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s u m m a r y

Background: Booster COVID-19 vaccines have shown efficacy in clinical trials and effectiveness in real-world 
data against symptomatic and severe illness. However, some people still become infected with SARS-CoV-2 
following a third (booster) vaccination. This study describes the characteristics of SARS-CoV-2 illness fol
lowing a third vaccination and assesses the risk of progression to symptomatic disease in SARS-CoV-2 
infected individuals with time since vaccination.
Methods: This prospective, community-based, case-control study used data from UK-based, adult (≥18 
years) users of the COVID Symptom Study mobile application, self-reporting a first positive COVID-19 test 
between June 1, 2021 and April 1, 2022. To describe the characteristics of SARS-CoV-2 illness following a 
third vaccination, we selected cases and controls who had received a third and second dose of monovalent 
vaccination against COVID-19, respectively, and reported a first positive SARS-CoV-2 test at least 7 days after 
most recent vaccination. Cases and controls were matched (1:1) based on age, sex, BMI, time between first 
vaccination and infection, and week of testing. We used logistic regression models (adjusted for age, sex, 
BMI, level of social deprivation and frailty) to analyse associations of disease severity, overall disease 
duration, and individual symptoms with booster vaccination status. To assess for potential waning of 
vaccine effectiveness, we compared disease severity, duration, and symptom profiles of individuals testing 
positive within 3 months of most recent vaccination (reference group) to profiles of individuals infected 
between 3 and 4, 4–5, and 5–6 months, for both third and second dose. All analyses were stratified by time 
period, based on the predominant SARS-CoV-2 variant at time of infection (Delta: June 1, 2021–27 Nov, 
2021; Omicron: 20 Dec, 2021-Apr 1, 2022).
Findings: During the study period, 50,162 (Delta period) and 162,041 (Omicron) participants reported a 
positive SARS-CoV-2 test. During the Delta period, infection following three vaccination doses was asso
ciated with lower odds of long COVID (symptoms≥ 4 weeks) (OR=0.83, CI[0.50–1.36], p  <  0.0001), hospi
talisation (OR=0.55, CI[0.39–0.75], p  <  0.0001) and severe symptoms (OR=0.36, CI[0.27–0.49], p  <  0.0001), 
and higher odds of asymptomatic infection (OR=3.45, CI[2.86–4.16], p  <  0.0001), compared to infection 
following only two vaccination doses. During the Omicron period, infection following three vaccination 
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doses was associated with lower odds of severe symptoms (OR=0.48, CI[0.42–0.55], p  <  0.0001). During the 
Delta period, infected individuals were less likely to report almost all individual symptoms after a third 
vaccination. During the Omicron period, individuals were less likely to report most symptoms after a third 
vaccination, except for upper respiratory symptoms e.g. sneezing (OR=1.40, CI[1.18–1.35], p  <  0.0001), 
runny nose (OR=1.26, CI[1.18–1.35], p  <  0.0001), sore throat (OR=1.17, CI[1.10–1.25], p  <  0.0001), and hoarse 
voice (OR=1.13, CI[1.06–1.21], p  <  0.0001), which were more likely to be reported. There was evidence of 
reduced vaccine effectiveness during both Delta and Omicron periods in those infected more than 3 months 
after their most recent vaccination, with increased reporting of severe symptoms, long duration illness, and 
most individual symptoms.
Interpretation: This study suggests that a third dose of monovalent vaccine may reduce symptoms, severity 
and duration of SARS-CoV-2 infection following vaccination. For Omicron variants, the third vaccination 
appears to reduce overall symptom burden but may increase upper respiratory symptoms, potentially due 
to immunological priming. There is evidence of waning vaccine effectiveness against progression to 
symptomatic and severe disease and long COVID after three months. Our findings support ongoing booster 
vaccination promotion amongst individuals at high risk from COVID-19, to reduce severe symptoms and 
duration of illness, and health system burden. Disseminating knowledge on expected symptoms following 
booster vaccination may encourage vaccine uptake.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. This is an 
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Booster vaccination remains a key strategy in response to the 
ongoing challenges posed by COVID-19. National UK government 
guidance at the time of writing suggests that a seasonal booster 
should be offered to certain persons, including older adults and 
those in defined clinical risk groups.

1 The aim of the national vac
cination programme remains to reduce severe disease including 
hospitalisation and mortality and to prevent overburden of the Na
tional Health Service.

Several efficacy studies have demonstrated increased im
munogenicity against SARS-CoV-2, including Omicron variants, fol
lowing a booster vaccine.2–6 These in vitro findings are supported by 
real-world effectiveness studies, which have shown a lower risk of 
both asymptomatic and symptomatic infection with Omicron var
iants following booster vaccination.7,8 Lower infection rates may 
translate to lower healthcare utilisation, and a study across nine US 
states demonstrated that bivalent vaccines administered after at 
least 2 monovalent vaccine doses reduced COVID-19 related emer
gency attendances during the Omicron period.9

Nonetheless, some people still become infected with SARS-CoV-2 
following three or more vaccine doses. A study of over one million 
older adults from US Veteran Health Administration facilities con
ducted across Delta and Omicron-predominant periods reported an 
incidence of breakthrough COVID-19 of 125.0 per 10, 000 persons 
following a booster vaccine, although notably the incidence of hos
pitalisation or death was reported as low (8.9 per 10, 000 persons).10

To our knowledge, no studies have analysed the symptom profile of 
individuals infected with SARS-CoV-2 following three or more vac
cine doses and there is little evidence on whether a third vaccine 
dose reduces the risk of prolonged symptoms (“long COVID”). In a 
previous study using data from over one million COVID Symptom 
Study participants, we described the characteristics of illness fol
lowing the primary COVID-19 vaccination course, compared to ill
ness in unvaccinated individuals.11 Vaccination was associated with 
a reduction in severe illness, and reduction in long-duration symp
toms following the second vaccine dose. Almost all individual 
symptoms were less frequently reported in individuals infected 
post-vaccination, who were also more likely to be asymptomatic. 
The exception was sneezing, which was more common in infected 
individuals after the first vaccine dose. It remains unclear whether a 
third vaccine confers further protective effects against severe, 
symptomatic, and long duration disease.

Furthermore, accumulating evidence suggests a waning of vac
cine effectiveness against symptomatic and severe illness with time 

since vaccination. Real-world population studies have suggested that 
efficacy of the primary vaccination course against severe illness 
(including hospitalisation and death) may wane from around six 
months following second vaccination.12,13 There is evidence that a 
booster may restore the protective effects of vaccination, with re
ductions in rates of infection, severe disease and hospitalisation 
which persist for several months following booster vaccination.14–18

In a retrospective case control study of > 30,000 participants aged 
over 65 years, Patalon et al. observed a significant waning in the 
relative protection of the BNT162b2 booster vaccine against the 
Omicron variant, from 53.4% one month after vaccination to 16.5% 
three months after vaccination.19 The authors suggested that a fur
ther booster dose may be needed to restore immunity in older 
adults. However, little is known about whether there is a waning of 
vaccine effectiveness against long duration illness (long COVID). This 
is important both for individual prognostication and to forecast 
longer-term healthcare utilisation.

Elucidating disease severity, duration and symptom profiles in 
individuals infected with SARS-CoV-2 after booster vaccination has 
clinical importance, facilitating identification of groups to target for 
ongoing vaccination promotion efforts and intervention, and to 
forecast medical resource requirements.

This study aimed to: 

1. Evaluate markers of illness severity and duration and assess 
symptom profile in individuals reporting SARS-CoV-2 infection 
after their third (“booster”) vaccination dose, compared to those 
reporting infection following two vaccine doses;

2. Investigate any change in the effectiveness of vaccination over 
time in reducing severity, symptoms and duration of illness re
lated to SARS-CoV-2 infection following both booster and second 
vaccine doses.

Methods

Study design and participants

This prospective, community-based, case-control study used data 
from UK-based, adult (≥18 years) participants of the COVID Symptom 
Study logged through a free smartphone app developed by Zoe 
(London, UK) and King’s College London (London, UK). The app was 
launched in the UK on March 24, 2020.20 At registration, each par
ticipant reported baseline demographic information (e.g., age, sex, 
ethnicity, whether healthcare worker), geographic location, and in
formation on health risk factors including comorbidities, lifestyle, 
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frailty, and visits to hospital. Participants were encouraged to self- 
report any pre-specified symptoms daily, providing prospective, 
longitudinal information on incident symptoms. All users were 
prompted to record any COVID-19 testing results (whether tests 
were provided via the app or from other sources), and any COVID-19 
vaccine(s) and subsequent symptoms.

Inclusion criteria for the study population were: 1) age ≥18 years; 
2) living in the UK; 3) second or third vaccine dose received after 
June 1, 2021; 4) a positive reverse transcription polymerase chain 
reaction (RT-PCR) or lateral flow antigen test (LFAT) reported at least 
seven days after vaccination (in the case of multiple positive test 
results, only the first was selected). We excluded frontline healthcare 
workers (3.2% 7493/234,951 users) due to differences in vaccination 
schedule and propensity to test as a result of occupational exposure 
to SARS-CoV-2.

We considered only positive tests reported after June 1, 2021, 
when the Delta variant was predominant in the UK (prevalence 
> 70% of reported infections) and up to April 1, 2022, when the UK 
government stopped providing coronavirus tests free-of-charge to 
the general public. Each included participant was at least seven days 
post-vaccination and had at least 12 weeks of symptom reporting 
following the positive test. The data census for symptom reporting 
was June 24, 2022, to allow each user at least 12 weeks of reporting.

To analyse the effect of booster vaccination on post-vaccination 
infection we compared disease severity, duration, and individual 
symptoms in users reporting a positive SARS-CoV-2 test at least 
seven days after a third vaccine dose (cases) to those reporting a 
positive test at least seven days after a second dose (controls). 
Controls were matched 1:1 with cases by a Euclidean-based algo
rithm based on age, sex, Body Mass Index (BMI), time elapsed be
tween the first vaccination and the infection, and test week, a 
method used in our previously published study.11,21

The following were assessed as indicators of disease severity: (i) 
self-reported hospitalisation; (ii) reported acute, functionally lim
iting (“severe”) symptoms (two or more of fever, shortness of breath, 
and severe fatigue), and (iii) asymptomatic infection. For assessment 
of disease duration, we analysed associations of booster vaccination 
with reported symptoms lasting both ≥4 weeks, and ≥12 weeks. In 
analyses of symptom duration, we considered only users who logged 
using the app at least once per week for 4 weeks or longer after 
reporting a positive COVID-19 test.

For symptom profile analysis, symptoms reported between 3 
days before and up to 14 days after the positive test date were 
considered, reflecting the acute phase of the disease. This window 
was used because it might have taken up to 3 days to request a RT- 
PCR test and receive a result following symptom onset, and symp
toms can occur up to 14 days following SARS-CoV-2 exposure.11,22

The full list of symptoms that can be reported using the app is shown 
in Supplementary Table 1. Symptoms were only included if they had 
a reported prevalence of more than 5% in the study population.

To assess for any waning of VE, we considered as a reference 
group participants infected within 3 months, and compared their 
disease severity, duration, and symptom profiles with participants 
infected between 3 and 4, 4 and 5, and 5 and 6 months following 
vaccination, for both third and second vaccine doses. We chose as 
the reference group individuals with Time Since Vaccination (TSV) 
< 3 months as antibody levels have been demonstrated to sig
nificantly reduce by 3 months after 3rd vaccination.23,24 Cases and 
controls were matched through a Euclidean-based algorithm based 
on age, sex, BMI, and test week.11,21

We stratified all analyses into two time periods according to 
when Delta and Omicron variants of COVID-19 were predominant 
(> 70%): 1st June 2021–27th November 2021 (Delta) and 20th 
December 2021–1st April 2022 (Omicron).

Statistical analyses

Data were extracted and preprocessed using ExeTera13, a Python 
library developed at KCL, and openly available on GitHub.25 Statis
tical analyses used Python 3.7 and the packages numpy v1.19.2, 
pandas v1.1.3, scipy 1.5.2, and statsmodels v0.12.1.

Disease severity, duration and symptom profile following booster versus 
second vaccine dose

To assess the effect of booster vaccination on disease severity, 
duration and symptom profile, we used univariate logistic regression 
models adjusted for age, sex, BMI, Index of Multiple Deprivation 
(IMD), and frailty. IMD is an area-based measure of relative depri
vation. Frailty was assessed by the PRISMA7 questionnaire em
bedded in the app and classified as a binary variable 
(PRISMA7 ≥3 = frail; PRISMA7  < 3 = not frail).26,27 For disease se
verity, we considered as outcomes the odds of self-reported: 1) 
hospitalisation; 2) reporting acute, functionally limiting symptoms, 
defined as two or more of: fever, shortness of breath, and fatigue 
during the first 14 days, and 3) reporting no symptoms (asympto
matic). For duration, we considered as outcomes the presence of 
symptoms reported for ≥4 weeks and ≥12 weeks (post-COVID-19 
syndrome). For symptom profile analysis, the outcome was the 
presence of each individual symptom.

Waning of vaccine effect
To assess for potential waning of VE against symptomatic or se

vere infection, we used the univariate logistic regression models as 
described above, comparing disease severity, duration and symptom 
profiles of individuals testing positive within 3 months of the most 
recent vaccination (reference group) to profiles of individuals in
fected between 3 and 4, 4–5, and 5–6 months.

Ethical approval

All app users provided informed consent for data usage for 
COVID-19-related research. In the UK, the app and study were ap
proved by King’s College London’s (KCL) ethics committee (REMAS 
no. 18210, reference LRS-19/20–18210).

Role of the funding source

Funders had no role in the design, analysis, or interpretation of 
the data. Zoe Global, funded in part by the Department of Health and 
Social Care, made the app available for data collection as a not-for- 
profit endeavour.

Results

During the Delta and Omicron periods, 50,162 and 162,041 users 
reported a first positive test for SARS-CoV-2, respectively. Of these, 
1910 (Delta period) and 154,057 (Omicron period) participants re
ported a positive test at least 7 days after the third vaccination dose, 
and 48,252 (Delta period) and 7984 (Omicron period) reported a first 
positive test at least 7 days after the second vaccination. These dif
ferences are explained by the timing of Omicron relative to the 
booster vaccination programme. Table 1 shows the demographic 
characteristics of cases and controls after 1:1 matching. During both 
periods, the majority of users were female (around 60%) and lived in 
areas with a greater level of social deprivation. For the Omicron 
period, controls were significantly younger (p  <  0.0001), and there 
was a significant difference in the number of people with frailty 
(higher amongst controls). There was no significant difference in the 
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prevalence of individual comorbidities or at least one comorbidity 
between the two groups.

Disease severity, duration and symptom profile following booster versus 
second vaccine dose

Before matching, during both Delta and Omicron periods, there 
was a lower proportion of individuals hospitalised, reporting severe 
symptoms (two or more of shortness of breath, fever and severe 
fatigue), and with duration of symptoms ≥12 weeks amongst in
dividuals infected after 3 doses versus after 2 doses. During the Delta 
period, there was a substantially higher proportion of asymptomatic 
infections and a lower proportion of individuals with long COVID 
amongst cases versus controls. During the Omicron period, the 
proportion of individuals with asymptomatic infections and long 
COVID was similar amongst cases and controls, although a sig
nificantly higher proportion reported severe symptoms (Fig. 1).

In univariate matched case-control analyses adjusted for age, 
BMI, sex, frailty, and IMD, during the Delta period, there was a 
lower likelihood of self-reported hospitalisation (OR=0.55, CI 
[0.39–0.75], p-value < 0.0001), severe symptoms (OR=0.36, CI 
[0.27–0.49], p-value < 0.0001) and long illness duration (≥4 weeks) 
(OR=0.56, CI[0.44–0.70], p-value < 0.0001), and a higher likelihood 
of asymptomatic infection (OR=3.45, CI[2.86–4.16], p-value <  
0.0001) in cases versus controls (Fig. 2a, Supplementary Table 2). 
During the Omicron period, there were lower odds of severe 
symptoms, (OR=0.48 CI[0.42–0.55], p-value < 0.0001), but no dif
ference in other indicators of disease severity in infection following 

a third vaccine dose (Fig. 2b, Supplementary Table 3). The same 
results were obtained when the analysis was stratified by age group 
(Supplementary Fig. 1).

During both periods, the most prevalent symptoms (reported by 
more than 50% of infected participants) were runny nose, headache, 
fatigue, and sneezing. During the Delta period, the proportion of 
infected individuals reporting almost all individual symptoms fol
lowing a third vaccine was lower than following the second dose. 
During the Omicron period, the proportion of individuals reporting 
most symptoms was lower following a third vaccine, except for 
runny nose, sneezing, sore throat, and hoarse voice, which were 
more frequently reported (Fig. 3).

Table 1 
Demographics and comorbidities of cases and controls for disease severity, duration and symptom profile analysis. 

Cases: users testing positive after 3rd dose Matched controls

Total 18–59 years 60+ years Total 18–59 years 60+ years

Delta 1910 633 1277 1910 633 1277
Omicron 7984 6214 1770 7641 5961 1680

Baseline characteristics
Female n(%)/ 

Male n(%)
Delta 1089 (57.0) 

821 (43.0)
459 (72.5) 
174 (27.5)

630 (49.3) 
647 (50.7)

1110 (58.2)= 

799 (41.8)
477 (70.5)= 

156 (29.5)
634 (51.4)= 

643 (48.6)
Omicron 4850 (60.7) 

3134 (39.3)
3836 (61.7) 
2378 (38.3)

1014 (57.3) 
756 (42.7)

4646 (58.2)* 
2995 (41.8)

3623 (58.3)= 

2338 (42.7)*
1023 (57.8)= 

657 (42.2)
Age (SD) Delta 64.0 (12.8) 49.2 (7.9) 71.4 (7.0) 63.7 (12.9)= 48.5 (7.7)= 71.2 (6.9)*

Omicron 45.5 (16.3) 38.9 (11.3) 68.9 (7.0) 44.3 (17.7)* 37.3 (13.0)* 68.9 (7.0)=

BMI (SD) Delta 26.8 (6.5) 27.1 (6.8) 26.7 (6.3) 26.8 (6.4)= 27.1 (6.7)= 26.6 (6.3)*
Omicron 25.6 (6.3) 25.3 (6.2) 26.5 (6.4) 25.3 (6.6)* 24.9 (6.6)* 26.4 (6.5)=

Comorbidities
Cancer n (%) Delta 59 (3.1) 8 (1.3) 51 (4.0) 42 (2.2)= 5 (0.8)= 37 (2.9)=

Omicron 55 (0.7) 18 (0.3) 37 (2.1) 47 (0.6)= 10 (0.2)= 37 (2.1)=

Diabetes n (%) Delta 87 (4.6) 21 (3.3) 66 (5.2) 109 (5.7)= 25 (3.9)= 84 (6.6)=

Omicron 125 (1.6) 54 (0.9) 71 (4.0) 123 (1.5)= 43 (0.7)= 80 (4.5)=

Lung disease n (%) Delta 241 (12.6) 88 (13.9) 153 (12.0) 208 (10.9)= 80 (12.6)= 128 (10.0)=

Omicron 644 (8.1) 493 (7.9) 151 (8.5) 587 (7.4)= 428 (6.9)* 159 (9.0)=

Heart disease n (%) Delta 137 (7.2) 13 (2.1) 124 (9.7) 133 (7.0)= 6 (0.9)= 127 (9.9)=

Omicron 142 (1.8) 27 (0.4) 115 (6.5) 150 (1.9)= 31 (0.5)= 119 (6.7)=

Kidney disease n (%) Delta 25 (1.3) 6 (0.9) 19 (1.5) 28 (1.5)= 7 (1.1)= 21 (1.6)=

Omicron 42 (0.5) 22 (0.4) 20 (1.1) 41 (0.5)= 12 (0.2)= 29 (1.6)=

Asthma n (%) Delta 286 (15.0) 117 (18.5) 169 (13.2) 250 (13.1)= 98 (15.5)= 152 (11.9)=

Omicron 951 (11.9) 763 (12.3) 188 (10.6) 917 (11.5)= 706 (11.4)= 211 (11.9)=

Frailty n (%) Delta 156 (8.2) 34 (5.4) 122 (9.6) 136 (7.1)= 20 (3.2)= 116 (9.1)=

Omicron 193 (2.4) 82 (1.3) 111 (6.3) 279 (3.5)* 125 (2.0)* 154 (8.7)*
Presence of at least one comorbidity Delta 556 (29.1) 165 (26.1) 391 (30.6) 531 (27.8)= 141 (22.3)= 390 (30.5)=

Omicron 1282 (16.1) 881 (14.2) 401 (22.7) 1255 (15.7) 820 (13.2)= 435 (24.6)=

Level of Social Deprivation
IMD [1–3] n (%) Delta 182 (9.5) 75 (11.8) 107 (8.4) 176 (9.2)= 77 (12.2)= 99 (7.8)=

Omicron 1003 (12.6) 854 (13.7) 149 (8.4) 1177 (14.7)* 974 (15.7)* 203 (11.5)*
IMD [4–7] n (%) Delta 697 (36.5) 247 (39.0) 450 (35.2) 762 (39.9)* 265 (41.9)= 497 (38.9)=

Omicron 3131 (39.2) 2439 (39.3) 692 (39.1) 2965 (37.1)* 2309 (37.2)* 656 (37.1)=

IMD [8–10] n (%) Delta 938 (49.1) 275 (43.4) 663 (51.9) 851 (44.6)* 253 (40.0)= 598 (46.8)*
Omicron 3397 (42.5) 2558 (41.2) 839 (47.4) 3253 (40.7)* 2450 (39.4)* 803 (45.4)=

BMI=Body mass index; SD=Standard deviation; IMD=Index of Multiple Deprivation; IMD[1–3] indicates high social deprivation, IMD[4–7] intermediate, IMD[8–10] low; age is in 
years; comorbidity status=at least one comorbidity; for age and BMI the mean and standard deviation are provided, and for categorical variables the absolute value and per
centages (%).*/= Indicates statistically significant/nostatistically significant difference when compared to the control population (Fisher’s p  <  0.05).

Fig. 1. Proportion (%) of positive individuals in each time period with each severity 
outcome, stratified by dose and predominant variant.
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In the univariate matched case-control analysis of symptoms, ad
justed for age, BMI, sex, frailty, and IMD, during the Delta period there 
was a significantly lower likelihood of all individual self-reported 
symptoms, with ORs ranging from 0.36 and 0.75 (Fig. 4a and 
Supplementary Table 4). In contrast, during the Omicron period, 18 out 
of 28 symptoms were significantly less frequently self-reported in in
dividuals vaccinated with 3rd dose. Upper respiratory symptoms were 
significantly more likely to be self-reported during the Omicron period 
in individuals vaccinated with 3rd dose (runny nose: OR=1.26, CI 
[1.18–1.69], p  <  0.0001; sore throat: OR=1.17 CI[1.10–1.25, p  <  0.0001; 
sneezing OR=1.40, CI[1.32–1.50], p  <  0.0001; hoarse voice: OR=1.13, CI= 
[1.06–1.21], p  <  0.000) (Fig. 4b and Supplementary Table 5). Results 
were consistent when stratified by age group (see Supplementary Fig. 2).

Waning of vaccine effect

During the Delta period, there was a significantly higher odds of 
symptoms lasting 4 or more weeks (from 1.17 to 1.40) and a decrease in 

the odds of asymptomatic infection (from 0.83 to 0.65) with increasing 
TSV. There was no difference in symptom severity with TSV > 4 months 
(Fig. 5a, Supplementary Table 6). For the Omicron period, there was a 
clear waning of VE against severe symptoms beyond 6 months (in
crease in OR of severe symptoms from 1.29 to 1.61), while for 
asymptomatic infection and illness duration ≥4 weeks there was only a 
significant waning of VE up to 5 months (decrease in OR from 0.71 to 
0.56 for asymptomatic infection and increase from 1.28 and 1.35 for 
symptoms ≥ 4 weeks). There were no significant associations with 
other indicators of disease severity (Fig. 5b, Supplementary Table 7).

Regarding symptom profile, during both Delta and Omicron 
periods, there was a clear waning of VE for almost all individual 
symptoms (Fig. 6, Supplementary Tables 8 and 9). This was more 
evident during the Omicron period, although during this period no 
further waning of VE was observed when compared to 4  <  =TSV  <  
=5 months and 5  <  =TSV <  =6 months.

For both analyses, the same results were obtained when strati
fied by age group (see Supplementary Figs. 3 and 4).

Fig. 2. Odds ratio of asymptomatic infection, duration of symptoms ≥4 weeks, duration of symptoms ≥12 weeks, severe condition (two out of three among severe shortness of 
breath, fatigue, and fever), and hospitalisation in app participants following booster vaccination vs 2nd dose, adjusted by age, BMI, sex, frailty, and IMD, stratified by variant.

Fig. 3. Heat map of proportion of infected participants (symptomatic and asymptomatic) reporting each symptom following 2nd and 3rd vaccination doses, stratified by variant. 
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Discussion

We present data on 155,967 and 56,236 community-based adults 
in the UK with reported test-confirmed SARS-CoV-2 infection after a 
third (booster) or second vaccination, respectively. During the period 
when Delta was the predominant COVID-19 variant in the UK, a third 
vaccination conferred reductions in disease severity and duration, 
and a higher proportion of infected individuals reporting asympto
matic illness. The observed protective effect of booster vaccination 
against long COVID is supported by findings from our previous study 
of over one million COVID Symptom Study participants, where long 
duration illness was reduced following a second vaccination dose, at 
a time when the Delta variant was predominant in the UK.11 In the 
current study, protective effects of booster vaccination were also 
apparent during the Omicron period, with a significant reduction in 
acute, functionally limiting symptoms, although not in hospitalisa
tion rate. The latter finding contrasts with a finding from a recent 
US-based study, which reported that booster vaccines were effective 
in reducing COVID-19-associated Emergency Department and Ur
gent Care encounters and hospitalisations amongst im
munocompetent adults, during a period when Omicron sublineages 
accounted for the majority of sequenced viral genomes in the US.9

Notably, the latter study looked at effects of bivalent mRNA vaccines, 
which were not approved as booster vaccines in the UK until Au
gust 2022.

This study adds to existing evidence on the symptom profile of 
infection following three or more vaccinations. During the period 
when Delta was the most prevalent variant, following a third vac
cination dose, infected individuals were less likely to report almost 
all individual symptoms, compared with those infected following 
only two vaccine doses. This is supported by findings from our 
previous study using COVID Symptom Study app data, which de
monstrated lower rates of individual symptom reporting in 

vaccinated versus unvaccinated individuals.11 Also in keeping with 
our findings, a study of 1199 US essential and frontline workers 
demonstrated that recent vaccination with three mRNA vaccine 
doses was associated with attenuated symptoms and duration of 
illness.28 In the current study, during the Omicron period there was a 
reduction in symptoms commonly reported during the earlier stages 
of pandemic, such as fever and cough, as well as fatigue and head
ache and a reduction in fever and chills following third dose vacci
nation was also observed in the study of US frontline workers.28 This 
is important since these symptoms have previously been shown to 
be predictive of more severe disease.29

During the Omicron period, there was increased reporting of 
certain “upper respiratory” symptoms in infected individuals fol
lowing a third dose, including sneezing, runny nose, and hoarse 
voice. This is consistent with findings from our previous study, 
which found a higher reporting of sneezing following a second 
vaccine dose.11 This observation is also supported by a recent na
tionwide study, which found higher reporting of certain symptoms 
including runny nose and sore throat in fully vaccinated versus un
vaccinated individuals,30 as well as findings from a pre-print Japa
nese registry-based observational study which found that upper 
respiratory tract symptom burden was increased following vacci
nation.31 In that study, vaccination mitigated overall systemic 
symptoms and risk of severe disease, in keeping with our findings. 
One potential explanation for this could be “immune priming”. 
Vaccines work by priming the immune system, meaning that should 
the pathogen be encountered naturally, the immune system is able 
to react more quickly and effectively. Although upper respiratory 
symptoms have seldom been described in any studies looking at 
immune priming following vaccination, they are well documented in 
inflammatory conditions such as allergic rhinitis.32

During both Delta and Omicron periods, there was a trend to
wards waning of VE, with increased symptom reporting with time 

Fig. 4. Odds Ratio of individual symptoms in individuals vaccinated with the third dose versus individuals vaccinated with the second dose adjusted by age, BMI, sex, frailty, and 
IMD for the (a) Delta period and (b) Omicron period.
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since vaccination following both second and third vaccine doses. 
This observation is supported by in vitro studies measuring antibody 
levels and immunogenicity against COVID-19 following two or three 
doses of vaccine and by meta-analyses showing reduced effective
ness of vaccines against SARS-CoV-2 infection and symptomatic 
COVID-19 over time, although protection against severe disease re
mained high.5,23,33,34 This study adds to existing evidence by sug
gesting waning of VE against symptomatic illness, and also against 
long duration illness (symptoms lasting ≥4 weeks). Of note, the 
proportion of infected individuals reporting ongoing symptoms ≥12 
weeks was much lower than symptoms ≥4 weeks, and there were 
differences in trends in waning of vaccination protection against 
symptomatic illness with time since vaccination during Omicron 
between these groups. This supports the suggestion that ongoing 
symptomatic COVID-19 (4–12 weeks) and post-COVID-19 syndrome 
(≥12 weeks) may capture different disease states and highlights the 
need for ongoing standardisation of definitions used for long COVID 
in clinical practice and research.35

Ongoing surveillance of predominant COVID-19 variants and ef
fectiveness of current vaccines against emerging variants remain 
vital components of the coordinated international response to the 
ongoing challenges posed by COVID-19. Future research should 
consider effects of further booster vaccinations (such as the seasonal 
autumn booster programme) using bivalent vaccines approved in 
the UK and other comparator settings, on risk of infection, indicators 
of disease severity, and symptom profile.

Strengths and limitations

This study has several strengths. The mobile application data 
collection method facilitates collection of daily prospective in
formation on a comprehensive set of symptoms, permitting analysis 
of both individual symptoms and overall illness duration (although 
note that necessary data censoring could have underestimated 
symptom duration for both cases and controls, as some individuals 
only had 2 weeks of logging after their positive test result). The 
matching of cases and controls on time since vaccination and timing 
of the post-vaccination test reduced the potential for bias, although 
small differences between the groups remained on some matched 
variables. We acknowledge potential differences in logging by vac
cinated individuals or those undertaking regular COVID-19 testing 
during the study period (for example, if required for work). Access to 
testing is a potential source of bias, although this was mitigated by 
only including reported infections up until April 1st, 2022, after 
which free tests were no longer universally available in the UK.

Our study has some limitations. We were unable to include an 
unvaccinated control group for comparison, as there were very few 
unvaccinated individuals enroled at the time of the study. Our 
findings might not apply at all timepoints post-vaccination, to 
countries with different recommended vaccination types and sche
dules, or settings with different proportions of SARS-CoV-2 variants. 
Additionally, the data were self-reported; recording of comorbid
ities, test results, and vaccination status might not have been 

Fig. 5. Odds ratio of asymptomatic infection, duration of symptoms ≥4 weeks, severe condition (two out of three among severe shortness of breath, fatigue, and fever), and 
hospitalisation in individuals vaccinated with second dose during Delta period (a) and third dose during the Omicron period (b) and infected within the first 3 months from 
vaccination versus individuals vaccinated with the second dose and infected within 3–4, 4–5, and 5–6 months from vaccination adjusted by age, BMI, sex, frailty, and IMD.
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completely accurate and there might have been temporal gaps in 
reporting. We cannot exclude potential bias in self-reporting due to 
vaccination status – boosted individuals may have been less likely to 
report severe symptoms if they felt “protected” from the booster 
vaccination. Users of the COVID Symptom Study app are asked to log 
daily; therefore, if a participant reports on alternate days, the pro
portion of missing daily entries is 50%. However, given the typical 
duration of COVID-19 symptoms, the sampling frequencies in the 
COVID Symptom Study should have allowed good characterisation of 
infections. Only participants with at least 12 weeks of symptom 
reporting following the positive test were included; individuals with 
ongoing symptoms ≥12 weeks may have been affected by the long 
period of reporting required, and the size of the affected population 
underestimated. We only looked at waning of the protective effects 
of vaccination up to 6 months, as the number of participants pro
viding data after this period was limited.

Conclusions

This study suggests that a third monovalent vaccine dose reduces 
disease severity, duration and symptom burden in individuals in
fected with SARS-CoV-2 following vaccination. Effects were more 
apparent during the Delta period, although disease severity was 
reduced during the Omicron period. Upper respiratory symptoms 
were more prevalent during the Omicron period, possibly due to 
immunological priming. Vaccine effectiveness waned after 3 months 
following most recent vaccination (for both third and second doses), 
with greater illness severity, duration, and symptom burden. 
Findings support ongoing efforts to promote booster vaccination, to 
reduce both illness severity amongst individuals at high-risk from 
COVID-19 and longer-term burden on health systems. Sharing 
knowledge on common symptoms of infection following booster 

vaccination is important to encourage informed vaccine uptake. 
Surveillance of emerging COVID variants and vaccine effectiveness 
remains vital in the coordinated international response to the on
going challenges posed by COVID-19.
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