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Abstract

COVID-19 vaccine efficacy (VE) has been observed to vary against antigenically distinct
SARS-CoV-2 variants of concern (VoC). Here we report the final analysis of VE and safety
from COVO005: a phase 1b/2, multicenter, double-blind, randomized, placebo-controlled study
of primary series AZD1222 (ChAdOx1 nCoV-19) vaccination in South African adults aged 18—
65 years. South Africa’s first, second, and third waves of SARS-CoV-2 infections were
respectively driven by the ancestral SARS-CoV-2 virus (wild type, WT), and SARS-CoV-2 Beta
and Delta VoCs. VE against asymptomatic and symptomatic infection was 90.6% for WT,
6.7% for Beta and 77.1% for Delta. No cases of severe COVID-19 were documented ahead
of unblinding. Safety was consistent with the interim analysis, with no new safety concerns
identified. Notably, South Africa’s Delta wave occurred =2 9 months after primary series
vaccination, suggesting that primary series AZD1222 vaccination offers a good durability of

protection, potentially due to an anamnestic response.

Clinical trial identifier: CT.gov NCT04444674.

Highlights
e COVID-19 vaccine efficacy (VE) varies against SARS-CoV-2 variants of concern
e We present a final VE analysis from a phase 1b/2 AZD1222 trial in South Africa
e VE was 90% for WT, 6.7% for Beta and 77.1% for Delta = 9 months post-vaccination
o Safety was consistent with the interim analysis and no new concerns were reported

o AZD1222 offers durable protection, potentially due to anamnestic immune responses


http://ct.gov/
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1. Introduction

Coronavirus Disease 2019 (COVID-19) vaccines have been rapidly developed and approved
for licensure over the past two years. The emergence of new variants of concern (VoCs)
containing mutations that affect transmissibility or confer the ability to evade vaccine- and
infection-induced antibodies requires analysis of vaccine efficacy (VE) against specific SARS-

CoV-2 variants.

South Africa experienced an ancestral SARS-CoV-2 (wild type, WT) wave in March 2020,
which peaked in July 2020 [1]. The Beta (B.1.351) variant, which possessed relative
neutralization resistance to antibodies induced by ancestral virus infection and most first-
generation COVID-19 vaccines, fueled a second wave of infections from November 2020,
peaking in January 2021. This was followed by a third wave from July—September 2021 driven
by infections caused by the Delta variant [2], which was two-fold more transmissible than the

ancestral virus.

An interim analysis using data from four AZD1222 (ChAdOx1 nCoV-19) studies conducted
in Brazil, South Africa and the UK between April 23, 2020—November 4, 2020, reported an
overall VE for symptomatic infection of 66.7% (95% confidence interval [CI] 57.4, 74.0) [3].
VE at preventing symptomatic infection with the Alpha (B.1.1.7) variant in the UK was
74.6% (95% CI 41.6, 88.9) [4]. Primary analysis of the pivotal phase 3 trial of AZD1222
demonstrated a VE of 74.0% (95% CI 65.3, 80.5) at preventing symptomatic COVID-19
with predominantly the ancestral virus in the United States, Chile, and Peru (data cut-off:

March 5, 2021) [5].

Previously, we reported an overall VE for two-dose primary series AZD1222 vaccination of
21.9% (95% CI -49.9, 59.8) against mild-to-moderate COVID-19 in SARS-CoV-2-naive
South African participants (data-cut off: January 15, 2021) [6]. The majority of these cases
were driven by the Beta variant with a VE of 10.4% (95% CI -76.8, 54.8) against mild-to-

moderate COVID-19 observed in a secondary analysis [6]. In this brief report, we report our
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final analysis for overall and variant-specific VE and safety of primary series AZD1222 from

a multicenter phase 1b/2 trial in South Africa.

2. Methods

2.1 Trial design

COVO005 is a phase 1b/2 double-blind, randomized, placebo-controlled study (NCT04444674,
PACTR202006922165132) assessing the safety and efficacy of AZD1222 in South African
adults. Our study protocol detailing participant eligibility, sample size determination etc. has
been published [6]. Healthy adults aged 18-65 years were recruited between June 24, 2020—
November 9, 2020 and randomized (1:1) to receive two doses of placebo (saline) or AZD1222.

This is the final VE analysis through to the time of unblinding of participants.

2.2 Endpoints

The primary endpoint was VE in the context of polymerase chain reaction (PCR)-positive
symptomatic COVID-19 occurring > 14 days after the second dose of study drug, and safety.

Secondary objectives included VE based on SARS-CoV-2 variant, and reactogenicity.

2.3 SARS-CoV-19 nucleic acid amplification test (NAAT) testing

NAAT testing was performed at the Vaccines and Infectious Diseases Analytics Research Unit
(VIDA, Johannesburg) or the University of Cape Town Lung Institute (Cape Town, South
Africa). Nasopharyngeal swabs were tested using Emergency Use Authorization SARS-CoV-
2 assays which target two regions within the nucleocapsid gene (N1 and N2) and a third assay
which detects the human RNase P gene [7,8]. Results were classified as positive for SARS-
CoV-2 when both the N1 and N2 targets were detected at a cycle threshold (Ct) < 40 and
classified as inconclusive if only N1 or N2 was detected with Ct values < 40. If a repeat swab

test tested inconclusive, the participant was considered to be infected with SARS-CoV-2. In
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order for negative results to be valid, the human RNase P assay needed to be detected with

a Ct < 40.

2.4 Whole genome sequencing

Whole genome sequencing of samples was done either at VIDA or the KwaZulu-Natal
Research Innovation and Sequencing Platform (KRISP). Superscript IV with random
hexamers (Life Technologies, Carlsbad, CA) were used to generate cDNA from SARS-CoV-
2 NAAT confirmed nasopharyngeal samples. The QlAseq DIRECT SARS-CoV-2 Primer Panel
(QIAGEN, Germany) or the ARCTIC V3 protocol [9-11] and lllumina® Nextera Flex DNA
Library Prep kits were used to amplify, and index paired end libraries of genomic DNA
according to manufacturers’ instructions [12]. These libraries were sequenced on a 500 cycle

v2 MiSeq Reagent Kit on an lllumina MiSeq instrument (lllumina, San Diego, CA, USA).

2.5 Genome assembly and phylogenetic analysis

Genome Detective 1.126 (https://www.genomedetective.com) and the Coronavirus Typing

Tool were used to generate paired-end fastq reads [13]. Low-quality mutations were filtered
out of the initial assembly generated from Genome Detective using bcftools 1.7—2 mpileup
method. The whole genomes were compared against the global reference dataset using a
custom pipeline based on a local version of NextStrain for variant classification of sequenced
isolates. The pipeline contains several python scripts that manage the analysis workflow. It

performs alignment of genotypes in Nextalign (https://github.com/neherlab/nextalign), phylo-

genetic tree inference in 1Q-Tree, tree dating [14] and ancestral state construction and

annotation (https://github.com/nextstrain/ ncov).

2.6 Statistical methods


https://www.genomedetective.com/
https://github.com/neherlab/nextalign
https://github.com/nextstrain/ncov
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For this report, incidence of COVID-19 disease was calculated as the number of participants
with COVID-19 divided by the total in person follow-up time in days. Participants were
followed from two weeks post-second dose until the first of the following events: withdrawal,
death, SARS-CoV-2 infection, unblinding or censored by 15 November 2021. VE was
calculated as 1 minus the relative risk (incidence in vaccinated individuals divided by
incidence in placebo recipients) and 95% CI were calculated using the Clopper-Pearson
exact methods. Participants were grouped by treatment received, regardless of their planned
group assignment. Only participants who received two doses of placebo or vaccine and had
sufficient follow-up were included in the analysis. VE was assessed against COVID-19 of any
severity, and infection for WT, Beta and Delta variants. A sensitivity analysis was performed
to include infections where the strain was unclassifiable. Infections pre-October 2020 were
assigned WT classification, between October 2020 and April 2021 Beta classification, and
between May and November 2021 Delta classification. Local and systemic Adverse events
(AEs) were recorded for 28 days following each vaccination. Serious AEs (SAESs) were

collected through the whole study period.

2.7 Ethics statement

This study was conducted in accordance with the principles outlined in the Declaration of
Helsinki and Good Clinical Practice guidelines. Participants were required to provide informed
consent. The study was approved by the South African Health Products Regulatory Authority

and institutional Ethics Committees.

3. Results

3.1 Study demographics and circulating variants

2130 healthy adults (including 104 living with HIV) aged 18-65 were randomized to receive

two doses of placebo (1,065; 50%) or AZD1222 (1,065; 50%). A total of 960 (placebo) and
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935 (vaccinated) participants were included in this analysis (Fig. 1). 107 (31 randomized to
placebo and 76 randomized to AZD1222) participants did not receive two doses of the
allocated treatment.126 participants were infected by SARS-CoV-2 < 14 days post-second
dose (72 placebo and 54 AZD1222) and two placebo participants died < 14 days post-
second dose. The median age of participants was 31 years, with most participants aged 18—
45 (82.7%; Supplementary Table 1); 49.8% of participants were of normal weight and 42.6%
were smokers. 7.5% of participants had either hypertension, diabetes or medical conditions

related to the respiratory system (Supplementary Table 1).

The increased frequency of Beta, Delta and other VoCs temporally coincided with the peaks
of infection in the study cohort (Fig. 2). The first wave of South African infections (June—
August 2020) was dominated by the circulating WT, whereas the second (November 2020—
March 2021) and third (May—August 2021) waves were mainly dominated by Beta and Delta

variants, respectively.

3.2 Vaccine efficacy

For any infection, the mean time between second study injection and SARS-CoV-2 infection
was 5.5 months in the placebo group and 4.5 months in vaccinees (Table 1); for the Delta
variant, the mean time was 9.3 and 10.0 months, respectively. Follow-up time post second

study injection was similar for mild and moderate cases.

When examining the effect on SARS-CoV-2 infection (i.e., inclusive of asymptomatic infection
and cases not meeting criteria of severity), overall VE against SARS-CoV-2 infection was
38.3% (95% CI 15.1, 55.4; Table 1). VE against infection with WT was 90.6% (95% CI 35.4,
99.8) and 77.1% (95% CI 30.4, 94.4) against the Delta variant; whilst there was lack of VE
against the Beta variant (6.7%; 95% CI -41.1, 38.5). Cumulative incidence over time for

SARS-CoV-2 infection due to WT, Beta and Delta variants is shown in Fig. 3.
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Overall VE against mild and moderate COVID-19 (no severe cases documented in the cohort
before unblinding) for any variant was 45.2% (95% CI 19.7, 63.1; Supplementary Table 2). VE
varied by variant: 88.5% (95% CI 17.2, 99.7) against WT and 75.7% (95% CI 25.6, 94.1)
against the Delta variant; VE against the Beta variant was 8% (95% CI -51.3, 44.2). Similar
VE point-estimates were evident for only moderate COVID-19 although the Cls were wider.
Distribution of infections by vaccination status, variant and severity are shown in
Supplementary Table 2, and Supplementary Table 3 contextualizes the timing of sequences
that were unclassified as part of this analysis. A sensitivity analysis showing the cumulative
incidence for infection across variants, accounting for unclassified sequences, is shown in

Supplementary Fig. 1.

3.3 Adverse events

AEs and SAEs are presented in Supplementary Tables 5 and 6, respectively. As previously
reported [16], one vaccinee had severe Grade 3 fever which was considered related to

AZD1222 hy the investigator and was resolved within 48 h.

4. Discussion

Here, we present our final analysis of overall and variant-specific VE and safety of an AZD1222
primary series. We demonstrate high VE against WT SARS-CoV-2 infection, in line with previous
findings [3,5]. VE against the Delta variant was also high, despite infections occurring 9-10
months after study participants had received their second dose of AZD1222. Given the timing
of emergence of Delta, the lower VE we observed compared to WT may be due to waning of
antibodies, viral escape from neutralizing antibodies induced by vaccination and increased
transmissibility of this variant [15]. Despite this, VE observed against Delta across this
timeframe points to good durability of protection, likely due to an anamnestic response from
AZD1222. It is notable that no cases of severe disease were documented ahead of unblinding.

Although the Delta variant wave was associated with the highest morbidity and mortality in

10
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South Africa, we did not identify any severe cases in our study during the Delta variant wave,
probably due to individuals older than 65 years of age and those with uncontrolled chronic

medical conditions not being eligible for study participation [16].

In contrast to WT and Delta variants, and in line with our previous interim analysis, VE against
mild-moderate COVID-19 due to Beta variant was low, which was likely due to escape from
vaccine-induced neutralizing antibody activity [16]. However, a subsequent real-world
evidence study demonstrated an 83% risk reduction for hospitalization or death due to
infection with the Beta or Gamma VoCs following AZD1222 vaccination, suggesting that
cellular immunity may continue to provide protection against severe disease despite
neutralizing antibody escape [17]. Despite the limited protection against symptomatic disease
with Beta, vaccination campaigns that continued to deploy AZD1222 in line with World Health
Organization recommendations enabled the of deaths in subsequent waves driven by Delta.
The Delta variant wave in South Africa was the most severe in relation to deaths, contributing
to 50% of the overall death toll which transpired from COVID-19 since the start of the pandemic
until the end of the fourth wave, which was due to the Omicron variant [16]. Overall, this
highlights that national immunization campaigns should not discontinue use of a vaccine
based on experience with a single variant and only based on effectiveness against non-severe

illness.

At the time of writing, the Omicron (B.1.1.529) VoC and sub-lineages thereof are the dominant
variants across much of the world, with cases of a Delta Omicron (BA.1 x AY.4) recombinant
variant also documented [18]. Third dose booster vaccination has been widely used as a
mitigation strategy for breakthrough Omicron infection. However, due to preliminary
immunogenicity studies favoring AZD1222-BNT162b2 or homologous BNT162b2 boosting
strategies, booster doses of AZD1222 have largely been restricted to those unable to receive
MRNA vaccines. Real-world data has shown similar vaccine effectiveness against
symptomatic disease and hospitalization from Omicron with either an AZD1222 or BNT162b2

booster following AZD1222 primary series, indicating the potential wider utility of AZD1222 as

11
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a booster [19]. As our analysis was censored and participants unblinded before the emergence
of Omicron, we await further studies to determine the VE of AZD1222 and other SARS-CoV-

2 vaccines as primary series and boosters against Omicron and related subvariants.

5. Data sharing

Data are available at https://www.wits-vida.org; requests for data sharing should be directed

to Professor Shabir A. Madhi, email; shabir.madhi@wits.ac.za.
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Figure 1. Participant disposition. 2 Updated from enrollment reported in [6], to exclude five participants who were randomized but withdrew

before they received their first injection.
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Figure 2. Rolling mean number of total monthly SARS-CoV-2 infections through time. The
color indicates the rolling mean of prevalence out of all samples for Alpha (light blue), Beta
(green), Delta (dark blue) and unclassified (gray). The unclassified isolates were detected in
individuals with viral loads too low (>32Ct) to get a definite strain classification. Abbreviation:
Ct, Cycle threshold. (For interpretation of the references to color in this figure legend, the

reader is referred to the web version of this article.)
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Figure 3. Cumulative incidence over time for any SARS-CoV-2 infection (including both

asymptomatic and symptomatic illness) due to wild type (a), Beta (b) and Delta (c) variants,

and overall (d).
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Table 1. Vaccine efficacy. ? Includes symptomatic and asymptomatic infections. ° Includes infections from strains that were not classified as

WT, Beta or Delta. Abbreviations: Cl, Confidence interval; FU, Follow-up; NA, Not applicable; SD, Standard deviation; VE, Vaccine efficacy;

WT, Wild type.

Severity SARS- Total Placebo Vaccine VE
CoV-2 cases n =960 n =935 (95% CI)
Total FU time(days) = 244,140 Total FU time (days) = 236,557
n (%) Mean FU, Incidence n (%) Mean FU, Incidence
months (SD) rate, person- months (SD) rate, person-
days days
Any infection®  Any® 171 107 5.5(2.7) 160 64 (6.8%) 4.5(2.2) 98.7 38.3% (15.1, 55.4)
WT 12 11 (1.1) 4.6(3.1) 16.4 1(0.1%) 0.6 (NA) 15 90.6% (35.4, 99.8)
Beta 99 52 (5.4) 4.2(@1.7) 77.7 47 (5%) 4.0 (1.7) 72.5 6.7% (-41.1, 38.5)
Delta 22 18(1.9) 9.3(1.0) 26.9 4(0.4%) 10.0(0.7) 6.2 77.1% (30.4, 94.4)
Mild/Moderate ~ Any 124 81(8.4) 5.6(2.9) 121.1 43 (4.6%) 4.4 (2.6) 66.3 45.2% (19.7, 63.1)
WT 10 9(0.9) 4.6(3.49 13.5 1(0.1%) 0.6 (NA) 15 88.5% (17.2, 99.7)
Beta 70 37(3.9) 41(.8) 55.3 33(3.5%) 3.8(1.9) 50.9 8% (-51.3, 44.2)
Delta 21 17 (1.8) 9.4 (0.9) 25.4 4(0.4%) 10(0.7) 6.2 75.7% (25.6, 94.1)
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