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SUMMARY

Objective: We aimed to look at the burden of disease caused by SARS-COV-2 reinfections and identified
potential risk factors for disease severity.
Methods: We used national surveillance data to collect information on all SARS-CoV-2 primary infec-
tion and suspected reinfection cases between January 2020 until early May 2021. Reinfection cases were
positive COVID-19 PCR or antigen test, 90 days after their first COVID-19 positive test. We collected infor-
mation on case demographics, hospital and ICU admission, immunisation status and if individuals were
at risk of complication for COVID-19.
Results: Deaths reported within 28 days of testing positive were 61% (95% confidence interval: 56% to
65%) lower in suspected COVID-19 reinfection than primary infection cases. In the unvaccinated cohort,
reinfections were associated with 49% (37% to 58%) lower odds of hospital admission in cases aged 50
to 65 years in the population not identified at risk of complication for COVID-19, and 34% (17% to 48%)
in those at risk. ICU admission at reinfection compared to primary infection decreased 76% (55% to 87%).
Individuals at risk and those aged below 50 years, who received at least 1 dose of vaccine against COVID-
19, were 62% (39% to 74%) and 58% (24% to 77%) less likely to get admitted to hospital at reinfection,
respectively.
Conclusion: Prior SARS-CoV-2 infection was associated with lower odds of dying, and both prior infection
and immunisation showed a protective effect against severe disease in selected populations. Older age,
sex and underlying comorbidities appeared as principal risk factors for illness severity at reinfection.
Funding: PHE/UKHSA
Crown Copyright © 2022 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

new infection (exogenous). With exogenous reinfection, circulating
antibody does not necessarily protect an individual against infec-

The first documented case of confirmed SARS-Cov-2 reinfection
was in Hong Kong in August 2020. Reinfection status was ascer-
tained by comparison of genetic sequences from each episode.!"?
Since then, multiple accounts of SARS-Cov-2 reinfections have been
reported worldwide.'**

Primary viral infections are the first exposure of a susceptible
individual to the pathogen while reinfections are subsequent infec-
tions following a primary infection by the same pathogen; these
may be due to reactivation of a latent virus (endogenous) or a
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tion.> Viral reinfections caused by parainfluenza, respiratory syn-
cytial virus and other strains of coronavirus are not uncommon in
children nor in healthy adults.5.7.8

Like with other viral reinfections, it is challenging to prove that
individuals have been infected with SARS-CoV-2 on two separate
occasions and to exclude persistent infection or viral reactivation.’
On an individual basis this may be done by looking at the Ct values
of confirmatory PCR samples (denoting viral load) at each episode,
an absence of symptoms between each episode, and by compar-
ing the viral genomes collected for each episode of illness.? This is
more challenging on a population level. Serological markers indica-
tive of reinfection (high IgG, low IgM) are often used to distinguish
primary and re-infections for other viral illness but these are not
yet well-defined for SARS-CoV-2.
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European Centre for Disease Control (ECDC) defined a suspected
COVID-19 reinfection case as: a positive Polymerase Chain Reac-
tion (PCR) test or rapid antigen test (RAT) sample (also called Lat-
eral Flow Devices (LFD) in the UK) 60 days or more after having
previously tested positive through PCR testing, RAT/LFD testing or
through serology (anti-spike IgG Ab) testing.!” In England an inter-
val of 90 days between two consecutive samples has been applied
in the SIREN study and to published population-level surveillance
data on reinfection,!’ to exclude most persistent infections which
may arise in those with underlying immunodeficiency.

UK testing facilities have expanded with the COVID-19 pan-
demic enabling a 7-day average test number in excess of 100,000
since 28th June 2020.'2 As of 27th September 2021, about 14.6%
of SARS-CoV-2 samples have been sequenced in the UK.'> This has
enabled the UK to monitor reinfections through positive test in-
tervals complimented with sequencing in a proportion of possible
reinfections.

Numbers of suspected and confirmed SARS-COV-2 reinfections
are increasing as the pandemic continues and the population eligi-
ble to be reinfected (those with a first infection) rises.!" It is cru-
cial to estimate the burden and impact of SARS-CoV-2 reinfection
on the general population to inform modelling and adequate miti-
gating policies.

By utilising data from the COVID-19 surveillance systems in
place in England, this study reports the incidence of possi-
ble SARS-COV-2 reinfections and estimates its severity relative
to the first episode of infection while identifying potential risk
factors.

Methods
Routine laboratory reports of COVID-19

PCR testing was available either through NHS testing of patients
or health care workers, or through community testing as part of
the government strategy to offer mass testing to the wider popu-
lation using commercial partners. All positive PCR/LFD tests were
reported to UK Health Security Agency’s (UKHSA, formerly PHE)
Second Generation Surveillance System (SGSS), using basic demo-
graphics (name, date of birth, sex, ethnicity (community testing
only), geography and NHS number).

The SGSS dataset was used to obtain results for all posi-
tive SARS-CoV-2 tests between 27th January 2020 and 2nd May
2021.

Defining a reinfection

Primary or first infections were defined by the first SARS-CoV-2
positive PCR or LFD test result for an individual. A possible rein-
fection (referred in this paper as reinfection) was characterised by
sequential positive PCR or LFD SARS-CoV-2 tests with a minimum
interval of 90 days. To exclude likely persistent SARS-COV-2 infec-
tions, individuals could not test SARS-CoV-2 positive during this
90-day interval. People that test positive for SARS-CoV-2 through
LFD testing have been advised to take a confirmatory PCR test from
29th March 2021 and those who subsequently test PCR negative
within 3 days were removed from the data set. It is also advised
that further testing should not be done within 90 days of a positive
SARS-CoV-2 test result unless new symptoms arise.

34 individuals tested positive for COVID-19 on three separate
occasions with a minimum interval of 90 days between each
episode. These individuals were retained in the suspected reinfec-
tion dataset, but their third episode of illness was excluded from
the analysis.
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Hospitalisations

The Secondary Uses Service (SUS)™ collects NHS healthcare
data about an individual that has received treatment or care in sec-
ondary care in England. SUS was used to identify reinfection cases
that were admitted to hospital and/or ICU (Main speciality =192
or OPCS code E85, E89, X58 or X52 in any of the first 12 proce-
dure codes) within 21 days of testing positive for SARS-CoV-2 for
each of their two episodes of illness. Data was linked using patient
NHS number, specimen date for either episode and/or a specimen
identifier.

Vaccination status

Reinfection cases were linked to records on the National Im-
munisation Management System (NIMS) using NHS number, date
of birth, first name and surname. NIMS was commissioned in Au-
gust 2020 and records influenza and COVID-19 vaccination details
across England including immunisation date, vaccine batch and
manufacturer and flags people at highest risk of complication for
COVID-19. There are two categories for individuals at high risk:
those clinically extremely vulnerable (CEV) as determined on the
26th November 2020 and high-risk individuals. High risk individu-
als were detected through a combination of factors including age,
sex, body mass index (BMI) and a list of specific health condi-
tions approved by the Chief Medical Officer (CMO) for England.!®
It covered solid organ transplants, specific cancers, severe respi-
ratory conditions, rare diseases, immunosuppressive therapies and
congenital heart disease.!S CEV people are included in those iden-
tified at high risk but have health conditions exceeding an agreed
threshold.

To be considered vaccinated, an interval of at least 14 days be-
tween the date of the first dose of vaccine and the SARS-CoV-2
positive test date was required to allow induction of an immune
response. Individuals who received one dose of vaccine and went
on to test SARS-CoV-2 positive within 14 days were therefore ex-
cluded from the analysis. Those who tested positive within 14 days
of a second vaccine dose were categorised as having received a sin-
gle dose.

Reinfections were separated into two groups that were analysed
separately; the “healthy cohort” that were not flagged COVID-19 at
risk nor CEV, and those categorised at-risk <65 years. Individuals
were only flagged at risk until 65 years of age at which point age
is considered a risk.

Timeline

First infections and reinfections confirmed between week 5
2020 and week 17 2021, ending 2nd May 2021 were included in
the analysis with data on infections extracted on 11th May 2021.
This was before the emergent Delta variant became dominant in
England. By the end of April, the variant distribution in England
was estimated to be 75% Alpha, and 25% Delta plus other vari-
ants'’.

Deaths

COVID-19 deaths were identified using the UKHSA COVID-19
deaths data series. The data series uses data on laboratory con-
firmed cases to identify deaths amongst persons with COVID-19.
The data series combines four sources, by checking vital status of
SARS-CoV-2 laboratory reports to the NHS clinical spine, and tri-
angulating death reports notified to NHS England by NHS trusts,
deaths notified to local UKHSA health protection teams, and death
registrations where COVID-19 is recorded on the death certificate
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provided by the Office for National Statistics (ONS). For SARS-CoV-
2 first infections and reinfections, a death was considered COVID-
19 related where the individual died within 28 days of testing pos-
itive for SARS-Cov-2. Such deaths were identified through linkage
with ONS registered deaths as extracted on 2nd June 2021.

Statistical analysis

All statistical analyses were completed using STATA® 15.1. to
produce odds ratios with 95% confidence intervals. Multivariable
logistic regression was used to calculate the adjusted odd ratios to
ascertain variables that were risk factors for reinfection compared
to first infection, this includes age, sex, ethnicity and region of test
(which is not included in the results for constant lack of statistical
significance in the models). We also compared the odds of dying
after a primary infection and after reinfection.

Data on hospital and ICU admission were used to model dis-
ease severity in the population that experienced a reinfection. The
reinfection population was categorised into several groups. Firstly,
the unvaccinated population was analysed. When looking at hospi-
tal admission, the population not identified at risk of complication
for COVID-19 and the at-risk population were analysed separately.
Within the population not at risk, the population aged above 50
were analysed separately to the population aged below 50 to ac-
count for the interaction between age and reinfection. It was not
possible to do separate analyses for ICU admission because of the
low number of admitted patients at reinfection.

The analysis was then restricted to second episodes of infection
occurring between January and April 2021, when mass COVID-19
immunisation was being rolled out according to priority based on
clinical risk (including age) and risk of exposure.'® Disease severity
was analysed through hospital and ICU admission and vaccine sta-
tus at time of reinfection was ascertained. For hospital admissions,
as before, at-risk individuals and those not categorised at-risk were
modelled separately.

A potential risk factor was included in our model if the likeli-
hood ratio test p-value was <0.05. All multivariable logistic regres-
sion models were tested for the linear effect of age by comparing
models with age as linear to models with age as categorical. If the
model with age as categorical gave a significantly improved fit age
was entered as a categorical variable. The interaction between age
and episode of illness (re-infection status) was assessed and, this
clearly indicated different effects of re-infection status by age we
presented the results within the population aged 49 years old and
younger and 50 years old and over for the non at-risk population
separately.

The number of ICU admissions was low in the younger age
groups; thus the populations were divided into working age pop-
ulation (20 to 64 years old) and older individuals (65 years old or
more).

Role of the funding source

This study was funded by PHE which became part of UKHSA
on 1st October 2021. The authors are all employed by UKHSA, and
were responsible for the study design, data collection, data analy-
sis, data interpretation, and writing of the report.

Ethical approval

PHE has legal permission, provided by Regulation 3 of The
Health Service (Control of Patient Information) Regulations 2002,
to process patient confidential information for national surveil-
lance of communicable diseases and as such, individual patient
consent is not required. The reinfection surveillance work was re-
viewed by PHE ethics.
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Results

Between 27th January 2020 and 2nd May 2021 there were
3860,054 first infections of SARS-Cov-2 in England with 13,960
COVID-19 reinfections; an overall reinfection rate of 3.62 per thou-
sand first infections.

The first recorded SARS-COV-2 reinfection case was in early
June 2020 (Week 24). Since then, as the cumulative total of in-
dividuals first infected and eligible for SARS-COV-2 reinfection has
grown, the number of suspected reinfection cases has fluctuated,
mirroring trends seen in incidence rates of first infection; includ-
ing the second epidemic wave of COVID-19 in December 2020 and
January 2021 (Fig. 1).

Since April 2021, the weekly number of SARS-COV-2 reinfec-
tions has risen, likely due to both increasing numbers of first in-
fections eligible for reinfection and escalating rates of COVID-19 in
the community likely due to the emergence of the more infectious
Delta variant.

Risk factors for suspected SARS-CoV-2 reinfection and deaths after
primary infection or reinfection

Male and female distribution was similar in first infections
(women=53%) whilst the proportion of females with reinfection
was higher (67%). The median age at first episode was lower at
39 years (Interquartile Range (IQR): 25-55) than for COVID-19 re-
infection at 48 years (IQR: 31-65).

Men were 42% less likely to experience a SARS-CoV-2 reinfec-
tion compared to women (adjusted OR (aOR)=0.58, 95% CI: 0.56-
0.60) (Table 1). Individuals under 20 years old had significantly
lower odds of becoming a reinfection than 20 to 29-year-olds:
aOR=0.49 (95% CI: 0.45-0.53). The odds of reinfection rose over-
all with each increase in age category, however confidence inter-
vals overlapped between some age groups (Table 1).There was a
marked increase in the risk of reinfection in the oldest age cate-
gories: 70 to 79 years aOR=1.73 (95% CI: 1.60-1.87) and, 80 plus
years old aOR= 3.19 (95% CI: 3.01-3.39) (Table 1).

Death within 28 days testing positive for COVID-19

Overall death rate in this dataset was 2863 per 100,000 first
infections and 2851 per 100,000 reinfections.

Men were at an elevated risk of dying from COVID-19 when
compared to women aOR=1.83 (95% CI: 1.81-1.86). Age and sex
were the strongest confounders of the association between infec-
tion episode and death, with crude OR= 1.0 (95% CI: 0.90-1.10)
showing no significant difference for death within 28 days of test-
ing positive for COVID-19 in reinfection compared to primary in-
fection cases. After adjusting, there was a 61% decline for deaths
reported within 28 days (aOR=0.39, 95% CI: 0.35-0.44) of reinfec-
tion compared to deaths from first infection (Table 2).

Risk factors for SARS-CoV-2 infection severity in the refection case
population

During the study period, in England, 10.31% of all SARS-COV-
2 primary infection cases were admitted to hospital.'’> Over the
same period 2552 of 13,636 (13.71%) individuals with reinfection
had a recorded hospital admission at one or both episodes; 1747
(12.80%) were admitted during their first episode of illness and
1413 (10.37%) during their second.

Unvaccinated population

Of the 13,636 reinfections, immunisation records were linked
for 10,299 individuals (75.5%) using the NIMS database. Of these,
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Fig. 1. Weekly cumulative total of SARS-CoV-2 infection eligible for reinfection (within 90 days interval), weekly number of possible SARS-CoV-2 reinfection and primary
infection (times 10) in all ages, England, January 2020 April 2021.

Table 1
SARS-CoV-2 primary infection and possible reinfection by sex, age, ethnicity in the population crude and adjusted odds ratio, January 2020 until April 2021, England.

COVID-19 infections

Variable Category Primary infections n(%) Reinfections n(%) Crude OR(95% CI) Adjusted” OR(95% CI) LRT p-value
Sex n = 3845,990 Women 2050,929 (53.52) 9316 (67.28) 1 1

Men 1781,214 (46.48) 4531 (32.72) 0.56 (0.54-0.58) 0.58 (0.56-0.60) p<0.0001
Age group (Years) <20 587,044 (15.24) 866 (6.20) 0.48 (0.44-0.52) 0.49 (0.45-0.53)
n = 3865,600 20 to 29 705,245 (18.31) 2178 (15.61) 1 1

30 to 39 687,201 (17.84) 2151 (15.41) 1.01 (0.95-1.08) 1.02 (0.96-1.08)

40 to 49 599,209 (15.56) 2070 (014.83) 1.12 (1.05-1.19) 1.12 (1.06-1.19)

50 to 59 573,819 (14.90) 2326 (16.67) 1.31 (1.24-1.39) 1.33 (1.25-1.41)

60 to 69 307,054 (7.97) 1250 (8.96) 1.32 (1.23-1.41) 1.35 (1.26-1.45)

70 to 79 173,946 (4.52) 902 (6.46) 1.68 (1.56-1.82) 1.73 (1.60-1.87)

80+ 218,125 5.66) 2214 (15.86) 3.29 (3.10-3.49) 3.19 (3.01-3.39)
Ethnicity Asian 453,519 (15.10) 1648 (12.39) 0.79 (0.75-0.83) 0.59
n = 3016,037 Black 131,234 (4.37) 576 (4.33) 0.95 (0.87-1.03)

Mixed 71,850 (2.39) 202 (1.52) 0.61 (0.53-0.70)

Other 56,741 (1.89) 282 (2.12) 1.07 (0.95-1.21)

White 2289,391 (76.24) 10,594 (79.64) 1

* 0dd ratios adjusted for all variable in table provided the p-value for the likelihood ratio test is <0.05.

Table 2

Alive and death status 28 days after testing positive for SARS-CoV-2 by sex, age, ethnicity and episode of infection in the population crude and adjusted odds ratio, January

2020 until April 2021, England.

COVID-19 deaths 28 days after testing positive

Variable Category Alive n(%) Deceased n(%) Crude OR(95% CI) Adjusted OR(95% CI) LRT p-value
Sex n = 3845,990 Women 2011,881 (97.65) 48,364 (2.35) 1 1

Men 1726,349 (96.67) 59,396 (3.33) 1.43 (1.41-1.45) 1.83 (1.81-1.86) p<0.0001
Age group (Years) <20 587,841 (99.99) 69 (0.01) 0.48 (0.36-0.63) 0.47 (0.36-0.62) p<0.0001
n = 3865,600 20 to 29 707,250 (99.98) 173 (0.02) 1 1

30 to 39 688,816 (99.92) 536 (0.08) 3.18 (2.68-3.78) 3.18 (2.67-3.77)

40 to 49 599,655 (99.73) 1624 (0.27) 11.07 (9.46-12.95) 11.04 (9.43-12.92)

50 to 59 571,075 (99.12) 5070 (0.88) 36.29 (31.18-42.25) 36.15 (31.05-42.08)

60 to 69 296, 811 (96.27) 11,493 (3.73) 158 (136-184) 155 (133-180)

70 to 79 149,456 (85.48) 25,392 (14.52) 695 (592-815) 685 (590-797)

80+ 156,867 (71.19) 63,472 (28.81) 1654 (1395-1962) 1785 (1536-2073)
Ethnicity Asian 453,693 (99.68) 1474 (0.32) 0.46 (0.43-0.48) 0.15
n = 3016,037 Black 131,447 (99.72) 363 (0.28) 0.39 (0.35-0.43)

Mixed 71,997 (99.92) 55 (0.08) 0.11 (0.08-0.14)

Other 56,926 (99.83) 97 (0.17) 0.24 (0.20-0.29)

White 2283,810 (99.30) 16,175 (0.70) 1
Episode Primary infection 3752,595 (97.22) 107,459 (2.78) 1 1
n = 3874,014 Reinfection 13,573 (97.23) 387 (2.77) 1.0 (0.90- 1.10) 0.39 (0.35-0.44) p<0.0001

*0dd ratios adjusted for all variable in table provided the p-value for the likelihood ratio test is <0.05.
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Table 3
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Hospital admission during SARS-CoV-2 infection in unvaccinated population by sex, age, ethnicity, and months of test in 1) <50 years 2) 50 years and above individuals not

identified at risk of complication for COVID-19 and 3) individuals identified at risk, January 2021 until April 2021, England.

Hospital admission in people not identified at risk of complication for COVID-19

Variable Category Not admitted n(%) Hospital admission n(%) Crude OR(95% CI) Adjusted” OR(95% CI) LRT p-value
under 50 years
Episode n = 3535 Primary infection 3428 (97.00) 106 (3.00) 1 1
reinfection 2554 (96.82) 84 (3.18) 1.06 (0.80-1.42) 1.09 (0.81-1.46)
Age group (Years) <20 474 (97.53) 12 (2.47) 1.00 (0.53-1.90) 1.20 0.01
n=6173 20 to 29 2020 (97.54) 51 (2.46) 1 (1.03-
30 to 39 1853 (96.81) 61 (3.19) 1.30 (0.89-1.90) 1.41)
40 to 49 1636 (96.12) 66 (3.88) 1.60 (1.10-2.32)
Sex n = 6144 Women 4176 (96.89) 134 (3.11) 1 1 0.70
Men 1781 (97.11) 53 (2.89) 0.93 (0.67-1.28) 0.94 (0.68-1.30)
Ethnicity n = 5687 Asian 916 (96.12) 37 (3.88) 1.28 (0.88-1.86) 0.69
Black 239 (97.55) 6 (2.45) 0.80 (0.35-1.83)
Mixed 109 (95.61) 5 (4.39) 1.46 (0.58-3.63)
Other 173 (96.11) 7 (3.89) 1.29 (0.59-2.79)
White 4067 (96.95) 128 (3.05) 1
50 years and older
Episode n = 4806 Primary infection 2593 (83.92) 497 (16.08) 1 1
reinfection 1566 (91.26) 150 (8.74) 0.50 (0.41-0.61) 0.51 (0.42-0.63)
Age group (Years) 50 to 59 1554 (95.99) 65 (4.01) 1 1 p<0.0001
n = 4808 60 to 69 682 (86.66) 105 (13.34) 3.68 (2.65-5.10) 3.36 (2.41-4.68)
70 to 79 432 (68.14) 202 (31.86) 11.18 (8.08-15.47) 9.45 (6.90-12.95)
80+ 1493 (84.45) 275 (15.55) 4.40 (3.31-5.85) 4.33 (3.23-5.79)
Sex n = 4801 Women 2978 (90.00) 331 (10.00) 1 1 p<0.0001
Men 1177 (78.89) 315 (21.11) 2.41 (2.03-2.86) 2.03 (1.70-2.44)
Ethnicity n = 4553 Asian 248 (85.22) 43 (14.78) 1.07 (0.77-1.50) 1.72 (1.19-2.48) 0.02
Black 90 (92.78) 7 (7.22) 0.48 (0.22-1.05) 0.66 (0.30-1.47)
Mixed 33 (97.06) 1 (2.94) 0.19 (0.03-1.38) 0.36 (0.05-2.66)
Other 49 (81.67) 11 (18.33) 1.39 (0.72-2.69) 1.52 (0.75-3.06)
White 3505 (86.10) 566 (13.90) 1
Hospital admission in people identified at risk of complication for COVID-19
Episode n = 3088 Primary infection 1665 (85.47) 283 (14.53) 1 1
reinfection 1024 (89.82) 116 (10.18) 0.67 (0.53-0.84) 0.66 (0.52-0.83)
Age group (Years) <20 42 (89.36) 5(10.64) 1.36 (0.50-3.70) 117 p<0.0001
n = 3088 20 to 29 343 (91.96) 30 (8.04) 1 (1.07-
30 to 39 465 (88.74) 59 (11.26) 1.45 (0.91-2.30) 1.28)
40 to 49 604 (89.75) 69 (10.25) 1.31 (0.83-2.05)
50 to 59 881 (84.55) 161 (15.45) 2.09 (1.38-3.15)
60 to 65 354 (82.52) 75 (17.48) 242 (1.54-3.81)
Sex n = 3076 Women 1927 (90.81) 195 (9.19) 1 1 p<0.0001
Men 751 (78.72) 203 (21.28) 2.67 (2.15-3.32) 2.40 (1.92-2.99)
Ethnicity n = 2970 Asian 354 (85.51) 60 (14.49) 1.18 (0.87-1.59) 0.81
Black 150 (86.21) 24 (13.79) 1.11 (0.71-1.75)
Mixed 58 (90.63) 6 (9.38) 0.72 (0.31-1.69)
Other 52 (72.22) 20 (27.78) 2.68 (1.57-4.56)
White 1964 (87.44) 282 (12.56) 1
CEV n = 3088 No 2495 (89.46) 294 (10.54) 1 1 p<0.0001
Yes 194 (64.88) 105 (35.12) 4.59 (3.50-6.03) 3.96 (3.01-5.22)

* 0dd ratios adjusted for all variable in table provided the p-value for the likelihood ratio test is <0.05.

9228 (84%) had not received any dose of COVID-19 vaccine before
primary infection and, 5858 (53%) before reinfection.

Admission to hospital within 21 days of testing positive

Between January 2020 and April 2021, hospital admission in
the COVID-19 not at-risk population showed no statistically signifi-
cant difference, in those aged below 50-years, between primary in-
fection and reinfection (aOR=1.09 (95% CI:0.81-1.46) while, in the
population aged over 50 years old, there was a 49% (37% to 58%)
decline in odds of hospital admission during reinfection (Table 3).

In the population at risk of COVID-19 complication (Table 3),
there was an estimated 34% decrease in hospital admission follow-
ing a reinfection compared to a primary infection (aOR=0.66, 95%
C1:0.52-0.83). The odds of hospital admission in the COVID-19 at-
risk group increased by 17% per increase in age group (aOR= 1.17,
95% CI:1.07-1.28).

Ethnicity did not appear to have a clear association with hospi-
tal admission once adjusted for other variables and was therefore
not included in the final model for either population.

546

ICU admission

There was only one ICU admission in a person aged under 20
years at their reinfection episode. This was a young child with a
severe congenital disorder. Because of the disparity in ICU admis-
sion across age categories, age groups were combined to compare
the working age population (20 to 64 years) to the older popula-
tion (65 years old and over).

Adjusted odd ratios for the association between ICU admission
and disease episode showed the protective effect of primary infec-
tion with a 76% reduction in ICU admission during a SARS-CoV-2
reinfection (aOR= 0.24, 95% CI: 0.13-0.45) (Supplemental Table 1).

During a period of vaccination roll-out

Immunisation of frontline healthcare workers, those with spec-
ified underlying health conditions and those aged 80 years and
older started from 8th December 2020. The program then moved
in stages to offer vaccines to gradually younger age groups.'® This
analysis was therefore restricted to reinfection cases during the pe-
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Hospital admission during SARS-CoV-2 reinfection by vaccine status, sex, age, ethnicity, and months of test in 1) <50 years 2) 50 years and above individuals not identified
at risk of complication for COVID-19 and 3) individuals identified at risk, January 2021 until April 2021, England.

Hospital admission in people not identified at risk of complication for COVID-19

Variable Category Not admitted n(%)  Hospital admission n(%) OR(95% CI) Adjusted” OR(95% CI) LRT p-value
under 50 years
Vaccine status Not vaccinated 1650 (96.32) 63 (3.68) 1 1
n = 2362 At least 1 dose of vaccine 634 (97.69) 5(2.31) 0.62 (0.35-1.10) 0.42 (0.23-0.76)
sex n = 2613 Women 1769 (96.40) 66 (3.60) 1 1 0.01
Men 760 (97.69) 18 (2.31) 0.63 (0.37-1.08) 0.44 (0.24-0.80)
Age group (Years) <20 206 (97.63) 5(2.37) 0.82 (0.31-2.16) 1.15 0.35
n = 2616 20 to 29 835 (96.87) 27 (3.13) 1 (0.90-
30 to 39 779 (96.77) 26 (3.23) 1.03 (0.60-1.78) 1.47)
40 to 49 712 (96.48) 26 (3.52) 1.13 (0.65-1.95)
Ethnicity n = 2410 Asian 384 (96.97) 12 (3.03) 0.89 (0.48-1.67) 0.94
Black 95 (96.94) 3 (3.06) 0.90 (0.28-2.92)
Mixed 38 (90.48) 4(9.52) 3.00 (1.04-8.69)
Other 1 (97.26) 2 (2.74) 0.80 (0.19-3.35)
White 1740 (96.61) 61 (3.39) 1
Months n = 2616 January 1025 (98.09) 0(1.91) 1 1.50 0.0001
February 703 (96.30) 7 (3.70) 1.97 (1.09-3.54) (1.22-
March 441 (96.71) 5(3.29) 1.74 (0.88-3.44) 1.84)
April 363 (94.29) 2 (5.71) 3.11 (1.67-5.78)
50 years and older
Vaccine status Not vaccinated 588 (88.02) 80 (11.98) 1 1
n = 1954 At least 1 dose of vaccine 1058 (82.27) 228 (17.73) 1.58 (1.20-2.08) 0.72 (0.49-1.05)
sex n = 2336 Women 1412 (89.99) 157 (10.01) 1 1 p<0.0001
Men 581 (75.75) 186 (24.25) 2.88 (2.27-3.65) 2.45 (1.89-3.18)
Age group (Years) 50 to 59 649 (95.58) 30 (4.42) 1 1 p<0.0001
n = 2339 60 to 69 345 (86.68) 53 (13.32) 3.32 (2.07-5.33) 2.94 (1.76-4.91)
70 to 79 266 (68.21) 124 (31.79) 10.08 (6.38-15.93)  9.98 (6.23-15.96)
80+ 736 (84.40) 136 (15.60) 4.00 (2.64-6.06) 4.38 (2.77-6.91)
Ethnicity n = 2221 Asian 107 (82.95) 22 (17.05) 1.15 (0.71-1.84) 0.38
Black 43 (93.48) 3(6.52) 0.39 (0.12-1.26)
Mixed 9 (81.82) 2 (18.18) 1.24 (0.27-5.76)
Other 21 (91.30) 2 (8.70) 0.53 (0.12-2.28)
White 1706 (84.79) 306 (15.21) 1
Months n = 2339 January 773 (90.94) 77 (9.06) 1 1.45 (1.25-1.69) p<0.0001
February 546 (86.80) 3 (13.20) 1.53 (1.10-2.12)
March 338 (78.42) 3 (21.58) 2.76 (1.98-3.85)
April 339 (79.02) 0 (20.98) 2.67 (1.91-3.73)
Hospital admission in people identified at risk of complication for COVID- 19
Vaccine status Not vaccinated 524 (88.22) 0 (11.78) 1 1
n=1226 At least 1 dose of vaccine 565 (89.40) 7 (10.60) 0.89 (0.62-1.27) 0.38 (0.24-0.61)
sex n = 1397 Women 887 (91.07) 87 (8.93) 1 1 0.02
Men 358 (84.63) 65 (15.37) 1.85 (1.31-2.62) 1.31 (0.89-1.93)
Age group (Years) <20 17 (85.00) 3 (15.00) 2.34 (0.59-9.20) 1.18 0.03
n = 2339 20 to 29 159 (92.98) 12 (7.02) 1 (1.02-
30 to 39 201 (89.73) 23 (10.27) 1.52 (0.73-3.15) 1.38)
40 to 49 273 (92.23) 23 (7.77) 1.12 (0.54-2.31)
50 to 59 422 (87.92) 58 (12.08) 1.82 (0.95-3.49)
60 to 65 175 (84.13) 33 (15.87) 2.50 (1.24-5.04)
Ethnicity n = 1344 Asian 162 (90.00) 18 (10.00) 0.91 (0.54-1.54) 0.97
Black 69 (88.46) 9 (11.54) 1.07 (0.52-2.21)
Mixed 25 (92.59) 2 (7.41) 0.66 (0.15-2.81)
Other 22 (81.48) 5(18.52) 1.87 (0.69-5.03)
White 920 (89.15) 112 (10.85) 1
Months n = 1399 January 439 (93.40) 31 (6.60) 1 1 p<0.0001
February 376 (89.74) 43 (10.26) 1.62 (1.00-2.63) 2.18 (1.25-3.80)
March 234 (85.09) 41 (14.91) 2.48 (1.51-4.08) 3.89 (2.11-7.15)
April 198 (84.26) 37 (15.74) 2.65 (1.59-4.41) 4.88 (2.56-9.29)
CEV n = 1399 No 1154 (91.44) 108 (8.56) 1 1 p<0.0001
Yes 93 (67.88) 44 (32.12) 5.06 (3.32-7.70) 4.97 (3.16-7.81)

* 0dd ratios adjusted for all variable in table provided the p-value for the likelihood ratio test is <0.05.

riod 1st January 2021 until 30th April 2021. Table 4 summarises

a 58%

reduction in hospital admission amongst individuals who

three models that looked at risk of hospital admission in COVID
not at-risk and at-risk populations over that period by vaccination
status and other factors.

Forty-six percent of the 5567 individuals had received at least
one dose of vaccine before their second infection episode. In those
under 50-years-old and not at-risk of complication, COVID-19 im-
munisation had a protective effect against hospital admission with

received at least one vaccine dose (aOR=0.42, 95% CI: 0.23-0.76)
(Table 4). A similar effect was observed in those at-risk (aOR=0.38,
95% Cl:0.24-0.61) with age being the single strongest confounder
of this association. However, there was no significant reduction in
hospital admission in the population aged 50 or older and not
identified at-risk (aOR=0.72, 95% CI: 0.49-1.05) but we note that
confidence intervals overlap with the reduction observed in the
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younger age group and in the at-risk group. Older age was associ-
ated with increased odds of hospital admissions in both the at-risk
group and in those not at-risk aged 50 and over (p-value=0.026
and <0.0001, respectively), however, this association was not ob-
served in those not at-risk aged under 50 years (p-value=0.35;
Table 4).

ICU admission was similarly modelled for all cases of possi-
ble reinfection that arose in the January to April period. Increased
odds of ICU admission were associated with males (aOR=5.11, 95%
Cl:1.34-19.46) and there was no significant difference in ICU ad-
mission amongst the vaccinated and unvaccinated populations at
reinfection (Supplemental Table 2).

Discussion

COVID-19 reinfection cases in the population closely followed
trends observed in primary infections cases, but overall, SARS-CoV-
2 reinfections in England were uncommon in the period studied at
3.62 per 1000 primary infections. Repeat infections are a common
occurrence with other coronaviruses at a 12-month interval after
the last exposure when the presence of antibodies after primary
infection does not always provide protection against subsequent
infections and/or disease. 20

When compared to primary infection, COVID-19 reinfection
cases had a 61% (56% to 65%) reduced risk of death within 28 days
of testing positive for SARS-CoV-2. In the population classified at-
risk, both prior infection and immunisation showed a protective ef-
fect against hospital admission with 34% (17% to 48%) reduction in
odds comparing both episodes of illness and 62% (39% to 76%) re-
duction at reinfection when comparing vaccine status which aligns
with the protective effect against infection and severity found in
other vaccine effectiveness and reinfection studies. Vaccine effec-
tiveness in a population of health care workers showed a 70% (55%
to 85%) protective effect against infection 21 days after one dose
of Pfizer-Biotech BNT162b2 and 85% (74% to 96%) 7 days after the
second dose.?! Further evidence of protection against severe dis-
ease and death in symptomatic reinfections was also described in
those aged 80 years and older after one dose of BNT162b2 with
a 43% (33% to 52%) reduced risk of hospital admission within 14
days and a 51% (37% to 62%) reduced risk of death within 21 days
of a positive test.22 A large population study on COVID-19 reinfec-
tion demonstrated that primary infection offered 81% (75% to 85%)
protection against repeat infection.??

When looking at both episodes of illness, in the unvaccinated
population not identified at-risk for COVID-19 complications, prior
infection was associated with a 49% (37% to 58%) reduction in hos-
pital admission within 21 days of testing positive in the older pop-
ulation while the results were not significant in the younger age
cohort as the confidence intervals overlapped (aOR=0.72, 95% CI:
0.49-1.05).

Older age (55+) has been described as a major risk factor for
COVID-19 infection, reinfection, and severe disease.2>2> A study
from Qatar showed that immunisation with BNT162b2 or mRNA-
1273 vaccines following primary infection provided a 85% (95% CI
82-88) reduction in breakthrough reinfection,2® therefore the pop-
ulation with a reinfection described in our study was comprised of
a subset of individuals that, despite the protection against subse-
quent infection and severe disease granted by prior infection and
vaccination, went on to experience a statistically uncommon sec-
ond bout of serious illness with SARS-CoV-2.

Within the younger cohort not identified at-risk of COVID-19
complications, prior infection did not appear to offer substantial
protection against severe disease but, having received at least one
dose of vaccine conferred a 58% (24% to 77%) reduction in hospital
admission at reinfection. Younger individuals without comorbidi-
ties are already at a lower risk of suffering from severe COVID-19,%”
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and the identification of severe disease cases at refection suggests
that not all risk factors for severe COVID-19 have been identified
in this specific population.

It is difficult to establish a clear pattern of disease severity dur-
ing reinfection when multiple case series report varying experi-
ences in clinical symptoms with milder, worse or similar sever-
ity of disease during reinfection.28-3% This highlights the heteroge-
neous nature of the reinfection case population..

Severe COVID-19 can be explained by 1) SARS-CoV-2 virulence
allowing it to evade the innate immune response, replicate exten-
sively, and generate an hyperactive adaptative immune response
2) the host inflammatory response including immune-cell hyper-
activations and elevated levels of circulating cytokines that lead to
a cytokine storm.’! Furthermore, it has been suggested that the
detection of neutralising antibodies does not correlate to protec-
tion against disease severity but rather is associated with the qual-
ity and potency of action of those antibodies.>? It is clear than a
multitude of factors play a part in the pathogenesis resulting in
asymptomatic, mild and severe COVID-19, for which known and
unknown risk factors unaccounted for in this analysis might have
confounded the results.

In the cohort of people at-risk of COVID-19 complications, in-
dividuals with underlying comorbidities, a risk factor for severe
COVID-19 at reinfection,? that were flagged for CEV had five times
increased odds of hospital admission when compared to at-risk in-
dividuals not-CEV.

Identifying reinfections relies on identification of primary in-
fection and subsequent testing which is more likely to happen in
healthcare settings were people are routinely tested. In England,
76.7% of the NHS workforce is female and women represents 58%
of carers across the UK.3435 Thus whilst men were 42% (40% to
44%) less likely to become a reinfection case, we cannot rule out
that the high proportion of reinfection amongst females could be
in part due to a selection bias arising from higher testing in health-
care workers.

On the other hand, unvaccinated men aged 50 years or older
not identified at-risk of COVID-19 complications were almost twice
more likely to be admitted to hospital than women. Men also had
increased risk of ICU admission and of death within 28 days of
testing positive in the overall population. Differences in outcome
for SARS-CoV-2 infection have been reported between sexes since
the beginning of the pandemic, with higher mortality and severe
morbidity observed in men possibly explained by hormonal and/or
genetic differences between sexes.36.37-39

Strength and limitations

This study’s strength lies in the availability of surveillance data
since the beginning of the pandemic and the real-time ascertain-
ment of suspected reinfection cases.

There are nonetheless limitations as the identification of a re-
infection case is dependent on the ability to detect primary symp-
tomatic and asymptomatic infection. During the first wave of the
epidemic, in March 2020, SARS-CoV-2 testing was limited to peo-
ple attending hospital, people in care homes and health care work-
ers thus considerably reducing the potential to detect primary in-
fection in the community.

Healthcare workers regularly testing for COVID-19 and older
people closely monitored in care homes might be overrepresented
in our data. Because suffering reinfection entails surviving pri-
mary infection, the people most at risk of dying when first in-
fected will be less represented in the reinfection population, this
includes older individuals, people categorised as CEV and COVID-
19 at-risk and men. The relatively low number of ICU admissions
in our analysis makes the interpretation of the results more diffi-
cult and should be reviewed with caution.
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We acknowledge that SARS-CoV-2 reinfection cases in this
study are suspected cases as genetic sequencing of a specimen
at each episode is limited. As of 30 September 2021, they were
361 confirmed SARS-CoV-2 reinfections for which reinfection spec-
imens were genetically distinct from that sequenced during pri-
mary infection,*°

We did not assess for the changes in SARS-CoV-2 variant domi-
nance over time but we purposefully covered the period including
the emergence of the wildtype SARS-CoV-2 variant and the Alpha
variant while restricting the study period before the dominance of
the Delta variant across England.

Multiple mechanisms including the host immune response, as-
sociated health issues, and environmental factors are involved in
the pathogenesis of SARS-CoV-2 in those suffering from severe
COVID-19 making it a highly heterogenous group of individuals.?!
Ascertaining the severity of illness in those with reinfections is fur-
ther complicated by such heterogeneity.

Nonetheless our study provides a first glance at the profile of
reinfection cases of COVID-19 in England and emphasises the vari-
ability in COVID-19 outcomes across different risk and age groups.

Conclusion

Community incidence rates of primary infection cases were
closely linked to increase of reinfection cases. Prior infection and
immunisation were associated with lower odds of severe disease
in selected populations, highlighting the heterogeneity of the rein-
fection cohort. SARS-CoV-2 reinfections were associated with lower
odds of dying. Older age, sex and underlying comorbidities arose as
principal risk factors for illness severity at reinfection. Future re-
search should try to identify predictive factors of disease severity
in the population not yet considered at risk.
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