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Abstract

Introduction/Objective Rapid global approval of coronavirus disease 2019 (COVID-19) vaccines and concurrent introduction
in high-income countries and low- and middle-income countries (LMIC) highlights the importance of equitable safety sur-
veillance of adverse events following immunization (AEFIs). We profiled AEFIs to COVID-19 vaccines, explored reporting
differences between Africa and the rest of the world (RoW), and analyzed policy considerations that inform strengthening
of safety surveillance in LMICs.

Methods Using a convergent mixed-methods design we compared the rate and profile of COVID-19 vaccines’ AEFIs
reported to VigiBase by Africa versus the RoW, and interviewed policymakers to elicit considerations that inform the fund-
ing of safety surveillance in LMICs.

Results With 87,351 out of 14,671,586 AEFIs, Africa had the second-lowest crude number and a reporting rate of 180
adverse events (AEs) per million administered doses. Serious AEs (SAEs) were 27.0%. Death accounted for about 10.0% of
SAEs. Significant differences were found in reporting by gender, age group, and SAEs between Africa and the RoW. Astra-
Zeneca and Pfizer BioNTech vaccines were associated with a high absolute number of AEFIs for Africa and RoW; Sputnik
V contributed a considerably high rate of AEs per 1 million administered doses. Funding decisions for safety surveillance
in LMICs were not based on explicit policies but on country priorities, perceived utility of data, and practical implementa-
tion issues.

Conclusion African countries reported fewer AEFIs relative to the RoW. To enhance Africa’s contribution to the global
knowledge on COVID-19 vaccine safety, governments must explicitly consider safety monitoring as a priority, and funding
organizations need to systematically and continuously support these programs.

The African region reported fewer adverse events follow-
ing immunization than the rest of the world.
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1 Introduction

There is low reporting of the adverse events (AEs) of
pharmaceutical interventions (medicines and vaccines) in
many countries across the world, particularly in low- and
middle-income countries (LMICs) [1-3]. Monitoring the
safety of pharmaceutical interventions will provide evi-
dence to support the introduction of newer interventions
and continued safe use of existing ones in LMICs and the
rest of the world (RoW).

As of August 31, 2022, when the last update was made,
33 coronavirus disease 2019 (COVID-19) vaccines had
been authorized for limited use or approved for full use
around the globe [4]. By December 15, 2022, about 13.03
billion doses of COVID-19 vaccines had been adminis-
tered globally [S5]. Among the people in LMICs, 25.1%
have received at least one dose of the vaccine within this
period [6]. As of December 13, 2022, 34.1% of Africa’s
population has received at least one dose of a vaccine, with
27.8% being fully vaccinated [7].

The fast-tracked development of the COVID-19 vac-
cines and use of new technologies in their development
have raised safety concerns [8, 9]. There have been
reported cases of potentially serious but rare AEs such
as thrombosis with thrombocytopenia syndrome (TTS),
pericarditis, myocarditis, and Guillain-Barré syndrome
(GBS) [10, 11]. Anaphylaxis and local and systemic reac-
tions are other well-documented AEs with COVID-19
vaccines [12]. These reports were identified from high-
income countries’ (HICs’) with robust safety surveillance
infrastructures.

Historically, there was a delay of many years between
introducing new vaccines in HICs and LMICs. This delay
allowed for the proper characterization of the safety pro-
file of such vaccines before introduction in LMICs [13].
More recently, the need to improve timely and equitable
access to pharmaceutical products and vaccines in LMICs
has led to the simultaneous introduction of such products
in LMICs and HICs [13]. The infrastructure for post-
introduction pharmacovigilance (PIPV) in many LMICs
remains relatively weak [14], thus creating the need for
donor/funding organizations to support the establishment
of safety surveillance systems in LMICs to ensure equita-
ble safety surveillance [15]. Not all LMICs can be funded
for this, and priorities may need to be set. Thus, it is help-
ful to understand the policies and key considerations that
inform which countries receive financial support to estab-
lish or strengthen existing systems. This work aims to pro-
file the adverse events following immunization (AEFIs)
with COVID-19 vaccines submitted to VigiBase—the
World Health Organization’s (WHO’s) global database
of individual case safety reports (ICSRs)—to explore the
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difference in reporting between Africa, with limited PIPV
systems, and the RoW, and to understand the key consid-
erations that inform the decisions made by donor organiza-
tions to strengthen safety surveillance systems in LMICs.

2 Methods

We undertook a convergent mixed-methods research [16],
comprising quantitative analysis of AEFIs with COVID-19
vaccines reported to VigiBase and qualitative in-depth indi-
vidual interviews of key policymakers from donor/funding
organizations, to understand the policy considerations that
inform the decision to support the establishment of safety
surveillance systems in LMICs.

2.1 Quantitative Study Design, Setting, and Data
Cleaning

We conducted secondary analysis of de-identified data on
the AEs of COVID-19 vaccines reported to VigiBase from
December 2020 to March 14, 2022. VigiBase is the WHO’s
global database of ICSRs and contains over 30 million
ICSRs of suspected AEs of medicines and vaccines submit-
ted by over 170 member countries of the WHO Program
for International Drug Monitoring (PIDM) since 1968. The
database is continuously updated with new reports from
passive surveillance systems, active surveillance studies, or
other safety surveillance systems implemented by participat-
ing countries [17, 18].

The data obtained from VigiBase were descriptively
analyzed at the individual AE level and not at the level of
ICSRs. The dataset contains information on the vaccines
associated with the reported AEFI, age group, and the gen-
der of those reporting the AEFIs. It also contains informa-
tion on whether the event was serious or not, the reason for
seriousness, and the event's outcome, among other variables.
An AEFI is defined as “any untoward medical occurrence
that follows immunization and does not necessarily have
a causal relationship with the usage of the vaccine. The
adverse event may be any unfavorable or unintended sign,
abnormal laboratory finding, symptom or disease” [19]. The
terms “adverse events” (AEs) and “adverse events follow-
ing immunization” (AEFIs) are used interchangeably in this
study. A serious adverse event (SAE) is “an adverse reaction
that results in death, is life-threatening, requires in-patient
hospitalisation or prolongation of existing hospitalisation,
results in persistent or significant disability or incapacity,
or is a congenital anomaly/birth defect” [19].

Data on administered doses of COVID-19 vaccines were
obtained from the published literature to estimate reporting
rates for each WHO region. Where no data on administered
doses were readily available in the public domain as far as
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we were aware, the administered doses were extrapolated
using available population data for the region and available
data on doses administered per 100 persons (see electronic
supplementary material [ESM]# 1 for data sources). Simi-
larly, data from the WHO AFRO region on administered
doses of COVID-19 vaccines received by vaccine type
were used in combination with the total number of admin-
istered doses to estimate the administered doses for each
vaccine and to facilitate the calculation of reporting rate by
vaccine type for the region. Similar calculations were not
done for other regions due to the non-availability of such
data for some regions. Data were analyzed using STATA/
BE 17.0 to provide descriptive statistics on demographic
characteristics. Prior to data analysis, observations that
were coded as either “unknown,” “other,” or “not applica-
ble” were omitted from variables such as gender, age group,
outcome, seriousness, and reporting type to ensure consist-
ency across analyzed data. Observations where the vaccine
name could not be definitively established were also omit-
ted. Care was taken to ensure that the observations were
omitted from only the relevant variables and not dropped
from the entire dataset; hence, some totals may not always
add up. The frequency of AEFIs was calculated by vaccine
type, age group, and gender. Reporting AE rate per 1 mil-
lion administered doses by vaccine type was not calculated
for the RoW due to the non-availability of data on vaccine
distribution/administration for some regions. The frequency
of AEFIs by Medical Dictionary for Regulatory Activities
(MedDRA®) system organ class (SOC) and the preferred
term were assessed and reported as percentages. MedDRA®
is a standardized medical terminology used for coding AEs
in clinical trials and pharmacovigilance. Chi-square test was
used to detect any differences in the proportion of reported
AEFIs between Africa and the RoW for key parameters.

2.2 Qualitative Study Design
2.2.1 Study Population/Sampling Approach

Key policymakers from some donor/funding or global
organizations that support safety surveillance of COVID-
19 vaccines in LMICs at the time of the study were invited
to participate in the virtual interview. We used purposeful
sampling to identify interview participants to ensure the
inclusion of persons who are key policy/decision-makers or
those leading implementation of safety surveillance activi-
ties within the organizations. This sampling strategy allowed
us to select participants based on information richness, as
we sampled for individuals who would be information-rich
cases, capable of providing us with rich data to help answer
the research question. The first author compiled a list of 18
potential participants and their email addresses, with support

from a key informant from one of the funding/implement-
ing organizations. A request for an in-depth interview and
an informed consent form were sent via email to all persons
on the list.

2.2.2 Data Collection

Single, in-depth individual interviews were conducted with
12 key policymakers. Interviews were conducted with the
aid of a semi-structured interview guide (see ESM# 2) that
covered the following topics: (1) involvement in the safety
surveillance of vaccines; (2) institutional policies that inform
funding for safety surveillance; (3) criteria for selecting
LMICs to be funded; and (4) key challenges and benefits
associated with safety surveillance in LMICs. The interview
guide allowed the interviewer to ask probing questions to
gain greater insights into the interviewee’s thoughts and
experiences. The first author conducted in-depth interviews
in English, and they lasted approximately 45-90 mins. Inter-
views were conducted virtually via Zoom at a time chosen
by the participant and were video and audio recorded with
written informed consent from participants.

2.2.3 Data Analysis

Data analysis was done using an inductive, thematic, content
analysis approach to develop categories [20]. Following a
complete review of the dataset, a subset of transcripts was
open-coded to identify a draft codebook that represented
interviewees’ experiences with funding and or implementing
safety surveillance for vaccines. The codebook was piloted
and reviewed with members of the study team and finalized.
All transcripts were coded using Dedoose® qualitative data
management software [21].

The coded data were reviewed inductively to identify
thematic content, which resulted in a set of draft categories.
Final category and subtheme development involved an itera-
tive process of reviewing the draft categories, coded data,
and revisiting the interview scripts as necessary to provide
additional depth and detail.

Finally, the quantitative and qualitative results were inte-
grated using a joint display technique [22] to show where
data from the quantitative review and qualitative interview
converged or overlapped. See ESM# 3 for an illustration of
the convergent mixed-methods approach used for the study.

3 Results
3.1 Profile of AEs with COVID-19 Vaccines

A total of 2,353,018 ICSRs containing 14,671,586 AEs of
COVID-19 vaccines were contained in VigiBase as of March
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2022. There were multiple AEs reported within ICSRs, with
an average of six AEs per ICSR. The African region con-
tributed the second-lowest number of overall reported AEs
both in absolute numbers 87,351 (0.6%) as well as overall
estimated reporting rates (180 per estimated million doses
administered); see Table 1. AEs from the spontaneous
(or passive) reporting system accounted for 96.7% of the
reported AEs from Africa, whereas 3.3% were from studies.
For RoW, these percentages were 95.0% and 5.0%, respec-
tively. Africa’s total contribution of AEs from studies was
2890 (0.4%) compared to 725,414 (99.6%) from the RoW
(Table 2).

Overall, and for the RoW, reported AEs for females
(73.6%) were higher than for males (26.4%). Within Africa,
reporting between females and males was well balanced,
with 53.2% reporting from females and 46.8% from males.
Persons aged 18—44 years in both Africa and RoW had the
highest number of AEs, at 63.4% and 46.7% of total reported
AEs, respectively.

SAEs accounted for 12.2% of AEs reported from Africa
compared to 27.1% for the RoW. Death was reported in 728
(10.1%) of SAEs from Africa as the reason for seriousness,
compared to 211,546 (9.6%) for the RoW. Regarding out-
come, 61.4% of the AEs reported from the African region
had resolved at the time of reporting, similar to 58.2% of the
AEs from the RoW.

3.2 Distribution of AEs by Vaccine Type and SOC

For the RoW, the Cormirnaty/Pfizer BioNTech vaccine,
with 47.8%, had the highest percentage of reported AEs in
absolute terms, followed by Vaxzevria/AstraZeneca, with
24.7%. For the African region, Vaxzevria/AstraZeneca
had the highest, at 71.0%, followed by Cormirnaty/Pfizer
BioNTech vaccine, at 12.3% (Table 3). For AE reporting
rate per 1 million doses administered by identifiable vac-
cine type, AstraZeneca had the highest AE rate, at 701,
closely followed by Sputnik V with 623 AEs per 1 mil-
lion doses administered (Table 4). These rates are much

higher than the overall rates of 180 per million doses for
the overall reports (Table 1) and 178 per 1 million doses
for identifiable vaccine types (Table 4) within the region.
Similarly, the African region had a relatively large per-
centage of AEs reported for the Sputnik V vaccine (20.3%
of all reported AEs for this vaccine).

For both Africa and the RoW, general disorders and
administration site disorders were the most frequently asso-
ciated SOC, at 34.7% and 26.5%, respectively. This was fol-
lowed by nervous system disorders and musculoskeletal and
connective tissue disorders (Africa 20.3%/RoW 13.7% and
Africa 11.5%/RoW 11.2%, respectively). Headache (11.4%)
was the most frequently reported AE for Africa, followed by
pyrexia (8.6%) and injection site pain (7.5%), while chills
(5.0%), headache (4.6%), and dizziness (4.3%) were the top
three AEs for the RoW (Table 3).

3.3 Demographics of Interview Participants

A total of 12 key policymakers who accepted to be inter-
viewed and consented were interviewed. Nine of the inter-
viewees were male. Eight of them resided in the USA, two
in Switzerland, and one each in Malaysia and South Africa.

3.4 Categories and Subthemes

Our qualitative findings revealed that many funding organi-
zations do not have an explicit policy that informs the deci-
sion to fund LMICs for safety surveillance. Such decisions
were often influenced by considerations about country pri-
orities, the utility of the evidence generated, the perceived
value added to global health by safety systems, and practical
implementation issues. The main findings are summarized
into three main categories and subthemes. A joint display
table (Table 5) illustrates where findings from the quantita-
tive study overlap with themes identified in the qualitative

Table 1 Distribution of overall

. WHO region Overall adverse events reported in  Doses administered (as Adverse events
adverse events and estimated dataset (as of March 14, 2022) of April 28, 2022) per 1 million
adverse events per 1 million doses
administered doses by World
Health Organization (WHO) Africa 87,351 484,809,996 180
region Americas 5,994,887 1,803,251,031 3324

Eastern Mediterranean 314,618 699,762,251% 450
Europe 7,081,924 1,556,921,620 4549
Southeast Asia 57,835 2,820,443,340 21
Western Pacific 1,134,971 4,171,260,000? 272
Global total 14,671,586 11,477,767,378 1278

“Doses extrapolated using assumptions in electronic supplementary material (ESM) # 1
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Table 2 Comparison of key parameters between adverse events (AEs) from the African region and the rest of the world (RoW)

Parameter Total, n (%) Reported AEs within Africa vs RoW Reported AEs between
Africa and RoW
Africa, n (%) RoW, n (%) Africa, % RoW, %

Reporting type (n = 14,618,444)

P <0.001
Spontaneous reporting 13,890,140 (95.0) 84,013 (96.7) 13,806,127 (95.0) 0.6 99.4
Report from studies 728,304 (5.0) 2890 (3.3) 725,414 (5.0) 0.4 99.6
Total® 86,903 (0.6) 14,531,541 (99.4)

Gender (n = 14,523,111)

P <0.001
Male 3,836,029 (26.4) 40,358 (46.8) 3,795,671 (26.3) 1.1 99.0
Female 10,687,082 (73.6) 45,868 (53.2) 10,641,214 (73.7) 0.4 99.6
Total 86,226 (0.6) 14,436,885 (99.4)

Age group (n = 13,172,391)

P < 0.001
0-27 days 1526 (0.0) 142 (0.2) 1384 (0.0) 9.3 90.7
28 days—23 months 7086 (0.1) 268 (0.3) 6818 (0.1) 3.8 96.2
2-11 years 5588 (0.0) 196 (0.3) 5392 (0.0) 35 96.5
12-17 years 176,773 (1.3) 82 (0.1) 176,691 (1.4) 0.0 100.0
18-44 years 6,165,552 (46.8) 49,522 (63.4) 6,115,940 (46.7) 0.8 99.2
45-64 years 4,634,543 (35.2) 22,086 (28.3) 4,612,457 (35.2) 0.5 99.5
65-74 years 1,323,148 (10.0) 4018 (5.2) 1,319,130 (10.1) 0.3 99.7
> 75 years 858,265 (6.5) 1760 (2.3) 856,505 (6.5) 0.2 99.8

78,074 (0.6) 13,094,317 (99.4)

Serious (n = 14,658,954)

P <0.001
No 10,701,325 (73.0) 76,723 (87.8) 10,624,602 (72.9) 0.7 99.3
Yes 3,957,629 (27.0) 10,628 (12.2) 3,947,001 (27.1) 0.3 99.7
Total 87,351 (0.6) 14,571,603 (99.4)

Seriousness (n = 2,217,855)

P <0.001
Death 212,274 (9.6) 728 (10.1) 211,546 (9.6) 0.3 99.7
Life threatening 351,713 (15.9) 1671 (23.2) 350,042 (15.8) 0.5 99.5
Caused/prolonged hospital stay 1,151,809 (51.9) 2222 (30.9) 1,149,587 (52.0) 0.2 99.8
Disability/incapacitation 500,161 (22.6) 2561 (35.6) 497,600 (22.5) 0.5 99.5
Congenital anomaly/birth defect 1898 (0.1) 8 (0.1) 1890 (0.1) 0.4 99.6
Total 7190 (0.3) 2,210,665 (99.7)

Outcome (n = 9,254,309)

P <0.001
Recovered/resolved 5,390,192 (58.3) 49,561 (61.4) 5,340,631 (58.2) 0.8 99.2
Recovering/resolving 1,745,259 (18.9) 18,098 (22.4) 1,727,161 (18.8) 1.0 99.0
Not recovered/not resolved 1,978,864 (21.4) 11,732 (14.5) 1,967,132 (21.4) 0.6 994
Recovered/resolved with sequelae 87,276 (1.0) 616 (0.8) 88,660 (1.0) 0.7 99.3
Fatal 50,718 (0.6) 699 (0.9) 50,019 (0.6) 1.5 98.5
Total 80,706 (0.9) 9,173,603 (99.1)

Fatal outcome (n = 9,254,309)

P <0.001
Yes 50,718 (0.6) 699 (0.9) 50,019 (0.6) 1.5 98.5
No 9,203,591 (99.5) 80,007 (99.1) 9,123,584 (99.5) 0.8 99.2
Total 80,706 (0.9) 9,173,603 (99.1)

“Total numbers do not always add up due to missing values
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Table 3 Distribution of reported adverse events (AEs) by vaccine type and most frequently associated system organ class (SOC) after omitting
missing variables and vaccines with unclassifiable names

Parameter Name Total, n (%) Reported AEs within Africa vs Reported AEs
RoW between Africa and
RoW
Africa,n (%) RoW, n (%) Africa, % RoW, %
Vaccine Vaxzevria/AstraZeneca 3,643,320 (25.0) 61,133 (71.0) 3,582,187 (24.7) 1.7 98.3
type® (n =
14,601,398)

Cormirnaty/Pfizer BioNTech 6,955,029 (47.6) 10,662 (12.3) 6,944,367 (47.8) 0.2 99.8
Janssen COVID-19 vaccine 611,274 (4.2) 7027 (8.1) 604,247 (4.2) 1.2 98.9
Covilo/Sinopharm 183,199 (1.3) 2770 (3.2) 180,447 (1.3) 1.6 98.4
Sputnik V 11,922 (0.1) 2416 (2.8) 9506 (0.1) 20.3 79.7
CoronaVac/Sinovac 135,713 (0.9) 1405 (1.6) 134,308 (0.9) 1.0 99.0
SPIKEVAX (Moderna) 3,060,923 (21.0) 1078 (1.3) 3,059,845 (21.1) 0.0 99.9
Total 14,601,398 86,491 (0.6) 14,514,907 (99.4)

Reported AEs® Headache 682,719 (4.7) 9959 (11.4) 672,760 (4.6)
Pyrexia 555,905 (3.8) 7499 (8.6) 548,406 (3.8)
Injection site pain 450,538 (3.1) 6568 (7.5) 443,970 (3.0)
Dizziness 632,349 (4.3) 4872 (5.6) 627,477 (4.3)
Chills 735,626 (5.0) 3132 (3.6) 732,494 (5.0)
Total 14,671,586 87,351 14,584,235

soct General disorders and administration site disorder 3,444,547 26,373 (34.65) 3,418,174 (26.5) 0.8 99.2
Nervous system disorders 1,776,763 15,476 (20.3) 1,761,287 (13.7) 0.9 99.1
Musculoskeletal and connective tissue disorder 1,453,500 8762 (11.5) 1,44,738 (11.2) 0.6 99.4
Injury, poisoning 954, 865 4230 (5.6) 950,635 (7.4)
Gastrointestinal disorders 800,300 4193 (5.5) 796,107 (6.2)

COVID coronavirus disease 2019, RoW rest of the world
*Frequency calculated for only vaccines with identifiable/verifiable names
°Only the 5 most frequently reported AEs and SOC associated with AEs are presented

Table 4 Estimated adverse

o Vaccine type Reported AEs Vaccines distributed in Reported AEs
events (AEs) per 1 million Africa as of April 20, per 1 million
doses by vaccine type for the 2022 doses
World Health Organization
(WHO) AFRO Region Number? % Number® %

Vaxzevria/AstraZeneca 61,133 70.7 87,265,799 18 701
Sputnik V 2416 2.8 3,878,480 1 623
Cormirnaty/Pfizer BioNTech 10,662 12.3 87,265,799 18 122
Janssen COVID-19 vaccine 7027 8.1 106,658,199 22 66
Covilo/Sinopharm 2770 32 72,721,499 15 38
CoronaVac/Sinovac 1405 1.6 33,936,700 7 41
SPIKEVAX (Moderna) 1078 1.3 29,088,600 6 37
Other NA NA 63,025,299 13 NA
Total 86,491 484,809,996 178

COVID coronavirus disease 2019, NA data not available
*Frequency calculated for only vaccines with identifiable/verifiable names, as shown in Table 2

Estimated using the total number of administered vaccines and percentage of vaccine types administered
in Africa using data as of April 28, 2022, from the WHO AFRO dashboard [4]
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study; additional qualitative evidence is provided in the table
to further support the themes described below.

3.4.1 Category 1: (Not) Prioritizing Safety Surveillance
as a Key Component of Health System Strengthening

Prioritizing coverage over safety Participants expressed
the view that many LMICs placed more emphasis on rates
of overall vaccine coverage and did not perceive safety as
a priority. Thus, the majority of funds available for health
system strengthening (HSS) are dedicated to the procure-
ment of syringes and needles, cold chain equipment, sup-
ply chain logistics, and staff training that directly support
vaccine coverage. A minuscule amount of the funds avail-
able for HSS is used to support safety surveillance.

The vast majority of the health system strengthening
funding is geared towards trying to address issues
around making sure that children get vaccinated, or
in GAVI jargon “coverage.” (Key Informant-05, male
policymaker)

Playing the Ostrich Although safety monitoring is
acknowledged as part of HSS, many countries are reluctant
to prioritize safety because they fear that safety data will
draw attention to vaccine safety issues. Participants opined
that decision-makers sometimes prefer to avoid setting up
safety monitoring systems and instead “play the ostrich,”
believing that if they do not look for AEs, they will not
find any, and consequently all will be well, and they will
have peace.

The problem is that some health ministers want to
stick their head in the sand and if there's a problem,
they don't want to know about it. The problem is that
with social media, the problem will surface anyway
and they won't have any idea how to evaluate it. (Key
Informant-07, male policymaker)

Adequate Handling of Data on AEs Participants noted
that for countries to prioritize safety, there must be capac-
ity within the country to handle safety issues. They advo-
cated for strong collaborations between regulators and key
stakeholders, and highlighted the importance of effective
communication and feedback mechanisms. Participants
emphasized the importance of relevant committees to
undertake benefit-risk evaluation of safety signals, sug-
gesting that in the absence of these committees, safety
surveillance would remain a low priority in many LMICs.

Regulators also have to be responsive. In the sense
that once they get the information, what do they do
with the information? Once they have analyzed, if
there is any finding ..., do they also give feedback
to the healthcare workers to say yes, we've seen this

information, this is what we are getting? Because
there has to be a two-way sort of feedback mecha-
nism where those that are providing information also
know that their time is not wasted. (Key Inform-
ant-12. female Policymaker)

3.4.2 Category 2: Perceived Utility of the Safety
Surveillance System

Generate evidence for decision-making at the local level
Participants explained that many LMICs lack systems to col-
lect locally generated data. As a result, in-country, popula-
tion-level decisions are based on data generated from HICs
where the systems and infrastructure for generating such
data are available.

One of the biggest challenges from the [organization
name] perspective right now is the fact that we are
making decisions for low- and middle-income coun-
tries based on data available in high income countries
which I personally think is not correct. (Key Inform-
ant-11, male policymaker)

Interviews highlighted the potential of using data gener-
ated in LMICs to understand major disease patterns (mor-
bidities and mortalities), as well as access to care in those
settings. Such data are useful for benefit-risk analysis and
can be leveraged to answer specific questions that may be
relevant for the introduction or continued use of certain
products in particular populations or geographic locations of
interest. Localized safety surveillance systems can generate
data to support course-correcting measures for public health
programs and inform appropriate regulatory decisions. Par-
ticipants shared experiences where local safety surveillance
systems preemptively identified problems that could have
derailed mass vaccination campaigns. Sometimes, these
problems may not be related to an inherent characteristic of
the vaccine product but to its handling and administration.
One participant shared this example:

For example, in the episode in [Country X] where
somebody used pancuronium [a muscle relaxant] as
a diluent for a vaccine. What they discovered is that
the vials looked very similar, same color, pattern and
everything. (Key Informant-03, male policymaker)

Improving public/global health and equity Interviewees
expressed the view that implementing safety monitoring
should be an integral part of an effective global immuniza-
tion strategy that seeks to achieve equity in global vaccine
coverage and safety. They support safety surveillance sys-
tems as a vital component of the “complete package” that
should accompany the introduction of any vaccine, with the
expectation that safety surveillance is central to improving
global health security and disease elimination/eradication.
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I think it’s part of the package. I mean we would
not be doing our job correctly if we were to offer
countries vaccines and that was it and I mean we
didn’t help them to set up the monitoring mecha-
nisms and the distribution mechanisms and so on.
And so vaccine safety and adverse effect reporting
is a necessary part of that. (Key Informant-03, male
policymaker)

A standard part of introducing a new intervention such as
a vaccine is having a risk management plan that identifies
potential risks and puts mitigation measures in place before
any harm occurs. Participants indicated that, similar to the
practice in HICs, having effective safety monitoring systems
in LMICs will help to institutionalize risk management plan-
ning in parts of the world where it is not implemented as an
early warning system.

It's a shame when you have a product that is accompa-
nied for example with the risk management plan in a
high-income country; but it can be used in the absence
of risk management elsewhere, to me that is a disparity
that I think we understand that there is a need to reduce
those inequities and disparities in how products are
managed in order to either reduce risk or mitigate risk.
(Key Informant-09, male policymaker)

Building robust systems that contribute to global knowl-
edge on vaccine safety Respondents noted that many safety
surveillance systems in LMICs rely on spontaneous report-
ing systems, which in many cases are still rudimentary.
These systems are limited because they mainly identify more
common, expected, and well-documented AEs. Strengthen-
ing spontaneous reporting systems remains a key objective
for funders:

For the spontaneous reporting, we sort of want all
countries to have that. So, I think even when we're
doing active surveillance strengthening, we want to
make sure that some of that, some of that work is trans-
lating over to strengthening the passive system. (Key
Informant-02, female policymaker)

Participants also noted that more robust surveillance sys-
tems that can identify rare, unexpected AEs are needed to
improve LMICs’ contribution to actual vaccine—AEFI asso-
ciations, which can increase local and global knowledge of
vaccine safety.

If you have background rates of events and you can
monitor that and do observed versus expected, so you
know 10,000 people were vaccinated, you'd expect one
event. If you saw 10, then you'd be concerned. But you
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can also use those cases to do more formal studies such
as case control studies and case cohort studies and self-
control studies. Basically, epidemiologic studies that
allow you to see whether the association is real. (Key
Informant-07, male policymaker).

3.4.3 Category 3: Practical Implementation Issues

Enabling and supportive political and bureaucratic environ-
ment within a country Participants indicated that politically
stable countries with enabling governance and supportive
bureaucratic systems make it easier for funding organiza-
tions to establish safety surveillance systems. Preexisting
positive relationships fostered through ongoing projects
were key considerations for funding organizations. Funders/
implementers tended to avoid collaborations with countries
that were perceived as having uncooperative bureaucracies,
because they feared approval delays and political instability.

We've been wary of countries that are, you know, hav-
ing a lot of political instability because of that buy-in
issue and just the logistics of doing work in that set-
ting. (Key Informant-02, female policymaker)

Product availability/product pipeline Participants noted
that sometimes the decision to fund specific LMICs to estab-
lish active safety surveillance or to strengthen existing pas-
sive surveillance systems depends on where new vaccines
or those in the pipeline will become available. According to
an interviewee:

We put together a safety working group and one of
the things they did was to look at the global health
pipeline of when these new products are coming, like
you know when are they coming, which of these prod-
ucts have let's say safety questions attached to them
that you need more information on and then which
countries are they going to... (Key Informant-01, male
policymaker)

Existing capacity (technical and infrastructural) within a
country The existing capacity to support safety surveillance
within a country was identified by interviewees as a key con-
sideration to support the establishment of a safety surveil-
lance system. These capacities include basic infrastructure
and a trained and experienced workforce.

It really comes down to: Do they have sufficient num-
ber of qualified individuals to carry it out, Do they
have sufficient resources for it? Do they have the ena-
bling legislation for it? Do they have the tools? (Key
Informant-09, male policymaker)
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4 Discussion

Our quantitative study, which was mainly descriptive,
found that countries in the African region reported rela-
tively low numbers of AEs with COVID-19 vaccines com-
pared to the RoW. About a quarter of all reported AEs in
the dataset were serious, with hospitalization occurring in
about 50% and death in 10% of the reports. Persons aged
18-44 years and females reported the greatest number of
AE:s for Africa and RoW, which can be expected given the
relative size of this group. Well-documented local and sys-
temic reactions including headache, pyrexia, injection site
pain, dizziness, and chills were most frequently reported.
General disorders and administrative site disorders, and
nervous system disorders were the most affected SOCs.
AstraZeneca and Pfizer BioNTech had the highest count
of AEs in absolute terms for Africa and RoW, reflecting
their widespread global use. In our qualitative studies,
three main categories emerged from the insights shared
by interview participants to explain how decisions to sup-
port LMICs to set up or strengthen existing surveillance
systems are made. Many participants reflected that their
organizations do not have an explicit policy for funding
safety surveillance in LMICs. Such decisions tended to
be based on how countries prioritize safety, the perceived
utility/value of such safety surveillance systems, and the
practical issues involved in setting up the systems.

The relatively low number of AEs with COVID-19 vac-
cines reported from the African region in our study is in line
with other studies that have reported a lower reporting rate
of AEs from Africa and other resource-limited settings [23,
24]. Historically, reporting of AEs in LMICs has always
lagged behind reporting in HICs, where pharmacovigilance
systems tend to be better established. A study showed that
in 2015, the African and South-East Asian regions lagged
behind most other regions in the number of reported AEFIs
[25]. Until recently, safety surveillance in LMICs was con-
sidered a luxury as countries focused more on improving
access to pharmaceutical interventions, including vaccines.
However, support from many donor organizations towards
improving access has also brought support for establishing
safety surveillance systems in line with the practice in HICs
[26].

Our analysis showed that overall, a considerable number
of the reported AEs in the dataset were serious (27%) regard-
less of reporting source (passive or studies). A smaller per-
centage was reported for Africa. Close to 10% of the SAEs
for Africa and the RoW indicated death as the reason for
seriousness. Siddhartha et al. reported a lower frequency
of 1% fatality for the SAEs in their analysis of AEs from
VigiBase® in 2021 [27]. Within the first month of COVID-
19 vaccination implementation, 9.2% (n = 640) of reports

to the Vaccine Adverse Event Reporting System (VAERS)
were SAEs, with 1.6% (n = 113) deaths [28]. Africa’s con-
tribution to the total SAEs in our data was less than 1%, with
a statistically significant difference in reporting of SAEs and
reporting by gender compared to the RoW. Given the mor-
bidity and the economic and social burden imposed on indi-
viduals by SAEs [29, 30], monitoring systems that can pick
up such reactions early and facilitate the implementation of
preventive measures will be beneficial in Africa and other
resource-constrained regions.

The AEs reported in this study are expected AEs that have
been well documented from clinical trials and observational
studies in HICs. In our study, systemic and local reactions,
including headache, pyrexia, and injection site pain, were
the top three most frequently reported AEs from the African
region, while chills, headache, and dizziness were the top
three in RoW. Gee et al. reported headache, fatigue, and diz-
ziness as the most frequently reported symptoms in VAERs
in the first month of vaccination with COVID-19 vaccines
in the USA [28]. Other studies have reported similar find-
ings [12, 31]. These findings reflect the views of some inter-
viewees that post-introduction safety surveillance systems
in many countries, including LMICs, detect mainly well-
known and well-documented events. Reporting of known
AEs is valuable because it contributes to evaluating the
actual incidence of known AEs in the post-marketing phase,
but the value of more robust and rigorous systems for safety
surveillance in LMICs cannot be overemphasized. Fewer
AEs were reported from studies conducted in Africa (3.3%)
compared to the RoW (5.0%). This may reflect the limited
infrastructure and funding available for more robust and
rigorous hospital or sentinel site-based safety surveillance,
which is more likely to identify serious and unexpected
SAEs faster. Expanding the safety surveillance infrastruc-
ture for Africa will be a necessary step towards enhancing
the region’s active safety surveillance, promoting equitable
safety monitoring, and contributing to global knowledge for
protecting and promoting health.

Data from the African region showed that AstraZeneca,
Pfizer BioNTech, and Janssen vaccines had higher absolute
numbers of AEs. For the RoW, the order was Pfizer BioN-
Tech, AstraZeneca, and Moderna. For the African region,
AstraZeneca had the highest estimated rate of AEs per 1
million administered doses by vaccine type, followed by
Sputnik V vaccine. Although Sputnik V constituted only
about 1% of the vaccine doses administered within Africa
as of April 28, 2022 [7], the high rate of reported AEs per
1 million doses relative to other vaccines administered in
Africa is remarkable. This very high reporting rate for Sput-
nik V relative to other more widely distributed vaccines in
Africa amplifies the concerns raised about the safety of
vaccines from less established manufacturers [32] and the
need for strong safety surveillance systems in Africa where
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such vaccines are likely to be distributed. Reporting rates
by vaccine type for Africa could not be compared with the
RoW due to limited data on vaccine distribution for some
regions. The reported event rates are crude reporting rates,
which should be interpreted with caution in the absence of
information on background rates of the events in the African
population.

Participants in the qualitative study alluded that many
funding organizations do not have an explicit policy that
supports the decision to fund safety surveillance in LMICs.
Such decisions tend to be influenced by several considera-
tions including how recipient countries prioritize safety sur-
veillance, the perceived utility of safety surveillance systems
to generate data for local and global decision-making, and
practical implementation issues such as existing capacity
and the political environment within a country. Previous
studies have shown that while safety surveillance (pharma-
covigilance) activities were established early in developing
countries following the thalidomide disaster of the early
1960s, many LMICs did not prioritize it for various reasons,
including limited access to medicines, poor funding, limited
technical capacity, and low awareness of its importance in
healthcare [33-35]. In 2008, the support for the establish-
ment or strengthening of safety surveillance in LMICs got a
boost from The Roll Back Malaria partnership, which issued
guidelines requiring the inclusion of pharmacovigilance in
the Global Fund and other related proposals [36]. An analy-
sis of 26 proposals submitted to the Global Fund after the
guidelines were issued revealed that only 46% of proposals
mentioned the establishment of pharmacovigilance systems.
Subsequently, countries received guidelines and recom-
mendations on how to include pharmacovigilance sections
in their proposal for the Affordable Medicine Facility for
malaria (AMFm) proposal from WHO and the Medicines for
Malaria Venture (MMYV) [36]. Several other funding organi-
zations now provide various levels of support for safety sur-
veillance in LMICs [37].

Interviewees noted that several practical issues, including
the prevalent political and bureaucratic environment, avail-
able technical and infrastructural resources within countries,
and the countries targeted for the introduction of new or
planned interventions, influenced the decision about coun-
tries to support. The challenges with the implementation of
pharmacovigilance in LMICs have been well documented
[26, 33, 38]. It has been noted that it is only when regular
and sustainable budget allocation is provided by the gov-
ernment that meaningful and long-term progress can be
achieved, as seen in India and China [26]. Thus, it behooves
governments in LMICs to prioritize not only vaccine cov-
erage but also vaccine safety and to provide the enabling
environment for robust safety surveillance to be carried
out with government funding and with support from donor
organizations.
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4.1 Strengths and Limitations

A key strength of the study was drawing insights from key
policymakers in the qualitative study. This allowed insights
from qualitative evidence to explain some of the quanti-
tative findings. Some of the key limitations of our study
include the fact that most of the data were obtained from
spontaneous reporting systems that rely on self-reporting,
with the possibility of reporting bias resulting from height-
ened awareness about the safety of COVID-19 vaccines and
uncertainty about the vaccines’ contribution to the reported
events. This may have led to overreporting and overes-
timation of the burden of AEs. Also, ICSRs submitted to
VigiBase do not typically contain certain information that
allows some analysis to be done, such as the cause of death
for fatal cases. Secondly, some regions did not have infor-
mation on the doses administered (denominator) to support
rate calculations. We have extrapolated the vaccine doses
administered in those regions. These rates need to be inter-
preted with caution because AEs from spontaneous report-
ing systems and other reporting sources were combined in
the numerator data, and the background rates of the reported
AESs are unknown. In addition, the distribution of the differ-
ent vaccine types could not be obtained for all regions, mak-
ing it difficult to calculate the relative contribution of each
vaccine to the reported AEs in this work. Another limitation
of the study is that countries in the different regions have
varying types of approved vaccines, vaccine distribution,
and submission of ICSRs to VigiBase; hence, the compari-
son between regions needs to be interpreted with caution.
Finally, for the qualitative study, the voices and perspectives
of the PIPV implementers in recipient countries were not
captured to understand what challenges they may be facing
with safety surveillance and their proposals on how best to
handle such challenges. Interview participants were selected
based on the need to provide information-rich insights from
the funder’s perspective, and we did not use a pre-selected
theoretical framework to inform the wording and phrasing
of the questions.

This study did not do a detailed review of the types and
seriousness of the reported AEs by vaccine type. For Africa,
there is a need to undertake such studies to fully understand
the contribution of each vaccine to the profile of reported
AEFIs.

5 Conclusion

Countries in Africa reported fewer AEFIs with COVID-19
vaccines in VigiBase relative to the RoW, with statistically
significant differences in the reporting of key parameters,
such as gender, age group, and serious reactions, that war-
rant further investigation. Funding organizations mostly do
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not have systematic approaches for deciding where fund-
ing may be allocated. Such decisions were influenced by
country priorities, the perceived value added by the evi-
dence generated by such systems to local and global deci-
sion-making, a desire to achieve equity in global vaccine
coverage and safety through an effective global immuniza-
tion strategy, and practical implementation issues. African
countries and other countries in LMICs need robust safety
surveillance systems to generate good data to inform deci-
sions. Continuous support from national governments and
donor/funding organizations will enhance equitable safety
monitoring and Africa’s contribution to the global knowl-
edge on COVID-19 vaccine safety in particular and the
safety of other pharmaceutical interventions in general.
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