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A B S T R A C T

Background: COVID-19 vaccines significantly reduce severe disease outcomes, but uncertainty remains about 
long-term protection. We investigated vaccine effectiveness (VE) against SARS-CoV-2 infection over extended 
periods in the World Health Organisation AFRO-MoVE network studies in Africa.
Methods: Participants with COVID-19-like symptoms were recruited between 2023 and 2024 for a test-negative 
case-control study conducted across 19-healthcare centres in Uganda. Cases were symptomatic patients with any 
three of cough, sore-throat, coryza, among others, and PCR-confirmed SARS-CoV-2, while controls were SARS- 
CoV-2 PCR-negative. Vaccination was verified from vaccination cards, hospital-records, vaccination registry and 
self-reporting. VE was assessed through three measures: (a) Annual - patients vaccinated in the past 12-months 
regardless of dose vs those vaccinated >12-months before symptom onset plus unvaccinated; (b) Absolute - 
patients vaccinated in the past 12-months vs unvaccinated; and (c) Relative - patients vaccinated in the past 12- 
months vs those vaccinated >12-months before symptom onset. VE was calculated as 1- adjusted odds ratio for 
three patient groups based on days since the last dose; (1) <365, (2) 7–269 and (3) 270–364 while adjusting for 
age, sex, calendar-time and chronic conditions. The sensitivity analysis excluded patients that were previously 
infected with SARS-CoV-2.
Findings: In total, 1371 patients, 56 % female were recruited. Of these, 173 were classified as cases, with 97 (56 
%) fully vaccinated compared to 701 (59 %) controls, p = 0.830. The overall adjusted VE was moderate, 45 % to 
59 %, and remained consistent across the annual, absolute and relative measures. Sensitivity analysis showed 
consistently lower VE (32 % to 38 %) across all measures.
Interpretation: The results suggest that COVID-19 vaccination provides moderate protection against symptomatic 
SARS-CoV-2 infection up to 12-months after the last dose and highlight the importance of up-to-date vaccinations 
for high-risk individuals. The lack of clear COVID-19 seasonality in this and other African settings creates a 
challenge to selecting the optimal timing for annual vaccination.
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Coronavirus 2; USA, United States of America; UVRI, Uganda Virus Research Institute; VE, Vaccine Effectiveness; WHO, World Health Organisation.
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1. Introduction

The first coronavirus disease (COVID-19) case in Africa was reported 
in February 2020, with Uganda reporting her first case a month later [1]. 
Access to COVID-19 vaccines for African countries including Uganda 
was delayed until March 2021 [2], in contrast to regions like Europe, 
where countries like the United Kingdom began vaccinations as early as 
December 2020 [3]. Due to this delay, Uganda relied heavily on lock-
downs and movement restrictions both within the country and across 
borders to curb severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) transmission, measures that severely impacted economic liveli-
hoods. Uganda’s vaccination campaign began in March 2021, primarily 
using AstraZeneca ChAdOx1 vaccine and targeting groups at higher risk 
of infection such as frontline healthcare workers, security personnel, 
older adults, and individuals with chronic illnesses [2]. Later, other 
vaccines, including Pfizer (BNT162b2), Johnson & Johnson (Ad26. 
COV2.S), Moderna (mRNA-1273) and Sinopharm (BBIBP-CorV) were 
made available targeting the general population.

In March 2023, the Ministry of Health in Uganda established a 
multisectoral, multidisciplinary national COVID-19 task force to 
strengthen leadership and coordination of preparedness and response 
efforts including guiding the vaccination programme [4]. Although the 
vaccine uptake was lower than expected, the programme facilitated the 
easing of lockdowns. Towards the end of 2021, the Government of 
Uganda recommended COVID-19 vaccination for all eligible individuals 
aged at least 12 years. However, by June 2022, uptake remained low at 
64 % with significant regional disparities [2]. Currently, uptake of these 
vaccines has slowed down substantially.

The introduction of COVID-19 vaccines significantly reduced severe 
disease outcomes such as hospitalisations and death [2,5,6]. Studies 
have reported strong vaccine effectiveness (VE), more than 80 % against 
COVID-19 (symptomatic disease) mainly in the developed world in the 
short, 6 months [7,8] and long term, 12 months [8] following 

vaccination. These have not been studied in Uganda and many other 
African countries more so in the extended period. There is evidence that 
the effectiveness of some vaccines varies, being 20–50 % lower in Low- 
and Middle-Income countries [5]. There is limited literature on assess-
ment of COVID-19 VE against SARS-CoV-2 infection in the medium to 
long term in Africa.

In early 2023, the World Health Organisation (WHO) through the 
African Region Monitoring Vaccine Effectiveness (AFRO-MoVE) 
network initiated a study in Africa to measure COVID-19 VE. We utilized 
data from the network’s sites in Uganda to evaluate annual, absolute and 
relative measures of COVID-19 VE.

2. Methods

Study design: A test-negative case-control vaccine effectiveness 
(VE) study conducted to assess SARS-CoV-2 VE.

Study sites: Nineteen healthcare centres in six districts in Uganda; 
Lyantonde (1), Kyotera (1), Kalungu (2), and Masaka (3), primarily rural 
farming communities, located between 120 and 200 km to the southwest 
of Kampala, the capital; and Wakiso (5), partly encircling the capital, 
and Kampala (7), both predominantly urban populations in central 
Uganda (Fig. 1).

The healthcare centres were selected based on their willingness to 
participate, links to ongoing research projects, and prior designation as 
COVID-19 treatment centres or influenza sentinel surveillance sites.

Study population: Patients with SARS-CoV-2-like symptoms 
(defined below) who presented at designated study sites between 22 
March 2023 and 26 March 2024.

Case-control definition: Cases were defined as patients aged 12 
years and older who presented with COVID-19-like symptoms within the 
past 10 days and had a polymerase chain reaction (PCR)-confirmed 
SARS-CoV-2 infection in the laboratory at the Medical Research Council 
/ Uganda Virus Research Institute and, London School of Hygiene and 

Fig. 1. Map of Uganda showing the distribution of healthcare centres included in the study.
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Tropical Medicine (MRC/UVRI & LSHTM) Uganda Research Unit in 
Entebbe. Controls were similar to cases, but tested SARS-CoV-2 nega-
tive. Symptoms included at least three of the following: cough, fever, 
headache, sore throat, coryza, nasal congestion, general body weakness 
or fatigue, myalgia, dyspnoea, anorexia/nausea/vomiting, diarrhoea, 
altered mental status, loss of appetite, ageusia and anosmia.

Recruitment and SARS-CoV-2 vaccination: Study nurses at 
participating healthcare centres identified patients with COVID-19-like 
symptoms and provided them with study information. They addressed 
any queries, obtained written informed consent, and enrolled those 
willing to participate (Fig. 2).

They administered a questionnaire to collect data on social de-
mographics and medical history, including pre-existing chronic health 
conditions. The questionnaire also included questions about any previ-
ous diagnosis of SARS-CoV-2 infection and the severity of current dis-
ease. Key vital signs, including heart rate, temperature, oxygen 
saturation and respiratory rate were recorded. Nasal and oropharyngeal 
swabs were collected for testing for SARS-CoV-2 infection. Additionally, 
the study team collected information on COVID-19 vaccination status 
through self-reports. This was further confirmed by reviewing vaccina-
tion documents such as vaccination cards, if available, and the Uganda 
national COVID-19 vaccination certification portal [9] to document the 
type, dose, and dates of vaccination on the questionnaire.

Testing for SARS-CoV-2: Nasal and oropharyngeal swabs collected 
were placed in viral transport media and transported to the MRC/UVRI 
& LSHTM Uganda Research Unit laboratory in Entebbe for testing. Real- 
time quantitative polymerase chain reaction (qPCR) using Quant-
Studio™ system Berlin protocol was used for testing.

Description of the study variables: Data were collected on age 
(recorded in completed years) and sex (categorized as male or female). 
Employment status was categorized into frontline healthcare workers, 
including those providing direct patient care such as doctors, nurses, 
laboratory technologists, and other clinical staff, and non-clinical staff, 
such as administrators, drivers, and other support staff. Smoking status 

was categorized as current smoker, defined as individuals who smoke 
cigarettes or other tobacco products daily or occasionally, and former 
smokers, referring to those who previously smoked but no longer do. 
Disease severity was categorized into three levels: mild (no limitations to 
daily activities), moderate (limitations to daily activities) and severe 
(hospitalised, with or without oxygen therapy administered via a mask, 
nasal cannula or mechanical ventilation). Other collected variables 
included calendar time and presence of at least one chronic disease 
condition recognised as a risk factor for severe COVID-19. Data were 
collected on diabetes, heart disease, lung disease, asthma, cancer, hy-
pertension, rheumatic disorders, liver disease, renal disease, and 
tuberculosis, all determined a priori.

2.1. Statistical methods

Sample size: We initially set out to recruit 3045 individuals (609 
cases and 2436 controls). This estimate was based on the following as-
sumptions: proportion of positive cases of 20 %, population vaccine 
coverage in negative controls of 20 %, vaccine effectiveness of 70 %, 
precision around VE estimate (lower 95 % CI boundary) of 10 %, and a 
1:4 case-control matching ratio. In the end we enrolled 1371 partici-
pants (173 cases, 1198 controls). However, given the observed propor-
tion of positive cases (12.6 %) and vaccine coverage in negative controls 
(67.8 %), it appears we would have needed to enrol 1796 (226 cases, 
1570 controls). Data management: Study data were collected and 
managed using REDCap, a secure electronic data capture system [10] 
hosted at MRC/UVRI and LSHTM Uganda Research Unit. The data were 
then transferred to R statistical software (version 4.0; R Foundation for 
Statistical Computing, San Francisco CA, USA) for analysis. Analysis: To 
describe participants’ vaccination status at enrolment, we defined full 
vaccination as receiving the complete recommended regimen for a given 
vaccine, either a single dose for a one-dose vaccine or both doses for a 
two-dose vaccine, at least 2 weeks prior to enrolment. Partial vaccina-
tion was defined similarly but applied to individuals who had received 

Fig. 2. Recruitment flowchart for SARS-CoV-2 vaccine effectiveness study in 19 healthcare centres in six districts of central and southwestern Uganda (March 2023 – 
March 2024).
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only the first dose of a two-dose vaccine. Booster vaccination was 
defined as receiving one or more additional doses at least 6 months after 
full vaccination. Unvaccinated individuals were defined as those who 
had never received any SARS-CoV-2 vaccine. For the VE analysis, and in 
contrast to previous VE studies [7,11], we defined the vaccinated group 
(numerator) as individuals who received their last vaccine dose within 
the 12 months preceding symptom onset. The unvaccinated group (de-
nominator) differed for each of the three VE analyses conducted: (a) 
Annual VE: included individuals who were never-vaccinated, as well as 
those whose last vaccine dose was administered more than 12 months 
before symptom onset. This is consistent with latest 2023 strategic 
advisory group of experts on immunization (SAGE) recommendations 
[12], which advise high-risk groups to receive a COVID-19 vaccine every 
6–12 months; (b) Absolute VE: included only individuals who were 
never vaccinated; (c) Relative VE: included those whose last vaccine 
dose was more than 12 months before symptom onset. We summarised 
continuous variables using the mean and standard deviation or the 
median and interquartile range (IQR), while categorical variables were 
presented as counts and percentages. Patients’ demographics, vaccina-
tion status and clinical characteristics were compared by case-control 
status using the Chi-squared test. We estimated VE as 1 minus the 
adjusted odds ratio, expressed as a percentage. VE was calculated for 
Annual, Absolute and Relative measures across three time strata based 
on number of days since last vaccine dose: (1) <365 days, (2) 7–269 days 
and (3) 270–364 days. The analysis was adjusted for age, sex, calendar 
time (with the date of swab modelled as either a categorical month 
variable or as restricted cubic spline), and the presence of at least one 
chronic condition as defined above. We further conducted a sensitivity 
analysis applying the same definitions as the primary analysis but 
excluding patients who self-reported a previous COVID-19 infection 
before vaccination.

3. Results

3.1. Participant characteristics

Between 22 March 2023 and 26 March 2024, 1371 patients (92 % of 
those screened) with COVID-19 like symptoms were recruited. Reasons 
for exclusion included having symptoms for more than 10 days and 
uncertainty about COVID-19 vaccination status, Fig. 2. The median age 
of those recruited was 31 years (IQR: 24–41), and the majority, 762 (56 
%) were female. Nearly half (48 %) were from Wakiso district, the most 
highly populated district in Uganda, while 27 % were from Kampala, the 
capital city of Uganda. Most participants (95 %) had never smoked, 86 % 
reported no chronic disease and 81 % reported no previous diagnosis of 
COVID-19 as shown in Table 1. Among 1371 recruited patients, 173 (13 
%) tested positive for SARS-CoV-2 and were classified as cases, while 
1198 (87 %) were controls. Among cases, 97 (56 %) were fully vacci-
nated versus 701 (59 %) of controls (p = 0.830). A slightly higher pro-
portion of cases than controls (23 % versus 15 %) had moderate-severe 
symptoms, a statistically significant difference (p = 0.024). Similarly, a 
higher proportion of cases than controls (19 % versus 12 %) had pre-
viously been diagnosed with COVID-19 (p = 0.025). Furthermore, a 
higher proportion of cases than controls (21 % versus 14 %) were aged 
≥50 years (p = 0.022). Most vaccinated cases and controls had received 
AstraZeneca (ChAdOx1) COVID-19 vaccine (53 %) of all those 
vaccinated.

3.2. Vaccine effectiveness

Stratified by the number of days since the last COVID-19 vaccine 
dose, the adjusted VE ranged from 45 % to 59 % and was similar across 
the annual, absolute and relative measures, Table 2 and Fig. 3. In the 
sensitivity analysis, which excluded those who self-reported a previous 
COVID-19 infection, VE remained moderate at 32–38 % for all measures, 
but slightly lower than in the primary analysis.

Table 1 
Participant characteristics overall and by case status in a SARS-CoV-2 vaccine 
effectiveness study across 19 healthcare centres in six districts of central and 
southwestern Uganda (March 2023 – March 2024, N = 1371).

Characteristic All 
patients 
N =
1371 
n (%)

Case 
SARS- 
CoV-2- 
positive =
173 
n (%)

Control 
Test- 
negative =
1198, n 
(%)

χ2 

statistic
p- 
value

COVID-19 
Vaccination 
status

0.374 0.830

Full 
vaccination#

798 
(58.2)

97 (56.1) 701 (58.5)

Partial 
vaccination*

127 
(9.3)

17 (9.8) 110 (9.2)

Unvaccinated 446 
(32.5)

59 (34.1) 387 (32.3)

Age (complete 
years)

5.251 0.022

< 50 1162 
(84.8)

136 (78.6) 1026 
(85.6)

≥ 50 209 
(15.2)

37 (21.4) 172 (14.4)

Sex 0.766 0.382
Female 762 

(55.6)
102 (59.0) 660 (55.1)

Male 609 
(44.4)

71 (41.0) 538 (44.9)

Employment 3.121 0.077
Frontline/ 
health worker

349 
(25.5)

54 (31.2) 295 (24.6)

Others 1022 
(74.5)

119 (68.8) 903 (75.4)

Area of residence 0.669 0.716
Kampala 370 

(27.0)
49 (28.3) 321 (26.8)

Masaka 343 
(25.0)

39 (22.5) 304 (25.4)

Wakiso 658 
(48.0)

85 (49.1) 573 (47.8)

Smoking status 0.247 0.619
Current/ 
former

65 (4.7) 10 (5.8) 55 (4.6)

Never 1306 
(95.3)

163 (94.2) 1143 
(95.4)

Presence of chronic 
disease

1.448 0.229

No 1178 
(85.9)

143 (82.7) 1035 
(86.4)

Yes 193 
(14.1)

30 (17.3) 163 (13.6)

HIV Status 1.030 0.598
Negative 1213 

(88.5)
150 (86.7) 1063 

(88.7)
Positive 78 (5.7) 10 (5.8) 68 (5.8)
Unknown 80 (5.8) 13 (7.5) 67 (5.6)

Previous COVID-19 
infection

7.379 0.025

No 1106 
(80.7)

127 (73.4) 979 (81.7)

Yes 178 
(13.0)

33 (19.1) 145 (12.1)

Unknown 87 (6.3) 13 (7.5) 74 (6.2)
Current disease 

severity
5.069 0.024

Mild 1147 
(83.7)

134 (77.5) 1013 
(84.6)

Moderate- 
severe

224 
(16.3)

39 (22.5) 185 (15.4)

Vaccine received 3.119 0.682
Not vaccinated 446 

(32.5)
59 (34.1) 387 (32.3)

AstraZeneca 
(ChAdOx1)

488 
(35.6)

68 (39.3) 420 (35.1)

(continued on next page)
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4. Discussion

We investigated the Annual, Absolute and Relative VE against 
symptomatic SARS-CoV-2 infection. Across the three measures, COVID- 
19 vaccination, on average, prevented nearly half of symptomatic in-
fections within 12 months of receiving the last vaccine dose. Estimates 
were similar for all three measures of VE (Annual, Absolute and Rela-
tive) and for the different times since the last dose. The VE in our study 
was lower than that observed in other studies for a shorter period post- 
last dose of vaccination e.g. at 2–3 months [13,14]. However, our 
findings are consistent with and complement those from other studies 

both in similar [15,16] and different settings [6,13,17]. In these latter 
studies, VE was 43 % at 112 days [6] and 34 % at >180 days [17] during 
the Omicron wave, suggesting a waning VE with time since last dose. 
The waning in vaccine protection has been previously observed in other 
studies [18]. The protection observed in our study for a similar time 
since last dose was slightly higher than that in the other studies [13,17] 
and in a systematic review by Nana Wu et al., which reported a signif-
icant decline in VE by 112 days post-vaccination, with further decrease 
to below 50 % by 280 days [6]. Most of the studies included in the 
systematic review were also done during the Omicron wave, but in high- 
income countries that have older populations than ours. In Africa, the 
general population median age is 19.4 years compared to 40 years in 
Europe, and 38 years in the United States [14]. Studies have shown 
higher COVID-19 vaccines real-world VE in younger populations [15]. 
The authors of the aforementioned systematic review further suggest a 
degradation in immunogenicity and this could highlight the need for up- 
to-date COVID-19 vaccination, regardless of previous number of doses. 
Though we recruited symptomatic patients, under one in four patients 
had moderate to severe disease among the positives, and no deaths were 
observed. Though the reasons for low death in Uganda are not yet clear, 
age demographics (youthful population), favorable weather and previ-
ous exposure to circulating coronaviruses, could have contributed [19].

We found that VE was lower in the sensitivity analysis, with pro-
tection falling to one in every three, when we excluded individuals who 
self-reported a previous COVID-19 infection. This suggests that previous 
infection, combined with vaccination may offer greater immune pro-
tection against subsequent infections. Indeed, studies have reported that 
VE against SARS-CoV-2 infection is strongest for individuals with hybrid 
immunity from previous infection and vaccination [20,21].

The strengths of this study included reasonable sample size to 
investigate VE beyond 6 months, although 95 % confidence intervals 

Table 1 (continued )

Characteristic All 
patients 
N =
1371 
n (%) 

Case 
SARS- 
CoV-2- 
positive =
173 
n (%) 

Control 
Test- 
negative =
1198, n 
(%) 

χ2 

statistic 
p- 
value

Pfizer 
(BNT162b2)

287 
(20.9)

29 (16.8) 258 (21.5)

JnJ (Ad26. 
COV2⋅S)

102 
(7.4)

12 (6.9) 90 (7.5)

Moderna 
(mRNA-1273)

33 (2.4) 4 (2.3) 29 (2.4)

Sinopharm 
(BBIBP-CorV)

15 (1.1) 1 (0.6) 14 (1.2)

# Full vaccination: Defined as the administration of the recommended single 
dose for a one-dose vaccine, or both doses for a two-dose vaccine, completed at 
least 2 weeks prior to enrolment in the study; *Partial vaccination was defined as 
receiving only one dose for a two-dose vaccine, completed at least 2 weeks prior 
to enrolment in the study.

Table 2 
Annual, Absolute and relative COVID-19 vaccine effectiveness against symptomatic infection, stratified by time since vaccination, among 1371 patients at 19 health 
centres in six districts of central and southwestern Uganda (March 2023 – March 2024).

Days from last vaccination to symptom onset Vaccinated cases /unvaccinated cases; Vaccinated controls /unvaccinated controls VEa (95 % CI)

Annual Absolute Relative Annual (%) Absolute (%) Relative (%)

<365 13/162; 163/1041 13/62; 163/405 13/100; 163/636 55 (17,76) 59 (19,79) 56 (17,77)
7–269 6/162; 84/1041 6/62; 84/405 6/100; 84/636 56 (− 3,81) 57 (− 5,82) 58 (1,83)
270–364 7/162; 79/1041 7/62; 79/405 7/100; 79/636 46 (− 20,76) 53 (− 10,80) 45 (− 25,76)

Fig. 3. Line graph showing, annual, absolute and relative COVID-19 % vaccine effectiveness against symptomatic infection, stratified by time since vaccination 
among 1371 patients at 19 health centres in six districts of central and southwestern Uganda (March 2023 – March 2024).
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were wide. We were able to verify vaccination status from vaccination 
cards, hospital records and the Uganda Ministry of Health records. This 
helped to avoid misclassification of vaccination status. However, our 
study is not without limitations; potential unmeasured confounding 
could be present. Evidence in Uganda [22] and elsewhere [23,24] shows 
that vaccinated participants are usually different from those not vacci-
nated on many other prevention measures, therefore the list of con-
founders used for adjustment may not have been exhaustive. We were 
unable to accumulate the estimated sample size because of the low 
number of COVID-19 cases. Furthermore, fewer than 15 % of the pa-
tients self-reported previous COVID-19 diagnosis: the true proportion 
could be higher but affected by social desirability bias as SARS-CoV-2 
infection in Uganda was stigmatized [25,26]; also, there are limited 
SARS-CoV-2 testing opportunities and interest in or need for testing for 
SARS-CoV-2 infection during minor symptoms.

5. Conclusion

In conclusion, similar results for Annual, Absolute and Relative VE 
measures could imply that most people in the study areas had already 
acquired some level of immunity from natural infection. We may not 
have been able to determine this because of limited SARS-CoV-2 testing 
opportunities in Uganda. Therefore, evaluating “annual” or “up-to-date” 
vaccination could be used in the future to align with recent WHO 
COVID-19 vaccine recommendation [12]. Results suggest moderate VE 
against symptomatic infection, therefore high-risk individuals should 
receive another COVID-19 vaccine every 12 months regardless of their 
previous vaccination history. Lack of clear COVID-19 seasonality in this 
and other African settings creates a challenge to selecting the optimal 
timing for annual vaccination.
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