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ABSTRACT

Background With higher valency pneumococcal vaccines on the horizon

and new adult immunisation strategies under discussion, we aimed to

evaluate the contribution of individual pneumococcal serotypes to the

burden of pneumococcal community-acquire pneumonia (CAP). Over ten

years, trends in pneumococcal pneumonia epidemiology in adults

hospitalised with community-acquired pneumonia (CAP) were assessed.

The risks factors and severity associated with serotype 3 was examined.

Methods We conducted a prospective cohort study of adults hospitalised

with CAP between September 2013-May 2023. Pneumococcal serotypes

were identified using a serotype-specific 24-valent urinary-antigen assay.

Trends in the proportion of CAP due to pneumococcus and causative

serotypes were compared pre and post pandemic. Risk factors and

severity of serotype 3 pneumonia were compared to other serotypes

using logistic regression.

Results Of 5186 patients with CAP, 2193 (42.2%) had pneumococcal

pneumonia. The proportion of CAP due to pneumococcus increased across

all ages between 2013-2023 (36.4% to 66.9%, p<0.001). The proportion

due to serotype 3 increased significantly from 13.4% (2013) to 48.8%

(2023). Serotype 3 pneumonia in adults was associated with older age (p-

value<0.001), male sex (adjusted odds ratio (aOR) 2.22, 95% CI 1.64-

3.01) and chronic renal disease (aOR 1.81, 95% CI 1.09-3.02). Serotype
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3 pneumonia was not observed to be associated with severity, critical-

care requirement, mortality or readmission.

Interpretation Serotype 3 is the predominant serotype in adult

pneumococcal CAP and has been increasing despite a mature infant

pneumococcal immunization programme, consistent with a lack of herd

protection for this serotype.
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KEY MESSAGES

What is already known on this topic

Following the introduction of pneumococcal conjugate vaccines

(PCV) to the infant immunisation programme in 2006, vaccine-

serotype invasive pneumococcal disease (IPD) declined across all

ages due to direct and indirect protection but more recently the

incidence of IPD in children due to serotype 3 has been increasing.

It has been reported that compared to other serotypes, serotype 3

may be linked to increased mortality in the elderly, and to

respiratory failure and septic shock.

What this study adds

Over a ten-year period, including years before, during and after the

COVID-19 pandemic, the proportion of adult CAP due to

pneumococcus increased, driven predominantly by serotype 3. This

is consistent with a lack of adequate herd protection against adult

serotype 3 disease from the infant pneumococcal vaccination

programme.

 Serotype 3 pneumococcal CAP was associated with increased age,

male sex and chronic renal disease, but not with increased severity

or poorer outcomes compared to other serotypes.
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How this study might affect research, practice or policy

 A 21-valent PCV is imminent and other higher-valency PCVs are

currently under development. The results from this study add to the

evidence on changing pneumococcal epidemiology and will

contribute to vaccine policy-making decisions, including indirect

versus direct adult immunisation strategies and cost-effectiveness

analyses .
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INTRODUCTION

Community-acquired pneumonia (CAP) is a major cause of morbidity and

mortality worldwide,[1] with Streptococcus pneumoniae being the most

commonly implicated bacterial pathogen.[2,3]

Pneumococcal vaccines targeting the polysaccharide capsule have made

pneumococcal disease at least partially vaccine-preventable, depending

upon which pneumococcal serotypes are included in the different

vaccines, and how effective they are against specific serotypes. In the

United Kingdom, a seven-valent pneumococcal conjugate vaccine (PCV7)

was introduced to the childhood immunisation schedule in 2006 and

replaced in 2010 by 13-valent vaccine (PCV13). For adults aged ≥65 

years and those aged ≥2 years in a clinical risk group for pneumococcal 

disease, a single dose of pneumococcal polysaccharide vaccine (PPV23)

has been recommended since 2003,[4]although its effectiveness in

preventing non-invasive pneumonia is likely to be modest.[5]

PCV implementation has been associated with large declines in vaccine-

serotype IPD across all age groups due to direct and indirect protection,

but with an increase in disease caused by non-PCV serotypes (serotype

replacement).[6,7]However, several studies from different countries have

indicated that direct and indirect protection against serotype 3 is lower

than for other serotypes,[8-10] and the incidence of serotype 3 IPD in

children has been increasing despite the use of PCV13 in the infant
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immunisation programme.[11] Moreover, there have been reports that

compared to other serotypes, serotype 3 may be linked to higher

mortality in the elderly,[12]septic shock,[13]and respiratory failure.[14]

With more than 100 pneumococcal serotypes, new pneumococcal

vaccines targeting an increasing number of serotypes are on the horizon,

including PCV21,[15]PCV24 and PCV30+.[16] PCV immunisation is

currently only available for children and the initial herd protection effects

on adult CAP are now more limited due to changes to the prevailing

serotypes. New adult immunization strategies have been suggested as a

means to overcome current limitations in the control of adult

pneumococcal disease. An understanding of the contribution of individual

pneumococcal serotypes to the burden of pneumococcal CAP is therefore

important for the development of updated pneumococcal vaccination

policy.

In this study, we employed a 24-valent serotype-specific urinary antigen

detection (ssUAD) assay to a) determine trends in hospitalised

pneumococcal pneumonia and the epidemiology of pneumococcal

serotypes over a ten-year period, which included the pre- and post

COVID-19 pandemic period, and b) examine the role of serotype 3 over

this period, including risk factors and severity of serotype 3 CAP

compared to other serotypes in a cohort of adults with predominantly

non-invasive pneumonia. By including data from 2020 until the end of this

long-running cohort study we build upon our previously published
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findings,[17,18] and aim to summarise the changing epidemiology of

pneumococcal CAP that has occurred during the last ten years, including

data from the COVID-19 pandemic period which we have not previously

reported.

METHODS

Study design

The methods for this prospective cohort study have been previously

described[18](See supplement.) For this analysis, data were collected for

adults ≥16 years old hospitalised with CAP in two teaching hospitals in 

Nottingham between September 2013 and May 2023. Recruitment was

paused for a period during the pandemic (13 March 2020-2 August 2020).

From August 2020 onwards, patients testing positive for SARS-CoV2 were

included if they had radiographic evidence of pneumonia.

Microbiology

Urine samples were obtained within 48 hours of admission for

pneumococcal-specific urinary antigen detection (UAD) using the Binax-

NOW® (Alere, Stockport, UK) assay for pneumococcal C-polysaccharide

urinary antigen, and for pneumococcal serotype-specific urinary antigen

testing using a validated multiplex immunoassay (Bioplex-24)[19]

(detailed in supplement). ‘Non-ssUAD’ pneumococci were defined as those

for which cell-wall polysaccharide was detected but the Bioplex-24 assay

was not able to generate a serotype-specific result. Vaccine types were

classified according to the serotypes included in their formulation
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(supplement). Blood cultures were taken at the discretion of the treating

clinician.

Patients were considered to have pneumococcal CAP if they met

≥1criteria: a) positive pneumococcal UAD or b) blood culture positive for 

S. pneumoniae or c) detection of a pneumococcal serotype or cell wall

polysaccharide by the Bioplex24 assay.

Statistical Analysis

Categorical variables for baseline demographics, disease severity and

clinical outcomes (critical care admission, 30-day mortality and

readmission within 30 days) were expressed as frequencies and as

percentages and compared using Pearson’s χ2 or Fisher’s exact tests.

Continuous variables were summarised as medians with interquartile

range and compared using the Mann-Whitney U-test. To account for

inter-year variability, a restricted cubic spline model with five knots based

on Harrell’s recommended percentiles[20] was used to describe trends in

patient characteristics, risk factors and outcomes over time. We defined

‘pre-pandemic’ as September 2013-12th March 2020, the ‘pandemic

period’ as 13th March 2020-31st August 2021, and ‘post-restriction

period’ as 1st September 2021-31st May 2022. Patients admitted during

the ‘pandemic period’ were excluded from the tests for trend of patient

characteristics and severity as patients admitted at the height of the

pandemic may have been sicker and therefore selectively tested and

included.
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We used univariable and multivariable logistic regression models to

compare associations between pneumonia and the characteristics and

outcomes of i) patients with pneumococcal pneumonia versus non-

pneumococcal pneumococcal pneumonia and ii) patients with single-

serotype 3 disease versus patients with a different single serotype

identified. We presented the results as odds ratios (ORs) with 95%

confidence intervals (CIs) and the corresponding p-value. As there were

no a priori restrictions on participants being enrolled more than once over

the course of the study and it was not possible to link individuals to their

separate admissions, the unit of analysis was each admission rather than

individual participant. Variables for inclusion in the multivariable analysis

were purposefully selected based on clinical risk factors outlined in the UK

Health Security Agency’s “Immunisation against Infectious Disease” (The

Green Book)[4] and previous studies,[21] and were included in the final

model if the p-value was <0.2 on univariate analysis of demographic

characteristics. Outcome analyses were adjusted for variables which

altered the crude odds ratio by >10%. To minimise bias in those who

were excluded from whole case analysis due to incomplete records, we

used multiple imputation with five imputations including all analysis

variables under the assumption that data are missing at random (see

supplement for details of missing observations and the multiple

imputation model).
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Statistical analyses were conducted using Stata/SE V.18.0 (StataCorp.

2023. Stata Statistical Software: Release 18. College Station, TX:

StataCorp LLC).

RESULTS

Baseline Characteristics

7078 patients with radiographically-confirmed all-cause pneumonia were

admitted between September 2013 and May 2023, with 5186 (73.3%)

giving their consent to take part in the study. Urine for pneumococcal

testing was available for 5020 (96.8%) consented patients, of which 4933

(98.3%) were tested using Bioplex-24, and 87 (1.7%) were tested only

using BinaxNOW.

Based on blood culture, and Bioplex-24/BinaxNOW UAD results

pneumococcal pneumonia was diagnosed in 2193 included patients

(42.3%).Diagnosis was based solely on the detection of a serotype in

urine by Bioplex-24 in 1191 patients (54.3%), and by BinaxNow only in

139 (6.3%). Both Bioplex-24 and BinaxNOW were positive in 794 patients

(36.2%). A serotype was detected in blood but not by Bioplex-24 in 24

patients (22 Bioplex not performed, 2 Bioplex negative)(Supplementary

figure 1). Serotype 8 accounted for 36.8% of blood culture serotypes,

followed by serotypes 3 (9.6%), 19A (8.1%) and 12F

(6.7%)(Supplementary figure 2).

The median age of the study cohort was 71.1 years (IQR 56.5–80.9),

2762 (53.4%) were male, and pneumonia severity was low, moderate
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and high in 2531 (49.0%), 1522 (29.5%), and 1107 (21.4%) respectively

based on the CURB-65 score. Critical care admission was required in 410

(7.9%) patients, and 433 (8.3%) patients died within 30 days of

admission. (Table 1)

On multivariable analysis, current smoking, COPD and

immunocompromise were independently associated with the risk of

pneumococcal pneumonia (aOR 1.36, 95% CI 1.16-1.60; aOR 1.18, 95%

CI 1.02-1.36; and aOR 1.32, 95% CI 1.01-1.72

respectively)(Supplementary table 1). Compared to non-pneumococcal

CAP, patients with pneumococcal CAP were more likely to be admitted to

critical care (aOR 1.36, 95% CI 1.10-1.66), and have higher CURB-65

scores (aOR 1.16, 95% CI 1.08-1.26), although the odds of death within

30-days were lower (aOR 0.64, 95% CI 0.52-0.79).(Table 1 and

Supplementary table 2)
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Table 1 Baseline characteristics, disease severity and outcomes in community-
acquired pneumonia (CAP) and pneumococcal pneumonia

Patient characteristics Whole cohort

(n=5186)

Pneumococcal

cohort (n=2193)

Non-

pneumococcal

CAP (n=2993)

p-value

DEMOGRAPHICS

Age, median; years (IQR) 71.1 (56.5 – 80.9) 70.4 (56.9 – 80.4) 71.6 (56.2 –

81.3)

0.26

Male (%) 2762 (53.4) 1190/2188 (54.4) 1572/2980

(52.8)

0.24

COMORBID DISEASE

Smoking status*

Never smoked

Ex-smoker

Current smoker

1557 (30.9)

2353 (46.8)

1124 (22.4)

623 (29.0)

977 (45.5)

545 (25.4)

934 (32.3)

1376 (47.6)

579 (20.0)

<0.001

COPD 1264 (24.4) 579 (26.4) 685 (22.9) 0.004

Diabetes mellitus 870 (16.8) 361 (16.5) 509 (17.0) 0.60

Cerebrovascular disease 408 (7.9) 173 (7.9) 235 (7.9) 0.96

Congestive cardiac failure 351 (6.8) 144 (6.6) 207 (6.9) 0.62

Ischaemic heart disease 632 (12.2) 249 (11.4) 383 (12.8) 0.12

Asthma 601 (11.6) 260 (11.8) 341 (11.4) 0.61

Cognitive impairment 177 (3.4) 65 (3.0) 112 (3.7) 0.13

Liver disease 92 (1.8) 38 (1.7) 54 (1.8) 0.85

Kidney disease 533 (10.3) 234 (10.7) 299 (10.0) 0.43

Immunocompromised 231 (4.4) 223 (5.1) 119 (4.0) 0.05

PPV23 receipt* 1853 (37.3) 812 (38.4) 1041 (36.5) 0.19
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SEVERITY

CURB65 0-1 (low)

CURB65 2 (moderate)

CURB65 3-5 (high)

2531/5160 (49.0)

1522 (29.5)

1107 (21.4)

1026/2183 (47.0)

642 (29.4)

515 (23.6)

1505/2977

(50.6)

880 (29.6)

592 (19.9)

0.003

OUTCOME

30-day mortality 433 (8.3) 147 (6.7) 286 (9.6) <0.001

30-day re-admission 592/4753 (12.4) 235/2046 (11.5 357/2707 (13.2) 0.08

ICU/HDU admission 410 (7.9) 205 (9.3) 205 (6.8) 0.001

Data are presented as n(%) or median (IQR).

CURB-65: confusion, urea >7mmol/L, respiratory rate >30/min, blood pressure <90 mmHg
systolic), <60mm Hg (diastolic), age ≥65 years. 

*Data regarding smoking status available for 2145 and 2889 patients, and for PPV23 receipt in
2117 and 2849 patients in the pneumococcal and non-pneumococcal cohort respectively.

Trends between 2013 and 2023: pre vs post pandemic

Proportion of CAP due to S. pneumoniae

The proportion of CAP attributable to pneumococcus increased

significantly over the ten years for all ages, from 36.4% in 2013-14 to

66.9% in 2022-23 (p<0.001). This upward trend was observed pre-

pandemic (p-value for trend <0.001)(Table 2) but was particularly

marked in all age groups from 2020 when COVID-19 pandemic

restrictions were introduced in the UK (Figure 1). In the final winter

season (2022-23), the proportion of CAP attributed to pneumococcus

remained higher than pre-pandemic, particularly in patients ≥75 years 
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although the upward trend was less marked or reversing in younger age

groups (Figure 1). The proportion of patients with pneumococcal

pneumonia who were bacteraemic fell after the onset of the pandemic and

was lowest during 2021-22 (4.6%), but had increased to 11.3% in 2022-

23 and was similar to pre-pandemic proportions (Figure 2).

Table 2 Trend in proportion of all-cause CAP attributable to pneumococcus
between 2013 and 2023

Study year Pneumococcal
CAP (N)

All-Cause CAP (N) % CAP due to
pneumococcus

1/9/2013 – 31/8/2014 180 495 36.4

1/9/2014 – 31/8/2015 202 583 34.7

1/9/2015 – 31/8/2016 165 516 32.0

1/9/2016 – 31/8/2017 248 644 38.5

1/9/2017 – 31/8/2018 283 697 40.6

1/9/2018 – 31/8/2019 321 734 43.7

1/9/2019 – 31/8/2020*† 238 570 41.8

1/9/2020 – 31/8/2021* 125 285 43.8

1/9/2021 – 31/8/2022 219 345 63.5

1/9/2022 – 31/5/2023 212 317 66.9

Total 2193 5186 42.3

P-value for trend for entire study period, excluding patients admitted between 13 March 2020
and 31 August 2021 <0.001

P-value for trend from 2013 to 13 March 2020 only =<0.001

*Lockdown measures for SARS-CoV2 pandemic in force

†The study was paused to recruitment between 13 March 2020 and 2 August 2020 due to the
COVID-19 pandemic

Trends in demographics and severity

Patient characteristics for the pre-pandemic period and over the entire

study period are described in table 3 and supplementary table 3. The

proportion of patients who had ever received PPV23 vaccine increased
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from 36.2% in 2013 to 50.5% in 2023, but after adjusting for age, sex

and COPD and excluding patients admitted between March 2020-August

2021, there was an overall decreased trend in the proportion of patients

of vaccinated over the study period (p-value for trend=0.02).

The proportion of patients with pneumococcal CAP dying within 30 days

varied from year to year, although the overall trend was towards

increasing mortality (p-value=0.02). Mortality was highest between

September 2020-August 2021 (Table 3). From the start of the pandemic

until the end of the study, 90/923 (9.8%) of patients with all-cause CAP

tested positive for SARS-CoV2 on admission. Mortality was significantly

higher in those who were SARS-CoV2 positive (15/90, 16.7%) compared

to those who were negative (69/833, 7.2%)(p-value=0.009), but did not

differ significantly between SARS-CoV2 positive pneumococcal CAP (7/50,

14.0%) and SARS-CoV2 positive non-pneumococcal CAP (8/40,

20.0%)(p-value=0.45).

Readmission rates and critical care admissions did not change significantly

over the study period.
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Table 3 Trends in characteristics of pneumococcal CAP patients between 2013 and 2023 by study year

Study year (number of patients)

2013-14

(n=180)

2014-2015

(n=202)

2015-2016

(n=165)

2016-2017

(n=248)

2017-2018

(n=283)

2018-2019

(n=321)

2019-2020

(n=238)

2020-2021

(n=125)

2021-2022

(n=219)

2022-23

(n=212)

p-value

for trend

Median Age

(IQR)

67.4

(49.9-80.1)

68.0

(51.5-77.4)

66.9

(50.9-78.7)

70.1

(53.9-81.1)

71.8

(59.2-81.7)

71.9

(58.4-81.5)

72.8

(60.2-81.3)

71.6

(58.5-80.3)

69.5

(60.0-78.6)

70.8

(60.1-80.0)

0.14†a

0.10‡ a

Sex, male

(%)

91 (50.6) 96 (47.5) 86 (52.1) 110 (44.4) 132 (46.6) 169 (52.2) 136 (56.7) 99 (79.2) 136 (62.1) 135 (63.7) 0.22† a

0.06‡ a

PPV23

receipt (%)

59/163

(36.2)

80/189

(52.3)

46/153

(29.9)

79/234

(33.8)

96/262

(36.6)

100/321

(31.2)

81/238

(34.0)

55/125

(44.0)

109/219

(49.8)

107/212

(50.5)

0.02† a

0.03‡ a

SEVERITY

30-day

mortality

(%)

8 (4.4) 11 (5.4) 4 (2.4) 19 (7.7) 12 (4.2) 30 (9.3) 20 (8.4) 14 (11.2) 20 (9.1) 9 (9.1) 0.02†b

0.01‡ b

Readmitted

(%)

20/172

(11.6)

19/191

(9.9)

12/161

(7.4)

20/223

(9.0)

25/271

(9.2)

46/291

(15.8)

34/218

(15.6)

12/111

(10.8)

30/199

(19.6)

20/203

(9.8)

0.63†c

0.20‡ c

Critical care

admission

(%)

18 (10.0) 22 (10.9) 19 (11.5) 28 (11.3) 22 (7.8) 29 (9.0) 27 (11.3) 12 (9.6) 15 (6.8) 13 (6.1) 0.52†d

0.50‡ d

Trends in characteristics and outcomes in patients hospitalised with pneumococcal CAP between 2013 and 2023 by study year. Absolute numbers and
the corresponding percentages are presented for each variable for each year. Estimated p-values for trends were obtained by restricted cubic spline
regression with five knots at admission dates of 6 April 2014, 24 June 2016, 5 February 2018, 2 September 2019 and 25 December 2022 for the entire
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study period, and at 12 March 2014, 5 January 2016, 9 August 2017, 12 November 2018 and 29 December 2019 for the pre-pandemic period only,
based on Harrell’s recommended percentiles.

†p-value for trend across the ten-year study period excludes patients admitted between 13 March 2020 and 31 August 2021

‡p-value for pre-pandemic trend between 2013-14 and 2019-2020 only

aAdjusted for sex, PPV23 receipt and COPD

bAdjusted for age, smoking status and CURB65

cAdjusted for age, PPV23 receipt and COPD

dAdjusted for age, PPV23 receipt and CURB65
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Serotype distribution

The most prevalent serotypes over the study period were serotypes 3

(29.3%), 8 (21.4%), non-ssUAD (7.8%), 15A (4.9%) and 9N (4.1%).

Trends in the distribution of individual serotypes over the study period are

shown in Figure 3 and supplementary table 4. Over the ten years there

was a marked steady increase in serotype 3, accounting for 13.4% of

pneumococcal CAP in 2013 to 48.8% in 2023. Serotype 8, the second

most prevalent serotype, accounted for between 17.0% to 19.7% of

pneumococcal CAP pre-pandemic, but peaked at 37.4% between

September 2020 and August 2021. By mid-2023 the proportion of CAP in

which serotype 8 was implicated had decreased back to 19.9%, similar to

that seen pre-pandemic. Over the study, there was a decrease in

proportion of CAP caused by non-ssUAD pneumococci from 12.4% in

2013-2014 to 2.6% in 2022-23. Other serotypes in which there was a

decline in proportions were serotypes 7F (PCV13), 12F (PCV20), 15A

and16F (PCV21). (Supplementary table 4)

Between 2013 and 2023, there was an increase in the proportion of

multiple serotypes detected in the Bioplex-24 assay, from 9.1% to 36.6%

(p-value for trend <0.001). In 2021-2022, 52.4% of detections were

multiple serotypes. Serotype 3 was the most prevalent serotype detected

with one or more other serotype in 313 of 466 (67.2%) patients with

multiple serotype detections. The combination of serotypes 3 plus 8

accounted for 183 (39.3%) of multiple detections followed by serotype 5

plus serogroup 15 (5.4%)(Supplementary Figure 3).
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Figure 4 shows the trend by pneumococcal vaccine type over the study

period. The proportion of pneumococcal CAP caused by PCV13 serotypes

increased significantly between 2013 and 2023 (p-value for trend

=0.0005), ranging from 22.6% in 2014-2015 to 64.4% in 2022-23. The

increasing trend was occurring pre-pandemic (p-value for trend=0.01).

When serotype 3 was excluded, the trend for the remaining PCV13

serotypes was statistically non-significant (p-value =0.29).The proportion

of PCV20-nonPCV13 serotypes peaked at 37.9% in 2020-2021 but

decreased in 2021-2022 (13.0%) and again in 2022-23 (11.4%),

corresponding to the pattern observed with serotype 8. Non-vaccine

serotypes decreased over the study (p-value =0.006) from a peak of

28.7% in 2014-15 to 6.9% in 2020-21. Over the study period, 44.2% of

serotypes were covered by PCV13, 49.6% by PCV15 and 78.3% by

PCV20. The PCV21 would have covered 80.8% of all

serotypes.(Supplementary Table 5)

Serotype 3 pneumonia

Older patients were more likely to have CAP due to serotype 3 compared

to people aged 16-49 years (p-value for trend by increasing age category

<0.001, aOR for 75-84 years  2.25, 95% CI 1.50-3.41, and ≥85 years 

aOR 2.52, 95% CI 1.40-4.52). Male sex, chronic renal disease and

asthma were also associated with the risk of serotype 3 CAP compared to
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other serotypes (aOR 2.22, 95% CI 1.64-3.01; aOR 1.81, 95% CI 1.09-

3.02; and aOR 1.60, 95% CI 1.08-2.38 respectively)(Table 4).

Patients with serotype 3 CAP were less likely to have bacteraemia

compared to patients with other serotypes (aOR 0.43, 95% CI 0.27-

0.68). After adjusting for age we did not observe any significant

differences in severity (as measured by CURB-65), critical care admission,

30-day mortality, or 30-day readmission (Table 5).
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Table 4 Risk factors for serotype 3 CAP compared to other pneumococcal serotypes

Serotype 3 CAP N=441

(%)

Non-ST3 CAP

N=1133 (%)

OR (95% CI) p-value aOR (95% CI) p-value

Baseline characteristics

Median age (IQR) 73.3 (62.7-82.1) 67.5 (53.0-78.5) <0.001

Age category

16-49 years

50-64 years

65-74 years

75-84 years

≥85 years

41 (9.3)

95 (21.5)

105 (23.8)

122 (27.6)

78 (17.7)

247 (21.8)

255 (22.5)

270 (23.8)

229 (20.2)

132 (11.6)

Ref

1.71 91.19-2.470

2.09 (1.33-3.27)

2.69 (1.86-3.89)

3.06 (1.86-5.04)

<0.001‡ Ref a

1.63 (1.12-2.37)

1.78 (1.11-2.87)

2.25 (1.50-3.41)

2.52 (1.40-4.52)

0.006‡

Sex, male 297 (67.3) 549 (48.4) 2.17 (1.57-3.00) 0.001 2.22 (1.64-3.01)a <0.001

PPV23 vaccine receipt 182/434 (41.9) 357/1081 (33.0) 1.49 (1.21-1.84) 0.001 1.22 (1.01-1.48)a 0.04

Smoking

Never

Ex

Current

131/436 (30.0)

209 (47.9)

96 (22.0)

310/1103 (28.1)

480 (43.5)

313 (28.4)

Ref

1.10 (0.75-1.61)

0.79 (0.47-1.33)

0.42‡ Refa

0.92 (0.60-1.40)

0.94 (0.61-1.46)

0.70‡

Liver disease 6 (1.4) 23 (2.0) 0.57 (0.26-1.22) 0.14 0.54 (0.25-1.17)a 0.11
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Chronic kidney

disease

71 (16.1) 84 (7.4) 2.20 (1.38-3.51) 0.005 1.81 (1.09-3.02)a 0.03

Chronic cardiac

failure

37 (8.4) 65 (5.7) 1.39 (0.66-2.92) 0.32 0.90 (0.36-2.21)a 0.77

Ischaemic heart

disease

61 (13.8) 109 (9.6) 1.50 (0.97-2.32) 0.06 1.07 (0.64-1.81)a 0.75

Chronic lung disease 41 (9.3) 72 (6.3) 1.25 (0.90-1.73) 0.17 1.15 (0.81-1.64)a 0.41

COPD 114 (25.8) 297 (26.2) 1.05 (0.50-1.38) 0.68 0.91 (0.68-1.23)a 0.51

Asthma 57 (12.9) 129 (11.4) 1.20 (0.85-1.70) 0.26 1.60 (1.08-2.38)a 0.02

Diabetes 78 (17.7) 171 (15.1) 1.19 (0.72-1.97) 0.43 1.00 (0.59-1.69)a 0.99

Cerebrovascular

disease

41 (9.3) 75 (6.6.) 1.37 (0.73-2.60) 0.27 1.00 (0.52-1.95)a 0.97

Cognitive impairment 13 (2.9) 30 (2.6) 0.81 (0.40-1.64) 0.52 0.60 (0.27-1.30)a 0.17

Immunosuppression 28 (6.3) 48 (4.2) 1.33 (0.88-2.01) 0.17 1.26 (0.81-1.96)a 0.28
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Number of clinical

risk factors

0

1

2

          ≥3

148 (33.6)

160 (36.3)

77 (17.5)

56 (12.7)

440 (38.8)

442 (39.0)

179 (15.8)

72 (6.4)

Ref

1.28 (0.99-1.65)

1.50 (1.01-2.22)

2.08 (1.106-3.94)

0.04‡ Ref b

1.10 (0.86-1.40)

1.16 (0.78-1.74)

1.53 (0.80-2.94)

0.22‡

‡ P-value for trend

a Adjusted for age, sex, PPV23 receipt, chronic lung disease, ischaemic heart disease, chronic renal disease, liver disease and
immunocompromise

b Adjusted for age
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Table 5 Association between severity of disease in single serotype 3 CAP patients compared to other single serotypes
pneumococcal CAP

Serotype 3 CAP N=441

(%)

Non-ST3 CAP

N=1133 (%)

OR (95% CI) p-value aOR (95% CI) p-value

CURB-65 score

0–1 (low)

2 (moderate)

          ≥3 (high)

177/439 (40.3)

140 (31.9)

122 (27.8)

569/1127 (50.5)

321 (28.5)

237 (21.0)

Ref

1.47(1.02-2.10)

1.65 (1.15-2.38)

0.02‡ Ref a

1.02 (0.70-1.45)

1.05 (0.76-1.44)

0.75‡

Critical care

admission

39 (8.8) 113 (10.0) 0.83 (0.52-1.33) 0.40 0.90 (0.52-1.57) b 0.67

30–day mortality 37 (8.4) 65 (5.7) 1.72 (1.20-2.47) 0.01 1.32 (0.93-1.89) c 0.11

30-day readmission 43/404 (10.6) 110/1066(10.3) 1.07 (1.20-2.47) 0.78 0.92 (0.53-1.58) d 0.72

Bacteraemic disease 12 (2.7) 149 (13.2) 0.39 (0.25-0.63) <0.001 0.43 (0.27-0.68)e 0.001

‡p-value for trend

a Adjusted for age and chronic renal disease
b Adjusted for age and sex
c Adjusted for age and CURB65
d Adjusted for age, sex and chronic renal disease
e Adjusted for age and PPV23 receipt
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DISCUSSION

Over the course of ten years up to mid-2023 the proportion of

hospitalised all-cause pneumonia caused by S. pneumoniae has been

increasing. Although the absolute number of all-cause pneumonia cases

declined during 2020-21, coinciding with the COVID-19 pandemic, the

upward trend in the proportion due to pneumococcus continued to

increase, and rose markedly in all age groups in 2021-22. In the UK,

COVID-19 restrictions were lifted in July 2021. The societal and

behavioural changes during the pandemic resulted in less exposure to

pathogens spread by the respiratory route and led to observed alterations

to patterns of community-circulation of respiratory viral pathogens in

many countries.[22] This likely affected the contribution to all-cause

pneumonia from other respiratory pathogens and may explain the higher

relative contribution from pneumococcus during this period. Thresholds

for hospital admission changed during this period and patients with milder

illness due to non-pneumococcal pneumonia may have been less likely to

be hospitalized, so to a certain extent the marked increase in proportion

of CAP due to pneumococcus observed after 2020 may reflect a change

in the hospitalised population. In the final year the proportion of CAP

attributable to pneumococcus was declining, or at least stabilising in

younger age groups, but remained very high in people aged 75 years and

above. Ongoing observation is required to assess whether the proportion

of pneumococcal pneumonia in older people will return to pre-pandemic
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levels; potentially influenced by SARS-CoV2 as an endemic pathogen,

changes in pneumococcal vaccine coverage and new or altered

immunization programmes against respiratory pathogens.

Most cases of pneumococcal pneumonia are not invasive and prior to the

pandemic between 10% and 15% of our patients had pneumococcal

bacteraemia. This declined sharply when COVID-19 restrictions were in

place and remained low in 2021-2022 after restrictions had been eased.

This observation is in accordance with a national surveillance study of

invasive pneumococcal disease (IPD) in England,[23] although we noted

that in 2022-23 the proportions of invasive disease had returned to

>10%, similar to proportions expected before the pandemic. Co-

colonisation with other respiratory pathogens has been linked to high

pneumococcal nasopharyngeal carriage density,[24]which in turn has

been identified as a risk factor for invasive pneumococcal disease.[25]

The decreased circulation of other respiratory pathogens between 2020

and 2022 may therefore help to explain our observation. Despite the

observation that the pandemic was associated with reductions in IPD, we

observed an increase proportionately in pneumococcal pneumonia. Post-

2020, remote primary-care consultations increased and this has been

associated with a 23% increase in antibiotic prescribing in adults with

acute respiratory infections.[26,27] Pre-admission antibiotics would have

a much greater influence on blood culture positivity than on Bioplex

positivity, and this may partly explain the difference in IPD and non-

culture based detection of pneumococcal infection.
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The upward trend in pneumococcal pneumonia appears to have been

driven largely by serotype 3, which at the end of our study accounted for

almost half of pneumococcal cases. The predominance of serotype 3 has

also been seen in patients with IPD in England[23] and in non-invasive

pneumococcal CAP elsewhere in Europe.[28-30] In comparison to our

findings a recent study in Bristol 2021-2022 found a lower overall

proportion of pneumococcal pneumonia in patients with CAP, with

serotype 8 most prevalent.[31] A different serotype-specific UAD assay

was used in the Bristol study which may have different test characteristics

for serotype 3 resulting in the discrepancies in findings; for instance

differences in the ability to detect pneumococcal colonisation. Whole

genome sequencing has identified that between 2017-18 and 2022-23

most IPD cases of serotype 3 belonged to very similar circulating strains,

with most belonging to Global Pneumococcal Sequencing Cluster 12.[23]

Although we do not have genomic data to confirm this for our pneumonia

cases, it is feasible that we are also observing expansion of a previously

circulating strain of serotype 3.

In patients with confirmed IPD, serotype 3 has been associated with a

higher incidence of septic shock,[13]empyema and complicated

pneumonia,[32] and major adverse cardiac events.[33] However we

found no evidence that serotype 3 caused more severe disease, increased

mortality, or the requirement for critical care compared to other

serotypes. A comparable study in patients with CAP in Germany

(CAPNETZ) reported that patients with serotype 3 CAP required oxygen
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administration more frequently than patients with CAP due to other

serotypes, but similar to our findings, they did not find evidence that

serotype 3 was associated with higher ICU admission rates, clinical cure

and/or 28-day mortality compared to other serotypes.[28]

The burden of serotype 3 disease in older adults remains substantial

despite the introduction of PCV13 immunisation in children in the UK in

2010. We found that age and male sex are independent predictors of

serotype 3 CAP, consistent with previously reported associations.[34,35].

With the proportion of the UK population aged ≥65 years rising from 

16.4% in 2011 to 18.6% in 2021,[36] an increasingly older population

may account for some of the increased burden of serotype 3 observed.

Furthermore, despite an overall decline in childhood carriage of PCV13

serotypes since the introduction of childhood immunisation, carriage of

serotype 3 has persisted in the UK. The indirect protective effects of

childhood PCV13 immunisation against IPD in adults has been observed to

be lower for serotype 3;[8,11,37] consistent with the observations with

respect to serotype 3 pneumonia in adults. These factors taken together

likely explain the on-going relative increase in adult serotype 3

pneumonia despite the current infant PCV13 immunisation

programme.[38] In 2020 the UK moved from a 2+1 childhood

immunisation schedule to 1+1.[39] A recent surveillance study of IPD

three years after the introduction of the revised schedule did not observe

significantly different breakthrough and vaccine failures in children who

received the reduced schedule compared to those who received the 2+1
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PCV13 schedule.[23] Taking into consideration the relatively recent

schedule implementation, and the likely disruptive effects of the pandemic

on the epidemiology of pneumococcal disease, the impact of the 1+1

change on adult pneumococcal pneumonia cannot be adequately assessed

in this study.

Implications of this study

Our findings underline the importance of on-going efforts to prevent and

reduce the impacts of pneumococcal pneumonia on adults, particularly

older adults. The UK population aged ≥85 years is projected to increase 

by one million over the next 15 years.[40] Driven largely by the ageing

population, the number of people living with chronic kidney disease is also

forecast to increase to 7.6 million by 2033.[41] These changes may

impel further increases in serotype 3 disease unless other interventions

are introduced. In addition to the indirect herd protection from childhood

programmes, the further role of direct vaccination of adults needs to be

considered. This is especially pertinent now given the increased

availability of higher-valent conjugate vaccines, including a PCV21

specifically designed to cover serotypes affecting adults, which may

provide better protection than the currently used PPV23.

Our study has several strengths. It is a large prospective cohort study

conducted over many years allowing us to accrue data on a large number

of hospitalised patients with all-cause CAP and to compare trends in

pneumococcal pneumonia as a whole and in the distribution of
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pneumococcal serotypes before and after the pandemic. Use of the

urinary 24-valent Bioplex-24 assay allowed detection of serotypes

implicated in non-invasive pneumococcal pneumonia that would otherwise

not be classified by culture-based methods.

There are limitations to this study. The 24-valent ssUAD assay was the

main tool for identifying pneumococcal disease so it is likely that we

missed some cases of pneumococcal disease in patients who did not have

a urine samples tested by the ssUAD assay. Although >80% of serotypes

over the ten years were PCV21 serotypes, we likely underestimated

PCV21-CAP as not all PCV21 serotypes are detected by the current 24-

valent assay. There are recognised cross-reactions in the Bioplex-24

assay with serotypes which are not targeted in the assay, where the

serotype was designated based on the predominant serotype using

national IPD data. This may have caused under-reporting of less common

non-vaccine serotypes and thus underestimation of the prevalence of

non-vaccine-type pneumonia.

As there were no a priori restrictions on multiple recruitment of

participants in different study years and we were not able to link

individual participants to their separate admissions, prior CAP is a

confounder that could plausibly change the effect for many risks and

outcomes modelled and is a limitation which needs to be recognised,

although fewer than 5% of participants were enrolled more than once

over the course of the study. Also, the study was conducted at a single
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centre and may not be representative of pneumococcal and serotype

trends elsewhere in the UK. However, the results from two further UK

sites over a 2-year period are similar to our findings.[17] Changes in the

admission process for patients with pneumonia in Nottingham occurred

during the pandemic, with most patients directed to one hospital, and this

may also have altered hospitalisation thresholds. In addition, after the

recruitment pause was lifted it was only possible to recruit patients from

that one hospital due to staff redeployment to urgent COVID-19 studies;

therefore we could not be certain that all potentially eligible adults were

identified for study inclusion. Given these differences, it was deemed

inappropriate to calculate and compare the incidence of pneumococcal

pneumonia pre-versus-post pandemic as the potential change in

denominator values would tend towards an underestimate of post-

restriction period incidence.

In conclusion, a large proportion of CAP continues to be caused by

pneumococcal infection, with serotype 3 predominating and continuing to

increase proportionately. We have not observed serotype 3 pneumonia to

be more severe than other serotypes. Non-serotype 3 PCV13-vaccine type

pneumonia does not appear to have increased significantly over the last

ten years. It is important for new pneumococcal vaccines to provide good

protection against serotype 3 if adult pneumococcal pneumonia is to be

reduced in future years, whether via direct or indirect protection.
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Figure Captions and Legends

Figure 1 The absolute proportion of community-acquired pneumonia

caused by Streptococcus pneumoniae between 2013 and 2023 by study

year and according to age group. The numerator is the number of

patients with pneumococcal pneumonia per age group and the

denominator is the total number of patients admitted with all-cause CAP

for that age group.

Covid-19 pandemic restrictions March 2020 to June 2021

Figure 2 The absolute proportion of hospitalised patients with pneumonia

due to Streptococcus pneumoniae who were bacteraemic during each

year of the study from 2013 to 2023.

Covid-19 pandemic restrictions March 2020 to June 2021

Figure 3 Stacked area plot showing the relative proportion of individual

pneumococcal serotypes detected by urinary Bioplex-24 assay for each

year of the study between 2013 and 2023. The numerator is the number

of detections of each individual serotype and the numerator the total

number of serotype detections for each year.

Figure 4 Stacked area plot showing the relative proportion of

pneumococcal serotypes detected during each year of the study which are
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covered by pneumococcal vaccines: PCV7, PCV13-nonPCV7, PCV15-

nonPCV13, PCV20- only, PPV23-only serotypes, and non-vaccine types

(serotypes not covered by these vaccines or non-Bioplex24 serotypes).

PCV7 serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F

Additional PCV13 serotypes: 1, 3, 5, 6A, 7F, 19A,

PCV15nonPCV13 serotypes: 22F, 33F

PCV20non13/15 serotypes: 8, 10A, 11A, 12F, 15B

PPV23non20 serotypes: 2, 9N, 17F, 20

NVT= Non-vaccine types
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Figure 1 The absolute proportion of community-acquired pneumonia caused by Streptococcus

pneumoniae between 2013 and 2023 by study year and according to age group. The numerator is

the number of patients with pneumococcal pneumonia per age group and the denominator is the

total number of patients admitted with all-cause CAP for that age group.

Covid-19 pandemic restrictions March 2020 to June 2021
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Figure 2 The absolute proportion of hospitalised patients with pneumonia due to Streptococcus

pneumoniae who were bacteraemic during each year of the study from 2013 to 2023.

Covid-19 pandemic restrictions March 2020 to June 2021
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Figure 3 Stacked area plot showing the relative proportion of individual pneumococcal serotypes
detected by urinary Bioplex-24 assay for each year of the study between 2013 and 2023. The
numerator is the number of detections of each individual serotype and the numerator the total
number of serotype detections for each year.
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Figure 4 Stacked area plot showing the relative proportion of pneumococcal serotypes detected
during each year of the study which are covered by pneumococcal vaccines: PCV7, PCV13-
nonPCV7, PCV15-nonPCV13, PCV20- only, PPV23-only serotypes, and non-vaccine types
(serotypes not covered by these vaccines or non-Bioplex24 serotypes).

PCV7 serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F

Additional PCV13 serotypes: 1, 3, 5, 6A, 7F, 19A,

PCV15nonPCV13 serotypes: 22F, 33F

PCV20non13/15 serotypes: 8, 10A, 11A, 12F, 15B

PPV23non20 serotypes: 2, 9N, 17F, 20

NVT= Non-vaccine types
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