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Abstract
Background

There are limited data on the immunogenicity of coronavirus disease
2019 (COVID-19) vaccines in African populations. Here we report the
immunogenicity and safety of the ChAdOx1 nCoV-19 (AZD1222)
vaccine from a phase 1/2 single-blind, randomised, controlled trial
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among adults in Kenya conducted as part of the early studies
assessing vaccine performance in different geographical settings to
inform Emergency Use Authorisation.

Methods

We recruited and randomly assigned (1:1) 400 healthy adults aged
=18 years in Kenya to receive ChAdOx1 nCoV-19 or control rabies
vaccine, each as a two-dose schedule with a 3-month interval. The co-
primary outcomes were safety, and immunogenicity assessed using
total IgG enzyme-linked immunosorbent assay (ELISA) against SARS-
CoV-2 spike protein 28 days after the second vaccination.

Results

Between 28th October 2020 and 19th August 2021, 400 participants
were enrolled and assigned to receive ChAdOx1 nCoV-19 (n=200) or
rabies vaccine (n=200). Local and systemic adverse events were self-
limiting and mild or moderate in nature. Three serious adverse events
were reported but these were deemed unrelated to vaccination. The
geometric mean anti-spike IgG titres 28 days after second dose
vaccination were higher in the ChAdOx1 group (2773 ELISA units [EU],
95% CI 2447, 3142) than in the rabies vaccine group (61 EU, 95% CI 45,
81) and persisted over the 12 months follow-up. We did not identify
any symptomatic infections or hospital admissions with respiratory
illness and so vaccine efficacy against clinically apparent infection
could not be measured. Vaccine efficacy against asymptomatic SARS-
CoV-2 infection was 38.4% (95% CI -26.8%, 70.1%; p=0.188).

Conclusions

The safety, immunogenicity and efficacy against asymptomatic
infection of ChAdOx1 nCoV-19 among Kenyan adults was similar to
that observed elsewhere in the world, but efficacy against
symptomatic infection or severe disease could not be measured in this
cohort.
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137893 Amendments from Version 1

Following peer review, we have updated the manuscript as
follows. In the introduction we have provided more recent
estimates of the global COVID-19 burden and added clarification
on the utility of the trial in providing confidence in public health
decisions taken on vaccine use. In the discussion section, we
have discussed the safety results in relation to other settings
and highlighted the limited power to detect rare adverse events
in our study. We have also added further discussion of vaccine
immunogenicity, particularly the T cell response, in addition

to the description of the range of antibody levels observed.

We have cautioned that a single community in coastal Kenya
cannot be considered representative of the diversity of the entire
continent, but our observations do add to the global database
on the safety and immunogenicity of the vaccine.

Any further responses from the reviewers can be found at
the end of the article

Introduction

Coronavirus disease 2019 (COVID-19) remains a major threat
to global public health. As of October 2023, there were over
770 million COVID-19 cases, including nearly 7 million
deaths reported to the World Health Organization (WHO).
However, the true level of transmission of COVID-19 is under-
estimated because a significant number of people who are
asymptomatic or have mild infections go unreported as they
do not seek healthcare. Mathematical modelling based on data
from 185 countries and territories does indeed suggest a much
higher burden, with COVID-19 mortality during 2020-2021
estimated at 19.8 million'. High levels of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) exposure have
been reported in populations in Africa. However, a large pro-
portion of the infected individuals show no clinical symptoms
following SARS-CoV-2 infection, such as in Kenya where
over 90% of infections have been asymptomatic’, and admis-
sion rates to government hospitals have not shown substantial
increases’. This contrasts the situation in populations outside
Africa where clinical SARS-CoV-2 infections are more com-
mon and, in the absence of mitigation measures, hospitals
have been overwhelmed. Nevertheless, there are indications of
excess mortality in older age groups®.

A range of approved COVID-19 vaccines have proven
highly effective against COVID-19 hospitalisation and death
in diverse geographical settings including South Africa’.
However, COVID-19 vaccine coverage in Africa remains
poor. While many countries in Europe have deployed multi-
ple additional vaccine doses to boost immunity from the initial
primary series of vaccination, less than 30% of the popu-
lation in Africa had been fully vaccinated with the initial
primary series as of December 2022 with an even smaller
proportion (~3%) receiving booster doses’. Further, no clini-
cal trial reports on the safety and immunogenicity of cur-
rently available COVID-19 vaccines on African populations are
available outside of South Africa, with data post Emergency
Use Authorisation being few and limited to healthcare
workers®’.
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Here, we report safety and immunogenicity data from adults
in coastal Kenya included in a phase 1/2 randomised control-
led trial of ChAdOx1 nCoV-19 (AZD1222; COV004 trial) as
part of the early studies assessing vaccine performance in
different geographical settings to inform Emergency Use
Authorisation®’. The ChAdOx1 nCoV-19 vaccine developed at
the University of Oxford consists of the replication-deficient
simian adenovirus vector ChAdOx1 encoding the full-length
SARS-CoV-2 spike protein®’. ChAdOx1 nCoV-19 was granted
Emergency Use Authorisation by regulators including the
WHO following promising efficacy results from trials in the
United Kingdom, Brazil and South Africa®’. Subsequently, due
to cold-chain requirements, scale of manufacture, availability
and cost, ChAdOx1 nCoV-19 has been one of the most com-
monly used COVID-19 vaccines with widespread roll-out in
low-and middle-income countries (LMICs) including Kenya’.
Data on safety and immunogenicity in Africa are important to
support use. In the absence of these data, decisions on use of the
vaccine are based on generalizations of data from outside Africa
and from South Africa alone. Immunogenicity for other vac-
cines have varied with factors such as exposure to malaria'’,
and adverse events have varied by population for other virally
vectored vaccines''. Data from Kenya are therefore needed to
increase the database to provide confidence in public health
decisions taken.

Methods

Study design

We conducted a phase 1/2 single-blinded, randomised, con-
trolled trial with the primary objective of evaluating the
safety and immunogenicity of ChAdOx1 nCoV-19 vaccine in
comparison to rabies vaccine as a control in adults aged
>18 years. Vaccines were administered as two doses three
months apart and the subjects followed up for 1 year from first
vaccination. Enrolment in the phase 1 component of the
trial was aimed at a first evaluation of the safety, tolerabil-
ity and immunogenicity of the ChAdOxl nCoV-19 (n=20) in
comparison to the rabies control vaccine (n=20) in healthy
adults in Kenya aged 18-55 years. Progression to the phase
2 trial among healthy adults aged >18 years (n=180 per
vaccine arm) followed safety reviews of phase 1 data accrued
up to 28 days post-vaccination by an independent interna-
tional data and safety monitoring board (DSMB; Extended
data). This study is reported in line with the Consolidated
Standards of Reporting Trials (CONSORT) checklist'>.

Participants

Participants were recruited following extensive community
engagement activities, modified from usual practice to com-
ply with existing government physical distancing directives.
Recruitment posters and physically distanced door to door
engagement were used to give information to prospective
participants and information about the trial also provided
through interactive radio, virtual seminars, and other media
interviews by the study team. An animated video show-
ing how the vaccine was made and some study procedure was
developed and shared through social media platforms to
reach a wider population. Written informed consent was
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obtained from all participants after which they were screened
for eligibility. Recruitment was within Kilifi and Mombasa
counties. The screening visit included an assessment of
good health, a full medical history, clinical examination, and
laboratory investigations. Participants with significant acute
or chronic diseases such as congenital heart disease, renal
failure, hepatitis, HIV, Hepatitis B and C, chronic respira-
tory conditions, hypertension, diabetes amongst others were
excluded from the trial. We also excluded females who were
pregnant or breastfeeding. Similarly, female participants were
required to use effective contraception for 30 days prior to
vaccination. Potential participants with a history of laboratory-
confirmed or suspected SARS-CoV-2 infection (new onset
fever and a cough or shortness of breath in the 30 days
preceding screening) were excluded. Ethical and regulatory
approvals were obtained from the Kenya Medical Research
Institute (KEMRI) Scientific and Ethics Research Unit
(KEMRI/SERU/CGMR-C/CSC197/4024 on 24™ August 2020),
the Kenya Pharmacy and Poisons Board (ECCT/20/05/01
on 8" September 2020), the National Commission for
Science, Technology and Innovation (NACOSTI/P/22/20461
on 11" September 2020) and the University of Oxford
Tropical Research Ethics Committee (Reference 33-20
on 11" June 2020). The trial was registered with the Pan
African Clinical Trials Registry (PACTR202005681895696) on
11" May 2020.

Randomisation and masking

Participants were randomised 1:1 to receive either the
ChAdOx1 nCoV-19 vaccine or the rabies vaccine. The rabies
(Verorab) vaccine was used as the control vaccine. The
randomisation list was generated using Stata (StataCorp,
College Station, TX) and random allocation using REDCap
and access restricted to the unblinded team. Participants
were randomly allocated to one of the two vaccine arms as
per the computer-generated randomisation schedule. The
participants, all personnel assessing the safety endpoints and
the laboratory team responsible for sample processing and
immunological assays were blinded to vaccine allocation.
The vaccines were prepared out of sight of the participant and
syringes masked with an opaque object/material until ready
for administration to ensure blinding. The control vaccine
was also administered on the same site (intramuscularly)
as the investigational product to maintain blinding. Follow-
ing the Kenyan government roll-out of vaccination against
COVID-19 participants were unblinded. All unblinded par-
ticipants were kept in the study regardless of the COVID-19
vaccines received.

Procedures

The ChAdOxl nCoV-19 vaccine used in the trial was
manufactured by Advent s.r.l. (Pomezia, Italy) and COBRA
Biologics (Keele, UK) in accordance with current Good
Manufacturing Practice and approved by the UK Medicines
and Healthcare Regulatory Agency as described previously®.
ChAdOx1 nCoV-19 was used at the standard dose of 5 x 10'°
virus particles. VERORAB (Sanofi) rabies vaccine was pur-
chased locally and used at the standard dose of 0.5mL as per
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the manufacturer’s summary product characteristics. Both vac-
cines were administered intramuscularly into the non-dominant
deltoid. Participants were considered enrolled in the study once
vaccinated. Following vaccination participants were observed
for at least one hour post-vaccination to assess for adverse
events. Vital signs were recorded as well as axillary tempera-
ture and solicited and unsolicited adverse events (AEs) in a
diary card. Local solicited AEs assessed in the trial included:
pain at injection site, tenderness, redness, warmth, itchiness,
swelling and induration. In addition, the systemic solicited
AEs included: fever, chills, joint pains, muscle pains, fatigue,
malaise, nausea and headache. Before leaving the clinic on
vaccination day, the participants were taught how to com-
plete the diary cards and document the timing and severity of
the solicited and unsolicited AEs. Participants were also given
emergency contact numbers (24/7) for the study team in the
event of an emergency or inquiries. The study team contacted
the participants daily from the 1* to the 6™ day post-vaccination
to remind them to complete the diaries and collect any infor-
mation on new symptoms or medication. On day 7 after vac-
cination, the participants would attend the clinic and return
the paper diaries.

Surveillance for COVID-19

Participants underwent nasopharyngeal swabbing at routine
pre-specified visits whether symptomatic or not and were
asked to contact the study team for a series of swabs and
assessments if they had any symptoms of COVID-19 as man-
dated by the prevailing government directives. Where attendance
was not immediately possible participants would be swabbed
at the earliest opportunity.

Outcomes

The co-primary outcomes of the trial were vaccine immuno-
genicity (seroconversion) as measured by IgG ELISA against
SARS-CoV-2 spike protein 28 days after the second dose
of vaccine, and safety as assessed by occurrence of adverse
events. Secondary outcomes included assessment of IgG
titres and their durability, T cell response as measured by
ex vivo interferon-y enzyme-linked immunospot (ELISpot)
assay and vaccine efficacy against COVID-19.

Statistical analysis

The phase 1 trial was designed to include 40 participants
to obtain early descriptive safety data on common, important
adverse events following vaccination with two doses of 5x10'
vp ChAdOx1 nCoV-19 (n=20) or two doses of control rabies
vaccine (n=20). The primary endpoint for the phase 2 trial
(n=180 per group) was seroconversion as measured by IgG
ELISA against SARS-CoV-2 spike protein 28 days after the
second dose of ChAdOx1 nCoV-19 vaccine. A sample size
of 200 per vaccine group (combined phase 1b and phase 2)
would allow detection of at least 70% seroconversion with <5%
error margin. Three analysis populations were defined. The
intention-to-treat (ITT) population comprised all randomised
participants who received a study vaccine and that had
at least one post-vaccination blood sample. The per-protocol
(PP) population included randomised participants who had
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a blood sample at baseline and 28 days (+ 3 days) post-
vaccination, and for whom the eligibility criteria were correctly
applied. The safety population included all subjects who
received a study vaccine (i.e. ITT). Participants were analysed
according to the treatment they received. Participants were
censored in the analysis of efficacy endpoints at the time of
their unblinding and vaccination. However, they contributed
to exploratory immunogenicity analyses which are descriptive
or observational according to the vaccines they received.

Safety data were summarised as the number of participants
that experienced any event post-vaccination in the vaccine
group and as a percentage of the total safety population
within the vaccine group. For each solicited local and
systemic reaction, a relative risk with 95% confidence inter-
val (CI) was presented. This analysis included all AEs up to
28 days post-vaccination. Intra-individual numbers of reac-
tions were compared between vaccine groups using
Wilcoxon’s ranksum test. This was done for solicited local and
systemic reactions combined, and separately for local
and systemic reactions. Similar analysis was repeated for
unsolicited reactions. Proportion of participants in each vaccine
group reporting any local reaction were compared using the
chi-squared test and the difference in proportions with 95%
CIs was presented. This was repeated for systemic reactions.
All SAEs were described in detail for each participant.

We summarised the number and percentage of participants
who seroconverted together with their Wilson-type 95% Cls.
Seroconversion rates were compared between the two vaccine
groups using relative risk (RR). This was done at 28 days
after second dose vaccination, at day 182 and day 365. For
the primary timepoint (i.e. at 28 days after the second dose
of vaccine), relative risks adjusted for effect of sex, body
mass index (BMI) and age at enrolment was estimated using
a log binomial model. 28 days after second dose vaccination,
GMT and GMT ratio for ChAdOx1 nCoV-19 vaccine to rabies
vaccine, together with their 95% Cls, were estimated. Log
transformed anti-Spike IgG response at multiple time points
were analysed using a linear mixed effect model, with par-
ticipant as a random effect. Fixed effects included vac-
cine group, day of visit, a vaccine group-by-day of visit
interaction term, baseline IgG response values, sex, BMI and
age (categorised in tertiles). Cox regression was used to estimate
vaccine efficacy against virologically confirmed SARS-CoV-2
infection. Only events that occurred more than 14 days
after the second vaccination dose were included in efficacy
evaluations. All analyses were performed using Stata 15.1
(StataCorp, College Station, TX) and GraphPad Prism v9 used
to generate graphs.

Role of the funding source

The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or writ-
ing of the report. All authors had full access to all the data
in the study and had final responsibility for the decision to
submit for publication.
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Results

Between 28" October 2020 and 19" August 2021, 688 volun-
teers were screened (Figure 1). We excluded 276 volunteers
due to ineligibility while 12 eligible volunteers declined to
participate. A total of 400 volunteers were enrolled and ran-
domised for vaccination with ChAdOx1 nCoV-19 (n=200) or
rabies vaccine (n=200) and received at least one vaccination'’.
There were no discontinuations due to protocol deviations.
The primary analysis (PP) at day 28 after the second dose vac-
cination included 197 participants in each vaccine group.
Exclusions from the PP were related to migration out of
study area (n=2), temporary relocation (n=1) and travel
(n=1) for work, and loss to follow-up (n=1). One participant
missed their day 112 visit without providing reasons but
returned on day 182. Ten participants in the rabies group
were censored by day 112 due to unblinding for national
COVID-19 vaccination roll-out. Baseline participant charac-
teristics were similar across vaccine groups, although males
comprised 81% (n=325) of the study participants. The median
age and BMI at enrolment were 29 years and 22.3 kg/m?
respectively (Table 1).

Vaccine safety

On average, ChAdOxl nCoV-19 vaccinees reported more
AEs than those vaccinated with rabies vaccine. A total
of 358 participants reported 1312 adverse events, with
183 participants in the ChAdOxl1 nCoV-19 group report-
ing 753 AEs and 175 participants in the rabies group report-
ing 559 AEs (Table 2). 247 AEs (177 in ChAdOx1 nCoV-19
and 70 in rabies) were deemed definitely related to vaccina-
tion, 3 (all in ChAdOxl nCoV-19) were deemed probably
related to vaccination and 316 (145 in ChAdOx1 nCoV-19 and
171 in rabies) were deemed possibly related to vaccination
(Table 2).

ChAdOx1 nCoV-19 vaccinated participants reported signifi-
cantly more local (Extended data, Figure S1; p<0.001) and
systemic AEs than those in the rabies vaccine group (Extended
data"”, Table S1 and Figure S1; p=0.001). Local AEs reported
were tenderness (98 in ChAdOx1 nCoV-19 and 36 in rabies;
RR 2.72, 95% CI 1.84 to 4.11), pain at injection site (74 in
ChAdOx1 nCoV-19 and 32 in rabies; RR 2.31, 95% CI 1.51 to
3.62), and induration (5 in ChAdOx1 nCoV-19 and 1 in rabies
group; RR 5.0, 95% CI 0.56 to 236.49) (Extended data", Table
S1). Tenderness and pain at injection were more common than
any individual local or systemic adverse reactions.

Systemic adverse reactions reported within 7 days after each
vaccination were headache, myalgia, fatigue, arthralgia, chills,
malaise, nausea and fever. Headache was the most common
systemic reaction with both vaccines occurring in 52 (26%) of
200 participants in ChAdOx1 nCoV-19 group and 25 (13%)
of 200 participants in rabies group (RR 2.10, 95% CI 1.21
to 3.78). Headache was followed by myalgia which occurred
in 35 (18%) of 200 participants in the ChAdOxl nCoV-19
group and 10 (5%) of 200 participants in the rabies vaccine
group (RR 1.47, 95% CI 0.73 to 3.04). The least common
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688 screened for eligibility

288 excluded
e 276 not eligible
e 12 declined to participate

400 eligible randomised

200 assigned to ChAdOx1 nCoV-19

200 assigned to rabies

197 had primary outcome measured at Day 112

197 had primary outcome measured at Day 112

1 died

196 analysed at D182

195 analysed at D182

194 analysed at D365

189 analysed at D365

Figure 1. CONSORT diagram. The per-protocol population comprised randomized participants who had a blood sample at baseline and
28 days after second dose vaccination, and for whom the eligibility criteria were correctly applied. The main reason for withdrawal or not
completing vaccination regimen was relocation outside of the study area. One participant died during follow-up, unrelated to vaccination.
Ten participants in the rabies group were censored by day 112, additional 9 participants by day 182 and a further 11 participants by day

365.

Table 1. Baseline characteristics of participants enrolled in the study by randomised

group.

Number enrolled
Sex

Male

Female
Age in years, median (IQR)
BMI, kg/m?, median (IQR)
Age group, years

First tertile

Middle tertile

Upper tertile

ChAdOx1 nCoV-19
200

158 (79.0%)

42 (21.0%)
28.5(24.0to0 36.0)
22.5(20.3 to 26.0)

62 (31.0%)
79 (39.5%)
59 (29.5%)

Data are n (%) or median (interquartile range [IQR])

Rabies

200

167 (83.5%)

33 (16.5%)
30.0 (25.0to 36.0)
22.3(20.4 to 24.6)

77 (38.5%)
61 (30.5%)
62 (31.0%)

Combined

400

325 (81.3%)

75 (18.8%)
29.0(25.0to 36.0)
22.3(20.3t0 25.2)

139 (34.8%)
140 (35.0%)
121 (30.25%)
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Table 2. Summary of all adverse events for consented subjects.

Number of AEs reported
Number of Subjects with AEs [1]
Number of SAEs reported
Number of Subjects with SAEs [1]
Number of AEs by Severity*

Mild

Moderate

Severe

Potentially life-threatening
Subjects with AEs by Severity [2]**

Mild

Moderate

Severe

Potentially life-threatening
Number of AEs by Relatedness to study product*

Not related

Unlikely related

Possibly related

Probably related

Definitely related

ChAdOx1 nCoV-19 Rabies Total
N=400
753 559 1312
183 175 358
2 1 3
2 1 3
669 (88.8%) 483 (86.4%) 1152 (87.8%)
81(10.8%) 74 (13.2%) 155 (11.8%)
2 (0.3%) 2 (0.4%) 4(0.3%)
1(0.1%) 0 (0.0%) 1(0.1%)
181 (90.5%) 171 (85.5%) 352 (88.0%)
57 (28.5%) 53 (26.5%) 110 (27.5%)
2 (1.0%) 3(1.5%) 5(1.3%)
1(0.5%) 0 (0.0%) 1(0.3%)
170 (22.6%) 179 (32.0%) 349 (26.6%)
258 (34.3%) 139 (24.9%) 397 (30.3%)
145 (19.3%) 171 (30.6%) 316 (24.1%)
3(0.4%) 0 (0.0%) 3(0.2%)
177 (23.5%) 70 (12.5%) 247 (18.8%)

[1] Subjects who experience one or more AEs or SAEs are counted only once

[2] Subjects are counted only once within a particular severity grade or relatedness category

*Percentages are based on number of AEs reported for each treatment arm

**Percentages are based on N for each treatment arm

systemic adverse reaction was fever which occurred in one
participant in each vaccine group. No participant reported a
severity grade of 3 or 4 for all solicited local and systemic
adverse reactions, except for one participant in the ChAdOx1
nCoV-19 group who had a grade 4 fever.

In total, 79 unique unsolicited adverse reactions (60 in ChAdOx1
nCoV-19 and 53 in rabies vaccine groups) were reported
throughout the study (Extended data'?, Table S2). The six
most common laboratory AEs were hyperkalemia (n=179),
increased blood creatinine (n=163), COVID-19 (n=95), leu-
kopenia (n=38), hyperbilirubinemia (n=33) and neutrope-
nia (n=31). There were no statistically significant differences
for unsolicited adverse reactions (Extended data'’, Table S2;
Wilcoxon test p=0.792).

Three serious adverse events were reported throughout the
trial, and all were deemed unrelated to vaccination (Listing

S1). One serious adverse event was a participant who died of
severe head injury with presumed intra-cranial bleeding after
falling from a tree at a significant height, >12 feet. Another
participant had prolonged hospitalization due to acute gastro-
enteritis that occurred 15 days after the first vaccination. A
third participant suffered a right neck of femur fracture with
right hip displacement after falling from a tree.

Vaccine immunogenicity

The proportion of vaccinees mounting an anti-Spike IgG
response (seroconversion) 28 days after the second dose of
vaccine was 99.5% (95% CI 97.2 to 99.9) in the ChAdOx1
nCoV-19 group compared with 41.2% (95% CI 34.5 to 48.3)
in the rabies vaccine group, yielding a relative risk of sero-
conversion of 2.42 (95% CI 2.03 to 2.87) (Table 3). This
high seroconversion rate in ChAdOx1 nCoV-19 was maintained
at day 182 and day 365 and remained higher than in the
rabies vaccine group throughout (Table 3). Relative risks
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Table 3. Seroconversion rates at day 112, 182 and 365 in the per-protocol population.

Randomised group  Total n % Seroconversion (95% CI) Relative risk
(N) (95% CI)

Day 112

Rabies 187 77  41.2(34.5t048.3)

ChAdOx1 nCoV-19 197 196  99.5(97.21t099.9) 242 (2.03to 2.87)
Day 182

Rabies 174 89 51.1(43.8t058.5)

ChAdOx1 nCoV-19 196 193  98.5(95.6 to 99.5) 1.93 (1.66 to 2.23)
Day 365

Rabies 160 135 84.4(78.0t0 89.2)

ChAdOx1 nCoV-19 193

190 98.4(95.5t099.5)

1.17 (1.09 to 1.25)

Data are total number, number seroconverted, percent seroconverted (95% CI) and relative risk (95% CI).

of seroconversion at day 28 after second dose vaccination
remained the same after adjusting for participant character-
istics of sex, BMI and age (Extended data', Table S3). 93
participants — 48 in the ChAdOxl nCoV-19 and 45 in the
rabies groups, respectively — were anti-spike IgG posi-
tive at baseline, before vaccination. The rates of seroconver-
sion in the ChAdOxl nCoV-19 group remained higher than
the rabies vaccinated participants on exclusion of these
baseline seropositive individuals (Extended data'’, Table S4).

We next quantified the anti-spike IgG titres following vac-
cination, using a quantitative IgG ELISA used for assess-
ing ChAdOx1 nCoV-19 immunogenicity in trial populations
in the UK, South Africa and Brazil’. The geometric mean IgG
titres (GMT) at 28 days after second dose vaccination were
greater in the ChAdOx1 nCoV-19 group (2773, 95% CI 2447
to 3142) than in rabies vaccine group (61, 95% CI 45 to 81)
and were maintained through to the end of the 12-month
follow-up period (Figure 2; Extended data'’, Table S5). The
ChAdOx1 nCoV-19 geometric mean IgG titres were within
the range generated by ChAdOx1 nCoV-19 vaccination in
UK adults’®. The T cell response, measured by interferon-y
ELISpot against SARS-CoV-2 spike peptides, peaked at day
14 and showed similar kinetics to other trials of ChAdOx1
nCoV-19 (Figure 2)"”. The median interferon-y ELISpot
response at day 14 for the ChAdOx1 nCoV-19 group was
508 spot-forming cells (SFC) per million peripheral blood
mononuclear cells (interquartile range [IQR] 384 to 624),
compared with 138 SFC (IQR 70 to 264) for the rabies
vaccine group. Both antibody and T cell responses in the
rabies vaccine group increased gradually as from day 28
post-vaccination, coinciding  with  increasing  population
exposure to SARS-CoV-2 in Kenya'”.

SARS-CoV-2 infections
There were 87 participants with confirmed SARS-CoV-2
infection during the study (ChAdOx1 nCoV-19 = 48§,

rabies vaccine = 39), eight of whom subsequently had a
re-infection (ChAdOx1 nCoV-19 = 2, rabies vaccine = 6).
There were no symptomatic, hospitalized or severe cases and
vaccine efficacy against clinically apparent infection could
not be assessed. All the cases were asymptomatic and were
detected on testing their samples collected at the scheduled
follow-up visits. Of these 87 cases, 31 (12 in the ChAdOx1
nCoV-19 and 19 in the rabies vaccine group, respectively)
occurred >14 days after the second dose of vaccine. Given
the very few cases, our study was underpowered to detect
statistically significant differences in efficacy. A Cox regres-
sion model comparing the two vaccines resulted in a
vaccine efficacy of 38.4% (95% CI -26.8% to 70.1%;
p=0.188), which was comparable to efficacy observed against
asymptomatic infection in other populations’.

Discussion

COVID-19 vaccine coverage in Africa remains poor. Further,
while several COVID-19 vaccines have received emergency
use approval and been widely deployed, no trials of
any COVID-19 vaccine have reported results outside of
South Africa’. Data from South Africa include results from

randomized controlled trials of ChAdOx1 nCoV-19%°, a
recombinant spike protein nanoparticle (Novavax)” and
Ad26.CoV2.S (Janssen) vaccine'>. The only other data

available are on the post-approval use of the vaccines, includ-
ing self-reporting of adverse events by healthcare workers in
Ethiopia’, and analyses of immune responses in healthcare work-
ers and adults in Nigeria®, Ghana®, Malawi'” and Tunisia'®.
However, several vaccine trials are now underway in
diverse settings across Africa (e.g. ClinicalTrials.gov no.
NCT05490108, NCT04934111, NCT05409300 and others).

In this study, we aimed to assess the safety and immuno-
genicity of ChAdOx1 nCoV-19 in comparison with rabies
vaccine among adults in Kenya, adding data to the previous
evaluation of the vaccine in trials in South Africa, UK and
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Figure 2. Vaccine immunogenicity. The humoral (A) and cellular responses (B) generated by vaccination are shown for trial participants,
with blue markers representing the rabies vaccine group and orange the ChAdOx1 nCoV-19 group. Day 0 represents responses at baseline,
before the first vaccine dose. For each group, the second dose was administered on Day 84 as shown. Day 112 represents responses
measured 28 days after the second vaccination (primary outcome). Data in (A) represent IgG titres expressed as ELISA units as done for
other ChAdOx1 nCoV-19 trials and includes all participants as tabulated in Table 3, with bars representing the geometric mean. Data in (B)
represent interferon-y ELISpot responses against SARS-CoV-2 spike peptides for the first 40 volunteers enrolled in the trial (20 per vaccine
arm), with bars representing the median response. PBMCs - peripheral blood mononuclear cells.

Brazil®”. As observed in these previous trials, ChAdOx1
nCoV-19 was safe with most adverse events being mild or
moderate and no serious adverse events related to
vaccination’. The pattern of mild to moderate adverse events
were not different to those seen for the licensed vaccine used as
comparator (i.e. the rabies vaccine), and given the lack of severe
or serious adverse events do not appear to be limiting. Severe
adverse events have been reported in larger studies, including
thrombotic events'” and myositis”® but the study in Kenya
was underpowered to detect rare events. Ongoing phar-
macovigilance is required, however the data seen in Kenya
do not suggest a difference adverse event profile from that seen
elsewhere. Vaccination generated strong humoral and cellu-
lar immune responses whose kinetics matched those in other
populations’. Our data add further support to global regula-
tory approvals of ChAdOx1 nCoV-19 for a 2-dose regime up to
12 weeks apart.

Through our surveillance for COVID-19 we identified asymp-
tomatic infections but no symptomatic infections. Through
our adverse event monitoring, we identified a low prevalence
of upper respiratory symptoms and volunteers had decided
not to present for testing during these mild symptoms. We
identified no hospital admissions with respiratory illness. A
possible explanation is that this reflects the epidemiologi-
cal landscape in Kenya where we observed a predominance
of mild and asymptomatic SARS-CoV-2 infections™'*.
Alternatively, it is possible that the general population was
avoidant of testing during intercurrent illness, due to the asso-
ciated stigma and inconvenience of a positive result, and this
extended to our trial participants. During assessment of
adverse events none of the participants reported taking a
COVID-19 test. Though our study was underpowered for effi-
cacy assessment, the efficacy observed against asymptomatic

infection was within the range reported in other studies
of ChAdOx1 nCoV-19°.

T cell responses were somewhat lower than those observed in
the UK at the peak of 14 days'**, though this could be due to
lab-to-lab variation in assay performance. Furthermore, T
cell responses were acquired during follow up among Rabies
control vaccinees. These T cell responses are likely to be
acquired as a result of SARS-CoV-2 transmission in the popu-
lation, and initial T cell responses prior to vaccination may
also be a result of cross-reactivity following circulation of
endemic coronaviruses in Kenya”. These responses in the
control group would further dilute the impression of immu-
nogenicity among ChAdOx1 vaccinees. Anti-spike IgG anti-
body responses were within a similar range to those seen in the
UK"*. Our study sample size precluded assessment of rare
adverse events such as thrombosis with thrombocytopenia syn-
drome (TTS) that has been observed in populations in Europe
following adenovirus-vectored COVID-19 vaccines®. ChAdOx1
nCoV-19 has been used in many countries in Africa, but we
are aware of no reports of TTS associated with its use on the
continent.

Our study had several limitations. First, we predominantly
recruited male participants. This is likely primarily due to
the study requirement for long-term contraception which
goes against cultural norms. Second, due to the prevail-
ing patterns of health seeking behaviour we could not ascer-
tain whether the upper respiratory tract infections reported
during follow-up were COVID-19 cases, and there were no
symptomatic episodes in any case. Third, due to the long
duration of recruitment, trial participants were inevitably
exposed to SARS-CoV-2, compromising analysis of vaccine-
specific immune responses. This was evident in the gradual
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increase of anti-spike IgG titres and cellular responses in
the rabies vaccine group over time.

While a single community in coastal Kenya cannot be con-
sidered representative of the diversity of the entire conti-
nent, taking these data in combination with the South African
and global data strengthens our confidence in the safety and
immunogenicity of the vaccine. We conclude that the vaccine
is safe and immunogenic in Kenya, and suitable for ongo-
ing use, although policy recommendations will need to also
take account of ongoing data regarding the public health burden
associated with the pandemic and cost effectiveness data’.

Data availability

Underlying data

Harvard Dataverse: Data for: A phase Ib/II single-blinded,
randomised, controlled study to determine safety, immuno-
genicity and efficacy of the candidate Coronavirus Disease
(COVID-19) vaccine ChAdOx1 nCoV-19 in adults in Kenya.
https://doi.org/10.7910/DVN/LANXIM 2.

This project contains the following underlying data:
e (COV004_Analysis_datasets_anon.dta
e (COV004_Analysis_datasets_anon.tab
Extended data

Harvard Dataverse: Data for: A phase Ib/II single-blinded, ran-
domised, controlled study to determine safety, immunogenicity
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v

Stephen Gordon
Malawi-Liverpool-Wellcome Clinical Research Programme, Kamuzu University of Health Sciences,
Blantyre, Malawi

This report of a Phase 1/2 study is a model of clear writing and is an excellent example of how to
write up an early phase vaccine study.
> The title is clear and explanatory.

> The introduction sets the context well.
o The methods are clear and so are the results.
> The figures show the data clearly.

> The discussion is straightforward about the study limitations and does not overstate the
conclusions.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
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Are the conclusions drawn adequately supported by the results?
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I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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v

Marianne W. Mureithi
Department of Microbiology, University of Nairobi, Nairobi, Kenya

The revised manuscript effectively addresses previous concerns and provides comprehensive
insights into the trial's outcomes. I have no major concerns regarding the scientific rigour, data
presentation, or conclusions from the findings.

Specific Comments
Introduction Revision:

The authors have appropriately updated the global COVID-19 burden estimates and clarified the
trial's utility in supporting public health decisions. These revisions have enhanced the study's
relevance and context, offering readers a clear understanding of its importance in the broader
scope of the COVID-19 pandemic response.

Discussion on Safety Results:

Adding a discussion on the safety results in relation to other settings is commendable.
Acknowledging the study's limited power to detect rare adverse events provides a balanced view
of the findings. It appropriately sets the expectations for the study's contributions to
understanding vaccine safety.

Discussion on Vaccine Immunogenicity:

The expanded discussion on vaccine immunogenicity, particularly the T cell response and the
observed range of antibody levels, adds depth to the analysis. It enriches the manuscript by
providing a comprehensive view of the immune response elicited by the ChAdOx1 nCoV-19
vaccine in the study population. This information is valuable for readers interested in the nuances
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of vaccine-induced immunity.

Representativeness and Generalizability:

The authors prudently cautioned that the findings from a single community in coastal Kenya
might not represent the continent's entire diversity. This acknowledgement is important for
contextualizing the study results and underscores the need for further research across different
African settings to fully understand the ChAdOx1 nCoV-19 vaccine performance.

Methodological Rigor:

The study's methodological approach is well-designed, and the processes for randomization,
masking, and data analysis are robust. The detailed description of these methods enhances the
study's transparency and reproducibility, which are crucial aspects of scientific research.

Public Health Implications:

The data supports the study's conclusion that the ChAdOx1 nCoV-19 vaccine is safe and
immunogenic in a Kenyan adult population, supporting its ongoing use. The implications for
public health policy and vaccine deployment strategies in Africa are significant, particularly in light
of the continuing challenges posed by COVID-19.

Conclusion:

The revisions made to the manuscript have adequately addressed the concerns raised in the initial
review. The study presents valuable data on the ChAdOx1 nCoV-19 vaccine's safety and
immunogenicity in an African population, contributing to the global efforts to combat the COVID-
19 pandemic. I commend the authors for their thorough work and have no further comments.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Immunology and Microbiology
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The authors fully addressed the reviewers' questions and the current version can be accepted for
indexing.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
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?

Dongming Zhou
Tianjin Medical University, Tianjin,, China

Hamaluba et al. conducted a phase 1/2 single-blind clinical trial to evaluate the safety and
immunogenicity of ChAdOx1 nCoV-19 among Kenyan adults by using conventional rabies vaccine
as a control. The results indicated that the vaccine is safe and immunogenic in Kenya, and suitable
for ongoing use. The manuscript is overall well-written and well-structured. Following are the
comments and suggestions.

1. The results of immunogenicity test indicated that the rabies vaccine could also stimulate a
certain level of spike-specific antibody response and T cell response. Is this possibly related
to the fact that all people have been infected with other coronaviruses previously, and other
coronaviruses cross-reacts with SARS-CoV-2? Please explain it in the discussion part.

2. Based on the antibody response and T cell response, the immunogenicity of ChAdOx1 nCoV-
19 in Kenyan adults is not as good as those in the UK or other populations. Is this possibly
related to the pre-existing immunity of ChAdOx1 vector? Have the authors screened the
pre-existing immunity of ChAdOx1 vector in the recruited cohorts?

3. Since neutralizing antibody response is crucial for the protection against viral infections, it
will be better to measure the neutralizing antibodies to SARS-CoV-2 in the cohorts.

4. In the study, a standard dose of 5 x 1010 vp was used for immunization. In fact, it will be
better to conduct a dose-response experiment to get a more suitable dose firstly for Kenyan
adults, since they may have a different immunological background from other populations.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes
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Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Anti-infection immunity; novel vaccine development, adenoviral vector design

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

George Warimwe

Hamaluba et al. conducted a phase 1/2 single-blind clinical trial to evaluate the safety and
immunogenicity of ChAdOx1 nCoV-19 among Kenyan adults by using conventional rabies
vaccine as a control. The results indicated that the vaccine is safe and immunogenic in
Kenya, and suitable for ongoing use. The manuscript is overall well-written and well-
structured. Following are the comments and suggestions.

1. The results of immunogenicity test indicated that the rabies vaccine could also
stimulate a certain level of spike-specific antibody response and T cell response. Is
this possibly related to the fact that all people have been infected with other
coronaviruses previously, and other coronaviruses cross-reacts with SARS-CoV-2?
Please explain it in the discussion part.

We agree and have added this point to the discussion as follows: “Furthermore, T cell responses
were acquired during follow up among Rabies control vaccinees. These T cell responses are likely
to be acquired as a result of SARS-CoV-2 transmission in the population, and initial T cell
responses prior to vaccination may also be a result of cross-reactivity following circulation of
endemic coronaviruses in Kenya (https://wellcomeopenresearch.org/articles/5-150). These
responses in the control group would further dilute the impression of immunogenicity among
ChAdOx1 vaccinees.”

1. Based on the antibody response and T cell response, the immunogenicity of ChAdOXx1
nCoV-19 in Kenyan adults is not as good as those in the UK or other populations. Is
this possibly related to the pre-existing immunity of ChAdOx1 vector? Have the
authors screened the pre-existing immunity of ChAdOx1 vector in the recruited
cohorts?

We did not do this in the current study, but prior work suggest a low prevalence of antibodies to
chimpanzee adenoviruses in Kenya (https://doi.org/10.1016/j.vaccine.2009.03.080).

1. Since neutralizing antibody response is crucial for the protection against viral
infections, it will be better to measure the neutralizing antibodies to SARS-CoV-2 in
the cohorts.

We agree, this would be useful data to report in the future, for now we have assumed that given
similar ELISA units in the Kenyan population with populations vaccinated elsewhere that the
functional antibody levels would be consistent with this.

1. In the study, a standard dose of 5 x 1010 vp was used for immunization. In fact, it will
be better to conduct a dose-response experiment to get a more suitable dose firstly
for Kenyan adults, since they may have a different immunological background from
other populations.

Dose optimization was conducted in earlier studies in the UK, we agree it may have been optimal
to conduct further dose optimization in Kenya but given the context and stage of the pandemic
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we opted to proceed with a standard dose.

Competing Interests: No competing interests were disclosed.
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© 2023 Mureithi M. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

? Marianne W. Mureithi
Department of Microbiology, University of Nairobi, Nairobi, Kenya

This study contributes important data on the safety and immunogenicity of the ChAdOx1 nCoV-19
vaccine in an African population. It highlights the vaccine's ability to induce a strong immune
response, as evidenced by high seroconversion rates and elevated IgG titres. The findings support
using ChAdOx1 nCoV-19 in African countries and provide valuable evidence for vaccine
deployment and decision-making.

Overall, this study contributes significant knowledge on the ChAdOx1 nCoV-19 vaccine's safety and
immunogenicity in an African population, supporting its use and providing insights for future
research and vaccine implementation.

The authors could improve the manuscript by addressing the following points:

Introduction:
1. Lack of recent data: The manuscript references COVID-19 case and death statistics from
December 2022, which is outdated considering the current date. Recent data should be
used to represent the COVID-19 situation accurately.

2. Inconsistency in COVID-19 severity: The introduction mentions that African populations
have a significant clinical burden of SARS-CoV-2 exposure but many infected individuals
show no clinical symptoms. However, it also states that hospitals have not shown
substantial increases in admission rates. This contrast requires further clarification and
supporting evidence.

3. Limited data on vaccine safety and immunogenicity in Africa: The manuscript highlights the
lack of clinical trial reports on the safety and immunogenicity of COVID-19 vaccines in
African populations outside of South Africa. However, it does not thoroughly discuss the
potential implications of this knowledge gap or the importance of generating more data in
diverse geographical settings. Although the manuscript mentions that ChAdOx1 nCoV-19 is
one of the most commonly used COVID-19 vaccines in low- and middle-income countries, it
does not provide comprehensive information about the vaccine, its mechanism of action, or

Page 19 of 23


https://doi.org/10.21956/wellcomeopenres.21229.r56551
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Wellcome Open Research Wellcome Open Research 2023, 8:182 Last updated: 03 MAY 2024

previous studies evaluating its safety and efficacy.

Results:

1. Lack of discussion on safety results: The manuscript briefly mentions adverse events but
does not thoroughly analyse or discuss the safety data. It is important to discuss the nature,
severity, and frequency of adverse events observed in the study population and any
potential implications for vaccine safety.

2. Insufficient interpretation of immunogenicity results: While the manuscript mentions high
seroconversion rates and strong immune responses following vaccination, it does not
provide a comprehensive interpretation of these findings. It would be valuable to discuss
the implications of these results regarding vaccine effectiveness, potential protection
against SARS-CoV-2 infection, and the relevance of the immunogenicity data in the context
of the global vaccine landscape.

Discussion:

1. Limited discussion of study limitations: The manuscript does not thoroughly discuss the
study's limitations. It is important to address any potential biases, confounding factors, or
limitations in the methodology that could impact the interpretation of the results.
Acknowledging and discussing these limitations would provide a more balanced and
informative discussion section.

2. Limited generalizability: The manuscript does not discuss the generalizability of the findings
beyond the study population in coastal Kenya. Considering Africa's geographic and
demographic diversity, it would be helpful to address the potential applicability of the
results to other regions or people.

3. Inadequate conclusion: The manuscript does not provide a comprehensive discussion of the
implications of the study findings for public health, vaccination strategies, or future
research. It would be valuable to discuss how the results contribute to understanding
COVID-19 vaccines in African populations and outline potential directions for future studies
or interventions. The manuscript does not provide a concise conclusion summarising the
key findings and their implications. A well-crafted conclusion is essential to reinforce the
study's main message and offer a concise takeaway for readers.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
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Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Immunology and Microbiology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

George Warimwe

This study contributes important data on the safety and immunogenicity of the ChAdOx1
nCoV-19 vaccine in an African population. It highlights the vaccine's ability to induce a
strong immune response, as evidenced by high seroconversion rates and elevated IgG
titres. The findings support using ChAdOx1 nCoV-19 in African countries and provide
valuable evidence for vaccine deployment and decision-making.

Overall, this study contributes significant knowledge on the ChAdOx1 nCoV-19 vaccine's
safety and immunogenicity in an African population, supporting its use and providing
insights for future research and vaccine implementation.

The authors could improve the manuscript by addressing the following points:

Introduction:

1. Lack of recent data: The manuscript references COVID-19 case and death statistics
from December 2022, which is outdated considering the current date. Recent data
should be used to represent the COVID-19 situation accurately.

>We have updated the manuscript with the October 2023 data.

1. Inconsistency in COVID-19 severity: The introduction mentions that African
populations have a significant clinical burden of SARS-CoV-2 exposure but many
infected individuals show no clinical symptoms. However, it also states that hospitals
have not shown substantial increases in admission rates. This contrast requires
further clarification and supporting evidence.

> We have removed the phrase “with a significant clinical burden”, The statements about
hospital admissions and asymptomatic infections were supported by references, and we agree
these statements are not helped by the additional phrase.

1. Limited data on vaccine safety and immunogenicity in Africa: The manuscript
highlights the lack of clinical trial reports on the safety and immunogenicity of COVID-
19 vaccines in African populations outside of South Africa. However, it does not
thoroughly discuss the potential implications of this knowledge gap or the
importance of generating more data in diverse geographical settings. Although the
manuscript mentions that ChAdOx1 nCoV-19 is one of the most commonly used
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COVID-19 vaccines in low- and middle-income countries, it does not provide
comprehensive information about the vaccine, its mechanism of action, or previous
studies evaluating its safety and efficacy.
> We add the following sentence on the requirement for these data: “In the absence of these
data, decisions on use of the vaccine are based on generalizations of data from outside Africa
and from South Africa alone. Immunogenicity for other vaccines have varied with factors such as
exposure to malaria [Ref - https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4227280/], and
adverse events have varied by population for other virally vectored vaccines [Ref -
https://pubmed.ncbi.nlm.nih.qgov/25830326/]. Data from Kenya are therefore needed to increase
the database to provide confidence in public health decisions taken.”
Results:

1. Lack of discussion on safety results: The manuscript briefly mentions adverse events
but does not thoroughly analyse or discuss the safety data. It is important to discuss
the nature, severity, and frequency of adverse events observed in the study
population and any potential implications for vaccine safety.

> We have added the following in the discussion section; “The pattern of mild to moderate
adverse events were not different to those seen for the licensed vaccine used as comparator (i.e.
the rabies vaccine), and given the lack of severe or serious adverse events do not appear to be
limiting. Severe adverse events have been reported in larger studies, including thrombotic events
(DOL: 10.1056/NEJMoa2104840) and myositis (https://doi.org/10.1016/52665-9913(21)00312-X)
but the study in Kenya was underpowered to detect rare events. Ongoing pharmacovigilance is
required, however the data seen in Kenya do not suggest a difference adverse event profile from
that seen elsewhere.”

1. Insufficient interpretation of immunogenicity results: While the manuscript mentions
high seroconversion rates and strong immune responses following vaccination, it
does not provide a comprehensive interpretation of these findings. It would be
valuable to discuss the implications of these results regarding vaccine effectiveness,
potential protection against SARS-CoV-2 infection, and the relevance of the
immunogenicity data in the context of the global vaccine landscape.

We have added further discussion on the T cell immune response in the fourth paragraph of the
Discussion section as follows: “Furthermore, T cell responses were acquired during follow up
among Rabies control vaccinees. These T cell responses are likely to be acquired as a result of
SARS-CoV-2 transmission in the population, and initial T cell responses prior to vaccination may
also be a result of cross-reactivity following circulation of endemic coronaviruses in Kenya (
https://wellcomeopenresearch.org/articles/5-150). These responses in the control group would
further dilute the impression of immunogenicity among ChAdOx1 vaccinees.” In the same
paragraph, we highlight the similarity in the range of antibody levels observed in the Kenyan
population as compared to populations in the UK, and that “Though our study was
underpowered for efficacy assessment, the efficacy observed against asymptomatic infection was
within the range reported in other studies” (preceding paragraph). We believe this is
contextualizes the observed immunogenicity and efficacy data to the global situation.

Discussion:

1. Limited discussion of study limitations: The manuscript does not thoroughly discuss
the study's limitations. It is important to address any potential biases, confounding
factors, or limitations in the methodology that could impact the interpretation of the
results. Acknowledging and discussing these limitations would provide a more
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balanced and informative discussion section.

We included the following discussion on limitations “Our study had several limitations. First, we
predominantly recruited male participants. This is likely primarily due to the study requirement
for long-term contraception which goes against cultural norms. Second, due to the prevailing
patterns of health seeking behaviour we could not ascertain whether the upper respiratory tract
infections reported during follow-up were COVID-19 cases, and there were no symptomatic
episodes in any case. Third, due to the long duration of recruitment, trial participants were
inevitably exposed to SARS-CoV-2, compromising analysis of vaccine-specific immune responses.
This was evident in the gradual increase of anti-spike IgG titres and cellular responses in the
rabies vaccine group over time.” We do not believe that bias or confounding factors are relevant
given that the study was randomized.

1. Limited generalizability: The manuscript does not discuss the generalizability of the
findings beyond the study population in coastal Kenya. Considering Africa's
geographic and demographic diversity, it would be helpful to address the potential
applicability of the results to other regions or people.

We add the following sentence: “While a single community in coastal Kenya cannot be
considered representative of the diversity of the entire continent, taking these data in
combination with the South African and global data strengthens our confidence in the safety and
immunogenicity of the vaccine.”

1. Inadequate conclusion: The manuscript does not provide a comprehensive discussion
of the implications of the study findings for public health, vaccination strategies, or
future research. It would be valuable to discuss how the results contribute to
understanding COVID-19 vaccines in African populations and outline potential
directions for future studies or interventions. The manuscript does not provide a
concise conclusion summarising the key findings and their implications. A well-
crafted conclusion is essential to reinforce the study's main message and offer a
concise takeaway for readers.

The full conclusion section now reads “While a single community in coastal Kenya cannot be
considered representative of the diversity of the entire continent, taking these data in
combination with the South African and global data strengthens our confidence in the safety and
immunogenicity of the vaccine. We conclude that the vaccine is safe and immunogenic in Kenya,
and suitable for ongoing use, although policy recommendations will need to also take account of
ongoing data regarding the public health burden associated with the pandemic and cost
effectiveness data (ref https://pubmed.ncbi.nlm.nih.qov/35914832/)"

Competing Interests: No competing interests were disclosed.
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