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ABSTRACT

Introduction:  Severe lower respiratory tract 
infections often require hospitalization, but 
a significant proportion lack microbiological 
diagnosis, leading to challenges in management. 

This study aimed to compare clinical outcomes 
of S-LRTIs with unknown versus known bacteria 
or viral etiology in Lombardy, Italy.
Methods:  A retrospective study analyzed respir-
atory infection-related hospitalizations in Lom-
bardy over 8 years (2016–2024) using patient 
discharge charts. Patients were categorized into 
four groups: bacterial, viral (non-COVID-19), 
COVID-19-related, and unknown etiology. Out-
comes included length of stay, intensive care 
unit admissions, and intra-hospital mortality. 
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Temporal, seasonal, and age-specific trends were 
evaluated.
Results:  Among 683,741 hospitalizations, 
338,211 (49.5%) were of unknown etiology, 
showing a 12.3% intra-hospital mortality rate 
(41,627 deaths) and 4.0% intensive care unit 
admission rate (13,625 admissions). COVID-
19-related hospitalizations had the highest 
intra-hospital mortality rate (22.0%, 36,446 
deaths in 165,605 COVID-19-related hospi-
talizations) and number of intensive care unit 
admissions (14,725 admissions, 8.9% of COVID-
19-related hospitalizations), while viral non-
COVID-19 hospitalizations showed the lowest 
intra-hospital mortality rate (3.2%, 1114 deaths 
in 34,769 viral-non-COVID-19 hospitalizations) 
and shortest length of stay (11.9 days). Hospi-
talizations with unknown etiology were more 
common in minors (42,190 episodes, 57.6% 
of total in < 18 years) and elderly (358,534 epi-
sodes, 56.2% of total in > 75 years), especially 
during warm seasons. Post-pandemic years saw 
increased bacterial and viral hospitalizations 
alongside a reduced proportion of those without 
an unknown etiology.
Conclusions:  Respiratory infection-related hos-
pitalizations with unknown etiology are asso-
ciated with distinct seasonal and demographic 
patterns, and poorer outcomes compared to 
viral non-COVID-19 hospitalizations. COVID-
19 reshaped S-LRTI epidemiology and diag-
nostic approaches, highlighting the need for 
comprehensive pathogen panels and tailored 
management strategies, while promoting their 
expanded use. Future research should integrate 
detailed clinical data to improve understanding 
and outcomes of severe respiratory infections, 
especially in vulnerable populations.

Keywords:  Lower respiratory tract infections; 

Epidemiology; Surveillance; Unknown etiology; 
COVID-19

Key Summary Points 

Severe lower respiratory tract infections 
(S-LRTIs) are relevant drivers of morbidity 
and mortality, yet a large portion of cases 
lack a microbiological diagnosis, complicat-
ing clinical management.

This retrospective study compared clinical 
outcomes across S-LRTI hospitalizations with 
bacterial, viral (non-COVID-19), COVID-
19-related, and unknown etiology in Lom-
bardy, Italy, from 2016 to 2024.

This study analyzed 683,741 S-LRTIs, half 
(49.5%) of which were unknown etiology. 
These infections had high intra-hospital 
mortality (12.3%) and ICU admission rates 
(4.0%), with worse outcomes than viral non-
COVID-19 cases.

Post-pandemic (after 2022), unknown etiol-
ogy cases declined, while bacterial and viral 
non-COVID-19 infections increased. Chil-
dren (<18) and elderly (>75) had the high-
est unknown etiology hospitalization rates, 
especially in warm seasons.

Findings highlight the dynamicity of respira-
tory syndromes’ etiology, and the poten-
tial usefulness of molecular diagnostics to 
improve diagnostic yield in respiratory syn-
dromes, particularly in vulnerable age groups.

INTRODUCTION

Lower respiratory tract infections (LRTIs) rank 
among the leading causes of death globally 
[1]. According to the World Health Organiza-
tion (WHO), they are the 7th “biggest killer” in 
upper-middle-income (UMIC) countries and the 
first in low-income countries [2].

LRTIs are caused by different agents, such 
as viruses and bacteria, and comprise com-
munity-acquired pneumonia (CAP) and 
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hospital-acquired pneumonia (HAP), acute bron-
chitis, infective chronic obstructive pulmonary 
disease (COPD) exacerbations, and bronchioli-
tis [3], with the severe cases (S-LRTI) frequently 
requiring hospitalization.

Specifically, CAP can be caused by viruses 
and typical or atypical bacteria, and it is a 
leading cause of death for both children and 
the elderly, with a case fatality rate that ranges 
between 9% and 17.5% in UMIC [4, 5]. Regard-
ing COPD exacerbations, impacting patients 
older than 60 years, viruses are responsible for 
over 30% of cases [6], while bronchiolitis, fre-
quently leading to hospitalization of children 
younger than 6 years old, has respiratory syn-
cytial virus (RSV) as the most relevant cause 
[7].

Incidence, etiology, and outcomes of LTRIs 
vary significantly according to several popula-
tions, and environmental factors, including 
pathogen seasonality patterns, climate, vacci-
nations, and individual factors, age and smok-
ing habits [8]. Moreover, the coronavirus disease 
19 (COVID-19) pandemic further altered these 
patterns, affecting the incidence and severity 
of respiratory infections like those sustained by 
Streptococcus pyogenes, Streptococcus pneumoniae, 
Influenza virus, and RSV [9]. Particularly, the 
prolonged lockdown imposed during the first 
month of the severe acute respiratory syndrome 
virus 2 (SARS-CoV-2) epidemic heavily reduced 
the circulation of other pathogens too, causing 
the so-called “immunity debt”, which resulted 
in the spike of several infectious diseases in the 
following years [10].

Despite the increasing use of molecular test-
ing in hospital settings, a large proportion of 
S-LRTIs remains microbiologically undiagnosed 
[11]. PCR-based diagnostic panels frequently 
focus on well-known community pathogens, 
often excluding less frequent or highly diverse 
viruses [12], and empirical antibiotic use in out-
patient settings can lower diagnostic yield in 
case of bacterial infections. As a result, LRTIs 
with unknown etiology, which refer to infec-
tious respiratory conditions with no identified 
causative agent despite microbiological, radio-
logical, and serological testing, are frequent [13]. 
Moreover, S-LRTIs with unknown etiology may 

have poorer outcomes due to the lack of targeted 
therapies [14].

While fully defining their epidemiological 
and clinical profiles is key, large-scale compari-
sons of outcomes in known versus unknown eti-
ologies are limited by data collection challenges. 
Administrative databases, which compile com-
prehensive hospitalization records across broad 
populations, offer a standardized way to moni-
tor large cohorts.

This study analyzed regional databases from 
Lombardy, northern Italy, which, with over 10 
million inhabitants, largely exceeds the popu-
lation of most European countries. Moreover, 
Lombardy was the European region hit the hard-
est during the early stages of the COVID-19 pan-
demic [15].

With this study, we firstly aimed to investi-
gate whether S-LRTI with unknown etiology had 
worse clinical outcomes than those with known 
bacterial and viral etiology. Secondly, we pur-
sued the description of the epidemiology, sea-
sonality, and age-specific and temporal trends 
of S-LRTIs with both unknown and known bac-
terial and viral etiologies over the past 8 years 
(2016–2024) in Lombardy.

METHODS

Study Design and Inclusion Criteria

In this retrospective observational study, we 
included all the laboratory-confirmed or clini-
cally diagnosed S-LRTI-related hospitalizations 
in Lombardy between May 1, 2016, and April 
30, 2024. Demographic data of hospitalized 
patients and hospitalization outcomes were 
retrieved using Italian hospital discharge codes, 
according to the International Classification of 
Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) metrics. During the whole period, 
“warm” (May 1 to October 31) and “cold” 
(November 1 to April 30) seasons were consid-
ered to study seasonality.

Considered hospitalization-related clini-
cal outcomes were: (i) length of stay (LOS), (ii) 
admission to the intensive care unit (ICU), and 
(iii) intra-hospital mortality.
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Patients were excluded if they had a con-
firmed diagnosis of fungal or mycobacterial pul-
monary disease or a confirmed diagnosis of con-
ditions certainly not attributable to infections 
(e.g., pneumonia caused by chemical agents). 
Further details on the ICD-9-CM codes used, and 
its December 2020 update, are provided in the 
Online Data Supplement section (see web-only 
Supplementary Tables S1–S4).

Definitions

Four groups of S-LRTIs were defined: (i) bacte-
rial S-LRTIs comprised CAP and HAP sustained 
by 21 different bacteria, empyema, and bacte-
rial pleural effusion, (ii) viral, non-COVID-19, 
S-LRTI including RSV bronchiolitis, influenza A 
and B infections with pneumonia or other res-
piratory manifestation, and pneumonia caused 
by other respiratory virus (excluding molecular-
confirmed cases of SARS-CoV-2), (iii) COVID-
19-related S-LRTI consisted of pneumonia and 
acute respiratory distress syndrome (ARDS) diag-
noses associated to SARS-CoV-2 infection, and 
(iv) S-LRTI with unknown etiology, which con-
sisted of acute bronchiolitis, bronchitis, bron-
chopneumonia, and pneumonia presumably 
sustained by an infection but without a micro-
biological confirmation.

Diagnostic Methods

In the context of the Lombardy Region, diag-
nosis of S-LRTI varies significantly according to 
hospital location, size, and over time within the 
same center. The diagnosis of COVID-19-related 
S-LRTI was based on clinical, radiological, and 
epidemiological factors, supported by micro-
biological investigations on upper respiratory 
tract or LRT specimens using antigenic detec-
tion (mainly in emergency room setting) or 
using commercial molecular assays specific for 
SARS-CoV-2.

Regarding viral, non-COVID-19, S-LRTIs, clin-
ical, radiological, and epidemiological guided 
the attending physician, and molecular assays 
including a panel of respiratory viruses such 
as influenza viruses (A, B, A/H1, A/H1 2009 

pandemic virus, A/H3), respiratory syncytial 
virus A and B, adenoviruses A-G, enteroviruses, 
parainfluenza viruses subtypes 1–4, human 
metapneumovirus A/B, rhinoviruses, human 
coronaviruses (NL63/229E/OC43/HKU1) were 
used for the diagnosis. This extensive panel was 
commonly and widely used according to clini-
cal suspicion and regional indications on res-
piratory pathogens’ surveillance provided at that 
time.

For bacterial pathogens, the above-mentioned 
patient’s features were also guiding the diag-
nostic process, with a wider array of antigenic 
and molecular methods available for different 
biological materials (e.g., urinary antigens for 
Legionella spp. and Streptococcus pneumoniae, or 
molecular testing for bacterial and viral path-
ogens on bronchoalveolar lavage material) 
according to each individual center’s needs and 
possibilities at any given time. An example of 
widespread molecular testing panel for bacterial 
pathogens in Lombardy region detects: Chla-
mydia pneumoniae DNA, Mycoplasma pneumoniae 
DNA, Legionella pneumophila DNA, Haemophilus 
influenzae DNA, Streptococcus pneumoniae DNA, 
Bordetella pertussis DNA, Bordetella parapertussis 
DNA.

Outcomes of the Study

The primary outcome of this study was to 
compare the epidemiology and hospitaliza-
tion-related clinical outcomes of S-LRTIs with 
unknown versus known viral or bacterial 
etiology.

The secondary outcomes were: (i) to inves-
tigate the S-LRTIs epidemiology and outcomes 
across different seasons and age groups (0–6, 
7–17, 18–59, 60–74, and over 74 years old), and 
(ii) to study the temporal trends of outcomes for 
the four S-LRTIs groups over time.

Statistical Analyses

Continuous variables are presented as median 
and interquartile ranges (IQR), while categori-
cal variables are presented as percentages. 
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Categorical values of outcomes for the whole 
study period were compared using the Chi-
square test among the four infection groups. 
Furthermore, the cumulative seasonal median 
values for bacterial and viral hospitalization-
related outcomes in the years 2016–2024 were 
depicted with violin plots and compared to 
those of unknown etiology S-LRTI (reference 
value) using the Mann–Whitney test. Lastly, 
the cumulative distributions of events for each 
S-LRTI in different age group (0–6, 7–18, 19–59, 
60–74, and > 75 years) were graphically repre-
sented with scatter plots for both “warm” and 
“cold” seasons. Data were analyzed using R soft-
ware, version 4.3.3, and MATLAB software, ver-
sion 2023a. Statistical significance was accepted 
at the 5% level.

RESULTS

A total of 683,741 hospital admissions recorded 
as S-LRTIs were identified in the study period, 
mostly in males (387,009, 56.6%) with a median 
age of 68.7 [65.1; 70.8] years. Overall, the 
median LOS was 15.3 [13.1; 17.0] days (Table 1). 

Unknown etiology S-LRTI was observed in 
nearly half of the cases (338,211, 49.5%) and 
was associated with 12.3% intra-hospital mortal-
ity (41,627 deaths) and 4.0% ICU admission rate 
(13,625 admissions).

Outcomes and Seasonality

Over the whole period, bacteria and COVID-
19-related S-LRTIs groups showed similar rates 
of hospitalizations and ICU admissions. In con-
trast, intra-hospital mortality was higher for 
COVID-19 (36,446, 22.0%) than for bacteria 
(20,143, 13.9%) infections. Viral, non-COVID-19 
S-LRTIs included the youngest patients (32.7 
[21.4; 39.6] years), the lowest intra-hospital mor-
tality (1114, 3.2%), and the shortest median LOS 
(11.9 [8.8; 15.4] days). ICU admission and intra-
hospital mortality rates were significantly differ-
ent among the four LRTIs groups, with COVID-
19-related S-LTRIs having the highest values for 
both (Table 1).

Figure 1 shows the distribution of medians 
obtained for all considered outcomes in each 
season over the whole period. We observed sta-
tistically significant differences in the median 

Table 1   Characteristics and outcomes of the study population, categorized by the etiology of the diagnosed respiratory syn-
drome

Bacterial 
S-LRTI

Viral, non-
COVID-19, 
S-LRTI

Unknown etiol-
ogy S-LRTI

COVID-19-re-
lated S-LRTI

Total p value

Number of hospi-
talizations

145,156.0 34,769.0 338,211.0 165,605.0 683,741.0

Male gender (%) 84,371.0 (58.1%) 18,651.0 (53.6%) 182,510.0 
(54.0%)

101,477.0 
(61.3%)

387,009.0 
(56.6%)

Median age 
(years, [IQR])

70.1 [69.1; 71.3] 32.7 [21.4; 39.6] 69.2 [65.6; 70.6] 72.9 [69.3; 78.5] 68.7 [65.1; 70.8]

Median LOS 
(days, [IQR])

16.9 [16.3; 18.1] 11.9 [8.8; 15.4] 13.8 [13.0; 14.0] 17.2 [16.5; 18.2] 15.3 [13.1; 17.0]

Number of ICU 
admissions (%)

13,896.0 (9.6%) 3036.0 (8.7%) 13,625.0 (4.0%) 14,725.0 (8.9%) 45,282.0 (6.6%) 0.521

Intra-hospital 
deaths (%)

20,143.0 (13.9%) 1114.0 (3.2%) 41,627.0 (12.3%) 36,446.0 (22.0%) 99,330.0 (14.5%) 0.00098
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distributions of mortality and ICU admission 
rates for unknown etiology S-LRTI (p < 0.001) 
(Table 2). Unknown etiology  S-LRTI demon-
strated lower intra-hospital mortality com-
pared to COVID-19-related S-LRTIs, but higher 
than other viral S-LRTIs (Fig. 1A). Differently, 
unknown etiology S-LRTIs were associated with 
lower ICU admission rates compared to those 
of the other three groups of S-LRTIs (Fig. 1B). 
Additionally, unknown etiology S-LRTI was asso-
ciated with a significantly shorter LOS compared 
to COVID-19, and bacteria-related hospitaliza-
tion (p < 0.001, Fig. 1C). 

Age-specific data for the considered clinical 
outcomes, divided across the “warm” and “cold” 
seasons, are shown in Fig. 2.

A total of 73,291 hospitalizations for S-LRTI 
were observed in the pediatric population 
(10.7% of total), most among 0–6  years old 
children (65,191, 88.9%). The cumulative num-
ber of intra-hospital deaths each year in the age 
group < 18 years was very low (minimum 2, max-
imum 9 intra-hospital deaths).

In the 0–6  years age bracket, S-LRTI of 
unknown etiology represented the highest num-
ber of hospitalizations (37,454, 57.5%), followed 
by viral, non-COVID-19 S-LRTIs (21,727, 33.3%), 
particularly prevalent in the “cold” seasons. Bac-
terial and COVID-19-related S-LRTIs caused less 
hospitalizations (5765 and 245, 8.8% and 0.4%, 
respectively), but were associated with higher 
in-hospital mortality (22 and 2, 0.4% and 0.8%, 

Fig. 1   Violin plots illustrating the distribution and 
median values of seasonal mortality (A, upper), ICU 
admissions (B, middle), and mean LOS (C, lower) of each 

S-LRTI group for the 2016–2024 period. S-LRTI  Severe 
lower respiratory tract infection

Table 2   Comparisons of the median values of cumulative 
distributions for intra-hospital seasonal mortality rates, 
ICU admission rates, and LOS across the evaluated seasons 

comparing respiratory syndromes with unknown etiology 
and those with confirmed bacterial or viral detections

Unknown etiology 
S-LRTI (reference 
value)

Bacterial S-LRTI Viral, non-
COVID-19, 
S-LRTI

COVID-19-related S-LRTI

Mean LOS (median; [IQR]) 13.8 [13.0, 14.0] 16.9 [16.3, 18.1] 11.9 [8.8, 15.4] 17.2 [16.5, 18.2]

p value //  < 0.001 0.3558  < 0.001

ICU admission rate (median; 
[IQR])

4.0% [3.9; 4.3] 9.2% [8.7; 10.2] 8.4% [7.6; 10.2] 8.1% [5.1; 8.9]

p value // 0.137  < 0.001 0.095

Mortality rate (median; 
[IQR])

12.0% [11.4; 14.3] 13.4% [13.1; 14.6] 5.9% [1.9; 7.1] 20.1% [17.1; 21.9]

p value // 0.48  < 0.001  < 0.001
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respectively), and ICU admission rates (446 and 
29, 7.7% and 11.8%, respectively) as shown in 
Fig. 2A.

Conversely, the group 7–17 years counted 
8100 patients (11.1%). In this age group, 
unknown and bacterial etiology S-LRTIs were 
the most frequently observed (2136 and 4736, 
26.4% and 58.5%, respectively) and adverse out-
comes were rare (Fig. 2B).

Most detected hospitalizations, and hospitali-
zation-related outcomes, were in the adult pop-
ulations (18–59, 60–75, and > 75 years groups, 
Fig.  2C–E) with 610,450 inpatients (89.3%). 
COVID-19-related S-LRTIs had the highest over-
all mortality in both “cold” and “warm” seasons, 

and this was particularly true for the 18–59 and 
60–74 age groups (Fig. 2C, D).

Differently, we noticed a greater degree of 
heterogeneity in the etiologies of S-LRTIs in 
patients > 75 years, with numerous hospitaliza-
tions, and fewer ICU admissions. In this group, 
unknown etiology S-LRTIs remains the most 
represented, particularly in the “warm” sea-
sons, where their prevalence surpassed the one 
of COVID-19-related S-LRTIs (Fig. 2E).

Temporal Trends

During the first pandemic period (2019–2022), 
COVID-19 was the most frequent cause of 

Fig. 2   Tentative plots representing the distribution of 
hospitalization outcomes across age groups 0–6  years 
(A), 7–17  years (B), 18–59  years (C), 60–74  years (D), 
and > 75 years (E) across two time periods: “Cold” Season 

(November to April of the following year) on the left, and 
“Warm” Season (May to October) on the right, for the 
years 2016–2024. ICU intensive care unit
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hospitalizations and outcomes, remaining rel-
evant in subsequent years. Bacterial, viral, and 
unknown etiology S-LRTI cases were lowest from 
May 2020 to May 2022, then returned to pre-
pandemic levels for viral and bacterial S-LRTI. 
Notably, viral non-COVID-19 S-LRTI hospitali-
zations peaked in 2022–2024, coinciding with 
the lowest number of unknown etiology S-LRTI 
diagnoses, excluding the first two pandemic 
years (Fig. 3A).

In the same 2022–2024 period, we also 
observed the highest number of ICU admissions 
for bacterial and viral, non-COVID-19 causes, 
but the hospitalizations total grew more, result-
ing in reduced admission rates (Fig. 3B). Pat-
terns of intra-hospital mortality rates were alike, 
recording the highest mortality rates for viral, 
non-COVID-19 S-LRTI and bacterial etiology 
S-LRTI in the first pandemic period (2019–2021), 
decreasing in the following two (2022–2024) 
years (Fig. 3C). Consistently, ICU admissions 
and intra-hospital deaths for unknown etiology 
S-LRTI were lower in the post-pandemic period, 
with similar rates compared to the years before 
the COVID-19 pandemic (Fig. 3B, C).

Lastly, the proportion of hospitalizations for 
unknown etiology S-LRTI significantly changed 
over time (p < 0.001) and this was accompanied 
by a significant change in the COVID-19-related 
(p < 0.001) and bacterial (p = 0.042265) S-LRTI 
hospitalizations (Table 3). When comparing the 
pre-pandemic pooled proportion of unknown 
etiology S-LRTI hospitalizations (154,751 hospi-
talizations over 3 years, 68.8% of the total) with 
the data collected from the 2019–2020 “cold” 
season onwards (183,460 hospitalizations over 
5 years, 40.0% of total), the numbers differed 
significantly (p < 0.0001).

DISCUSSION

This study showed that approximately half of 
the S-LRTI hospitalizations recorded in Lom-
bardy in the years 2016–2024 were of unknown 
etiology. Unknown etiology S-LRTIs were asso-
ciated with high median age and high in-hos-
pital mortality rates, lower than those related 
to COVID-19 but higher than those caused by 
other viruses, with overall low ICU admission 
rates. These differences in outcomes between the 
unknown etiology S-LRTI group and the others 
underscore the distinct clinical characteristics of 
patients in this group. These findings are con-
sistent with prior studies which also report a sig-
nificant proportion of S-LRTIs with an unknown 
etiology [16].

Post-pandemic, unknown-etiology S-LRTI 
declined, likely due to broader molecular test-
ing (including SARS-CoV-2) becoming more 
available, even in smaller hospitals. In Lom-
bardy, access to next-generation sequencing was 
expanded in 2022 [17], and a regional council 
resolution launched a program for respiratory 
syndrome identification in emergency depart-
ments, further increasing diagnostic efforts [18].

Nonetheless, current diagnostic panels tend 
to remain mostly focused on the most relevant 
pathogens, and this aspect, combined with the 
widespread use of antibiotics before hospital 
admission, contributes to reduced diagnostic 
sensitivity [10, 19]. Furthermore, the current 
standard for diagnosing viral infections relies 
on average one microbiological diagnostic 
technique rather than a combination of them, 
which has shown improved detection rates of 
difficult-to-diagnose infections such as RSV in 
adults [20].

Lastly, the need to improve diagnostics in 
viral and bacterial S-LRTIs is crucial for infec-
tion control practices, in order to rapidly assess 
which patients require contact, droplets, and 
airborne isolation measures, with the aim of 
reducing intra-hospital transmission of respira-
tory infections.

Interestingly, unknown etiology S-LRTIs had 
lower ICU admissions than confirmed bacte-
rial or viral cases, especially COVID-19, which 
showed the highest ICU and mortality rates in 

Fig. 3   Temporal trends for total number of hospitaliza-
tions (A, top), ICU admissions (B, middle), and intra-hos-
pital mortality (C, bottom). Warm and Cold on the x-axis 
represent the “Warm” and “Cold” seasons as identified in 
the Methods section (“Warm season” covering the May 1 
to October 31 period and “Cold season” for the November 
1 to April 31 period)

◂
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elderly patients with comorbidities [21, 22]. 
This could reflect the heterogeneous nature of 
unknown etiology cases—some milder, some 
fulminant or rare, and some in severely debili-
tated patients for whom intensive diagnostics 
and care were not pursued.

Age influenced outcomes, with adults over 18 
showing the highest mortality and ICU admis-
sion rates for S-LRTIs, especially COVID-19-re-
lated. These findings align with evidence on 
age-related immune decline and comorbidities. 
Patients over 75 faced even higher risks, often 
compounded by reduced baseline performance 
status limiting ICU access [23]. Older adults with 
unknown etiology pneumonia thus represent a 
particularly vulnerable group requiring targeted 
interventions. Children under six often pre-
sented with unknown etiology S-LRTI but had 
lower intra-hospital mortality than adults. This 
aligns with findings that younger populations 
in UMICs typically have milder disease, possi-
bly due to distinct immune responses and fewer 
comorbidities [24]. Unknown etiology S-LRTI in 
this group showed low mortality and ICU rates, 
similar to virus-related hospitalizations, suggest-
ing some cases may involve viruses not detected 
by standard diagnostic panels.

Seasonal variations were also found, particu-
larly regarding viruses other than SARS-CoV-2, 
practically absent in the “warm” season but 

surging during the November–April period, espe-
cially among young children, where they rep-
resented the most common S-LRTIs diagnosis.

Temporal trends also highlighted a resurgence 
of bacteria, and viruses other than SARS-CoV-2 
following the peak COVID-19 pandemic years. 
This likely reflects the phenomenon of "immu-
nity debt," in which reduced exposure to patho-
gens during pandemic restrictions resulted in a 
rebound of infectious diseases once restrictions 
were lifted. Overall, mortality and ICU admis-
sion rates were the highest for all four groups 
during the peak pandemic period (2020–2021), 
likely reflecting the unsustainable pressure faced 
by Lombardy’s healthcare system at that time.

This study leveraged administrative databases, 
enabling the inclusion of a large population and 
allowing meaningful comparisons. However, 
some limitations warrant consideration. Firstly, 
some technical difficulties and inconsistencies 
in diagnostic coding precluded the inclusion 
of co-infection data. Secondly, large numbers, 
and the use of discharge codes are inherently 
linked to the possibility of selecting the same 
patient two or more times. Thirdly, the inclu-
sion of acute exacerbation of COPD cases within 
the unknown etiology S-LRTI group—associ-
ated with intra-hospital mortality rates below 
1%—likely mitigated the overall in-hospital 
mortality rate for this group. This could obscure 

Table 3   Number of hospitalizations per year for each S-LRTI group over the 2016–2024 period

Period (year) Bacterial S-LRTI (%) COVID-19 
related S-LRTI

(%) Unknown eti-
ology S-LRTI

(%) Viral, non-
COVID-19 
S-LRTI

(%)

2016–2017 18,790.0 25.2 // // 51,933.0 69.6 3915.0 5.3

2017–2018 18,751.0 25.6 // // 50,600.0 69.2 3772.0 5.2

2018–2019 20,673.0 26.8 // // 52,218.0 67.6 4364.0 5.6

2019–2020 19,399.0 17.4 39,968.0 35.9 47,203.0 42.4 4793.0 4.5

2020–2021 13,259.0 10.9 82,034.0 67.3 25,245.0 20.7 1287.0 1.1

2021–2022 14,781.0 19.0 27,614.0 35.5 31,452.0 40.5 3869.0 5.0

2022–2023 19,564.0 25.8 10,545.0 13.9 39,398.0 52.0 6245.0 8.2

2023–2024 19,939.0 27.7 5444.0 7.5 40,162.0 55.7 6524.0 9.1
p value 0.042265  < 0.0001  < 0.0001 0.565
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differences between, for example, unknown eti-
ology and bacterial CAP, and other categories.

Finally, the reliance on ICD coding introduces 
potential inaccuracies in diagnosis classification 
and limits the clinical granularity of the data, 
constraining the interpretation of observed out-
comes. Nonetheless, the study’s objective was 
not to provide precise prognostic estimates but 
to capture an evolving picture of S-LRTI epi-
demiology and diagnostic trends in a densely 
populated European region.

CONCLUSIONS

This study underscores the ongoing challenges 
of S-LRTIs across diverse patient populations. 
The variability in clinical outcomes highlights 
the need for more comprehensive diagnostic 
panels and improved management approaches 
tailored to specific age groups and seasonal 
trends. The COVID-19 pandemic re-shaped 
the epidemiology, and diagnostic approaches 
to respiratory syndromes, likely increasing 
diagnostic yield in viral cases. However, future 
research integrating detailed clinical and labo-
ratory data are essential to better understand 
S-LRTI outcomes, particularly among older 
adults and young children.
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