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In April of 2020, the public-private partnership, Accelerating 
COVID-19 Therapeutics and Vaccine (ACTIV), a cross 
National Institutes of Health (NIH) initiative, was created to 
jumpstart the evaluation of new therapeutics and vaccines for co
ronavirus disease 2019 (COVID-19) in randomized clinical trials 
[1]. The process through which the ACTIV trials were developed 
and the rationale for the use of a master protocol for this purpose 
has been previously described [2]. The ACTIV-2 trial was initi
ated to address the need to evaluate monoclonal antibodies and 
other novel therapies for ambulatory patients with COVID-19, 
and the AIDS Clinical Trials Group (ACTG) was selected by 
the NIH and the ACTIV Therapeutics Working Group to lead 
the protocol development and study conduct [2]. The goal was 
to develop a platform trial that could rapidly evaluate com
pounds that were prioritized for study by the ACTIV agent pri
oritization group [3]. The clinical trial was sponsored by the NIH 
and designed and led by a team of investigators in the ACTG 
with funding to the ACTG UM1 awards. The time from concept 
submission for ACTIV-2 to the first participant enrolled was 2.5 
months. The study team worked in collaboration with pharma
ceutical companies who were developing the products; however, 
all aspects of the trial were under the primary sponsorship of the 
NIH. A clinical research organization (CRO), PPD, was con
tracted by the NIH to support the ACTG in the implementation 
of the trial. This supplement includes papers that describe select
ed key findings and study design and analysis challenges. In this 

overview, we provide a description of the ACTIV-2 trial and 
highlight key operational challenges.

STUDY DESIGN

ACTIV-2 (NCT04518410) is a randomized, controlled plat
form trial designed to evaluate investigational agents in both 
phase 2 and phase 3 for the treatment of nonhospitalized per
sons with COVID-19. The rationale for the use of a platform 
trial in this setting was to allow for the evaluation of multiple 
therapies while sharing control groups, thus requiring fewer 
participants than in independently conducted randomized 
controlled trials. The design also allowed for the continuous in
troduction of new agents as they became available, with rapid 
movement of promising agents from phase 2 to phase 3 evalu
ation. The trial also included standardized quantitative mea
surement of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) viral ribonucleic acid (RNA) from samples 
collected from nasopharyngeal, plasma, and anterior nasal 
(self-collected) samples at scheduled timepoints to permit the 
exploration of virologic endpoints as possible future primary 
surrogate endpoints in COVID-19 trials by assessing the associ
ation between changes in viral shedding and clinical outcomes.

The primary objectives for ACTIV-2 were to assess safety, 
antiviral activity, and clinical endpoints. The coprimary objec
tives of the study for phase 2 and phase 3 are outlined in 
Table 1. The full description of secondary and exploratory ob
jectives for the ACTIV-2 protocol are detailed in the full proto
col included in the Supplementary Materials. These endpoints 
remained unchanged throughout the conduct of the trial.

The phase 2 portion of the trial focused on evaluating safety and 
the potential effect of an investigational agent on 
COVID-19-associated symptoms and viral shedding over 28 
days, whereas phase 3 included a larger sample size to also allow 
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for an evaluation of hospitalization and death, because the key 
outcome for regulatory review of new therapeutics in nonhospi
talized individuals at the start of the pandemic was progression 
to severe disease. To address regulatory requirements for long- 
term safety assessments for monoclonal antibodies having a pro
longed half-life, all participants were followed for 72 weeks. 
This extended follow up permitted the inclusion of self-reported 

measures of post-COVID conditions or Long COVID and 
health-related quality of life. These assessments included the 
same 13 symptoms present in the acute viral illness dairy com
pleted during the first 28 days of the study plus 14 additional 
Long COVID symptoms selected based on available literature 
at the time.

The ACTIV-2 trial evaluated 7 investigational agents in phase 
2, with 3 agents advancing to phase 3. The agents included 4 
monoclonal antibody preparations (bamlanivimab at 2 doses 
by intravenous [IV] administration, amubarvimab plus romluse
vimab IV administration, tixagevimab plus cilgavimab by IV and 
by intramuscular administration, and BMS-986414 [C135-LS]/ 
BMS-986413 [C144-LS] by subcutaneous administration), an in
haled beta interferon, oral camostat (a host serine protease inhib
itor), and SAB-185, an intravenously administered novel 
fully-human immunoglobulin (Ig)G polyclonal Ig studied at 2 
doses. Primary results from several of these components of the 
trial have been described or are in press [4–8]. The agents studied 
in ACTIV-2, accrual by agent subprotocol, and protocol versions 
in which they were introduced are outlined in Table 2.

RESULTS

The ACTIV-2 trial enrolled 4043 unique participants at 173 
sites in 7 countries (United States, Brazil, South Africa, 

Table 1. Co Primary Objectives of the ACTIV-2 Study

Phase Coprimary Objective

2 To determine efficacy of the investigational agent to reduce the 
duration of COVID-19 symptoms through study day 28.

2 To determine the efficacy of the investigational agent to increase the 
proportion of participants with NP SARS-CoV-2 RNA below the 
lower LLoQa at study days 3, 7, and 14

3 To determine whether the investigational agent will prevent the 
composite endpoint of hospitalization due to any cause or death 
due to any cause through study day 28. Hospitalization is defined 
as ≥24 hours of acute care, in a hospital or similar acute care 
facility, including emergency rooms or temporary facilities 
instituted to address medical needs of those with severe 
COVID-19

2 and 3 To evaluate the safety of the investigational agent.

Abbreviations: COVID-19, coronavirus disease 2019; LLoQ, lower limit of quantification; NP, 
nasopharyngeal; RNA, ribonucleic acid; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2.  
aChanged from below the limit of detection to the LLoQ in version 2.

Table 2. Investigational Agents Evaluated in ACTIV-2

Investigational 
Agent Subprotocol Phase Control Arm

Route of 
Administration

Risk Group for Severe 
COVID-19 Progression

Protocol Version 
Introducing Agent

Total 
Accrual

Bamlanivimab Bam 7000 mga II Placebo IV H + L 1 94

Bam 700 mg II Placebo IV H + L 1 (LOA 1) 225

Bam 700 (phase III) III None IV H + L 1 (LOA 3) 1059

Amubarvimab/ 
romlusevimab

A/R (phase II)b II Placebo IV H 2 222

A/R (phase III)b III Placebo IV H 2 624

SNG001 SNG001 II Placebo Inhaled 
(14 days of 
dosing)

Initially H + Lc 3 163

Camostat Camostat II Placebo Oral 
(7 days of dosing)

Initially H + Lc 3 167

Tixagevimab/ 
cilgavimab

T/C IM II Placebo IM injection Initially H + Lc 3 164

T/C IVa II Placebo IV Initially Hc 3 94

SAB-185 SAB high dose II Placebo IV Initially Hc 4 156

SAB low dose 
(phase II)

II Placebo IV Initially Hc 4 149

SAB low dose 
(phase III)d

III Active 
comparator

IV H 7 733

BMS-986414+ 
BMS-986413

BMS II Placebo SC injection Initially H + Lc 5 173

Abbreviations: A/R, amubarvimab/romlusevimab; BMS, Bristol Myers Squibb; H, higher risk; COVID-19, coronavirus disease 2019; IM, intramuscular injection; IV, intravenous infusion; L, lower 
risk; LOA, Letter of Amendment; SC, subcutaneous injection; T/C, tixagevimab/cilgavimab.  
aSubprotocols for which phase II enrollment was terminated early for administrative reasons.  
bAmubarvimab/Romlusevimab was the only agent with placebo-controlled evaluation in both phase II and phase III.  
cInitially, agents administered intravenously were restricted to higher risk individuals; however, Protocol Version 6.0 changed inclusion criteria to restrict phase II enrollment to only those at 
lower risk for progression to severe COVID-19, regardless of the route of administration.  
dPhase III noninferiority evaluation of SAB-185 low dose stopped early due to futility.
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Mexico, Argentina, Guatemala, and the Philippines) between 
August 2020 and January 2022. Clinical data available for 
4023 participants included in primary analyses of ACTIV-2 
are summarized in Table 3. Data from 20 participants were re
moved from the database due to research misconduct at one 
site. The timeline for enrollment by protocol version is shown 
in Figure 1. The participating sites (Supplemental Table 1) in
cluded those actively participating in the clinical trial networks 
supported by the NIH Division of AIDS as well as community- 
based clinical research sites contracted by the CRO in the 
United States and globally. Approximately two thirds of the 
study enrollment was accomplished by the top 30 enrolling 
sites, reflecting many of the challenges faced by participating 

sites that delayed their opening, discussed below. The median 
age of the randomized population was 47 (quartiles: 36, 58) 
years and 53% identified as female sex at birth. Participants 
of Hispanic ethnicity comprised 44% of the overall group, re
flecting successful engagement with the study’s Community 
Advisory Board, outreach efforts, and site density in areas 
with large Hispanic populations. The racial composition in
cluded 83% White, 10% Black, 5% Asian, and 1% American 
Indian or Alaska Native. The key baseline demographic and 
clinical features of the study population are described in 
Table 3. The protocol enrolled through multiple waves of 
SARS-CoV-2 variants including alpha, delta, and early omicron 
variants. Over time, the proportion of participants who had re
ceived 1 or more COVID-19 vaccines increased and the proto
col was modified to accommodate inclusion of these 
participants and stratify their risk for progression to hospitali
zation/death. Across the study population overall, 11% of par
ticipants reported having received 1 or more COVID-19 
vaccinations before study entry.

Challenges

A major initial operational challenge that delayed sites opening 
and enrolling was to identify clinical locations that were avail
able, could safely screen and enroll participants at in-person 
visits, and were equipped to administer outpatient infusions. 
This required the availability of trained staff and physical spac
es that could comply with infection prevention measures to al
low for visits lasting over 2 hours at times. The study supplied 
personal protective equipment so as not to place a drain on lo
cal clinical supplies, which had to be sourced and distributed. 
Sites were able to use novel prefabricated structures, a large 
number of which were procured and distributed by the study; 
however, this also required permits and set up that required ad
ditional time. Many of the prefabricated units have remained in 
place throughout the pandemic and continue to be used for de
livery of COVID-19 therapeutics.

As the pandemic unfolded and new treatments emerged, the 
study adapted to address the changing therapeutic landscape. 
Initially, high-risk participants (based on age and comorbidi
ties) were randomized to placebo-controlled evaluations, but 
when the first emergency use authorization (EUA) for mono
clonal antibodies was approved in the United States, the study 
adapted to focus on lower risk participants for phase 2 evalua
tions. In addition, the study design had to adjust to the evolu
tion of SARS-CoV-2 variants and their susceptibility to 
monoclonal antibodies. For example, for the phase 3 evaluation 
of the SAB compound, the study was adapted to compare the 
SAB agent to the combination of casirivimab/imdevimab (ie, 
an active control), which had EUA authorization at the time 
for treatment of nonhospitalized adults with COVID-19. 
However, the omicron variant emerged during enrollment of 
this evaluation, and with the reduced activity of casirivimab/ 

Table 3. Baseline Characteristics: Demographics (All Randomized 
Participants)

Characteristic Statistics/Categories
Total 

(N = 4023)

Age (years) Mean (SD) 47.3 (14.9)

Median (Q1, Q3) 47 (36, 58)

<55 2723 (68%)

55–<65 802 (20%)

≥65 498 (12%)

Sex Female 2138 (53%)

Male 1885 (47%)

Gender identity Cisgender 4004 (>99%)

Transgender spectrum 16 (<1%)

Not reported 3 (<1%)

Race American Indian Or Alaska 
Native

34 (1%)

Asian 186 (5%)

Black Or African American 393 (10%)

Multiple 34 (1%)

Native Hawaiian Or Other Pacific 
Islander

8 (0%)

Other 101 (3%)

White 3258 (81%)

Missing 9

Ethnicity Hispanic Or Latino 1773 (44%)

Not Hispanic Or Latino 2245 (56%)

Missing 5

Pregnancy status at study 
entry

N/A (Male) 1885 (47%)

Not of reproductive potential 1104 (28%)

Not pregnant 1011 (25%)

Pregnant 1 (0%)

Missing 22

Country Argentina 102 (3%)

Brazil 33 (1%)

Guatemala 5 (0%)

Mexico 51 (1%)

Philippines 3 (0%)

South Africa 150 (4%)

United States 3679 (91%)

Abbreviations: N/A, not applicable: P10, P90, 10th, 90th percentile; Q1, Q3, 25th, 75th 
percentile; SD, standard deviation.
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imdevimab against Omicron and low hospitalization/death 
event rates during this stage of the pandemic, this phase 3 eval
uation was terminated early for operational futility.

Outreach, community engagement, and facilitation of partic
ipant enrollment were major activities within the trial. The study 
developed an active outreach campaign through a collaboration 
with a dynamic community advisory board comprising a diverse 
group of individuals personally impacted by COVID-19 and 
with expertise in community engagement. The group helped 
to shape the messages of the outreach efforts, which included a 
website and call center that provided warm handoffs between 
potential study participants and clinical research sites. 
Advertising for the trial included a media campaign, “Rise 
Above COVID”, that directed people to the ACTIV-2 website 
(RiseAboveCOVID.org) where they could learn more about 
COVID-19 and clinical trials, enabling them to take action to 
be tested and consider joining the study if appropriate.

A key operational issue for ACTIV-2 was the need to gener
ate a new protocol version with each additional new agent. To 
reduce this burden, several agents were introduced in the same 
protocol version when possible. This led to operational chal
lenges at sites, described further below, when multiple study 
agents were available concurrently. In addition, the require
ment for new versions of the protocol led to regulatory delays 
at many sites, despite the use of a single institutional review 
board for sites in the United States. The regulatory complexity 
of introducing multiple agents was most notable for sites out
side the United States.

Sites were required to manage eligibility, consenting, ran
domization, administration, and supply of investigational 
agents and placebos with different eligibility requirements 
and routes of administration. Although an effort was made to 
minimize differences in eligibility criteria between agents, eligi
bility requirements necessarily differed with respect to the 
route of administration, drug-drug interactions, and hepatic 
and renal function. Because participants were not allowed by 
the study design to select specific agents for randomization, 
these criteria needed to be assessed and tracked for all potential 
participants for all available agents, to identify the correct set of 
agents for which they were eligible.

Sites were also required to have the capacity to administer 
products with different routes of administration, risk profiles, 
and requirements for drug preparation, such as need for a bio
safety cabinet, infusion space, nursing personnel for adminis
tration, and adequate expertise to manage potential adverse 
events, such as infusion reactions. It was also vital to ensure ad
equate supply of all investigational product on site at the time of 
enrollment for each participant, to maximize the benefit of 
sharing control groups in evaluating agents in parallel. In addi
tion, on an operational level, the possibility that a participant 
might be randomized to an agent that required infusion was 
a significant practical constraint in terms of clinic capacity to 
undertake multiple simultaneous infusions, compared with 
dispensing an oral self-administered regimen to participants. 
As the number of available agents at a given site increased, 
the length of the informed consent form and consenting 

Figure 1. ACTIV-2 accrual timeline.
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process resulted in longer study visits, which may have deterred 
potentially interested participants.

Strategies applied to decrease site and participant burden in
cluded the following: remote consenting, home-based assess
ments and specimen collection, electronic questionnaires, 
and transportation services for people with COVID-19 orga
nized by the study. Despite many challenges, the ACTIV-2 
team was able to implement several novel assessments, includ
ing a COVID-19-specific symptom diary validated in parallel 
with the conduct of the trial and daily anterior nasal swab sam
pling that led to important observations on the emergence of 
monoclonal antibody resistance [4], rapid conversion to nega
tive SARS-CoV-2 nasal culture with monoclonal antibody ther
apy versus placebo [5], superior effectiveness of 2 versus 1 
active monoclonal antibodies in the context of changing vari
ants [6], and the frequency of viral and symptom rebound in 
the absence of treatment and rarity of their co-occurrence [7].

SUMMARY AND OVERVIEW OF THE SUPPLEMENT

The ACTIV-2 trial represents an unprecedented public-private 
partnership to rapidly evaluate 8 novel potential therapeutics 
globally. To date, the study has contributed to regulatory approv
als for 2 agents and helped rapidly determine the lack of activity 
of other therapeutics. Critically important lessons learned during 
the trial will inform ongoing efforts in COVID-19 clinical trials 
and planning for future pandemics. Instruments (symptom dia
ries, questionnaires) developed during the trial continued to be 
used in the evaluation of newer agents by pharma- and 
NIH-supported trials. Additional findings from the trial de
scribed in this supplement include a more detailed discussion 
of key features of the ACTIV-2 design and the use of pooled pla
cebo control groups, a manuscript describing the relationship 
between nasal and plasma viral RNA measures and risk of hos
pitalization, findings describing the predictors of and frequency 
of postacute sequelae of COVID-19 after monoclonal antibody 
therapy, an evaluation of time to event COVID-19 symptom 
outcome measures, best practices for analysis of quantitative 
SARS-CoV-2 RNA outcome measures in randomized trials, 
and analyses of viral kinetics by immune compromise status 
and variant. It is hoped that the many lessons learned during 
the conduct of the ACTIV-2 trial will inform future efforts in 
pandemic response.

Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online. Consisting of data provided by the 
authors to benefit the reader, the posted materials are not copy
edited and are the sole responsibility of the authors, so ques
tions or comments should be addressed to the corresponding 
author.
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