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Abstract

Understanding the scale of the threat posed by SARS-CoV2 B.1.1.529, or Omicron, variant

formed a key problem in public health in the early part of 2022. Early evidence indicated that

the variant was more transmissible and less severe than previous variants. As the virus was

expected to spread quickly through the population of England, it was important that some

understanding of the immunological landscape of the country was developed. This paper

attempts to estimate the number of people with good immunity to the Omicron variant,

defined as either recent infection with two doses of vaccine, or two doses of vaccine with a

recent booster dose. To achieve this, we use a process of iterative proportional fitting to esti-

mate the cell values of a contingency table, using national immunisation records and real-

time model infection estimates as marginal values. Our results indicate that, despite the

increased risk of immune evasion with the Omicron variant, a high proportion of England’s

population had good immunity to the virus, particularly in older age groups. However, low

rates of immunity in younger populations may allow endemic infection to persist for some

time.

Introduction

A crucial factor in understanding the public health challenges posed by the spread of SARS-

CoV2 B.1.1.529, or Omicron, variant is identifying the size of the population likely to be sus-

ceptible to the variant. Previous studies have identified that while individuals with two doses of

vaccine may be protected against severe disease, the best protection against both infection and

severe disease comes from recent booster doses of vaccine [1]. Further, it likely that the Omi-

cron variant may evade immunity acquired from previous infection, particularly from infec-

tion with B.1.1.7 (Alpha) and B.1.617.2 (Delta) variants [2, 3].

Vaccination rates in over 12s in the UK are generally high, with 83% having received two

doses of either Astra-Zeneca, Moderna or Pfizer vaccines [4]. A rapid roll out of booster vac-

cines, primarily either Pfizer or Moderna, has ensured that 63% of over 12s have received three

doses of vaccine as of 14th of January 2022 [4]. Further, there are high levels of infection

acquired immunity in England, following three waves of COVID-19 infections in 2020 and

2021.
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This report aims to identify the level of immunity in England across six age groups. To

achieve this we consider eight groups of individuals–those who are unvaccinated and have no

prior infection, those whose are unvaccinated but have had a prior infection, and those who

have received one, two or three vaccines, both with and without prior infection. Further, we

separate those with prior infection into ‘recent’ and ‘non-recent’ infections, helping to account

for waning immunity. We consider individuals with either three doses of vaccine, or two doses

plus recent prior infection, as having good immunity to the Omicron variant.

Finally, we compare the current immunological profile of England with that prior to the

wave of Delta variant infections in May 2021. Due to immunological differences between Omi-

cron and Delta variants, we consider good protection to Delta variant to be provided by two

doses of vaccine with any prior infection status, or one dose with recent prior infection.

Methods

The total population with one, two or three doses of vaccine are taken from the National

Immunisation Management System (NIMS) dataset [4]. This dataset does not make any dis-

tinction between third doses (i.e. full vaccine doses given to clinically vulnerable individuals)

and booster doses. The analysis presented in this report does not attempt to account for time

since vaccination. We assume all third doses have occurred recently, and offer a good level of

protection to Omicron variant. Any other vaccination status without recent prior infection is

considered to offer poor protection to Omicron variant.

We used estimates of the number of people infected with COVID-19 generated by the

UKHSA-Cambridge MRC Real Time Model–an ordinary differential equations transmission

model used to estimate new COVID-19 infections based on a number of different data sources.

Details of the model and its use are given in [5]. This model is one of a number of models which

contribute to the Scientific Pandemic Influenza Group on Modelling (SPI-M) consensus model-

ling report [6], and is widely used across UK government to estimate COVID-19 infection rates.

We use infection estimates for this analysis rather than confirmed case numbers as this mit-

igates against the effect of inconsistent testing rates between different age groups and regions.

Modelled infections are further separated into ‘recent’ and ‘non-recent’, defining ‘recent’

infections as those occurring within the last 3 months.

The number of people with no vaccination and the number of people with no prior infec-

tion are calculated using Office for National Statistics 2020 mid-year population estimates [6].

In some cases, particularly in the oldest age group, this leads to vaccination rates exceeding

one-hundred percent. In such cases, we adjust the total population to give a one-hundred per-

cent vaccination rate.

The above two data sets breakdown the population by infection status and by vaccination

status, respectively. To estimate the breakdown of the population by joint infection and vacci-

nation status, we use Iterative Proportional Fitting (IPF). This can be considered as a method

of estimating the values in the cells of a contingency table when only the marginal row and col-

umn totals are known [7]. Here the total vaccinated and previously infected populations in

each age group are used as marginal totals in a contingency table and then, IPF estimates the

cell values in each contingency table, giving us the number of people in each vaccination

group with recent, non-recent and no prior infection.

We calculate 95% confidence intervals for each estimated value assuming a normal approxi-

mation with mean equal to the estimate and standard deviation as calculated in [7] using an

asymptotic approximation of the covariance matrix. This method permits negative values for

the lower confidence interval. Where this occurs we assume the physical value of the lower

interval to be zero.
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Results

Fig 1 shows the immunological profile for England across each age group, both as total popula-

tion (Fig 1A) and proportion of population (Fig 1B). The analysis indicates that there is a good

level of immunity in older age groups, with over 90% of over 65s having either three doses of

vaccine or two doses with recent infection. Immunity is also high in the 45–65 age group, with

over 80% having good levels of immunity.

Immunity levels fall quickly in younger age groups, with only around 50% of 25–45 year

olds having had either three doses of vaccine or two doses with recent prior infection, falling

to around 30% in 15–25 year olds. Immunity rates in younger children are very low.

Fig 2A and 2B show the same analysis performed on data prior to the wave of Delta variant

infections starting in May 2021. Note that the colours have been changed in this plot to high-

light the increased level of protection provided by two doses of vaccine, compared with the

Omicron variant. Immunity in over 75s is currently comparable to the pre-Delta period. Cur-

rently, there are significantly higher levels of immunity in younger age groups compared to the

pre-Delta period.

Discussion

The current immunological landscape in England is varied. There is a good level of protection

against infection and severe disease in older populations–which will help to reduce the pres-

sures on healthcare systems. However, the lower rates of immunity in working age people is an

important concern. Widespread infection in these groups, regardless of severity, will put con-

siderable stress on businesses and services as a result of the legal requirement to self isolate

upon returning a positive COVID-19 test. Further, the low rates of immunity in younger chil-

dren will likely lead to uncontrolled spread of Omicron variant in schools, which may go on to

seed community outbreaks.

The analysis presented in this report goes some way to highlighting the groups most at risk

of widespread infection, and raises concerns about low immunity rates in younger popula-

tions. However, there are some limitations to the analysis which should be considered.

The IPF analysis is a purely statistical method, with no mechanistic aspect. As such, the

analysis does not account for the protection against disease afforded by vaccination. This

means that prior infections are likely under-estimated in unvaccinated groups. This effect is

mitigated somewhat by the analysis focussing mainly on broad groups of ‘good’ and ‘poor’

immunity, as unvaccinated individuals are considered as having poor immunity, regardless of

prior infection status.

The analysis does not consider time since vaccination as a factor influencing immunity.

Once again this is mitigated by the broad characterisation of ‘good’ and ‘poor’ immunity, and

the assumption that all third doses are immunologically recent. While a recent second dose of

vaccine likely confers more immunity than a non-recent one, we consider both to provide

‘poor’ immunity to Omicron variant. Similarly, we assume that two doses of mRNA vaccine

(Moderna or Pfizer) plus a booster dose offers a similar level of protection as two doses of

Astra-Zeneca vaccine plus a booster dose of mRNA vaccine.

The interpretation of this analysis is based on a number of assumptions on the level of immu-

nity offered by vaccination status and prior infection. Further work is necessary to properly quan-

tify this immunity, and more accurately estimate the level of protection present in the population.

Similarly, it would be useful to consider immunity in two parts–first as protection against infec-

tion and second as a protection against severe disease. Both outcomes present unique challenges,

particularly in healthcare settings in which both widespread infections in staff, and increased

numbers of severe COVID-19 infections, are resulting in considerable system stresses.
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Fig 1. Immunological profiles across six age groups in England in January 2022. (a) and (b) show the absolute and proportional

vaccination and infection profiles as of 12th of January 2022, respectively. The whiskers at the top of each bar indicate the 95%

confidence interval of the estimate.

https://doi.org/10.1371/journal.pone.0264870.g001
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Fig 2. Immunological profiles in England in May 2021.

https://doi.org/10.1371/journal.pone.0264870.g002
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