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SARS-COV-2 antibody responses to AZD1222
vaccination in West Africa

A list of authors and their affiliations appears at the end of the paper

Real-world data on vaccine-elicited neutralising antibody responses for
two-dose AZD1222 in African populations are limited. We assessed baseline
SARS-CoV-2 seroprevalence and levels of protective neutralizing antibodies
prior to vaccination rollout using binding antibodies analysis coupled with
pseudotyped virus neutralisation assays in two cohorts from West Africa:
Nigerian healthcare workers (n = 140) and a Ghanaian community cohort
(n = 527) pre and post vaccination. We found 44 and 28% of pre-vaccination
participants showed IgG anti-N positivity, increasing to 59 and 39% respectively
with anti-receptor binding domain (RBD) IgG-specific antibodies. Previous IgG
anti-N positivity significantly increased post two-dose neutralizing antibody
titres in both populations. Serological evidence of breakthrough infection was
observed in 8/49 (16%). Neutralising antibodies were observed to wane in both
populations, especially in anti-N negative participants with an observedwaning
rate of 20% highlighting the need for a combination of additional markers to
characterise previous infection. We conclude that AZD1222 is immunogenic in
two independent West African cohorts with high background seroprevalence
and incidence of breakthrough infection in 2021. Waning titres post second
dose indicates the need for booster dosing after AZD1222 in the African setting
despite hybrid immunity from previous infection.

Despite highly effective vaccines, SARS-CoV-2 transmission continues.
Variants of concern (VOC), likely arising within chronically infected
patients1 and demonstrating both immune escape and increased
infectivity2–9, have compromised protective effects of two-dose vac-
cines such as BNT162b2 and AZD1222 in the context of suboptimal
vaccine coverage/waningof immune responses2. Although a third dose
with mRNA vaccination is able to rescue neutralisation against Omi-
cron in the short term2,7, waning has been documented in vulnerable
individuals. Fourth doses increase immune responses and are being
implemented in some countries for higher risk populations10.

Across the African region, vaccine rollout has been heterogenous
with 16% of total eligible population completing vaccination and 1.3%
receiving a booster dose. Serum neutralisation in vitro correlates with
protection against SARS-COV-2 infection in clinical studies11. However,
vaccine rollout in African countries is impaired by paucity of neu-
tralisation data and vaccine efficacy data for VOCs; in particular, there

are no published data on vaccine-elicited neutralising antibody
responses for AZD1222—the world’s most widely used vaccine cur-
rently in African populations following scale up. AZD1222 is a chim-
panzee adenovirus-vectored vaccine (ChAdOx1) based on the SARS-
CoV-2 spike protein. Adenoviral vectored vaccines generate lower
neutralising antibody responses in general compared to mRNA
vaccines2,3,12,13. T cell responses across both platforms appear to be
robust and well preserved, as is protection from severe disease and
death14–16. Given the lower neutralisation titres, real-world data in set-
tings without access to boosting with mRNA vaccines is particularly
important given the continual emergence of new immune evasive
variants with varying degrees of severity.

COVID-19 Vaccine rollout across west African populations in
Ghana and Nigeria has been characterised by significant disparities
despite vaccines from the COVAX facility led by the Coalition for Epi-
demic Preparedness Innovations (CEPI), Gavi and World Health
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Organization (WHO). Vaccines were first available in February and
March 2021 in Ghana and Nigeria respectively. Here, we measured (i)
baseline SARS-CoV-2 seroprevalence and levels of protective anti-
bodies prior to vaccination rollout using both flow cytometric based
analysis of binding antibodies to nucleocapsid (N), coupled with virus
neutralisation approaches and (ii) neutralising antibody responses to
VOCs in two West African cohorts prior to vaccination, and after two
doses of AZD1222 vaccine administered between June and July 2021 in
Lagos, Nigeria and between May to June 2021 in Kumasi, Ghana.

Results
Evidence of prior SARS-COV-2 infection by binding antibodies
and neutralisation
Our study population in Lagos, Nigeria who received at least one dose
of the AZ1222 vaccine comprised of 140participants with amedian age
of 40 (inter-quartile range: 33, 48), 73 (52%) of whom were male. In
order to analyse the proportion of participants in this urban popula-
tion previously exposed to SARS-COV-2, we tested all baseline samples
(n = 140) for anti-N IgG using a flow cytometry based assay17 and found
62/140 participants were positive prior to administration of first vac-
cine dose, demonstrating 44% SARS-CoV-2 anti-N IgG seroprevalence
at baseline prior to vaccination. 21/78 (27%) anti-N IgG negative sub-
jects were additionally positive for anti-RBD IgG prior to vaccination—
yielding a total seroprevalence of 83/140 (59%) in Lagos, Nigeria. Our
study population from Kumasi, Ghana, enroled prior to vaccination
comprised of 527 participants with a median age of 33 (inter-quartile
range: 25, 47), 295 (56%) of whom were males. We tested all baseline
samples (n = 527) for anti-N IgG by flow cytometry17 and found 147
participants were positive, demonstrating 28% SARS-CoV-2 anti-N IgG
seroprevalence at baseline prior to vaccination. Using RBD positivity,
we found additional 57/382 (15%) anti-N negative participants were
positive for anti-RBD IgG prior to vaccination, indicating a previously
waned anti-N IgG and exposure proportion of 204/527 (39%).

To explore the phenomenon of prior exposure in the context of
waned N antibody further we used PV neutralisation assays as descri-
bed previously18. Baseline neutralising GMT (geometric mean titre) of
ID50s in the Nigerian study population when stratified by anti-N status
was 431 vs 47 in IgG anti-N positive and negative participants respec-
tively, suggestive of the presence of neutralizing antibodies against
SARS-CoV-2 in subjects negative for SARS-CoV2 anti-N Ab prior to
vaccination. Of the 24 individuals anti-N Ab negative at baseline, 12/24
had an ID50 above the cut-off of 20. In these individuals, binding
antibodies to Swerealsodetectable, andneutralisation correlatedwith
IgG anti-S and IgG anti-RBD levels (r =0.71 and r =0.73) respectively
indicating prior infection in at least half of those who were N Ab
negative at baseline (Supplementary Fig. 1a). In the Ghanaian popula-
tion, the baseline GMT of ID50s against WT PV in the study population
when stratified by anti-N status was 106 vs 45 in IgG anti-N positive and
negative participants respectively, again suggestive of the presence of
neutralizing antibodies against SARS-CoV-2 in subjects negative for
SARS-CoV2 anti-N Ab prior to vaccination. Of the 32 individuals anti-N
Ab negative at baseline, 15/32 had an ID50 above the cut-off of 20. In
these individuals, binding antibodies to S were also detectable, and
neutralisation moderately correlated with IgG anti-S and IgG anti-RBD
levels (r = 0.57 and r =0.55) respectively, also indicating prior infection
in at least half of those who were N Ab negative at baseline (Supple-
mentary Fig. 1b). Taken together these data suggest that anti-N
underestimates the true prevalence of prior infection by ~50%. Of note
3/62 (4.8%) and 10/147 (6.8%) of anti-N positive participants were both
anti-RBD and anti-S negative from the Nigerian and Ghanaian popu-
lations, respectively.

Waning of N antibody and reinfections over time
12/49 (24.5%) became anti-N IgG negative at 1month post second-dose
and no further participants lost anti-N IgG positivity between 1- and

3-months post second-dose. Of note, one subject who was anti-N IgG
positive at baseline became anti-N IgG negative at 1month and then
became anti-N IgG positive 3-month post second-dose with a 7-fold
increase in anti-N IgG titres between 1month and 3months post sec-
ond-dose—strongly suggestive of re-infection. In Ghanaian partici-
pants we similarly observed loss of IgG anti-N in 7 of 45 (15.6%)
participants with follow-up serum samples at 1month post
vaccination.

Longitudinal neutralising and binding antibody responses fol-
lowing vaccination
Of the 140 Nigerian participants recruited (Fig. 1), 49 had plasma
samples available at baseline prior to vaccination and at two follow-up
timepoints post vaccination for neutralisation assays (Table 1).Median
age was 39 (31, 46) and 47% were male. Half of the participants, 25/49
(51%) were IgG anti-N positive at baseline, and the GMT of neutralizing
antibodies associated with 50% neutralisation against WT (Wu-1
D614G) PV across the entire study populationwas 145 ± 4.5 (GMT± s.d)
(Table 1; Fig. 2a) with significantly lower titres observed against the
Delta and Omicron variants with GMT titres 75 ± 3.6 (GMT± s.d) and
55 ± 3.0 (GMT± s.d) (p = 0.0001 andp <0.0001) respectively. Amongst
Ghanaian participants, of the 527 participants recruited (Fig. 1), 45 had
plasma samples available at baseline prior to vaccination and at
2-month post vaccination for neutralisation assays (Table 1). Almost
one-third of participants were IgG anti-N positive at baseline, and the
GMT of neutralizing antibodies associated with 50% neutralisation
(ID50) against WT PV across the entire study population was 57 ± 3.0
(GMT± s.d) (Table 1; Fig. 2a) with significantly lower titres observed
against the Delta and Omicron variants with GMT titres 37 ± 2.4
(GMT± s.d) and 29± 1.8 (GMT± s.d) (p < 0.001 and p < 0.001)
respectively.

Overall, neutralizing Ab titre to WT 1month after second dose in
Nigerian participants was 2579 ± 4.2 (GMT± .s.d). As expected, lower
neutralisation titres were observed against the Delta [549 ± 3.7
(GMT± .s.d); (p <0.0001)] and Omicron variants [269 ± 3.4 (GMT± .
s.d); p <0.0001] at 1month, representing a fold reduction of 4.7 and
9.6 respectively (Fig. 2). The GMT for Delta and Omicron was only
around 100, nearly a log lower in comparison to WT (Fig. 2). Positive
anti-N IgGAb status at baselinewas associatedwith significantly higher
titres of neutralizing antibodies following vaccination across all tested
VOC (Fig. 2). Importantly, thosewith anti-N Abs present at baseline did
not experience waning of responses between months one and three
post-second dose (Supplementary Fig. 2).

In Ghana, geometric mean neutralizing Ab titre toWT PV 2month
after second dose was 1049 ± 6.7(GMT± .s.d). Lower levels of neu-
tralisation were observed against the Delta [453 ± 7.4 (GMT± .s.d);
(p < 0.0001)] and Omicron variants [95 ± 5.3 (GMT± .s.d); p <0.0001]
at 2month, representing a fold reduction of 2.3 and 11.0-fold respec-
tively (Fig. 2).

As observed in the Lagos population, positive anti-N IgG Ab status
at baseline was associated with significantly higher titres of neutraliz-
ing antibodies following vaccination across tested VOC except the
Omicron variant (Fig. 2). When we compared neutralisation in N
negative participants post second dose, the GMT for WT were:
1423 ± 3.9 (GMT± .s.d) in Nigerian participants and 773 ± 7.4 (GMT± .
s.d) in Ghanaian participants respectively.

Waning of neutralising responses
Overall, therewasnodecline in neutralising antibody titres at 3months
for WT, Delta, or and Omicron compared to 1month post vaccination
in Nigerian participants (Fig. 2a). By contrast, when data were stratified
by anti-N IgG status at any time point, there was a significant decline in
neutralisationbetween 1month and 3months post second-doseacross
all variants tested for participants who were N antibody negative
throughout (Figs. 2 and 3, p = 0.04). The GMT in these individuals for
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Delta and Omicron was ~100, nearly a log lower in comparison to WT
(Fig. 2B). Participants with anti-N Abs present at baseline did not
experience waning of responses between months 1 and 3 post second
dose (Supplementary Fig. 2a and c), despite frequent loss of N anti-
body over time (Supplementary Fig. 3). When we examined binding
antibodies over time in the group as a whole, we saw very small
decreases for Wu-1 and Omicron Spike IgG but not for Wu-1 RBD
(Supplementary Fig. 4a). When data were analysed for those who were
anti-N negative, waning of binding antibodies was more evident
(Supplementary Fig. 4b, Supplementary Fig. 5). We were not able to

assess waning due to absence of samples beyond 1month post second
dose in Ghana.

Vaccine breakthrough infection
To evaluate the proportion of participants with vaccine breakthrough
infection after two doses of AZD1222 vaccine, we tested anti-N IgG in
subjects who were anti-N IgG negative at baseline (n = 78) and became
positive between 1- and 3-months post second dose and found 7/49
(14%) with de novo infection, with one additional participant demon-
strating both reinfection and breakthrough infection to yield a total

Fig. 1 | Study sites and design. a Map of Western Africa showing study sites in
Ghana and Nigeria. Study design and flow of patient disposition for

recipients of AZD1222 two dose in (b) Lagos, Nigeria and (c) Kumasi, Ghana
cohorts.
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breakthrough rate of 8/49 (16%, Fig. 4 and Supplementary Fig. 5).
These individuals also experienced increase in antibodies to S and
RBD that mirrored N antibody dynamics (Fig. 4). We were also able
to measure binding antibodies to Omicron that were around a log
lower in titre as compared to Wu-1 binding antibodies as expec-
ted (Fig. 3).

To investigate whether suboptimal immune response was related
to subsequent breakthrough, we compared neutralizing antibody
titres 1month post-second dose between those with (n = 8) or without
breakthrough infection (n = 15). We found no significant difference in
neutralisation between the groups (p =0.36, Fig. 5a left panel). How-
ever, and as expected, neutralizing titres were higher at the last time
point in individuals who had experienced vaccine breakthrough
infection (with no evidence of infection prior to vaccine), indicating a
boosting effect of infection in addition to vaccinewith resulting hybrid
immunity (Fig. 5a right panel). We noted that the increase in titres
against Delta PV observed in breakthrough was significantly greater
than the increase for WT and Omicron PVs, coincident with the Delta
wave of infection in mid 2021. It is notable that omicron-s1 specific
binding antibodies were observed to have increased significantly
(p = 0.024) between 1m and 3m post second-dose in individuals with
breakthrough infection, despite the dominating variant at the time
being the delta variant (supplementary Fig. 6); no correlation was
found between neutralizing Ab titres to omicron and Omicron s1
binding antibodies at 1m and 3m post second-dose (r =0.18 and
r =0.27 respectively; p = ns).

Discussion
A pivotal clinical trial for AZD1222 in South Africa (n = 1010 vaccinees)
during the Beta wave in mid to late 2020 showed poor protection
against infection with Beta, correlating with immune escape in vitro
using 19 samples from the vaccine arm19. No cases of severe disease or
deaths were reported in the placebo or vaccine arms. Since then,
AZD1222 has been deployed in more countries than any other vaccine
(https://ourworldindata.org/covid-vaccinations), yet there are no real-
world data on twodoseAZD1222 neutralising antibody responses from
Africa. In addition, neither the impact of prior infection nor the impact
of infection following vaccination with two dose AZD1222 on neu-
tralising antibody responses have been reported in this setting. One
study fromMalawi in the pre-Omicron era showed that a single dose of
AZD1222 boosted neutralising and binding S antibody responses at
35 days post vaccine in 12 individuals with prior infection. There were
no data on waning following vaccination or data on individuals not
previously infected20.

Here, we explored vaccine elicited and infection elicited neu-
tralising antibodies in twowest African settings.We first observed high
prevalence (44%) of prior SARS-CoV-2 infection in Nigerian HCWs
presenting for vaccination in early-2021, as determined by binding

anti-N antibodies, with a lower prevalence of 28% in Ghana. There are
no population-level SARS-CoV-2 seroprevalence data fromwest Africa,
but a recent modelling derived estimate of 72% in November 2021 was
reported in a global analysis21. Anti-N Ab titres in some HCWs had
declined to below cut-off in our Ab binding assay and detectable
neutralisation and anti-S Ab in baseline pre-vaccine samples provided
evidence of even higher prevalence of prior infection in this cohort
prior to vaccination (>50% in Nigeria and around 40% in Ghana). Our
data show that anti-N IgGmeasurements alone will underestimate past
infection by around 50%, requiring our combination approach to
accurately measure prevalence. This is an important caveat to the use
of assays using N antibody to estimate seroprevalence, as recently
suggested in a study comparing commercial assays22. Our data suggest
that use of Spike derived estimates may be more reliable, though dif-
ferentiation between infection and vaccination cannot be made.
Notably, there was no vaccine available in country during the baseline
screening period, and travel abroad was highly restricted. This rules
out the possibility that those N negative and S positive had been vac-
cinated. Although waning of N antibody with rising titre upon re-
infection has been reported before23,24, to our knowledge rigorous
assessment of ‘occult’ past infection revealed by neutralisation and
presence of S binding antibodies has not been described in the African
setting.

It is important to note that the epidemic control policy in Nigeria
and Ghana25 were relatively homogenous (especially during the early
waves of the pandemicwhen this studywas conducted), comprising of
a combination of lockdowns, travel restriction and curfews, social
distancing, quarantine, robust surveillance mechanisms, contact tra-
cing and public health education26–28. Hence the heterogeneity in ser-
oprevalence between the study sites may relate to Nigerian HCWs
being at higher risk of exposure than the non HCW population that
dominated the Ghanaian study site.

Our secondmajorfinding is that twoAZD1222 vaccinedoses led to
a significant increase in neutralisation of WT Wu-1 D614G, Delta and
Omicron PV, with GMT in the region of 1000 and higher titres in those
who had evidence for prior infection at baseline. Data from high
income settings have also shown a similar phenomenon29,30. A report
from South Africa with single dose Ad26.CoV2.S also demonstrated
vaccine boosting of infection-acquired immune responses31, however,
unlike our study, these cited studies were conducted before emer-
gence of the highly immune evasive Omicron variant2.

Thirdly, 16% of Nigerian participants experienced infection
between month 1 and month 3 post vaccination. Neutralising and
binding Ab titres 1month post vaccine, prior to breakthrough, did not
appear to be associated with breakthrough infection, although this
should be interpreted with caution given the small numbers and the
fact that the community/occupational exposure to infectionmay have
been heterogeneous. Those individuals with breakthrough had

Table 1 | Baseline characteristics of study participants in longitudinal vaccine response study stratified by IgG anti-N status

Follow-up

Lagos cohort Kumasi cohort

All N-Ab +ve at baseline N-Ab −ve at baseline All N-Ab +ve at baseline N-Ab −ve at baseline

Characteristic

Total number, n (%) 49 (100) 25 (51) 24 (49) 45 (100) 13 (29) 32 (71)

Age, median years (IQR) 39 (31, 46) 37 (31,44) 40 (30, 49) 24 (22, 29) 25 (22, 50) 24 (22, 27)

Male gender, n (%) 23 (47) 11 (44) 12 (50) 18 (40) 6 (33) 12 (67)

Serum ID50 (GMT, 95 % CI)a

Baseline 145 (95, 224) 431 (297, 627) 47 (29, 75) 57 (40, 79) 106 (55, 201) 45 (30, 66)

1month post 2nd dose 2579 (1689, 3938) 4674 (2738, 7981) 1423 (786, 2577) 1049 (588, 1871) 2128 (822, 5513) 773 (366, 1636)

3months post 2nd dose 1695 (1112, 2584) 2217 (1365, 3600) 1267 (612, 2620) N/A N/A N/A
aSerum Geometric mean titre (GMT) against Wu-614G wild type virus in (1) Lagos, Nigeria and (2) Kumasi, Ghana. N/A not available.
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significantly higher plasma neutralisation for Delta PV but the differ-
ences for WT and Omicron PVs did not reach statistical significance.
This is in keeping with the fact that Delta was circulating in west Africa
during summer of 20215,23,32, and the breakthrough infections were
likely with Delta, explaining the specific increase in neutralisation
against this variant. Binding Abs to WT and Omicron S1 protein
increased significantly in those with breakthrough infection, though

neutralising GMT for Omicron, whilst higher than in the non-infected,
was nonetheless low in this group. One possible explanation for the
observation of increased Omicron binding antibodies following
breakthrough infection despite the circulating variant of concern
during the study period being Delta may relate to the assay targeting
the full s1 domain of the spike protein rather than the more specific
RBD and thereby allowing non-neutralizing antibodies33 targeting
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epitopes outside of the RBD to dominate the binding antibody assay
signal.

The limitations of the study include a modest follow-up period,
though we had nearly 100 participants with sequential follow-up data
and samples and over 700 baseline samples for binding Ab studies.
The underlying community populations of Lagos and Kumasi were not

sampled in a systematic way given vaccine delivery was first under-
taken in individuals in the health sector; therefore, the findings may
notbe fully generalisable to the respective countries or region. It is also
noteworthy that time point of sampling differed between the two
cohorts with the Ghanaian cohort only having a 3month sam-
pling window in contrast to 6 months for Nigeria.

Fig. 2 | Longitudinal SARS-CoV-2 neutralization by sera from AZD1222 vacci-
nated individuals in two west African countries. a Plasma neutralization of
pseudovirus after two doses of the AZD1222 from Nigerian participants at three
consecutive time points: baseline (prior to first-dose vaccination), 1mth after 2nd

dose vaccination and 3mth after vaccination (n = 49). b Plasma neutralization of
pseudovirus after two doses of the AZD1222 from Ghanaian participants at two
consecutive time points: baseline (prior to first-dose vaccination) and 1mth after
2nd dose vaccination (n = 45). Data are representative of two independent experi-
ments comprising of two technical replicates. c Plasma neutralization of pseudo-
typed virus after two doses of the AZD1222 vaccine against VOC from (n = 15)

Nigerian participants at baseline (prior to 1st dose vaccination), 1m (1month) after
2nd dose vaccination and 3m (3months) after vaccination and were anti-N IgG
negative throughout study period. d Plasma neutralization of pseudotyped virus
after two doses of the AZD1222 vaccine against VOC from (n = 32) in Ghanaian
participants at baseline (prior to 1st dose vaccination) and 1m (1month) after 2nd
dose vaccination and were anti-N IgG negative throughout study period. Data
points were compared using Wilcoxon test and shown as geometric mean titre
(GMT) with 95% CI. Data are representative of two independent experiments
comprising of two technical replicates. *P <0.05; **P <0.01; ***P <0.001;
****P <0.0001; ns = not significant.

Baseline 1m post second dose

Baseline 2m post second dose

a

b

Fig. 3 | Longitudinal SARS-CoV-2 neutralization by sera from AZD1222
vaccinated individuals in two west African countries stratified by N antibody
status atbaseline. aNeutralisation titres before and after vaccine (n = 49) stratified
by N antibodies at baseline in Nigerian participants. b Neutralisation titres before
and after vaccine (n = 45) stratified by N antibodies at baseline in Ghanaian

participants. Data points were compared using Wilcoxon test and shown as geo-
metric mean titre (GMT) with 95% CI. Data are representative of two independent
experiments comprising of two technical replicates. *P <0.05; **P <0.01;
***P <0.001; ****P <0.0001; ns = not significant.
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In addition, we did not measure non-neutralising antibody activ-
ities such as ADCC (antibody dependent cellular cytotoxicity) in
vaccinees34, or T cell responses such as secretion of IL-2 or interferon
gamma in response to spike protein. T cell responses in particular have
been reported to contribute to attenuated disease severity35 and cel-
lular immunity could explain our lack of association here and in India3

between neutralising antibody titres and breakthrough infection with
Delta. One further consideration relates to cross reactive binding
antibody responses with seasonal CoV; this possibility arises due to
finding a small fraction of N antibody positive individuals (around 5%)
with negative RBD and S antibodies, also observed previously in a UK
early pandemic cohort with our assay36; however, this observation
could also arise due to faster decline of spike specific antibodies
compared to N specific antibodies. Due to limited sample volume, we
were unable to perform experiments to evaluate cross-reactivity to
seasonal coronaviruses.

Finally, we were not able to identify the variants causing break-
through infections by sequencing of respiratory samples, although
neutralisation profiling was consistent with breakthrough infections
largely driven by Delta, fitting the epidemiology of variants at the time
of sampling.

We conclude that AZD1222 is immunogenic in two independent
real world west African cohorts with significantly higher than pre-
viously expected background seroprevalence and incidence of break-
through infection over a short timeperiod.Wehave shown thatN alone
is inadequate as a marker for prior infection, and that in unvaccinated
populations RBD antibodies increase detection of prior infection,
validated by neutralisation activity in sera that are N antibody negative.
Prior infection and breakthrough infection induced higher anti-SARS-
CoV-2 Ab responses at 3months post-vaccine against all widely circu-
lating VOCs, with reduced waning. However, plasma neutralisation
against Omicron BA.1 was low regardless of prior exposure.
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Fig. 4 | Kinetics of anti-SARS-COV-2-IgG antibodies in eight participants with
evidence of breakthrough infection in the Nigerian cohort. a–g including one
(h) with evidence of breakthrough infection and re-infection with SARS-COV-2

reinfection following evidenceofpositive IgGanti-N at baseline; negative IgG anti-N
at 1month after second dose and positive IgG anti-N 3months post-second dose.
Binding antibodies to Wu-1 and Omicron BA.1 are shown.
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Two-dose AZD1222 has been shown to generate lower neu-
tralisation titres and efficacy across different settings, in comparison
to mRNA vaccines2,3,37,38. mRNA vaccine ‘booster’ third doses
induce broader, potent responses against Omicron BA.12,39 and

reduce mortality in the elderly40. Therefore, booster dosing
after AZD1222 with mRNA vaccine should be considered in the
African setting, even after natural infection and hybrid immunity,
as future variants may be more pathogenic compared to BA.12,41,42

a

b

1m post second dose 3m post second dose

Fig. 5 | Neutralising and binding SARS-CoV-2 antibody responses one and
3months after vaccination in context of breakthrough in the Nigerian cohort.
a Serum neutralization against pseudotyped virus from individuals with vaccine
breakthrough occurring between months 1 and 3 post second dose and with no
evidence of previous infection prior to vaccine (n = 8, N antibody +ve), and those
without breakthrough or past infection prior to vaccine (n = 15, N antibody −ve).

b Total anti-spike binding IgG levels in individuals with breakthrough infection
between 1 and 3months post vaccination (n = 8) and with no evidence of ‘natural’
infection (n = 15). Data points were compared using Wilcoxon test and shown as
geometric mean titre (GMT) with 95% CI. Data are representative of two indepen-
dent experiments comprising of two technical replicates. *P <0.05.
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whilst maintaining immune evasion on a background of waning
immunity.

Methods
Study population and sampling
Nigeria. Health care workers (HCWs) and Health workers (HWs) at the
Nigerian Institute of Medical Research (NIMR) and Federal Medical
Centre, Ebute Metta, volunteering to be vaccinated with two doses of
AZD1222 12weeks apart were recruited to the study following signed
informed consent. HCWs were defined as patient-facing staff such as
nursing andmidwifery professionals, pharmacists, social workers, and
laboratory scientists involved in nasopharyngeal sample collection.
HWs were defined as non-patient facing staff such as computing pro-
fessionals, administrative associate professionals, secretaries, clerks,
drivers, and laboratory scientist involved in sample processing. The
study design comprised of a prospective longitudinal cohort study of
adult patients who were eligible to receive their first-dose vaccination
between 13March 2021 and 31March 2021 and recruited into theNIMR
vaccine effectiveness study. Map of study location is shown in Fig. 1a:
Participants provided plasma sample at baseline (prior to first-dose,
T0), before second dose (T1), 1month after second dose (T2) and
3months after second dose (T3) [Fig. 1b]. Testing was performed on
T0, T2 and T3 samples.

Ghana. Healthcare workers, university staff, and university students
were randomly selected from peripheral vaccination sites in Kumasi,
Ghana namely, (i) Kumasi Centre for Collaborative Research in Tro-
pical Medicine (KCCR) (ii) Clinical hostel of the School of Medicine
and Dentistry, Kwame Nkrumah University of Science and Technol-
ogy (KNUST) (iii) Kwadaso Seventh-day Adventist Hospital, Kumasi
and (iv) Kumasi South Hospital, Kumasi. The study design also
comprised of a prospective longitudinal cohort study of adult
patients who were eligible to receive their first-dose vaccination
between 3March 2021 and 11March 2021 and prospectively recruited
into the study. Participants were enroled based on their willingness
to be vaccinated with two doses of AZD1222 8–12weeks apart fol-
lowing signed informed consent. Participants provided plasma prior
to vaccination (T0), 8–12weeks after the first dose (T1) and >8weeks
after second dose (T2). [Fig. 1c]. Testing was performed on T0 and
T2 samples.

Laboratory methods and sample testing. Binding IgG antibodies
(Abs) against SARS-COV-2 receptor-binding domain (RBD), trimeric
spike protein (S) and nucleocapsid protein (N) were measured using
the Luminex-based SARS-CoV-2-IgG assay by flow cytometry as pre-
viously detailed1,43. We defined positive total anti-S antibody (anti-S) as
anti-S IgG above cut-off of 1896mean fluorescence intensity (MFI) and
positive RBD as anti-RBD above cut-off of 456 mean fluorescence
intensity (MFI). Cut-offs were defined based on analysis of ‘true’ posi-
tive (convalescent) and negative pre-pandemic samples. We defined
previous SARS-CoV-2 infection as positive anti-N IgG above a cut-off of
6104 mean fluorescence intensity (MFI) or negative anti-N IgG with
positive anti-RBD. Vaccine breakthrough infection was defined as the
absence of IgG anti-N at 1month post-second dose and its presence at
3months post second-dose.

For plasma neutralising antibody measurement, SARS-CoV-2 len-
tiviral pseudovirus (PV) were prepared by transfecting HEK293T cells
with Wu-1-614G wild type (WT), B.1.617.2 (Delta) and BA.1 (Omicron)
plasmids in conjunction with p8.91 HIV-1 gag-pol expression vector9,18.
We andothers previously showedhigh correlation between PV and live
virus neutralisation17,44. Sample testing was performed at baseline, T2
andT3 timepoints. Pseudovirus neutralisationwasperformedonHela-
ACE2 cells using SARS-CoV-2 spike PV expressing luciferase. Briefly,
plasma sampleswere heat inactivated at 54 °C for 1 h, serially diluted in
duplicates and incubated with PVs at 37 °C for 1 h prior to addition of

Hela-ACE2 cells4. Plasmadilution/virusmixwere incubated for 48 h in a
5% CO2 environment at 37 °C, and luminescence was measured using
Bright-Glo Luciferase assay system (Promega). All neutralisation assays
were repeated in two independent experiments containing two tech-
nical replicates for each condition. Neutralisation was calculated rela-
tive to virus-only controls as a mean neutralisation with s.e.m. Half
maximum inhibitory dose (ID50) was calculated in GraphPad Prism
version 9.3.1 and ID50 > 20 was considered positive. 293 T cells ATCC:
CRL-3216 and HELA-ACE2 cells were a kind gift from Dr. James Voss,
SCRIPPS.

Statistical analysis. GeometricMeanTitre (GMT)with 95% confidence
interval (CI) of neutralisation antibody was calculated across time
points. Characteristics of participants were expressed as proportions
and percentages for categorical variables and median inter-quartile
range (IQR) for continuous variables. Mann–Whitney or Wilcoxon test
was used to compare neutralisation antibody titres across time points
and compare participants based on IgG anti-N strata. Differences
between neutralisation antibody titres in IgG anti-N participants with
ID50 > 20 were compared by Kruskal Wallis non-parametric test. Sta-
tistical analysis was performed using GraphPad Prism version 9.3.1.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability
All data generated or analysed in this study are included in this pub-
lished article and its Supplementary Information file. Source Data are
provided with this article.
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