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During July–December 2021, after COVID-19 restrictions
were removed in England, invasive pneumococcal disease incidence in children <15 years of age was higher
(1.96/100,000 children) than during the same period in
2020 (0.7/100,000 children) and in prepandemic years
2017–2019 (1.43/100,000 children). Childhood vaccine
coverage should be maintained to protect the population.

T

he COVID-19 pandemic and its associated lockdowns, social isolation, and other interventions
led to large declines in respiratory infections, including invasive pneumococcal disease (IPD) (1,2). In
England, IPD cases declined by 30% after the first
lockdown in March 2020 and remained low during
the subsequent winter until February 2021, when
cases increased by 8% above the 3-year prepandemic
mean incidence for February (3). As the country ended its third national lockdown in March 2021, after
emergence of SARS-CoV-2 Alpha variant, IPD cases
started to gradually increase. By June 2021, case numbers remained 25% lower than prepandemic levels,
but we observed a proportionately higher increase
in cases among children <15 years of age (3). We describe IPD trends during July–December 2021, after
England removed all COVID-19 control measures on
July 19, 2021.
The Study
We compared IPD cases during July–December
2021 to July–December 2020 and July–December in 3
Author affiliations: UK Health Security Agency, London, UK
(M. Bertran, Z. Amin-Chowdhury, C.L. Sheppard, S. Eletu,
D.V. Zamarreño, M.E. Ramsay, D. Litt, N.K. Fry, S.N. Ladhani);
St George’s University of London, London (S.N. Ladhani)
DOI: https://doi.org/10.3201/eid2808.220304

prepandemic years (2017–2019) by using national
enhanced surveillance data for England (2). In brief,
National Health Service (NHS) hospitals electronically report notifiable infections and routinely submit
invasive pneumococcal isolates for serotyping to the
UK Health Security Agency (UKHSA). For confirmed
cases, the UKHSA sends general practitioners a questionnaire regarding risk factors, clinical characteristics, vaccination history, and patient outcomes. To
calculate incidence, we used mid-year Office of National Statistics population estimates as denominators, using 2020 data for 2021 because 2021 data were
not yet available.
During July–December 2021, a total of 1,632
IPD cases were reported to UKHSA, compared with
a mean of 2,403 during July–December of 3 prepandemic years, 2017–2019 (Figure 1, panels A, B).
Among children <15 years of age, the number of IPD
and incidence (cases per 100,000 children) declined
by 50% (n = 71) during July–December 2020 but gradually increased in February 2021 and remained above
the 3-year prepandemic mean of 145 cases (incidence
1.43, 95% CI 1.21–1.68) during July–December 2021
(n = 200; 1.96, 95% CI, 1.70–2.25) (Figure 1, panel B).
Case rates rose earlier in younger age groups (Figure 1, panel C) among whom incidence was highest
during this period: 10.63 (95% CI 8.19–13.58) among
<1-year-olds; 3.22 (95% CI 2.57–3.98) among 1–4-yearolds; 1.02 (95% CI 0.71–1.41) among 5–9-year-olds;
and 0.44 (95% CI 0.24–0.72) among 10–14-year-olds.
Cases also increased (n = 1,432) among persons >15
years age during February–December 2021 (Figure
1, panel A), but the incidence during July–December
2021 remained lower (2.60, 95% CI 2.47–2.74) than the
prepandemic mean during July–December in 2017–
2019 (4.14, 95% CI 3.97–4.32).
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Figure 1. Number of IPD cases among persons before and after COVID-19 pandemic, England. A) Number of IPD cases among
persons >15 years of age during July–June by epidemiologic year 2017–18 to 2021–22. B) Number of IPD cases among children <15
years of age during July–June by epidemiologic year 2017–18 to 2021–22. C) Number of IPD cases in children <15 years of age, by
month and age group, January 2020–December 2021. IPD, invasive pneumococcal disease.

Age distribution of childhood IPD cases resembled the prepandemic period (p = 0.08): 32% of cases
were among <1-year-olds, 42.5% among 1–4-yearolds, 18% among 5–9-year-olds, and 7.5% among
10–14-year-olds. Of 172 (86%) pneumococcal isolates
serotyped, we noted no difference in serotype distribution between years nor within age groups. Nonvaccine types (43%) and serotypes in the 23-valent
pneumococcal polysaccharide vaccine (PPV23; 37%)
but not in the 13-valent pneumococcal conjugate vaccine (PCV13) predominated compared with PCV7
(5%) and additional PCV13 (16%) serotypes (Figure
2, panel A).
The most frequent serotypes among childhood
cases remained similar in 2021 to those in prepandemic years (Figure 2, panel A). Of the PCV13 cases,
serotypes 3, 19A, and 19F continued to predominate
(91% [32/35] compared with 97% [62/64] during the
prepandemic period; p = 0.3). Of the additional PPV23
serotypes, the greatest decrease was in serotype 12F,
which caused 20% (37/187) of PPV23 cases in the
prepandemic period but was not detected during
July–December 2021 (Figure 2, panel B). In addition,
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of the PPV23 serotypes, the proportion of cases attributed to serotype 11A increased from 2% (95% CI 1%–
6%; n = 4) prepandemic to 13% (95% CI 7%–24%; n =
8) in 2021. We noted no substantial changes among
nonvaccine serotypes.
More IPD cases in 2021 involved bacteremia
(50/125; 40%, 95% CI, 32%–49%) compared with the
prepandemic period (105/422; 25%, 95% CI 21%–
29%) (p = 0.003). The proportion of cases with meningitis (22%), pneumonia (31%), and other clinical manifestations (7%) were not substantially different. The
prepandemic and postpandemic 30-day case-fatality
rates also were similar (5% vs. 4%; p = 0.6).
Conclusions
After lifting COVID-19 social restrictions, England experienced an increase in childhood IPD cases
that exceeded prepandemic levels. England’s pandemic social restrictions led to large declines in many
infectious diseases, including IPD (1,2). However, a
study from Israel reported that pneumococcal carriage
in young children declined only slightly during the
pandemic (4). Reduced social contact and exposure
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to respiratory pathogens have led to concerns of immunity debt and risk for higher infection rates as
restrictions are lifted globally (5). Immunity debt is
typified in the emergence of respiratory viruses outside their typical season, as observed with respiratory
syncytial virus (6). Of note, respiratory virus infections that usually peak in winter (e.g., influenza, rhinovirus) remained low during winter 2021–22 (6).
Other countries experienced increasing IPD cases
after easing national restrictions (7,8). Germany reported higher IPD rates in children <5 years of age during
June–July 2021 than during the prepandemic period
(8), consistent with our data (Figure 1, panel C). An initial increase among the highest carriage age group that
then extends to other age groups was reported with
the resurgence of Haemophilus influenzae serotype b after mass vaccination in England (9), in which the first
increases were among 1–3-year-olds. More recently,
meningococcal group B disease was highest among
university-age students (S. Clark et al., unpub. data,
https://doi.org/10.2139/ssrn.3998164), who are the
main nasopharyngeal carriers of Neisseria meningitidis. Our observed IPD case increase among children is
counter to modeling studies that predicted IPD incidence would continue to decline after COVID-19 restrictions were lifted, even accounting for decreased
vaccine coverage (10). However, these decreases might
be because the model did not consider the higher proportion of susceptible children who were not exposed
to pneumococci during lockdown (10).
Adult IPD cases in England remained lower during 2021 than prepandemic levels. This finding likely
is because older adults, who are most at risk for IPD

and IPD-related deaths, have continued to socially
isolate because of ongoing SARS-CoV-2 infections
and emergence of more transmissible variants.
In the United Kingdom, the PCV13 vaccination
schedule for infants born after January 1, 2020, was
changed from a 2+1 schedule (8 weeks, 16 weeks, and
1 year) that had been in place since 2010 to a reduced
1+1 schedule (12 weeks and 1 year). This change was
made on the basis that most protection is through indirect herd or population protection offered by preventing carriage among toddlers, thus interrupting transmission to others (11). However, the program relies on
maintaining high vaccine coverage in infants to provide
adequate population protection. In England, PCV13
coverage data for the 12-month dose were not available
for 2020–21 during our study, but uptake of other childhood vaccines was lower after the pandemic started and
improved during August–December 2021 (12). Because
of the COVID-19 pandemic restrictions, evaluation of
the effect of the 1+1 schedule is not yet possible.
In our cohort, serotype distribution of childhood IPD cases did not change, consistent with the
childhood carriage study in Israel and reports from
Germany (4,8). Switzerland reported an increase in
serotype 23B (7), but we did not see a major increase
in this serotype, although it remains among the most
prevalent serotypes responsible for IPD in England.
In conclusion, although total IPD cases remained
lower in 2021 than the 3 pre–COVID-19 pandemic
years, increases in childhood cases exceeding prepandemic levels could portend increases across all age
groups. Maintaining high childhood PCV13 uptake
will be critical for ongoing population protection.

Figure 2. Serotype distribution of pneumococcal isolates from IPD among children <15 years of age, England. A) Percentage of IPD
cases by serotype group and year during July–December 2017–2021. PCV7 includes serotypes in the 7-valent PCV; PCV13 includes
serotypes in the 13-valent PCV, excluding PCV7 serotypes; PPV23 includes serotypes in the 23-valent pneumococcal polysaccharide
vaccine, excluding PCV13 serotypes. B) Top 10 serotypes isolated during July–December 2017–2021. Note these values represent
percentages of the top 10 isolated serotypes in each timeframe; the average number of cases of these serotypes compared with all IPD
cases was 97/129 for 2017–2019, 49/61 for 2020, and 114/172 for 2021. IPD, invasive pneumococcal disease; PCV, pneumococcal
conjugate vaccine.
Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 8, August 2022

1671

DISPATCHES
This article was preprinted at https://papers.ssrn.com/
sol3/papers.cfm?abstract_id=4026121.
Acknowledgments
We thank staff in the Immunisation and Vaccine
Preventable Diseases Division and Respiratory and
Vaccine Preventable Bacterial Reference Unit who
provided surveillance data for invasive pneumococcal
disease, and Rashmi Malkani and Natalie Mensah for
follow-up of confirmed cases and data administration. We
also thank the staff at hospital laboratories across England
for referring pneumococcal isolates for serotyping at the
reference laboratory and general practitioners of patients
with invasive pneumococcal disease for completing the
surveillance questionnaires.

3.

4.

5.

This work was supported by the UK Health Security Agency.
The Immunisation and Vaccine Preventable Diseases
Division provided vaccine manufacturers with
postmarketing surveillance reports on pneumococcal and
meningococcal infection, which the companies are
required to submit to the UK Licensing authority in
compliance with their risk management strategy. A cost
recovery charge is made for these reports. S.N.L. performs
contract research on behalf of St. George’s University
of London and UK Health Security Agency for
pharmaceutical companies but receives no personal
remuneration. C.L.S., S.E., D.L., and N.K.F. report
payment to their institution for investigator-led research in
pneumococcal pneumonia or carriage, or both, in humans
by GlaxoSmithKline and Pfizer.

6.
7.

8.

9.

10.

About the Author
Ms. Bertran is an epidemiologist at the UK Health Security
Agency, London. She currently conducts national
surveillance for invasive pneumococcal disease,
Haemophilus Influenzae, and rotavirus. Her research
interests include epidemiology of vaccine-preventable
diseases and evaluation of vaccination programs.

11.

12.

References
1.

2.

1672

Kadambari S, Goldacre R, Morris E, Goldacre MJ,
Pollard AJ. Indirect effects of the COVID-19 pandemic
on childhood infection in England: population based
observational study. BMJ. 2022;376:e067519. https://doi.org/
10.1136/bmj-2021-067519
Amin-Chowdhury Z, Aiano F, Mensah A, Sheppard CL,
Litt D, Fry NK, et al. Impact of the coronavirus disease
2019 (COVID-19) pandemic on invasive pneumococcal

disease and risk of pneumococcal coinfection with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2):
prospective national cohort study, England. Clin Infect Dis.
2021;72:e65–75. https://doi.org/10.1093/cid/ciaa1728
Amin-Chowdhury Z, Bertran M, Sheppard CL, Eletu S,
Litt D, Fry NK, et al. Does the rise in seasonal respiratory
viruses foreshadow the return of invasive pneumococcal
disease this winter? Lancet Respir Med. 2022;10:e1–2.
https://doi.org/10.1016/S2213-2600(21)00538-5
Danino D, Ben-Shimol S, Van Der Beek BA, Givon-Lavi N,
Avni YS, Greenberg D, et al. Decline in pneumococcal
disease in young children during the COVID-19 pandemic
in Israel associated with suppression of seasonal respiratory
viruses, despite persistent pneumococcal carriage: a
prospective cohort study. Clin Infect Dis. 2021 Dec 14 [Epub
ahead of print]. https://doi.org/10.1093/cid/ciab1014
Cohen R, Ashman M, Taha M-K, Varon E, Angoulvant F,
Levy C, et al. Pediatric Infectious Disease Group (GPIP)
position paper on the immune debt of the COVID-19
pandemic in childhood, how can we fill the immunity gap?
Infect Dis Now. 2021;51:418–23. https://doi.org/10.1016/
j.idnow.2021.05.004
UK Health Security Agency. Weekly national influenza and
COVID-19 surveillance report: week 2 report (up to week 1
data) 13 January 2022. London: The Agency; 2022.
Casanova C, Küffer M, Leib SL, Hilty M. Re-emergence of
invasive pneumococcal disease (IPD) and increase of
serotype 23B after easing of COVID-19 measures,
Switzerland, 2021. Emerg Microbes Infect. 2021;10:2202–4.
https://doi.org/10.1080/22221751.2021.2000892
Perniciaro S, van der Linden M, Weinberger DM.
Re-emergence of invasive pneumococcal disease in
Germany during the spring and summer of 2021. Clin
Infect Dis. 2022 Feb 7 [Epub ahead of print]. https://doi.
org/10.1093/cid/ciac100
Ladhani S, Slack MP, Heys M, White J, Ramsay ME.
Fall in Haemophilus influenzae serotype b (Hib) disease
following implementation of a booster campaign. Arch
Dis Child. 2008;93:665–9. https://doi.org/10.1136/
adc.2007.126888
Choi YH, Miller E. Impact of COVID-19 social distancing
measures on future incidence of invasive pneumococcal
disease in England and Wales: a mathematical modelling
study. BMJ Open. 2021;11:e045380. https://doi.org/10.1136/
bmjopen-2020-045380
Ladhani SN, Andrews N, Ramsay ME. Summary of evidence
to reduce the two-dose infant priming schedule to a single
dose of the 13-valent pneumococcal conjugate vaccine in the
National Immunisation Programme in the UK. Lancet
Infect Dis. 2021;21:e93–102. https://doi.org/10.1016/
S1473-3099(20)30492-8
UK Health Security Agency. Impact of COVID-19 on routine
childhood immunisations: early vaccine coverage data to
August 2021 in England. Health Protection Report volume
15. London: The Agency; 2021.

Address for correspondence: Shamez Ladhani, Immunisation
and Vaccine Preventable Diseases, UK Health Security Agency,
61 Colindale Ave, London NW9 5EQ, UK; email:
shamez.ladhani@ukhsa.gov.uk

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 8, August 2022

