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ABSTRACT (148/150)

Surveillance of acute lower respiratory tract disease (aLRTD) is fundamental for understanding
population health burden and healthcare needs. COVID-19 altered the epidemiology of respiratory
infections, but post-pandemic aLRTD incidence and severity remain underexplored in the UK. We
conducted a prospective cohort study of adults (>18 years) admitted to two Bristol hospitals (August
2020-July 2024) with symptoms or a diagnosis of pneumonia, non-pneumonic lower respiratory tract
infection (NP-LRT]I), or no evidence of LRTI. Of 457,112 hospitalizations, 44,792 (9.8%) were due to
aLRTD: 48.2% pneumonia, 35.2% NP-LRTI, and 16.7% no LRTI. Incidence peaked in 2021-22
(14.4/1,000 person-years) due to COVID-19 before stabilizing around 13.6. SARS-CoV-2 pneumonia
declined; non-COVID pneumonia remained stable. Mortality risk was lower for NP-LRTI (HR 0.32)
and no LRTI (HR 0.43) compared to pneumonia. Older age and comorbidities increased mortality.
Non-COVID infections persisted despite interventions, emphasizing the need for surveillance and
vaccination in public health planning.
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INTRODUCTION

Acute lower respiratory tract disease (aLRTD) is a major cause of morbidity and mortality globally,
especially among older adults and those with underlying health conditions. The emergence of
COVID-19 profoundly altered the landscape of respiratory disease’?, influencing both the
epidemiology and clinical presentation of aLRTD. Non-pharmaceutical interventions (NPIs) such as
stay-at-home orders, facemask requirements, school and community closures and travel restrictions,
along with widespread vaccination efforts, contributed to reduced transmission of many respiratory
pathogens beyond SARS-CoV-2, including influenza and respiratory syncytial virus (RSV)>*.
However, as these measures have been gradually relaxed, the post-pandemic dynamics of respiratory
infections, including aLRTD, remain uncertain.

Published studies have examined the incidence of respiratory diseases during the COVID-19
pandemic, but few have evaluated the burden and severity of aLRTD as societies transition to an
endemic phase of COVID-19. The impact of changes in viral circulation patterns, population
immunity, and health system responses to respiratory disease has yet to be quantified. Understanding
these trends is essential for guiding clinical and public health efforts, as changes in aLRTD incidence
and severity can directly affect healthcare capacity and outcomes for affected populations.

Our previous analysis during the initial phase of the pandemic, highlighted the significant impact of
SARS-CoV-2 on the incidence of community-acquired lower respiratory tract disease in Bristol, UK>.
This manuscript provided valuable insights into the epidemiology of aLRTD during a period of
intense public health interventions. Now, we aim to extend our understanding by examining the
incidence and severity of aLRTD in the subsequent study years, as the UK transitioned from
pandemic to endemic COVID-19. We conducted a prospective cohort study spanning August 2020 to
July 2024 (during and after the pandemic), capturing aLRTD incidence among adults admitted to two
acute care hospitals in Bristol, UK. Our primary objective was to determine accurate incidence of
aLRTD(i.e., pneumonia, non-pneumonic lower respiratory tract infection (NP-LRTI) and cases with
no evidence of LRTI), stratified by age group. We also quantified the contribution of COVID-19 to
disease incidence, established non-SARS-CoV-2 aLRTD incidence rates, and evaluated changes in
incidence during periods of shifting public health policies and viral circulation. Finally, we assessed
the severity of these diseases to provide a comprehensive understanding of aLRTD during this unique
epidemiological period.

METHODS

Ethicsand permission

AvonCAP is a prospective observational cohort study of adults admitted to two large university
hospitals in Bristol, UK. The study was approved by the Health Research Authority Research Ethics
Committee East of England, Essex, reference 20/EE/0157, ISRCTN: 17354061.

Informed consent was obtained from cognisant patients, and declarations for participation from
consultees for individuals lacking capacity. If it was not practical to approach individuals for consent,
data were included under approval from the Clinical Advisory Group under section 251 of the 2006
NHS Act.

Sudy design and study population

Adults (>18 years) admitted to the two participating hospitals, which provide all acute secondary care
in Bristol, between 1st Aug 2020 and 31st Jul 2024, were screened for inclusion as previously
published®. Patients with signs and symptoms of respiratory disease, and those with three or more
signs or a confirmed clinical or radiological aLRTD diagnosis, and disease <28 days in duration, were
included. Relevant signs and symptoms were: documented fever (>38°C) or hypothermia (<35:5°C);
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cough; increased sputum volume or discolouration; pleurisy; dyspnoea; tachypnoea; examination
findings (e.g. crepitations); or, radiological changes suggestive of aLRTD in the opinion of a
consultant radiologist, such as consolidation or pulmonary oedema. Patients were excluded from the
study if their symptoms developed after 48 hours of admission or within 7 days of a previous
discharge from hospital. Patients whose signs/symptoms were not attributable to aLRTD were
excluded (e.g. fever and tachypnoea attributable to urosepsis). Eligible cases were classified as
pneumonia, NP-LRTI or no evidence of LRTI.

Demographic and clinical data were collected from electronic and paper medical records and entered
into an electronic clinical record using RedCAP®. Co-morbidity data, Charlson co-morbidity index’
(CCI; with published estimates of 10-year survival) and Rockwood clinical frailty score® (with a score
of 5-9 indicating frailty) were obtained, along with vaccination records from linked general
practitioner (GP) records.

Case definitions

Pneumonia was classified as acute respiratory illness with confirmed radiological changes compatible
with infection or if the treating clinician made the diagnosis. In keeping with the National Institute for
Health and Care Excellence (NICE) and British Thoracic Society (BTS) guidelines® patients assigned
a pneumonia diagnosis were counted as a pneumonia case even in the absence of radiological
investigation or infiltrate on imaging, due to known false-negative radiology in pneumonia. NP-LRTI
was defined as the presence of signs and symptoms of aLRTI in the absence of infective radiological
changes and a clinical diagnosis of pneumonia. Under these case definitions, any patients with
aLRTD signs or symptoms due to non-infectious aLRTD would have been assigned appropriately to
chronic respiratory disease exacerbations (CRDE) or heart failure groups.

Outcomes

We determined all-cause mortality within 30-days of hospital admission, hospital length of stay (days)
and requirement for and length (days) of any intensive care or high-dependency unit (ICU/HDU)
treatment. The population of Bristol was estimated as previously described, including full
methodology®. Hospital admission data were linked to aggregated GP practice patient registration
data within NHS Bristol, North Somerset and South Gloucestershire Clinical Commissioning Group
for 2017-2019. The proportion of GP practices’ aLRTD hospitalisations that occurred at a specific
study hospital was multiplied by their patient registration count for six age groups to obtain the
practices’ contribution to that hospital’s denominator (e.g., if 50% of GP practice admissions were at
a specific study hospital among persons 50-64 years, the practice contributed half of their patients
50-64 years to the denominator). The denominator was adjusted by the ratio of registered patients of
each age group in 2019 versus each 3-month period during the study. Annual incidence was
calculated per 1000 person years from 1st August 2020 to 31st July 2024, using the sum of case
numbers (numerator) divided by the population (denominator) in each small time period. As the
denominator calculation was performed for the subgroup of patients who resided in the Bristol
Clinical Commissioning Group (CCG) area, patients from outside this area were excluded from the
numerator for the incidence calculations.

Satistical Analysis

The primary aim was to report incidence rates by clinical presentation in the period during and after
the SARS-CoV-2 global pandemic, and to describe the new baseline for aLRTD post pandemic.
Characteristics of all aLTRD admissions were described with categorical data presented as
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counts/percentages, and continuous data as either means/standard deviations (SD) or
medians/interquartile (IQR) ranges, with normality of distributions determined with the Anderson-
Darling test. aLRTD was stratified by clinical presentation; pneumonia, non-pneumonic lower
respiratory tract infection (NP-LRTI) or no evidence of lower respiratory tract infection. These three
categories may co-present with either heart failure or exacerbation of chronic respiratory disease, or
both. Pneumonic and NP-LRTI groups may have evidence of SARS-CoV-2 as a causative pathogen,
determined by PCR or lateral flow device.

All persons aged >18 years contributed to the denominator for incidence estimate calculations and are
reported per 1000 person years for the whole cohort, and stratified by clinical presentation and SARS-
CoV-2 status. Patients who declined consent were analysed as undifferentiated aLRTD. Estimates of
admission incidence from weekly admission counts were made using maximum likelihood, assuming
the observed case count was a Poisson distributed quantity with a time varying rate. The rate was
estimated using a locally fitted order 2 polynomial using a logarithmic link function using the
methods of Loader et al."*. Crude outcome rates for death, discharge, ICU admission and ICU length
of stay are presented, stratified by clinical presentation. An adjusted survival analysis of death within
30 days and hospital discharge within 30 days (censored by death) was performed using a Cox
proportional hazard model. All analyses were conducted using R*.

Role of the funding source

The study funder had no role in data collection, but collaborated in study design, data interpretation
and analysis and writing this manuscript. The corresponding author had full access to all data in the
study and had final responsibility for the decision to submit for publication.

RESULTS
Study population

Among 457,112 hospitalizations during the 4-year study period, 44,792 admissions were attributed to
aLRTD and we obtained data on 96% of participants, with only 4% declining consent. Of these,
20639 (48.2 %) presented as pneumonia, 15061 (35.2%) as NP-LRTI, and 7134 (16.7 %) had no
evidence of LRTI (Figure 1). The cohort of patients hospitalised with all types of aLRTD primarily
comprised elderly patients (median age 73 years, IQR 58-83), with 8.2% residing in care facilities
(Table 1). Comorbidities were common; 45.2% had a Charlson Comorbidity Index (CCI) >4 and
exacerbation of chronic respiratory disease was high (44.9 %). Additionally, 55.2 % were current or
former smokers (Table 1). Patients with pneumonia were generally older (median age 74.5 years) than
those with NP-LRTI (71 years). The NP-LRTI group had a higher proportion of patients aged 18-34
(11.3%) compared to the pneumonia group (5.1%). Care home residency was more common in the
pneumonia (10%) and NP-LRTI (7.3%) groups. Heart failure was most prevalent in the evidence of
LRTI group (44.2%), as was exacerbation of chronic respiratory disease (49.9%) compared to the
pneumonia group (42.2%). For patients’ characteristics by presentation see Supplementary Data S1-
S4,

Incidence by age and study year

Over the four-year study period, the annual incidence rates for aLRTD among adults remained largely
stable, with fluctuations primarily driven by COVID-19 cases (Table 2). The incidence of aLRTD
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peaked in Year 2 (2021-22) at 14.5 per 1,000 person years, up from 12.3 in Year 1, before stabilizing
around 13.4 in subsequent years. Overall pneumonia incidence rates remained constant, although,
amongst pneumonia cases, confirmed SARS-CoV-2 pneumonia exhibited the most substantial
change, with an incidence rate of 2.5 per 1,000 in Year 1 that decreased to 0.9 by Year 4. Pneumonia
with no evidence of SARS-CoV-2 fluctuated, ranging between a low of 3.6 in 2021-22 to 5.5 in 2023-
24, NP-LRTI incidence increased in Year 2, largely due to COVID-19-related cases. Confirmed
SARS-CoV-2-associated NP-LRTI rose, while NP-LRTI with no evidence of SARS-CoV-2 remained
stable around 2.8 to 3.3. Cases with no evidence of lower respiratory tract infection showed minor
variation, maintaining incidence rates around 2.1 to 2.4 per 1,000. Incidence rates per 100,000 per
year are in Supplementary Data S5.

Figure 2 shows the weekly incidence of aLRTD per 1,000 person-years, categorized into pneumonia,
NP-LRTI, and no evidence of LRTI, stratified by age group and SARS-CoV-2 status. Incidence rates
of all aLRTD subgroups fluctuated over time, with peaks aligning with the first pandemic waves in
the UK during 2020-2022, as well as additional peaks reflecting seasonal trends in other respiratory
infections (Figure 2A). Case rates were highest in the older age groups (65-74, 75-84, and 85+),
especially during periods of high community transmission. Across all age groups, pneumonia
exhibited the highest peaks in incidence, followed by NP-LRTI, while cases with no evidence of
LRTI remained more stable.

Among pneumonia cases with confirmed SARS-CoV-2, incidence rates showed substantial increases
during the first pandemic waves (Figure 2B). Increased pneumonia cases, particularly in older adults
(especially those 85+) in late 2020 were followed by a decrease as public health restrictions were
introduced. Pneumonia with no evidence of SARS-CoV-2 showed more consistent incidence rates,
with slight increases in the winter seasons. NP-LRTI cases associated with SARS-CoV-2 followed
similar trends, with peaks aligning with COVID-19 waves, though the severity was generally lower
(Figure 2C). NP-LRTI incidence rates reduced during the second half of 2020 and into 2021. After
2022, NP-LRTI cases without evidence of SARS-CoV-2 were comparatively stable across age
groups, although wintertime seasonal increases continued to occur. During early COVID-19 waves
there was an elevated proportion of pneumonia cases among confirmed SARS-CoV-2 infections while
a lower proportion was seen in later waves, such as those driven by the Omicron variant (Figure 2D).
The proportion of pneumonia among cases with no evidence of SARS-CoV-2 remained relatively
stable, with a slight upward trend over time.

Outcomes

Outcomes were categorized by age groups (18-64 and 65+ years) (Figure 3). The 65+ age group
consistently experienced longer hospital stays compared to the 18-64 age group (Figure 3A). The
length of stay remained relatively stable both during the pandemic and in subsequent years. The 65+
age group had longer ICU stays, with apparent peaks (Figure 3B). There were noticeable spikes in
ICU admissions, reflecting surges in severe cases of aLTRD, with a higher percentage of such
admissions observed in the 18-64 age group than the 65+ age group (Figure 3C). Despite fluctuations,
the overall rate of ICU admissions remained stable during the pandemic and in the following years.
Regarding mortality outcomes, the 65+ age group demonstrated higher mortality rates throughout the
study period, with specific intervals of increased rates appearing to align with peaks in ICU
admissions and duration. Mortality remained relatively stable during and after the pandemic (Figure
3D-E). Detailed results for each study year are in Supplementary Data S6-S10.
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In the Cox proportional hazard model for death within 30 days of admission, relative to patients with
pneumonia, patients with NP-LRTI had a significantly lower hazard ratio (HR) of 0.32 (95% CI: 0.29
— 0.35) and those with no evidence of LRTI had an HR of 0.43 (95% CI: 0.19 — 0.97). Age was a
significant factor, with increasing age associated with higher hazard ratios: patients aged 85+ had an
HR of 5.1 (95% CI: 2.8 — 9.5) compared to the 18-34 age group, and men had a higher risk of death
compared to women (HR: 1.2, 95% CI: 1.1 -1.3). Patients with heart failure also had a higher risk
(HR: 1.3, 95% CI: 1.2 — 1.4) while the presence of chronic respiratory disease exacerbation was
associated with a lower risk of death (HR: 0.9, 95% CI: 0.84 — 0.95). Severe comorbidities, as
indicated by the CCI, were significantly associated with mortality, having an HR of 3.4 (95% CI: 2.8
— 4.1). Over successive study years, the hazard ratios for death within 30 days decreased, suggesting
improvements in patient outcomes over time (Table 3). For hospital discharge within 30 days, based
on the adjusted survival analysis, patients with NP-LRTI had an increased likelihood of discharge
than those with pneumonia (HR: 1.5, 95% CI: 1.5 — 1.5), as did those with no evidence of LRTI (HR:
1.4, 95% CI: 1.1 — 1.8). Younger age groups were more likely to be discharged within 30 days, with
the likelihood decreasing as age increased. Patients with heart failure, vs those without, were less
likely to be discharged within 30 days (HR: 0.69, 95% CI: 0.67 — 0.71). Severe comorbidities (CCI
>4), vs those without, were also associated with a lower likelihood of discharge (HR: 0.73, 95% CI:
0.7 — 0.77). Over the study period, discharge likelihood gradually increased (Table 3). Kaplan-Meier
curves illustrating these outcomes are in Supplementary Data S11.

DISCUSSION

This four-year, two-site single-centre study conducted within a defined geographical area provides a
comprehensive overview of aLRTD during the COVID-19 pandemic and the subsequent post-
pandemic period. It is the first UK study to report such an analysis, thoroughly monitoring all aLRTD
cases to determine the incidence and severity of different clinical presentations in hospitalised
individuals: pneumonia; NP-LRTI and aLRTD with no evidence of LRTI.

Our findings indicate that the burden of aLRTD remains substantial. While COVID-19 significantly
impacted aLRTD incidence rates, particularly in the initial years of the pandemic, non-COVID
infections remained consistent The estimates compare to a retrospective analysis of 2018-19
hospitalisations, showing an annual incidence of aLRTD of 1901 per 100,000 adults, pneumonia
591/100,000 and NP-LRTI 739/100,000* and also aligns with pre-pandemic estimates from other
countries™**. However, the 638/100,000 pneumonia incidence observed here (2020-24) was higher
than Nottingham’s 96.3/100,000 (2013-18)'®. Methodological differences likely explain this,
including comprehensive medical record-based surveillance and a study-specific population
catchment analysis ensuring a precise incidence denominator®. Differences in case definitions and
potential under-ascertainment of pneumonia events in Nottingham are supported by other UK data’’,
which indicated lower pneumococcal CAP incidence estimates compared to national respiratory
illness admission data. The stability in non-COVID aLRTD incidence we found suggests that the
underlying burden of respiratory diseases persisted despite fluctuations caused by the pandemic.
Pneumonia was the most common aLRTD presentation, with higher incidence rates than NP-LRTI, as
we previously reported in 2022 and 2020°3. However, NP-LRTI still represented a considerable
proportion of cases, highlighting the importance of including NP-LRTI in epidemiological studies and
public health strategies to avoid underestimating the overall disease burden.

Throughout the study, pneumonia and NP-LRTI admissions varied significantly, driven by confirmed
SARS-CoV-2 cases, mirroring the incidence of COVID-19 in the community® affected by periods of
non-pharmaceutical interventions in the UK, the emergence of variants'®, seasonal respiratory
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infection patterns, and the timing of vaccination campaigns. The Alpha variant (B.1.1.7) contributed
to increased pneumonia incidence due to its severity?>?*, while Delta’s (B.1.617.2) potential impact
was moderated by ongoing restrictions and the rollout of vaccination?’. The proportion of pneumonia
cases can be considered as an indirect measure of disease severity in respiratory infections. Omicron
(B.1.1.529) caused a surge in infections, but the associated proportion of pneumonia cases declined,
consistent with its reduced severity compared to previous variants, and the population’s enhanced
immunity through vaccination. This trend was especially notable in older age groups, where the
combination of vaccination and prior exposure contributed to reduced disease severity, even during
periods of high transmission. The persistently lower incidence rates of NP-LRTI during the latter half
of 2020 and early 2021 highlight the potential residual impact of public health measures on
respiratory infections beyond COVID-19. However, in contrast to previous studies®, we did not find a
decline in hospital admissions for either pneumonia or NP-LRTI unrelated to COVID-19 when NPI
measures were implemented to control the pandemic. Finally, the post-2022 pattern may indicate a
shift toward endemic COVID-19 and the re-establishment of regular seasonal cycles for other
respiratory diseases.

Clinical outcomes of aLRTD varied by clinical presentation. Pneumonia patients had worse outcomes,
including longer hospital stays, higher ICU admission rates, prolonged ICU durations, and increased
mortality, highlighting the severity of pneumonia. Older adults experienced longer hospital stays
reflecting their increased burden and slower recovery rates. Length of stay remained stable during the
pandemic and in the subsequent years, suggesting consistent treatment approaches. ICU admissions
spiked during the Delta wave due to its higher transmissibility and severity®*, then decreased with the
less severe Omicron variant?. Younger patients were prioritized for ICU care”, while older patients
were less likely to be admitted due to limited benefits and potential risks®.

Cox model analysis provided additional insights into the factors influencing mortality and discharge
outcomes for aLRTD patients: there was a significant reduction in the risk of death associated with
non-pneumonic LRTD and men were found to have a higher risk of death compared to women.
Interestingly, while CRDE did not increase the risk of death, heart failure did confer additional risk.
Although potentially surprising, the former finding aligns with previous research?” on COPD
outcomes when severity was considered. Over the four-year period, the severity of COVID-19,
reflected in the risk of death within 30 days, was comparable to other infectious causes, most likely
due to the widespread vaccination uptake. Regarding discharge outcomes, patients with pneumonic
aLRTD had a longer length of stay, indicating more severe disease. Additionally, COVID-19
remained associated with a longer length of hospital stay, aligning with findings from studies on the
Delta and Omicron variants®.

This study had several strengths. Firstly, it was conducted prospectively with active screening of
hospital admissions for aLRTD symptoms, allowing for comprehensive, case-by-case assessment in a
well-defined geographic area. Unlike studies relying on ICD-10 coding or national data-linkage, this
approach enabled detailed, individualised data collection. Secondly, by using consultee consent and
specific authorization ensured full representation of all hospitalized adults, including those lacking
capacity. Conducted across two hospitals providing all acute secondary care for Bristol, this design
ensured comprehensive surveillance in a defined population, yielding accurate estimates of disease
incidence and severity. Additionally, linking medical and community records allowed for detailed
data capture; incidence calculations based on GP records and hospital utilization data provided greater
accuracy than estimates based on geographic population boundaries and census data.
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There were several limitations to this study. First, while the study was conducted over four years and
across two hospitals in Bristol, the findings may not be fully generalisable to other regions, or
healthcare systems. The cohort was predominantly of White-British ethnicity, limiting applicability to
more diverse populations. Changes in healthcare access and patient behavior during the pandemic
could have impacted admission rates and severity assessments. Although the study hospitals
maintained acute care capacity, these potential behavioural shifts represent an important
consideration.

In conclusion, our study revealed the enduring burden of aLRTD during and after the COVID-19
pandemic. While hospital admissions for pneumonia and NP-LRTI initially showed significant
variability due to SARS-CoV-2, post-2022 patterns indicated a shift towards endemic COVID-19 and
a return to seasonal respiratory illness cycles. The data we present re-emphasises the importance of
advancing strategies to prevent aLRTD through immunisation. Recent improvements in vaccines
against influenza, COVID-19, RSV and pneumococcal infections need to be supplemented by
improved antimicrobial treatments and further advances in immunisation against these and other
respiratory pathogens.
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Figure One: Study Flow Diagram
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Table1: Characteristics of patients hospitalised with aLRTD for the period Aug 2020 to Jul 24
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All aLRTD Pneumonia |[NP-LRTI No evidence
LRTI
Variable Characteristic Value Value Value Value P - value
(N=42834) (N=20639) (N=15061) (N=7134)
Age Median [IQR] 733 [57.7— |745[59.5— |71[53—81.7] |73.9[59.9— [<0.001 t
83.3] 84.1] 83.5]
Age Category 18-34 % (n) 7.5% (3210) |5.1% (1055) |11.3% (1695) |6.4% (460) <0.001 tt
35-49 % (n) 9.9% (4244)  [9.6% (1976) |11.1% (1669) |8.4% (599)
50-64 % (n) 17.9% (7667) |18.1% (3738) |17.7% (2672) |17.6% (1257)
65-74 % (n) 18.9% (8110) |18.6% (3829) |18.7% (2823) |20.4% (1458)
75-84 % (n) 24.9% (10678) | 26.0% (5356) [23.2% (3492) |25.7% (1830)
85+ % (n) 20.8% (8925) |22.7% (4685) |18.0% (2710) |21.4% (1530)
Age Eligible for 18-64 % (n) 35.3% (15121) {32.8% (6769) |40.1% (6036) |32.5% (2316) [<0.001 1
Pneumococcal
vaccination 65+ % (n) 64.7% (27713) |67.2% (13870) |59.9% (9025) |67.5% (4818)
Gender Female % (n) 50.6% (21683) 47.4% (9780) |54.1% (8149) |52.6% (3754) |<0.001 tt
Ethnicity White British % (n) | 75.3% (32264) | 75.5% (15575) | 74.5% (11223) | 76.6% (5466) |<0.001 t1
White other % (n) 2.9% (1223) |3.0% (621) 2.7% (413) 2.6% (189)
Mixed origin % (n) 1.0% (435) 0.8% (173) 1.2% (188) 1.0% (74)
Black % (n) 1.9% (826) 2.0% (406) 1.9% (284) 1.9% (136)
Asian % (n) 2.1% (912) 2.2% (448) 2.3% (341) 1.7% (123)
Other race % (n) 1.1% (487) 1.1% (234) 1.2% (184) 1.0% (69)
Unknown % (n) 15.6% (6686) |15.4% (3182) |16.1% (2427) |15.1% (1077)
<missing> % (n) 0.0% (1) 0.0% (0) 0.0% (1) 0.0% (0)
Care Home Resident |yes % (n) 8.2% (3513)  [10.0% (2054) |7.3% (1100) |5.0% (359) <0.001 1
Smoker Non-smoker % (n) 36.7% (15733) [37.0% (7639) |37.4% (5639) |34.4% (2455) [<0.001 1
Current % (n) 12.1% (5168) |11.0% (2264) |13.1% (1975) |13.0% (929)
Ex-smoker % (n) 43.1% (18470) |43.8% (9045) |41.3% (6224) |44.9% (3201)
Unknown % (n) 8.1% (3463) [8.2% (1691) [8.1% (1223) |7.7% (549)
Heart Failure yes % (n) 18.6% (7952) |16.8% (3474) |8.8% (1324) |44.2% (3154) |<0.001 tt
Exacerbation Of yes % (n) 44.9% (19252) (42.2% (8711) |46.3% (6978) |49.9% (3563) [<0.001
Chronic Respiratory
Disease
CCI Category None (0) % (n) 14.3% (6145) |14.7% (3031) |15.0% (2252) |12.1% (862) |<0.001 tt
Mild (1-2) % (n) 27.3% (11679) |27.2% (5622) |27.1% (4075) |27.8% (1982)
Moderate (3-4) % (n) |13.2% (5654) |10.7% (2207) |17.7% (2669) |10.9% (778)
Severe (5+) % (n) | 45.2% (19356) |47.4% (9779) |40.3% (6065) |49.2% (3512)
CURB 65 Category |0-1 (Mild) % (n) 74.9% (32102) | 71.4% (14738) | 78.4% (11809) | 77.9% (5555) [<0.001 1
2 (Moderate) % (n) |21.6% (9267) |24.3% (5009) |19.1% (2879) |19.3% (1379)
3-5 (Severe) % (n) |3.4% (1465) |4.3% (892) 2.5% (373) 2.8% (200)
COPD yes % (n) 28.0% (12006) |26.8% (5538) |27.8% (4190) |31.9% (2278) [<0.001 1
Asthma yes % (n) 16.6% (7090) [13.9% (2877) [18.5% (2792) [19.9% (1421) [<0.001 t1
Bronchiectasis no % (n) 95.6% (40968) | 95.1% (19628) |95.8% (14425) | 96.9% (6915) |<0.001 tt
yes % (n) 4.3% (1863)  [4.9% (1009) |4.2% (635) 3.1% (219)
<missing> % (n) 0.0% (3) 0.0% (2) 0.0% (1) 0.0% (0)
IHD no % (n) 86.3% (36969) | 86.5% (17843) [87.4% (13166) | 83.5% (5960) |<0.001 tt
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T, Kruskal-Wallis rank sum test (continuous); 1, Fisher's exact test (categorical)
Normal distributions determined by the Anderson-Darling test (P>0.005)
An adjusted P value of 0.0025 may be considered significant.

yes % (n) 13.7% (5864) [13.5% (2796) [12.6% (1894) [16.5% (1174)
<missing> % (n) 0.0% (1) 0.0% (0) 0.0% (1) 0.0% (0)
Any Immune yes % (n) 13.1% (5618) |12.4% (2564) |13.4% (2021) |14.5% (1033) |<0.001 Tt
Compromise
Diabetes Type None % (n) 79.6% (34075) | 79.3% (16360) [80.8% (12172) | 77.7% (5543) |<0.001 tt
Type 1% (n) 12% (522)  |1.1% (227) |14%(212) |1.2% (83)
Type 2 % (n) 19.2% (8236) |19.6% (4052) |17.8% (2676) |21.1% (1508)
<missing> % (n) 0.0% (1) 0.0% (0) 0.0% (1) 0.0% (0)
CKD None % (n) 75.1% (32149) | 74.1% (15287) | 77.9% (11726) | 72.0% (5136) |<0.001 tt
Mild (CKD 1-3) % (n) | 21.2% (9064) |21.9% (4526) |19.1% (2881) |23.2% (1657)
Moderate or Severe |3.8% (1620) |4.0% (826) 3.0% (453) 4.8% (341)
CKD (CKD 4+) % (n)
<missing> % (n) 0.0% (1) 0.0% (0) 0.0% (1) 0.0% (0)
Pneqchoccal Not received % (n)  |43.5% (18642) |42.2% (8704) |46.9% (7066) |40.3% (2872) |<0.001 tt
vaceination PPV23 % (n) 47.9% (20535) |49.0% (10111) [44.6% (6723) |51.9% (3701)
PCV13 % (n) 0.4% (180)  |0.4% (77) 0.5% (69) 0.5% (34)
Unknown % (n) 8.1% (3477) |8.5% (1747) |8.0% (1203) |7.4% (527)
Ianugnza_ Not received % (n)  |31.5% (13473) |31.2% (6435) |33.5% (5051) [27.9% (1987) |<0.001 tt
Vaccination Received % (n) 63.2% (27066) |63.3% (13062) [61.1% (9197) |67.4% (4807)
Unknown % (n) 53% (2282) |55% (1137) |5.4% (807)  |4.7% (338)
<missing> % (n) 0.0% (13) 0.0% (5) 0.0% (6) 0.0% (2)

In the UK, patients aged 265 years are eligible for Pneumococcal vaccination (PneumoVax®, PPV23) once, and annual

influenza vaccine (please see Green Book?28.

*Chronic kidney disease (CKD) was classified as mild if stage 1-3; moderate/severe if stage 4-5, end-stage renal failure or

there was dialysis dependence.
**Influenza vaccination indicates vaccinated in the last 12 months.

aLRTD, acute lower respiratory tract disease; CCl, Charlson Comorbidity Index; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; IHD, ischaemic heart disease; IQR, interquartile range; PCV13, pneumococcal conjugate

vaccine (13-valent); PPV23 pneumococcal polysaccharide vaccine (23-valent)
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Figure 2: Weekly case rates of aLRTD Hospitalisations between Aug 2020 and Jul 2024 by Age
Group
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(A) Weekly cases rates of aLRTD stratified by clinical presentation for pneumonia, non-pneumonic
lower respiratory tract infection (NP-LRTI) and cases with no evidence of lower respiratory tract
infection (LRTI). Rates are stratified by age category and expressed as new cases per week per 1,000
person-years. The dashed line indicates data already published®. (B) Weekly cases rates of pneumonia
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stratified by SARS-CoV-2 PCR datus. (C) Weekly cases rates of NP-LRTI stratified by SARS-CoV-2
PCR status. (D) Proportion of pneumonia cases stratified by SARS-CoV-2 PCR status.
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Table2: Overall incidence of aL TRD for the period Aug 2020 to Jan 2024
The average incidence of aLRTD per study year, stratified by clinical presentation (pneumonia, non-
pneumonic lower respiratory tract infection (NP-LRTI), no evidence of lower respiratory tract

infection (LRTI)), causative aetiology (all cause, confirmed SARS-CoV-2, no evidence of SARS-CoV-
2) and age categories, and expressed as cases per 1000 person years.

Year 1, 2020-21

Year 2, 2021-22

Year 3, 2022-23

Year 4, 2023-24

All Study Years,

2020-2024
Age population [incidence |population |incidence |population |incidence |population |incidence population incidence
Group
All All cause All 718779 12.3 729326 145 739911 134 751600 12.8 735130 13.2
aLTRD adults
18-64 |577830 5.3 586518 6.8 595437 5.1 604913 5.4 591052 5.7
65+ 140994 40.8 142621 46.1 144445 475 146629 43.2 143740 44.4
Pneumo |All cause All 718725 6.7 728857 6.3 740025 6.1 751691 6.4 734800 6.4
nia adults
18-64 |577788 31 585817 2.6 595510 2.0 605062 25 590196 2.5
65+ 140986 21.7 142575 21.2 144468 23.2 146637 225 143742 22.2
Confirmed |All 718641 25 728332 2.6 739439 11 751647 0.9 729622 1.8
SARS-CoV- |adults
2 18-64 |577888 17 585192 14 595289 0.2 604911 0.2 583795 0.9
65+ 140931 6.0 142545 75 144342 48 146637 35 143174 5.5
No evidence | All 718776 42 729235 3.6 740155 5.0 751698 55 736801 4.6
SARS-CoV- |adults
2 18-64 |577664 14 586568 1.2 595539 1.8 605078 2.3 593642 1.6
65+ 141006 15.7 142591 13.7 144501 18.4 146638 19.0 143927 16.7
NP-LRTI | All cause All 718684 3.2 729714 5.8 739747 5.2 751500 4.3 735774 4.6
adults
18-64 |577801 15 586946 31 595379 2.3 604788 21 591792 2.3
65+ 140973 10.4 142672 16.9 144405 17.2 146619 13.3 143819 14.4
Confirmed All 718756 0.4 730405 31 739217 19 751639 14 736554 1.7
SARS-CoV- |adults
2 18-64 |578300 0.2 587368 1.8 595080 0.7 604934 0.5 591320 0.8
65+ 140937 14 142804 8.3 144292 7.1 146636 5.0 144063 55
No evidence | All 718673 2.8 728914 2.7 740063 3.3 751433 29 735312 2.9
SARS-CoV- |adults
2 18-64 |577723 13 586337 13 595504 1.6 604739 15 592059 1.4
65+ 140979 9.0 142542 85 144485 10.0 146608 8.3 143670 9.0
No All cause All 719069 2.3 729605 2.4 739986 2.1 751528 21 734733 2.2
evidence adults
LRTI 18-64 |578062 0.8 587003 1.0 595423 0.8 604778 0.9 591639 0.9
65+ 141042 8.7 142638 8.0 144468 7.1 146624 7.4 143587 7.8

aLRTD, acute lower respiratory tract disease; LRTI, lower respiratory tract infection; NP-LRTI, non-
pneumonic lower respiratory tract infection

20



https://doi.org/10.1101/2025.03.17.25324087
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.03.17.25324087; this version posted March 17, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

Figure 3. Quarterly Outcomes of aL TRD hospitalisations in different clinical presentations
between Aug 2020 and Jul 2024 by Age Group
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Presentation Class All aLRTD Mo evidence LRTI — NP-LRTI — Pneumonia

(A)Quarterly length of hospital stay in days, median(lines) and interquartile range(shaded
areas) dratified by age group (B)Quarterly length of ICU admission in days, median(lines)
and interquartile range(shaded areas) stratified by age group (C) Quarterly percentage of
confirmed ICU admissions stratified by age group (D) Quarterly percentage of confirmed
deaths within 30 days stratified by age group (E) Quarterly percentage of confirmed deaths
within 1 year stratified by age group; dtratified by clinical presentation for pneumonia, non-
pneumonic lower respiratory tract infection (NP-LRTI) and cases with no evidence of lower
respiratory tract infection (LRTI)

*Only individuals with complete follow-up (1 year for mortality within 1 year; 30 days for mortality within 30 days) were
included.
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Table 3: Adjusted Cox proportional hazards models for death and hospital dischar ge following
admisson with aLRTD

The outcome of death within 30 days is censored at the earliest of 30 days or 31% July 2024; the
outcome of discharge is censored at 30 days or death. In the analysis for death, an increased hazard
implies a poorer outcome; whereas, in the analysis for hospital discharge, an increased probability of
discharge is equivalent to a reduced length of stay, and lower hazard rate implies a poorer outcome.

Death within 30 days (N=36593) Discharge within 30 days (N=36593)
Characteristic Subgroup Adjusted HR [95% CI] |P value Adjusted HR[95% CI] |P value
aLTRD presentation Pneumonia ref <0.001 ref <0.001
NP-LRTI 0.32 [0.29 — 0.35] 1.5 [1.5-15]
No evidence LRTI 0.43[0.19-0.97] 141.1-1.8]
Age Category 18-34 ref <0.001 ref <0.001
35-49 1.9[1-3.3] 0.89 [0.84 — 0.93]
50-64 2.2[1.2-4.1] 0.9 [0.84 - 0.96]
65-74 3[1.6 -5.5] 0.8 [0.75 — 0.86]
75-84 3.8[2.1-7] 0.72 [0.67 — 0.78]
85+ 5.1[2.8-9.5] 0.6 [0.56 — 0.65]
Gender Female ref <0.001 ref <0.001
Male 1.2[1.1-1.3] 0.95 [0.93 — 0.97]
Exacerbation Of Chronic |no ref <0.001 ref <0.001
Respiratory Disease
yes 0.9 [0.84 — 0.96] 1[1-11]
Heart Failure no ref <0.001 ref <0.001
yes 13[1.2-1.4] 0.69 [0.67 — 0.71]
Aetiology Confirmed SARS-CoV- |ref 0.966 ref <0.001
2
No evidence SARS-|1[0.94-1.1] 1.7[1.6-1.7]
CoV-2
Non-infective 0.97 [0.43 -2.2] 1.7[1.3-2.2]
CCI Category None (0) ref <0.001 ref <0.001
Mild (1-2) 23[1.9-28] 0.81[0.78 - 0.84]
Moderate (3-4) 0.44[0.28 — 0.7] 1.4 [1.4-15]
Severe (5+) 34[2.8-41] 0.73[0.7 - 0.77]
Study year 1 ref <0.001 ref <0.001
2 0.98[0.9-1.1] 0.95[0.92 — 0.98]
3 0.83 [0.76 — 0.9] 0.91 [0.89 — 0.94]
4 0.79 [0.72 — 0.86] 1[0.97-1]
P values calculated using Likelihood ratio test (I1)
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aLRTD, acute lower respiratory tract disease; Cl, confidence interval; CCI, Charlson Comorbidity
Index.
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