of the

inclusion and follow-up process is continuously moni-
tored (see Fig. 4D).

API and trigger: In the SHCS, no patient information
was available in REDCap at COVERALL study launch,
baseline information is transferred stepwise and auto-
matically only after including the patient via the SHCS
Django-REDCap API: For inclusion of a patient, the
“Include patient”-button (see Fig. 3C) triggers an API call
executing the following tasks:

1. COVERALL study population: All SHCS patient
identifiers, including the allocated treatment for
already randomized patients, are obtained from
REDCap.

2. New patient: Baseline data of the new patient is
fetched through the SHCS Django system

3. Balance of treatments: Based on the current study
population and the baseline information of the new
patient, the treatment, which minimizes the overall
imbalance, is calculated, termed “imbalance mini-
mizer” (see Minimization Algorithm for Randomiza-
tion below).

4. Baseline data transfer: Transfer of baseline data of the
new patient to REDCap, including the before calcu-
lated imbalance minimizer.

After inclusion of patients, the “Include patient”-But-
ton changes to an “Open in REDCap”-Button, provid-
ing a direct link to the patient dashboard of the REDCap
platform (see Fig. 4A). In the case of the STCS, baseline
data of all patients was uploaded before study launch.
For every change in an existing record, e.g., verifying
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inclusion and exclusion criteria for COVERALL, a
request to the Django system is triggered, sending a
message with the patient SHCS identifier of the modi-
fied patient. The patient information is obtained via the
APL In case the patient should be randomized, i.e., inclu-
sion criteria and exclusion criteria are correctly filled
out, the imbalance minimizer is calculated based on the
previously randomized patients. Then the patient can be
randomized.

Minimization algorithm for randomization

The main goal is that patients are randomized to the two
available vaccines, Vaccine A (Comirnaty®) or Vaccine B
(Spikewax®) such that the imbalance of the two vaccines
is minimized regarding the four co-variables:

o Age:>65 or<65 years old

+ Sex: male or female

« Study center: Zurich, Basel, Bern
« Immunosuppression status:

— SHCS: CD4<200 or CD4 > =200 cells/pL
— STCS: Use of induction immunosuppressive treat-
ment or not

While REDCap offers a built-in tool for randomiza-
tion, i.e., equal chance for all choices, the minimiza-
tion algorithm had to be developed outside REDCap. In
particular, imbalance minimizer was calculated using
the R software [21]: The four co-variables are weighted
equally and the treatment leading to the smaller total
imbalance in the four categories is chosen [22], ie.,
Treatment A or Treatment B. In case of equal balance,
the imbalance minimizer is set to Both. The variation
(total imbalance) of each category is quantified as sam-
ple variance. For the SHCS, the imbalance minimizer
is calculated via the API when including the patient
via Django (see API and trigger). For the STCS, the
imbalance minimizer is calculated when the trigger is
executed (see API and trigger). Based on the imbalance
minimizer, the treatment is assigned randomly with
unequal probabilities using the sample function in R. In
case the imbalance minimizer is ‘Treatment A, chances
to get assigned to ‘Treatment A’ are 80% and chances
to get assigned to “Treatment B’ are 20%, vice versa in
case the imbalance minimizer is “Treatment B’ In case
the imbalance minimizer is ‘Both, chances are 50% for
“Treatment A’ and 50% for ‘Treatment B’
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Results

Timeline of the platform development

In February 2020, the first confirmed SARS-CoV-2
infection was documented in Switzerland. On March
6th, the Swiss National Science Foundation opened a
special call concerning SARS-CoV-2 related research
topics. End of March 2020, our project for the set-up of
a trial platform for the evaluation of preventive treat-
ment options against SARS-CoV-2 in immunocompro-
mised patients was submitted to this special call, with
funding granted two months thereafter [23]. Without
any efficient treatment or prevention option available at
the time of funding approval, the study team started to
draft a study protocol, and communication with inter-
ested SHCS and STCS study center representatives
started. With the helpful input from various infectious
disease specialists, transplant experts and literature
research, the final research question and study end-
points took shape. Instead of investigating preventive
treatment options against SARS-CoV-2, several vac-
cines were supposed to be explored in June 2020 when
first preliminary phase I to II data became available with
the antibody response and efficacy being the primary
endpoints. In August 2020, implementation of the trial
platform, including all technical aspects, started. At
that time, no Covid-19 vaccine was licensed in Switzer-
land; hence the design was kept flexible to be adapted
later on. The first Covid-19 vaccine was licensed in
Switzerland on December 19th 2020 (BNT162b2 by
Pfizer/BioNTech, brand name “Comirnaty” [24]), fol-
lowed by the second licensed vaccine on January 12th
2021 (mRNA-1273 by Moderna, brand name “Spike-
wax” [25]). We decided to conduct a study based on
these first two licensed vaccines and the trial platform
was adapted accordingly. In parallel, the ethics approval
was finalized and a first version of the master-protocol
(without specifying the treatment arms at that submis-
sion stage) was submitted on December 15th 2020. We
received feedback from the research ethics commit-
tee on January 12th 2021. In parallel, documents were
sent to the legal departments of the participating local
sites. On March 12th 2021, the protocol (master-pro-
tocol and first sub-protocol, defining the intervention
arms) was re-submitted to the research ethics commit-
tee, and provisionally approved on April 1% 2021. On
April 15th, the last agreement was signed by the legal
departments of the local sites, and the final documents
re-submitted for ethics approval to the ethics. On April
19th, the final approval from the ethical committee was
received. On the same day, the trial platform went to
productive state and the first patient was randomized
and vaccinated. Figure 1 summarizes the timeline of the
implementation of this project.
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Feasibility and success of the platform

The decision to study the immune response of the first
two licensed SARS-CoV-2 vaccines in Switzerland was
taken in December 2020. The first patient was rand-
omized on April 19th 2021, i.e., around five months
later. On April 22nd, already 55 patients were rand-
omized (>40 patients) and on May 10th, 385 patients
were randomized: Time to patient recruitment until
40 patients was hence four days, and time to patient
recruitment until the anticipated study size of 380
patients was 22 days. The total number of patients
recruited was 430, to account for potential losses to
follow-up. With our trial platform, the consent rate
could not be assessed, as patient information and con-
sent documents were provided at the local study sites.
Of the 430 patients, 412 could be included into the
intention-to-treat dataset for the main analysis, i.e.,
comparing the two vaccines. The results of this pilot
study, including detailed characteristics of the study
population, were published on March 2nd 2022 [26]. In
addition, data collected in the COVERALL pilot trial
were merged back to data collected in the SHCS. With
this, we could study determinants of antibody response
to SARS-CoV-2 mRNA vaccines in people living with
HIV, the corresponding manuscript was accepted on
March 25th 2022 [27].

Discussion

The main goal of this project was to develop a trial plat-
form in order to react rapidly and efficiently to the fast
moving research progress and public health guidelines
during the evolving SARS-CoV-2 pandemic. Being chal-
lenged for more than one year with the inadvertent daily
burdens this pandemic places on health care profes-
sionals, we emphasized on implementing the platform
as user friendly as possible. In particular, we aimed to
integrate the platform in already existing data infrastruc-
tures, making use of automatic data transfer and hence
decreasing the administrative burden as much as possi-
ble. Already before the approval of the first SARS-CoV-2
vaccine in Switzerland and before the research question
was well defined, we started setting up this trial plat-
form to be able to study different aspects of the SARS-
CoV-2 pandemic in immunocompromised patients. The
main challenge was that the trial platform needed to be
designed as flexible as possible: Nearly all study variables
were undetermined at the time of planning and imple-
mentation, such as eligibility criteria, participation of
transplant and HIV clinics, and clinical endpoints. The
platform was hence designed in a modular and dynamic
way, in order to be able to react fast to last-minute guide-
line and protocol changes before study launch.
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To summarize the trial platform design, we created five
major building blocks, each of them acting rather inde-
pendently with the option for rapid adjustment: (1) A
system to flag prioritized patients according to current
guidelines; (2) Eligibility and inclusion criteria neces-
sary for participation; (3) Randomization algorithm in
order to balance groups with respect to the most impor-
tant variables; (4) Electronic Case Report forms to col-
lect study-specific data and (5) Cohort infrastructure to
include all relevant information routinely collected dur-
ing cohort follow-up visits.

We decided to perform randomization and new
data collection using REDCap, a well-established and
user friendly data collection tool. Design and adapta-
tion of electronic case report forms in REDCap is very
straightforward and can be done without knowledge of
a programming language. REDCap has an in-build ran-
domization and audit-track system necessary for rand-
omized clinical trials. Moreover, REDCap offers great
opportunities to extend it with further tools such as auto-
matic data transfer and more sophisticated randomiza-
tion algorithms, by using triggers and APIs [28]. For the
monitoring of the study, REDCap offers in-build tools to
create customized reports, enabling a convenient tool to
observe the study progress and notice missing values and
inconsistencies.

After the first and second SARS-CoV-2 vaccines were
licensed in Switzerland, the final outline and scien-
tific question of the COVERALL pilot trial for the trial
platform was decided: The main goal was to study the
efficacy of the two mRNA SARS-CoV-2 vaccines Comir-
naty® and Spikewax®, the main outcome being antibody
response. The main strength from the clinical perspective
of this trial platform is the evaluation of the efficacy of
the first two licensed SARS-CoV-2 vaccines in immuno-
compromised hosts in a randomized fashion, integrated
within two well-established national cohort studies. Both
the SHCS and STCS are prospective cohort studies with
participants being enrolled for decades. Detailed clini-
cal and epidemiological information of all participants is
available, including knowledge about co-medication and
laboratory parameters. In contrast to the other studies
mentioned above, our study population is well-character-
ized with regular SHCS or STCS follow-up visits before
and after the COVERALL trial. With this, it is possible to
add further patient information later on when analyzing
the main outcomes of our study, i.e., information about
particular co-medication or comorbidities. Moreover,
further blood samples are taken of all individuals in the
course of regular follow-up visits, allowing to measure
the SARS-CoV-2 antibody response at later time points.
In addition, potential extensions of the COVERALL
study, e.g., analyzing antibody responses after a third
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dose of vaccination, are easily doable without major tech-
nical obstacles, and are currently performed. The main
strengths regarding technical innovation of this project
certainly are that we were able to rapidly implement a
flexible tool within two running systems: the dynamic
set-up allowed for adjustment to the changing vaccine
guidelines and allocation strategies. Within 6 weeks fol-
lowing the study launch, > 380 patients could be success-
fully included, allowing the study of immune response,
efficacy and side effects of the two licensed SARS-CoV-2
vaccines in Switzerland in a randomized head-to-head
comparison in immunocompromised patients.

During the implementation process, we faced some
limitations of the trial platform. First, the risk category of
the patients (low, medium, high risk) were determined at
study launch and based on the latest laboratory results.
For few patients newly registered to the SHCS or STCS,
i.e., after COVERALL study launch, or with laboratory
results coming in with a delay, the risk category needed
to be defined and entered manually. Moreover, there was
one patient registered in both cohort studies, i.e., an HIV-
infected patient who had received a solid organ trans-
plant. For this patient, we had to decide on one cohort
and stratification system. In addition, we faced a problem
with identifying patients in the STCS: In the trial plat-
form, we worked with patient identifiers only, but the
responsible study nurses at the different transplantation
centers had not always access to these study identifiers,
hence, re-identification using birth and transplantation
dates was necessary for including the correct patients via
the STCS patient identifier. A possible improvement of
the trial platform would be to integrate a matching tool
of patient information and patient identifiers to automat-
ically identify patients.

In summary, in this project we rapidly developed a trial
platform linking several tools available for medical data
collection. We integrated the electronic system of the
SHCS and the paper-based system of the STCS to collect
new information using the well-established REDCap sys-
tem. Taking the best of each system, we were able flag eli-
gible patients, transfer patient information automatically,
randomize and enroll the patients in an easy work flow,
decreasing the administrative burden usually associated
with a trial of this size.
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