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SYNOPSIS

Ongoing surveillance after pneumococcal conjugate vac-
cination (PCV) deployment is essential to inform policy
decisions and monitor serotype replacement. We report
serotype and disease severity trends in 3,719 adults hos-
pitalized for pneumococcal disease in Bristol and Bath,
United Kingdom, during 2006—2022. Of those cases,
1,686 were invasive pneumococcal disease (IPD); 1,501
(89.0%) had a known serotype. IPD decreased during
the early COVID-19 pandemic but during 2022 gradu-
ally returned to prepandemic levels. Disease severity
changed throughout this period: CURB65 severity scores
and inpatient deaths decreased and ICU admissions in-
creased. PCV7 and PCV13 serotype IPD decreased from
2006-2009 to 2021-2022. However, residual PCV13 se-
rotype IPD remained, representing 21.7% of 2021-2022
cases, indicating that major adult PCV serotype disease
still occurs despite 17 years of pediatric PCV use. Per-
centages of serotype 3 and 8 IPD increased, and 19F
and 19A reemerged. In 2020-2022, a total of 68.2% IPD
cases were potentially covered by PCV20.

treptococcus pneumoniae remains the leading bac-

terial cause of community-acquired pneumonia,
despite widespread use of effective pneumococcal
vaccines with >100 recognized pneumococcal sero-
types. In the United Kingdom, unconjugated 23-va-
lent pneumococcal polysaccharide vaccine (PPV23)
is offered to all adults >65 years of age and persons
>2 years of age who are at increased risk for pneu-
mococcal disease. In September 2006, a 7-valent
pneumococcal conjugate vaccine (PCV7) was im-
plemented into the national childhood immuniza-
tion program, then replaced with a 13-valent PCV
(PCV13) in April 2010. The PCVs were given at a 2
+ 1 schedule but replaced with a 1 + 1 schedule in
April 2020 (1). Because PCVs prevent carriage ac-
quisition in addition to protection against disease,
both PCVs had a large and major direct and indirect
(herd) effect on pneumococcal disease caused by the
respective serotypes (2-4).

By 2016-2017, PCV7 pneumococcal serotype
disease had virtually disappeared in children and
decreased to a large degree in adults. Invasive pneu-
mococcal disease (IPD) caused by PCV13 serotypes
has also decreased substantially but subsequently
plateaued, with a residual incidence of 8 IPD cas-
es/100,000 population in England (5-7). At the same
time, pneumococcal cases caused by non-PCV13 se-
rotypes increased across all age groups, especially
in older adults, resulting in no net reduction in total
IPD cases in older adults in 2016-2017 compared with
the pre-PCV13 period, a phenomenon known as se-
rotype replacement (5-7). Monitoring those effects
nationally is vital for planning of healthcare use and
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developing new preventive strategies, including use
of higher-valent pneumococcal vaccines (8,9).

The effect of serotype replacement has not been
reported in the United States; data suggest that the in-
cidence on nonvaccine serotype disease has remained
stable, in both children and older adults (10). Clari-
fication of the reasons for differences seen in studies
from the United States and United Kingdom is need-
ed because serotype replacement is a threat to the
effectiveness of current vaccine programs, and PCV
scheduling remains a policy decision area. It remains
unclear why such differences occur; however, several
factors might be involved, such as methods differ-
ences in surveillance approaches, exposure to pneu-
mococcal transmission, risk factor profiles between
patient populations, and serotype interactions (11).
Small differences in carriage prevalence and clonal
lineages might result in greatly different rates of IPD
because serotype-specific invasiveness varies by or-
ders of magnitude.

In England, the UK Health Security Agency con-
ducts national IPD surveillance, which includes limit-
ed data on noninvasive pneumococcal disease, clinical
phenotype, and disease severity (5-7). Evidence from
a large pneumococcal pneumonia cohort in Notting-
ham, UK, suggests there are relatively few differences
between patients with PCV13 and non-PCV13 sero-
type respiratory infections (12). Nevertheless, chang-
ing serotype distribution could result in changes in
pneumococcal disease phenotypes, which might have
implications for use of available polyvalent serotype-
specific pneumococcal vaccines. Furthermore, the
COVID-19 pandemic has disrupted the epidemiology
of multiple respiratory infections (13,14) and provid-
ed new insights into virus-bacteria-host interactions.
Many countries, including the United Kingdom, im-
plemented measures such as social distancing and
school closures that were intended to decrease SARS-
CoV-2 transmission and alleviate pressure on health-
care services (15). Those measures reduced the trans-
mission of other respiratory pathogens (14), but it is
unclear to what extent they disrupted pneumococcal
transmission (16,17). The measures might also have
caused changes in serotype distribution of pneumo-
coccal infection and disease.

In this retrospective cohort study conducted at 3
large National Health Service (NHS) hospitals, which
represent all secondary care provision within a de-
fined geographic area, we examined trends in pneu-
mococcal serotype distribution in adults after PCV7
and PCV13 implementation into the childhood im-
munization program and the effect of the COVID-19
pandemic over the first 3 years. We report confirmed
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pneumococcal disease incidence during 2006-2022,
both overall and by vaccine serotypes, and assess
trends in severity of pneumococcal disease in hospi-
talized adults.

Materials and Methods

Study Design

This study was approved by the UK Health Research
Authority (IRAS 265437). We conducted a retrospec-
tive cohort study including all patients >16 years of
age who were admitted to any of three large UK NHS
hospitals in southwest England: University Hospi-
tals Bristol and Weston, North Bristol, and The Royal
United Hospital (Bath) NHS Trusts. The study cov-
ered the period January 1, 2006-December 31, 2022,
and included patients who had a confirmed micro-
biologic diagnosis of pneumococcal infection. Those
hospitals provide all secondary care within a defined
geographic area with 100,000 unplanned adult admis-
sions annually, including the regional cardiothoracic,
pleural, respiratory specialist, and general medical
and respiratory services.

We identified eligible cases retrospectively by
searching the Laboratory Information Management
System database (Clinisys WinPath Enterprise). We
confirmed identification of S. pneumoniae by using cul-
ture or PCR from a sterile site at a central laboratory
by using standard microbiologic techniques. Culture
was confirmed by using API-20 Strep (bioMérieux) or
matrix-assisted laser desorption/ionization time-of-
flight) mass spectrometry (Bruker). A positive result
on pneumococcal urinary antigen test (UAT) (Binax)
was also considered confirmation of pneumococcal
infection. Patients were included if they tested posi-
tive on any or all tests.

We linked confirmed cases with the UK Health
Security Agency (UKHSA) national reference labora-
tory database to obtain serotype data, which we col-
lected at the end of the study to avoid risk for bias in
clinical data collection. We reviewed clinical records
at each hospital and recorded data in a standardized
manner, including laboratory and radiologic investi-
gations. We recorded patient observations within 24
hours of when care was sought for a pneumococcal
infection, and established vaccination status by us-
ing electronically linked general practitioner records.
We calculated the CURB65 severity score (confusion,
blood urea nitrogen, respiratory rate, blood pres-
sure, and age >65 years) (https:/ /www.mdcalc.com/
calc/324/curb-65-score-pneumonia-severity) at ad-
mission for each clinical episode and recorded clini-
cal outcomes, including length of hospitalization and
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intensive care unit (ICU) admission. We determined
inpatient death (i.e., patient death before discharge)
through review of the medical records and used it as
a marker of case-fatality. All adult patients were man-
aged at the discretion of the admitting clinical team.

Case Definitions

Total pneumococcal disease included all positive
cases, whether identified by sterile site culture/PCR
or positive UAT result with clinical confirmation of
sterile site infection (i.e., IPD) or noninvasive pneu-
mococcal disease (positive UAT result only). Total
cases where the serotype was identified are referred
to as serotype-known disease: pneumococcal sero-
types were further grouped by vaccine serotypes:
PCV7, PCV13-7 (PCV 13 minus PCV7 serotypes,
PCV15-13, PCV20-15, PCV20-13, and serotypes not
contained in a PCV (non-PCV) (Appendix, https://
wwwnc.cde.gov/EID/article/29/10/23-0519-App1.
pdf). The primary infection site was derived from
the managing clinician’s diagnosis. Respiratory in-
fection included both consolidative infection (i.e.,
pneumonia) according to British Thoracic Society/
National Institute for Health and Care Excellence
(BTS/NICE) guidelines (18) and nonpneumonic
lower respiratory tract infection.

Statistical Analysis

Data are reported as medians and interquartile rang-
es for continuous variables or means and SDs where
the distributions were confirmed to be normal by us-
ing the Anderson Darling normality test. Categorical
variables are presented as counts and percentages.
We calculated multinomial Cls by using the Wil-
son score interval method for binomial percentages
(19), which we tested on simulated data and found
to be well calibrated for this problem. We compared
baseline characteristics by using the Fisher exact test
for categorical variables, the 2-sample Kolmogorov-
Smirnov test for nonparametric continuous variables,
the Wilcoxon rank-sum test for score variables, or the
2-sided Student t-test for parametric continuous vari-
ables. There were minimal missing data, and only for
categorical variables. When these data were present,
they were included as a separate category before sta-
tistical testing.

We performed multinomial time series analysis
by fitting a single-hidden-layer neural network and
using the nnet package (20) in R (The R Foundation
for Statistical Research) with a time-varying natural
spline term for class probabilities and a knot point
for each class every 2 years. We performed binomial
time series analysis by using a maximum-likelihood
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approach with local polynomial regression and
a logistic link function assuming that the count of
positive and negative results are a quasi-binomially
distributed quantity in the R package locfit accord-
ing to the methods of Loader (21) with a bandwidth
equivalent to 2 years” worth of data and a polyno-
mial of degree 2.

We obtained yearly estimates for the >16 years
of age population of clinical commissioning groups
of NHS Bath and North East Somerset and NHS
Bristol, North Somerset, and South Gloucestershire
regions from NHS Digital. We interpolated yearly
point estimates to daily estimates by using a local
polynomial regression and estimated pneumococ-
cal disease incidence as the rate of monthly admis-
sion counts by using a local polynomial regression
assuming a quasi-Poisson distribution, logarith-
mic link function, and the methods of Loader (21).
We expressed admission rates as disease cases per
1,000 person-years by using interpolated popula-
tion estimates. We performed all analyses by using
R version 4.2.

Results

During 2006-2022, we identified 3,719 adults (me-
dian age 66.1 years, interquartile range 50.2-78.9
years) who had pneumococcal disease. Of those per-
sons, 1,840 (49.5%) were male, 1,879 (50.5%) were fe-
male, 1,621 (43.6%) had positive blood cultures, 2,379
(64.0%) were UAT positive, and 15 (0.4%) were PCR
positive. Among the cases, 1,686 (45.3%) were IPD
and 2,033 (54.7%) were non-IPD. Respiratory infec-
tion accounted for 92.3% (3,436/3,719) of all cases of
pneumococcal disease, 84.2% of IPD, and 99.2% of
noninvasive pneumococcal disease (Table 1). Pneu-
mococcal serotype was available for 1,501 (40%) cas-
es. The demographics and clinical characteristics of
patients with known-serotype pneumococcal disease
were similar to those with unknown serotype infec-
tion (Appendix).

The incidence of IPD among hospitalized adults
showed a slight upward trend during 2006-late 2019
(Figure 1, panel A). During the early part of the CO-
VID-19 pandemic in 2020, pneumococcal disease in-
cidence suddenly decreased. However, during 2022,

Table 1. Characteristics of patients hospitalized with confirmed pneumococcal infection, Bristol, UK, 2006—2022*

Characteristic Invasive disease, n = 1,686  Noninvasive disease, n = 2,033 p value
Age, y, median (IQR) 65.9 (50.8-79) 66.3 (50-78.8) 0.74
Sex
M 847 (50.2) 993 (48.8) 0.41
F 839 (49.8) 1,040 (51.2)
Serotype status
Serotype identified 1,501 (89.0) 0 <0.001
No serotype 185 (11.0) 2,033 (100.0)
Smoker
Nonsmoker 495 (29.4) 597 (29.4) 0.95
Ex-smoker 680 (40.3) 829 (40.8)
Current smoker 511 (30.3) 607 (29.9)
Charlson Comorbidity Index, median (IQR) 4 (1-6) 4 (1-6) 0.31
Test type
Blood culture only 1,325 (78.6) 0(0) <0.001
UAT only 51 (3.0) 2,033 (100.0)
Blood culture and UAT 295 (17.5) 0
CSF PCR 8 (0.5) 0
Blood PCR 7 (0.4) 0
Infection site
Lung 1,419 (84.2) 2,017 (99.2) <0.001
Meningitis 172 (10.2) 0
Septic arthritis 36 (2.1) 0
ENT 15 (0.9) 2(0.1)
Other 44 (2.6) 14 (0.7)
PPV23 vaccination, time before illness
None 967 (57.4) 1,171 (57.6) 0.99
<6 mo 60 (3.6) 72 (3.5)
>6 mo 659 (39.1) 789 (38.8)
Missing 0 1(0)
Noninvasive ventilation 39 (2.3) 103 (5.1) <0.001
Intubation 236 (14.0) 234 (11.5) 0.026
Inpatient deatht 255 (15.1) 253 (12.4) 0.019

*Values are no. (%) except as indicated. Significance was determined by using the Fisher exact test for categorical variables, the 2-sample Kolmogorov-
Smirnov test (continuous variables), and the 2-sample Wilcoxon rank-sum test (continuous variables). Normality of distributions determined by using the
Anderson-Darling normality test. CSF, cerebrospinal fluid; ENT, ear, nose, and throat; IQR, interquartile range; PPV23, 23-valent pneumococcal

polysaccharide vaccine; UAT, urine antigen test.

tDetermined though review of medical records (i.e., death before discharge from hospital).
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Figure 1. Distribution of pneumococcal serotypes in hospitalized patients, Bristol and Bath, UK, 2006—2022. A) Incidence of blood culture—
positive pneumococcal disease. Data shown include only invasive disease; for comparison with noninvasive disease, see the Appendix
(https://wwwnc.cdc.gov/ElD/article/29/10/23-0519-App1.pdf). Black dots indicate monthly observations, black line indicates a binomial
time series model, and gray shading indicate 95% Cls. Population estimates are provided in the Appendix. B) Multinomial percentage of

pneumococcal serotypes in the invasive pneumococcal disease population with known serotype. Green bars indicate 7-valent PCV (PCV7)
serotypes; orange, PCV13—7 (PCV13 minus PCV7 serotypes); purple, PCV15-13; pink, PCV20-15; gray, serotypes not contained in PCV
vaccines. Individual serotypes are shown in the legend on the panel. C) Testing rates for blood cultures with respect to acute admissions
and BinaxNOW (https://www.abbott.com) tests with respect to acute respiratory admissions. Estimates are presented at the midyear time
point, relative to the data they represent. For all panels, vertical lines indicate introduction of PCV7 (solid black), PCV13 (2 + 1 schedule)
(thin black dashed line), PCV13 (1 + 1 schedule) (thick black dashed line) into the UK childhood vaccination program and the beginning of

large hospital admissions in Bristol caused by SARS-CoV-2 (solid gray). PCV, pneumococcal conjugate vaccine.

incidence gradually increased so that by December
2022 it had returned to a level similar to that observed
before the COVID-19 pandemic (Figure 1, panel A).
Noninvasive pneumococcal disease showed a broad-
ly similar pattern but is harder to interpret because
of changing BinaxNOW testing patterns over the
study period (Figure 1, panel C; Appendix Figures
3, 4). PCV7 serotype disease decreased from 29.4%
(95% CI 24.1%-35.4%) in 2006-2009 to 7.0% (95%
CI 3.7%-12.7%) of serotype-known disease in 2021-
2022, and PCV7-serotypes caused minimal disease
from mid-2017 until their re-emergence during the
COVID-19 pandemic. PCV13-7 disease represented
34.3% (95% CI 28.6%-40.4%) of serotype-known dis-
ease in 2006-2009, decreased slightly to 29.3% (95%
CI 25.6%-33.3%) by 2010-2015, and continued to de-
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crease to 21.7% (95% CI 15.5%-29.6%) in 2021-2022,
with serotypes 1, 3, and 19A persisting. In contrast,
the percentage of PCV20-13 and non-PCV sero-
type disease increased during this period (Figure 1,
panel B).

Although blood culture testing rates remained
stable over time, there were changes in UAT test-
ing rates. The decreased pneumococcal disease
incidence observed during the COVID-19 pan-
demic occurred without an equivalent decrease in
BinaxNOW and blood culture testing over the same
time period (Figure 1, panel C). After SARS-CoV-2
emergence, the most commonly identified serotypes
were 3, 8, 9N, 19F, 19A and 22F (Figure 2, panels
A, B). In 2022, 6.2% (95% CI 3.2%-11.8%) of disease
was attributable to PCV15-13, 33.3% (95% CI 25.8%-
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Figure 2. Distribution of pneumococcal serotypes in hospitalized patients after emergence of SARS-CoV-2. A, B) Proportion of
pneumococcal disease attributable to each serotype (A) and PCV vaccine group (B) from 129 case-patients in Bristol, UK, hospitalized
during January 1, 2021-December 31, 2022. C) Binomial (one versus others) time series models showing the percentage of disease
during January 2006—-December 2022 attributable to each of the 6 most common pneumococcal serotypes. Solid lines indicate
smoothed point estimates; error bars/shaded areas indicate 95% Cls. The 95% Cls in panels A and B do not coincide exactly with those
in panel C because they represent different length time periods and use different models. Additional data and time points are available in
Table 2 (https://wwwnc.cdc.gov/ElD/article/29/10/23-0519-T2.htm). PCV, pneumococcal conjugate vaccine.

41.8%) to PCV20-15, and 31.8% (95% CI 24.4%-
40.2%) to non-PCV serotypes; a major percentage
of disease arose from serotypes in current PCVs
(Figure 2). Among known-serotype cases, PCV7 se-
rotypes represented 7.0% (95% CI 3.7%-12.7%) and
PCV13-7 serotypes 21.7% (95% CI 15.5%-29.6%)
of cases (Table 2, https://wwwnc.cdc.gov/EID/
article/29/10/23-0519-T2.htm). Overall, the percent-
age of disease caused by 19F, 19A, and 22F remained
relatively stable throughout the study, and an ex-
pansion of serotypes 3 and 8 disease occurred, along
with a slight increase in serotype 9N (Figure 2,
panel C).

1958

Before the emergence of SARS-CoV-2, the age
of patients admitted with IPD increased over time
(Figure 3, panel A) and disease severity decreased,
as shown by the average CURB65 severity scores at
admission (Figure 3, panel B). ICU admission rates
increased in earlier years and then plateaued, inpa-
tient deaths decreased, and length of hospital admis-
sion remained broadly stable (Figure 3, panels C-E).
Those trends were disrupted during the early stages
of the SARS-CoV-2 pandemic and largely reverted
to their previous trajectories in 2021-2022. The per-
centage of patients 45-55 years of age trended up-
wards compared with the prepandemic period, and
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the percentage of IPD case-patients requiring ICU
admission also increased, but those trends were
based on small numbers. We could not account for
the increase in ICU admissions seen after SARS-
CoV-2 emergence through change in bed availability
or clinical care pathways.

Serotypes and Severity in S. pneumoniae Infection

Discussion

This study examining hospitalized adults with pneu-
mococcal disease in Bristol and Bath, UK, encompass-
es 17 years of PCV implementation into the UK child-
hood vaccination program and includes 3 years of
the COVID-19 pandemic. Although the percentage of
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Figure 3. Severity of manifestations and outcome of invasive pneumococcal disease in hospitalized adults over time, Bristol, UK. A)
Age categories; B) CURBG65 scores; C) ICU admissions; D) inpatient deaths; E) length of stay in a hospital. For panels A, B, and E,
categories are shown in the legend adjacent to each panel. The solid line in the multinomial time series models shown in panels C and
D indicates binomial time series models; gray areas indicate 95% Cls. Across all panels, vertical lines indicate dates of 7-valent PCV
(PCVT7) (solid black) and PCV13 2 + 1 (thin black dashed line) and 1 + 1 (thick dash blacked line) schedule vaccine introduction and
SARS-CoV-2 emergence (solid gray). Results for noninvasive pneumococcal disease are shown in the Appendix (https://wwwnc.cdc.
gov/ElD/article/29/10/23-0519-App1.pdf). ICU, intensive care unit; PCV, pneumococcal conjugate vaccine.
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IPD caused by PCV serotypes has decreased across all
age groups, a major fraction of adult pneumococcal
disease is still caused by PCV7 (7.0% [95% CI 3.7 %-
12.7%]) and PCV13-7 (21.7% [95% CI 15.5%-29.6%])
serotypes (5,22). In addition, the percentage of adult
disease caused by those serotypes has increased since
COVID-19 pandemic restrictions began in March
2020, which also coincided with a change in the UK
childhood immunization schedule from 3 doses to 2
doses of PCV13 since April 2020. The persistence of
PCV13 serotype and PCV7 serotype disease in adults
in this study occurred in the context of a longstand-
ing, high-coverage national childhood vaccination
program. This persistence suggests that, although
giving PCVs to most children has had some indirect
effects, those effects do not completely protect adults
from PCV serotype disease.

The persistence of some PCV13 serotypes is con-
cerning because they are associated with more severe
disease and deaths in adults. In addition, we have
observed large increases in the percentage of non-
PCV13 serotype disease since PCV13 implementa-
tion, consistent with national surveillance throughout
the UK and Europe (5-7,12,22). During 2016-2019,
non-PCV13 serotypes caused 78.8% (95% CI 75.2%-
82.1%) of cases among persons who had identified se-
rotypes; during 2021-2022 that percentage was 71.3%
(95% CI 63.0%-78.4%). During 2021-2022, PCV20-13
serotypes accounted for 39.5% (95% CI 31.5%-48.2%)
of adult disease with identified serotypes.

Despite indirect effects operating to some degree,
PCV serotypes continue to cause adult disease that
is severe enough to require hospital admission. Al-
though PCV7 serotypes remain rare causes of adult
pneumococcal disease, serotype 19F has reemerged.
We found that most residual PCV serotype disease is
caused by PCV13-7 serotypes, especially serotypes 3
and 19A, observations that are consistent with other
reports (5,7,12,22). The continued circulation of sero-
type 3, especially after the pandemic restrictions were
lifted, is critical because this serotype is associated
with more severe disease, especially in older adults.
Ongoing circulation might, in part, be caused by
clade II expansion after a clade distribution shift (23).
Serotype 19A is also of concern because it has previ-
ously been associated with high antimicrobial drug
resistance rates in some countries (24).

Indirect effects of PCVs are believed to occur by
reduction in nasopharyngeal carriage and density of
vaccine serotypes in vaccinated children, which inter-
rupts transmission to both vaccinated and unvacci-
nated contacts (2-4). Generally, sustained high PCV
coverage in children is assumed to result in reliable
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indirect effects in adults: the UK 1 + 1 PCV13 child-
hood immunization schedule relies, to a degree, on
those indirect effects to protect infants who only re-
ceive 1 priming PCV dose before their 1-year booster
(25). However, we cannot explain the recent percent-
age increase in PCV13 serotype disease we observed
by decreasing pediatric PCV vaccination rates. In the
United Kingdom, vaccination is offered free of charge
and is associated with high uptake; PCV uptake was
>90% for the first dose by 12 months of age and >94%
for the second dose by 24 months of age in southwest-
ern England in 2021-2022 (26).

A concerning finding is the high percentage
of cases that are not vaccine preventable: during
2016-19, PCV20-13 and non-PCV serotypes repre-
sented 53.0% (95% CI 48.8%-57.2%) and 25.8% (95%
CI 22.3%-29.7%) of cases, respectively; in 2021-2022,
those percentages of 39.5% (95% CI 31.5%-48.2%) and
31.8% (95% CI24.49%-40.2%). In 2021-22, PCV15 sero-
types represented 34.9% (95% CI 27.2%-43.4%) of IPD
cases, PCV20 serotypes 68.2% (95% CI 59.8%-75.6%)
and non-PCV serotypes 31.8% (95% Cl 24.4%-40.2%).
Although serotype replacement has been observed
in Europe and serotype distribution change in the
United States (5-7,21,27,28), reports from the United
States describe consistently stable rates of non-PCV13
serotype IPD after childhood PCV13 introduction
(29). Serotype replacement might occur through ex-
pansion of non-PCV strains or capsular switching of
previously vaccine-preventable strains, in which re-
combination at the capsular gene locus results in sero-
type change (30). In concordance with other studies,
we found serotype 8 disease increasing, along with
23A and 9N (5,7,12).

We observed a disproportionate decrease in
pneumococcal disease incidence early in the COV-
ID-19 pandemic, without a concomitant decrease in
BinaxNOW and blood culture testing rates. This find-
ing might have been caused by reduced circulation
and transmission of many respiratory pathogens, in-
cluding pneumococcus, because of social distancing
policies (13,14,16) breaking transmission chains and
affecting host-pathogen-pathogen interactions, so
that severe pneumococcal infection became less com-
mon. Preceding viral infection is a major risk factor for
pneumonia, and the relationships between influenza
and respiratory syncytial virus and pneumococcus
are well described (31,32). Pneumococcus might also
modulate host immune responses to SARS-CoV-2
(33). Prospective surveillance found that Europe ex-
perienced major and sustained reductions in invasive
disease caused by pneumococcus, Haemophilus influ-
enzae, and Neisseria meningitidis in early 2020 (34). Our
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study confirms that reduced testing practices in hos-
pitals do not explain such reductions.

However, changes in healthcare use might ex-
plain the incidence decreases that occurred. For exam-
ple, susceptible patients had fewer admissions to sec-
ondary care during the pandemic (35). An increased
admission threshold or avoidance of secondary care
would increase community-level management of
cases and reduce case-patients who have pneumococ-
cal disease seeking treatment and consequently being
diagnosed in hospitals. Because fewer investigations
are performed in community-level care, such cases
would be missed by surveillance that is reliant on mi-
crobiologic testing.

By combining microbiologic results with clini-
cal data, we are able to report on both disease epi-
demiology and severity over time. We found some
evidence of more severe disease, especially after
SARS-CoV-2 emergence. The observed disruption to
the broadly stable previous trends in disease severity
during the early part of the SARS-CoV-2 pandemic
might be a result of observation bias, a consequence
of the pandemic, or both. Although ICU admission
rates increased for pneumococcal disease, admission
CURB65 severity scores were lower, consistent with
the 2018 BTS national pneumonia audit, which also
reported decreased admission CURB65 scores (36).
This apparent discrepancy might be explained by
changes in patients or their treatment (e.g., older pa-
tients with more severe disease might be less likely
to receive ICU care than younger patients because
of clinical prognostic decision making). Other recent
changes in treatment, such as increased availability
of positive pressure support or earlier antimicrobial
drug administration, might also have changed pa-
tient courses and outcomes, including severity and
death. Major changes in pneumococcal infection
severity have occurred since 2020, including an in-
creased percentage of adults 45-55 years of age who
required hospital treatment. The recent increase in
cases is probably related to relaxation of COVID-19
restrictions. Recent studies highlight the critical role
of respiratory viruses (e.g., respiratory syncytial vi-
rus, human metapneumovirus, influenza virus) in
contributing to pneumococcal disease (17). Large,
out-of-season viral outbreaks that occurred after eas-
ing of COVID-19 restrictions (37) are therefore likely
to have contributed to the increasing pneumococcal
disease rates we report in this study, which will need
careful surveillance in future years. Independent of
changes in clinical practice, serotype distribution
changes might affect patient outcomes and healthcare
use as invasive potential varies by serotype.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 10, October 2023

Serotypes and Severity in S. pneumoniae Infection

By combining microbiologic results with clinical
data, we are able to report on both disease epidemiol-
ogy and severity over time. We found some evidence
of more severe disease especially after SARS-CoV-2
emergence. The observed disruption to the broadly
stable previous trends in disease severity during
the early part of the SARS-CoV-2 pandemic might
be a result of observation bias, a consequence of the
pandemic, or both. Although ICU admission rates
increased for pneumococcal disease, we observed a
reduction in admission CURB65 severity scores, con-
sistent with the 2018 BTS national pneumonia audit,
which also reported decreased admission CURB65
scores (36). This apparent discrepancy might be ex-
plained by changes in patients or their treatment (e.g.,
older patients with more severe disease might be less
likely to receive ICU care than younger patients be-
cause of clinical prognostic decision making). Other
recent changes in treatment, such as increased avail-
ability of positive pressure support or earlier antimi-
crobial drug administration, might also have changed
patient courses and outcomes, including severity and
death. Major changes in pneumococcal infection se-
verity have occurred since 2020, including an in-
creased percentage of adults 45-55 years of age who
required hospital treatment. The recent increase in
cases is probably related to relaxation of COVID-19
restrictions. Recent studies highlight the critical role
of respiratory viruses (e.g., respiratory syncytial vi-
rus, human metapneumovirus, influenza virus) in
contributing to pneumococcal disease (17). Large, out-
of-season viral outbreaks that occurred after easing of
COVID-19 restrictions (37) are therefore likely to have
contributed to the increasing pneumococcal disease
we report in this study, which will need careful sur-
veillance in future years. Independent of changes in
clinical practice, serotype distribution changes might
affect patient outcomes and healthcare use as inva-
sive potential varies by serotype.

One strength of this study was that we identi-
fied patients who had with pneumococcal infections
in a population of 1 million adults and report dis-
ease over a 17-year period with epidemiologic data
supported by detailed clinical information at an in-
dividualized patient level. Data on admission num-
bers and testing practices enabled us to interpret
incidence considering these factors, which might
otherwise bias the estimates obtained. In addition,
linkage with the UKHSA national reference labora-
tory enabled us to report serotype data whenever
available. Our study also reports pneumococcal
disease confirmed by UAT; this result was not de-
tected by national surveillance and enabled us to
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estimate pneumococcal disease incidence and bur-
den more accurately.

One limitation of this study was that UAT does
not identify serotype; we were thus unable to report
serotype data in 60% of our cohort. However, pa-
tients with known and unknown serotype disease
had broadly similar demographic and clinical char-
acteristics and outcomes. UAT has a sensitivity of
65%, so test results might remain positive for some
time after pneumococcal disease has been treated
(38). Although the data are concordant with national
UKHSA epidemiologic and BTS pneumonia audit
data (36), providing major reassurance, this regional
study might not be representative of other regions or
populations. As a retrospective observational study,
only information as documented in medical records
could be included. Patient treatment decisions might
have varied over time and by treating physicians,
and systemic changes in patient treatment, healthcare
provision, or admission threshold and microbiologic
testing practices might have occurred. Those factors
might have affected the trends reported in this analy-
sis. Finally, the serotype trends reported in 2020-2022
were based on substantially lower case numbers than
those seen before the emergence of SARS-CoV-2. On-
going monitoring of trends will be useful as disease
incidence adjusts after the COVID-19 pandemic.

In conclusion, this study provides evidence that
PCV13 serotypes continue to cause pneumococcal dis-
ease in adults, suggesting that indirect effects of the
childhood PCV program might not lead to additional
reductions in the residual burden of those serotypes
in adults. After the COVID-19 pandemic, serotype
distribution changes have resulted in an increase in
adult pneumococcal disease attributable to PCV sero-
types, and a major burden of current disease could be
directly prevented by introducing PCV20, which has
recently been licensed for adults. Ongoing surveil-
lance of adult pneumococcal disease is vital to evalu-
ate vaccine effect and monitor replacement disease.
The extent of indirect effects of PCVs should continue
to be carefully evaluated and considered in formulat-
ing future public health policy recommendations.
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