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INTRODUCTION

Pneumonia is a lower respiratory tract infection 
involving the lungs that also has systemic conse-

quences and distal organ damage. These systemic 
consequences with multiple organ involvement are 
frequent during the acute phase mainly in the most 
severe episodes. Nevertheless, accumulating evi-

dence indicates that these systemic consequences 
can have an impact or even appear in the long-

term. Although pneumonia has traditionally been 
considered an acute condition, the changes that 
occur in the host and its inability to return to the pre-

vious scenario may have a long-term systemic 
impact. In fact, mortality in the following year after 
pneumonia discharge is higher in comparison to 
not having had pneumonia.

The article examines recent literature on the 
systemic sequelae following a community-

acquired pneumonia (CAP), including SARS-

CoV-2 pneumonia, in the short-term and the 
long-term.

COMPLICATIONS AND SYSTEMIC 
CONSEQUENCES OF COVID-19

COVID-19 has impacted millions of people world-

wide with significant mortality. After the acute 
episode, many survivors may experience sequelae 
and symptoms. There is great heterogeneity in the 
definition of post-COVID sequelae. Some pro-

posed terms include post-COVID-19 conditions 
(PCCs), postacute sequelae of SARS-CoV-2 infec-

tion or long COVID among others. 1 In October 
2021, the World Health Organization defines 
persistent COVID as a condition that occurs in in-

dividuals with a history of probable or confirmed 
SARS-CoV-2 infection, usually occurring 3 months 
after infection with symptoms that persist at least 
infection with symptoms that persist for at least

2 months and cannot be explained by other 
diagnoses. 2

The development of complications after an 
infection is not exclusive to SARS-CoV-2. The 
term postacute infection syndromes has
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KEY POINTS

• Pneumonia is an infectious disease that affects the lungs but with multisystemic consequences.

• Systemic consequences can occur not only during the acute phase but even in the long term, years

after the episode.

• Cardiovascular and neurologic complications are the most frequent and have the greatest impact

on patients’ health both in the short-term and long-term.
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encompassed the set of sequelae that occur after 
an infection, especially viral. 3 The development of 
persistent symptoms such as fatigue, pain, weak-

ness, depression, or sleep disturbance has 
already been described in relation to the 2003 
(SARS-CoV-1) and 2021 (MERS) coronavirus 
epidemics. 4,5

Epidemiology and Risk Factors

The long-term systemic consequences of COVID-

19 are highly diverse and encompass multiple or-

gans and systems (Fig. 1). The prevalence of com-

plications and sequelae is highly variable and it 
ranges from 10% to 70%. In a meta-analysis 
involving 120.970 individuals who had undergone 
SARS-CoV-2 infection, the incidence of long 
COVID was 56.9%. The most frequent manifesta-

tions were general ones (31.0%) (ie, fatigue), and 
respiratory (24.5%) (ie, dyspnea). Neurologic 
(19.7%), psychiatric (20.3%), and cardiac (11.0%) 
manifestations were also relevant. 6 There is little in-

formation on the duration of these symptoms and 
sequelae, which in some cases may persist at least 
beyond 1 to 2 years after infection. 7–9

Multiple risk factors have been identified related 
to the presence of long COVID but in some cases

the information is controversial. These risk factors 
include age, sex, socioeconomic factors, comor-

bidity, vaccination status, the severity of the acute 
phase, or even reinfection by SARS-CoV-2. 1,10–12 

Obesity and lipid metabolism disorders may act 
as promoters and facilitators of inflammation and 
endothelial dysfunction aggravating acute illness 
and the risk of long COVID. 10,13 In addition to 
relating severity in the acute phase, Turner and 
colleagues identified the initial symptoms (fatigue, 
headache, dyspnea, and arthromyalgia) that are 
subsequently related to the development of long 
COVID. 11 However, in the previously mentioned 
meta-analysis there was insufficient evidence to 
relate the severity of acute illness to the occur-

rence of sequelae. 6 There are also studies that 
relate female sex with long COVID, despite the 
fact that the highest acute morbidity and mortality 
were related to males. 1,11 Separating by groups, 
the most frequent symptoms in women are gen-

eral, neurologic, and cardiovascular symptoms, 
while in the elderly they are general, psychiatric, 
respiratory, digestive, and skin symptoms. 6

Physiopathology

The wide variability of manifestations in COVID-19 
survivors, with multisystem involvement, suggests 
different underlying pathophysiological mecha-

nisms. Broadly, sequelae can be explained by 6 
different hypothesis: viral persistence, immune 
dysregulation, microbiome dysbiosis, endothelial 
inflammation, neuronal inflammation, mitochon-

drial dysfunction, and direct damage. 14

• Viral persistence: After resolution of the infec-

tion, virus can still be detected in the organism 
because it persists as a reservoir in different 
tissues. 15 This viral persistence favors

Fig. 1. Main long-term systemic consequences of COVID-19.

Abbreviations

CAP community-acquired pneumonia 
CNS central nervous system

ME/

CFS

myalgic encephalomyelitis/chronic

fatigue syndrome 
MSCs mesenchymal stem cells 
NETs neutrophil extracellular traps 
NHPs nonhuman primates 
PCCs post-COVID-19 conditions 
TLRs toll-like receptors
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constant immune activation. On the other 
hand, the effect on the immune response fa-

vors the reactivation of latent viruses, such 
as herpesviruses, which contribute to the 
persistence and appearance of symptoms.

• Immune dysregulation: SARS-CoV-2 causes

dysregulation of the immune response toward 
a proinflammatory state. This effect is favored 
by the loss of regulatory T lymphocytes in the 
context of lymphopenia and favors autoim-

mune mechanisms. 16

• Microbiome dysbiosis: It has been described

that SARS-CoV-2 can act as an intestinal mi-

crobiota bacteriophage, which acts as a 
reservoir and on which it induces the prolifer-

ation of certain bacteria causing intestinal 
dysbiosis. 17

• Endothelial inflammation: Alteration of the

vascular endothelium plays a central role in 
inflammation and hemostasis by acting as a 
regulator of both pathways. At the same time, 
endothelium can suffer damage as a conse-

quence of inflammation and thrombotic phe-

nomena. Both pathways are also related, 
such that the inflammatory response favors 
thrombotic phenomena and the alteration of 
coagulation induces increased expression of 
adhesion molecules and proinflammatory cy-

tokines in the vascular endothelium. In addi-

tion, changes in thrombus formation have 
been detected in individuals with SARS-CoV-

2, which confers increased fibrinolytic resis-

tance and it is associated with proinflammatory 
prothrombin molecules. 11 In summary, SARS-

CoV-2 causes endothelial dysfunction, throm-

botic and proinflammatory mechanisms, which 
may contribute to the development of 
sequelae.

• Neuronal inflammation: COVID-19 can cause

neurologic damage through several mecha-

nisms secondary to systemic inflammation 
and viral load. 18 The most important ones 
include microglia dysfunction, neurovascular 
inflammation with damage to the blood-brain 
barrier, metabolic dysfunction in the central 
nervous system, and myelin injury among 
others.

• Mitochondrial dysfunction: Long COVID symp-

toms like chronic fatigue, dyspnea, and cogni-

tive or cardiac alterations are often difficult to 
explain. During the acute phase, the virus ex-

ploits mitochondria for replication, potentially 
causing structural and functional damage, 
similar to other postinfectious syndromes such 
as myalgic encephalomyelitis/chronic fatigue 
syndrome ME/CFS. 19 Mitochondrial dysfunc-

tion affects metabolism, ATP production,

oxidative stress, and inflammatory re-

sponses. 20–22 Reduced energy production ex-

plains chronic fatigue, dyspnea, exercise 
intolerance, and cognitive impairments, while 
metabolic alterations contribute to exercise 
intolerance, weight changes, and nutritional de-

ficiencies. Increased oxidative stress and in-

flammatory mechanisms exacerbate chronic 
conditions overlapping with long COVID mani-

festations. Mitochondrial dysfunction may also 
impair vascular endothelial function, influencing 
blood pressure variations, and causing dizzi-

ness and other sequelae. 23 Molnar and col-

leagues evaluated mitochondrial function and 
oxidative stress biomarkers in long COVID pa-

tients. Findings supported the link between 
mitochondrial dysfunction and long COVID, 
identifying specific symptoms associated with 
individual biomarkers, such as dizziness linked 
to peroxiredoxin-2, suggesting diverse mito-

chondrial processes underlie the condition. 24

• Direct damage: Finally, SARS-CoV-2 causes 
injury to various tissues and organs. It can 
be attributed to its direct action but also 
secondarily to its action as tissue hypoxia re-

sulting from lung damage and thrombotic 
phenomena. 25

Respiratory sequelae: from radiological and 
functional alterations to symptoms 
SARS-CoV-2 infection has primarily respiratory 
consequences with long-term clinical sequelae, 
especially suffering dyspnea and cough. 26 The 
persistence of respiratory symptoms during the first 
3 months ranges from 40% to 94% and progressively 
decreases to 35% to 45% during the follow-up. 

Similarly, radiological and functional alterations 
(established as DL CO ) at 6 months vary between 
38% to 66% and 47% to 55%, respectively, with 
progressive improvement to 25% to 28% and 
20% to 31% at 1 year. 27–29 However, clinical man-

ifestations do not always reflect structural or func-

tional respiratory damage. For example, the 
RECOVID study revealed that 43% of individuals 
with symptoms at 12 months showed complete 
radiological and functional resolution, while 46% 
of asymptomatic individuals presented with radio-

logical and/or functional sequelae. 28

Factors associated with each sequelae differ 
based on age, sex, and comorbidities, 28 except for 
infection severity (assessed by prognostic scales 
or the need for respiratory/ICU support), which has 
been linked to all 3 types of sequelae. The COVID-

FIBROTIC registry, analyzing fibrogenesis and its 
relationship with sequelae development, identified 
associations with specific biomarkers. 29
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Myocardial injury

Cardiovascular symptoms are frequent during 
both the acute and convalescent phases of 
COVID-19. The ACE2 receptor in the myocardium 
may facilitate direct viral cell damage during the 
acute phase and contribute to RAAS dysregula-

tion. Hypoxemia and a prothrombotic microvas-

cular state also contribute to myocardial injury 
via hypoxia. Additionally, inflammatory alterations 
during and after the acute phase exacerbates 
thrombotic phenomena and promote tissue dam-

age and fibrotic repair, leading to myocardial stiff-

ness, contractile dysfunction, and arrhythmias. 
Autoantibody formation may further contribute to 
myocardial dysfunction. 10

Neurologic sequelae: cognitive symptoms and 
autonomic dysfunction

Nearly half of COVID-19 survivors may experience 
neurocognitive dysfunction 1 year later. 7 Kanberg 
and colleagues analyzed the pathophysiological 
mechanisms of long COVID. In an initial 2021 study, 
biomarkers of central nervous system (CNS) injury 
were evaluated in COVID-19 patients. Initially 
elevated, these biomarkers normalized over time, 
regardless of symptom persistence, suggesting 
post-COVID neurologic sequelae are not linked to 
ongoing CNS damage. 30 A second study 
comparing patients with and without post-COVID 
neurocognitive symptoms (PCC), found no evi-

dence of viral persistence or immune response dif-

ferences in the CNS, indicating that PCC likely 
results from events during the acute phase. 31 

Symptoms such as palpitations, orthostatic 
intolerance, dizziness, exercise intolerance, or 
nausea are consistent with autonomic dysfunction 
syndromes like postural orthostatic tachycardia 
syndrome and orthostatic hypotension, previously 
observed after other infections. 32 Peripheral 
vascular tone alterations due to dysautonomia 
cause relative hypovolemia, resulting in these 
manifestations. Cerebral hypoperfusion, direct 
viral neurologic damage, and autoantibody-

induced C and A fiber neuropathy may explain 
dysautonomia following COVID-19. 11,33–35 Vagus 
nerve involvement, either through direct viral ac-

tion or inflammation, may also contribute to auto-

nomic symptoms, as well as gastrointestinal, 
phonatory, or swallowing sequelae. 36

COMPLICATIONS AND SYSTEMIC 
CONSEQUENCES OF COMMUNITY-ACQUIRED 
PNEUMONIA

With the emergence of SARS-COV-2, greater 
awareness has been raised about the systemic im-

plications of respiratory infections. However, this

fact was already widely known in CAP. 37 Cardio-

vascular complications, neurologic problems, 
and muscular dysfunction are the most well-

known and studied systemic problems in CAP 
(Box 1).

CARDIOVASCULAR COMPLICATIONS

Epidemiology and Risk Factors

The relation between cardiovascular system and 
infections has been recognized during and after 
the acute episode. 38–41 That association was 
demonstrated up to 10 years in CAP hospitalized 
patients discharged alive when compared to pa-

tients with similar age and comorbidities but not 
hospitalized due to pneumonia. 42 Notably, the 
negative impact on cardiovascular (CV) system 
may appear in patients without prior heart dis-

eases. All the accumulated evidence has led to 
pneumonia being considered a cardiovascular 
risk factor. 43–46

The frequency and timing of CV complications 
differs among the different studies due to method-

ological variations, definitions, and population. 
Thus, CV events are more common in the most se-

vere episodes but not negligible in the outpatients. 
CV are more frequent during the first days of the 
acute episode, but its frequency in the subsequent 
year of follow-up was up 10% and up 34.8% within 
10 years. 42,47 The incidence of each type of cardio-

vascular event is also variable. In a meta-analysis 
published by Corrales-Medina and colleagues, 48 

the incidence reported for each cardiovascular 
event (CVE) was—heart failure (14%, range 7%–

Box 1
Main long-term systemic consequences in 
community-acquired pneumonia

Long-term systemic consequences of 
pneumonia

Cardiovascular

Arrhythmia

Heart failure

Myocardial infarction 

Atherosclerosis progression 

Venous thromboembolic disease 

Neurologic

Dementia

Cognitive decline

Muscle

Muscle dysfunction

Chronic fatigue syndrome
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33%), arrhythmia (5%, range 1%–11%), and acute 
coronary syndrome (5%, range 1%–11%). Another 
study by Tralhao and colleagues reported 13.9% of 
overall cardiac complications with 4.5% of acute 
coronary syndromes, 9.2% of heart failure, 7.2% 
of arrhythmias, and 0.71% of stroke. 49

In CAP patients who develop in-hospital CV 
complications mortality is not only higher during 
the acute episode but also in the long-term. 50–52 

Aldas and colleagues, found that CVE was an in-

dependent factor related to early (first 30 days) 
and late (1 year) mortality, with a 16% of 1-year 
mortality attributed to cardiovascular disease. 53 

In another study by Violi and colleagues, 54 CV 
complications were associated with a 5-fold in-

crease in 30-day mortality.

The occurrence of CV complications was more 
frequent depending on host characteristics and 
age, initial severity of the episode and causal micro-

organisms. 40,55,56 Adults with prior cardiac risk fac-

tors, hypertension, chronic obstructive pulmonary 
disease or renal chronic diseases, and elderly pa-

tients were at higher risk. 52–54 Initial severity, the 
presence of sepsis, ICU admission requirement 
also increased the risk. However, even mild respira-

tory infection is associated with an increased risk of 
myocardial infarction for several months after the 
onset of infection. 41

Pathophysiology

There are several mechanisms altered during the 
acute phase that may affect CV system pointing

out a multifactorial cause (Fig. 2). 41,43,57 During 
pneumonia, the impaired gas exchange provoke 
hypoxemia and vasoconstriction reducing oxygen 
supply to vital organs that may enhance vulnera-

bility to ischemic events. Systemic inflammation 
with the increases in proinflammatory cytokines 
can increase inflammatory activity triggering 
several other alterations and provoking instability 
within coronary atherosclerotic plaques, making 
them prone to rupture. During pneumonia there is 
a prothrombotic state, the coagulation cascade is 
activated by cells of the innate immune system, 
such as neutrophils and monocytes, resulting in 
clot formation mainly in the microcirculation, a pro-

cess known as immunothrombosis. 58 In fact, 
excessive neutrophil recruitment and neutrophil 
extracellular traps (NETs) formation can provoke 
endothelial activation, contributing to local immu-

nothrombosis and leading to organ damage and 
failure. Platelet activation also contribute with the 
prothrombotic state due to several pathways: 
inflammation, NETs and pathogens themselves. In 
fact, platelets express numerous immunoreceptors 
that enable them to recognize intravascular patho-

gens, including toll-like receptors (TLR), which 
bind their respective pathogen-associated molecu-

lar patterns and damage-associated molecular pat-

terns. 59 Platelet TLR-2 can directly bind the 
antigens of Streptococcus pneumoniae, which 
leads to platelet activation. Endothelial dysfunction 
and microthrombotic complications can rapidly 
lead to multiple organ dysfunction. Inflammation, 
altered immune system, and organ damage may

Fig. 2. Pathophysiological mechanisms of cardiovascular consequences in community-acquired pneumonia.

Pneumonia as a Multisystemic Disease 335

Downloaded for Anonymous User (n/a) at Valencian School of Health Studies from ClinicalKey.com by Elsevier on September 
28, 2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



persist beyond the acute phase of infection as re-

ported in some studies. 47,60 Besides, some mecha-

nisms and mainly inflammation may contribute with 
atheromatous progression. 61,62

Nonhuman primates (NHPs) pneumonia models 
have revealed that invasive pneumococcal dis-

ease leads to translocation of the pneumococcus 
into the myocardium resulting necroptosis and 
apoptosis were detected in the myocardium of 
both acutely ill and convalescent NHPs. Evidence 
of cardiac scar formation was observed explaining 
CV long-term consequences. 63,64 In addition, 
Alhamdi and colleagues have reported that circu-

lating pneumolysin directly induced cardiac 
injury. 65 Recently, a persistent antigenemia 
release from remnants of capsular polysaccha-

rides in resident tissue macrophages and other 
cell types has been suggested as another potential 
mechanism for long-term CV events. 57 In a murine 
model with intratracheal administration of lipo-

polysaccharide, Jaw and colleagues showed that 
circulating neutrophils contribute to acute destabi-

lization and rupture of atheroma plaques. 61

Management and prevention

Cangemi and colleagues reported that treatment 
with corticosteroids reduced cardiac complica-

tions possibly due to the decrease in systemic 
cytokine production and inflammation. 66,67 Treat-

ments directed to reduce thromboinflammation in 
CAP (ie, ticagrelor, statins, or aspirin) have showed 
an improvement in outcomes opening a new 
avenue for interventional studies aimed to 
decrease CVE and mortality. 68–70

Alongside, measures to prevent pneumonia 
though vaccination have demonstrated a 
decreased of risk for CV complications, especially 
in elderly. That benefit is due not only for the reduc-

tion of episodes and severity of pneumonia. It has 
been suggested that vaccines may modify the 
immune-inflammatory model of atherogenesis. 71,72

NEUROLOGIC COMPLICATIONS

Epidemiology and Risk Factors

Among the potential complications associated 
with pneumonia are neurologic complications. In 
recent years, various studies have demonstrated 
this relationship, nevertheless, it remains a 
neglected issue that demands further investiga-

tion. 73 This relationship has been shown to be bidi-

rectional since the presence of cognitive 
impairment increases the risk of pneumonia and 
vice versa. 74 Neurologic complications related to 
pneumonia may appear not only during the acute 
episode but also in the long-term impact. During 
the acute phase, the most frequent neurologic

complication is delirium, an acute disturbance in 
attention and cognition that may fluctuate over 
time. It is estimated that around 30% of patients 
hospitalized for CAP present some symptoms of 
delirium during their hospital stay, although this 
figure may vary depending on the severity of the 
condition. 75 On the other hand, patients who sur-

vive pneumonia are at risk of developing neuro-

logic complications in the long-term. The most 
frequent and studied complications are cognitive 
impairment or dementia. 76,77 In a population-

based matched cohort study from the United 
Kingdom, the incidence rates of cognitive impair-

ment and dementia were 18 per 1000 person-

years among persons previously hospitalized 
with pneumonia versus 13.2 in a matched control 
cohort. 76 This incidence varies with age, but the 
risk already exists at an early age, as demon-

strated by studies that include patients from 
18 years of age onwards. 76,78

The main known risk factors for cognitive 
decline and dementia after CAP are (1) aging and 
the presence of comorbidities, (2) the develop-

ment of delirium during hospitalization, and (iii) 
the severity of pneumonia. (1) Older patients and 
those with comorbidity are more vulnerable to 
developing cognitive impairment and dementia af-

ter pneumonia 76,79,80 ; (2) Up to 70% of patients 
requiring ICU admission develop long-term cogni-

tive impairment. 81,82 Different phenotypes of 
delirium have been identified depending on the eti-

ology and cause, which may have implications for 
clinical practice. 81 Delirium may translate the pres-

ence of acute neurologic damage that can have a 
long-term impact. 83 (3) Finally, patients with se-

vere pneumonia requiring mechanical ventilation 
and/or admitted to the ICU are exposed to greater 
stress and neurologic damage that increases the 
risk of developing long-term consequences.

Physiopathology

There are several hypotheses that attempt to 
explain neurologic damage in pneumonia. These 
hypotheses focus mainly on the role of systemic 
inflammation and neuroinflammation, the micro-

biome, and direct neurologic damage by microor-

ganisms. In many cases, these pathophysiological 
mechanisms interplay with each other.

Previous studies have shown that low-grade 
systemic inflammation promotes neurodegenera-

tion. Aging and comorbidities, common factors in 
patients with pneumonia, promote the presence 
of chronic systemic inflammation. 84,85 In the case 
of pneumonia, there is a high-grade systemic 
inflammation and oxidative stress during the acute 
phase, but it can even persist over time, although
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at a lower intensity. 86,87 This systemic inflamma-

tory stress can cause microvascular and blood– 
brain barrier dysfunction, and neuroinflammation 
in the CNS. Ultimately, this may alter the fragile 
balance maintained by microglia and astro-

glia. 88–94 Neuroinflammation may also be second-

ary to an alteration of the microbiome. The lung 
and gut microbiota interplay each other and may 
impact on respiratory diseases. 95 At the same 
time, there is also a symbiosis, and a bidirectional 
and dynamic cooperation at the immune and 
metabolic level through the gut microbiota-brain 
axis. 96 Therefore, there is a complex and fragile 
axis, the gut-lung-brain axis, which remains virtu-

ally unexplored and potentially hides many of the 
answers to the long-term neurologic conse-

quences of pneumonia. 97 Another possible cause 
of neurologic alterations and potentially related 
to the microbiome is direct damage by endoge-

nous bacteria. Several animal models have shown 
that during severe sepsis or pneumonia, endoge-

nous bacteria can be translocated to the CNS, 
promoting neuroinflammation and neuronal dam-

age. 98,99 Finally, postmortem studies have shown 
that sepsis is associated with a specific transcrip-

tional response in the human brain. 100 Its implica-

tions remain to be elucidated.

MUSCLE COMPLICATIONS

The current literature offers limited information 
regarding muscle complications following an 
episode of CAP. Although more extensive data 
exist on muscle failure in sepsis, pneumonia is 
the most common infection that causes sepsis 
and more than one-third of hospitalized CAP 
develop sepsis. 101 In sepsis, a pathologic remod-

eling of muscle fibers—called muscle dysfunc-

tion—has been documented. 102,103 In fact, 
respiratory muscle failure is one of the leading 
causes of mortality in patients with sepsis and/or 
septic shock. In animal studies, several mecha-

nisms have been identified as the origin of muscle 
failure in sepsis, such as hemodynamic features, 
cytokines, endotoxins and oxidative stress, 
among other factors. 104 A recent murine study in-

dicates that the progressive accumulation of mito-

chondrial abnormalities is the primary driver of 
postsepsis skeletal muscle weakness. Pharmaco-

logic interventions aimed at preserving mitochon-

drial function during acute sepsis represent a 
promising clinical strategy to mitigate postsepsis 
muscle impairment. 105 Other studies in murine 
models have shown that postsepsis muscle 
regeneration is impaired, but treatment with 
mesenchymal stem cells (MSCs) can reverse this 
dysfunction. MSCs therapy improves muscle

recovery, reduces necrosis and fibrosis, and en-

hances muscle strength. 106

Studies in humans with sepsis have observed 
that carbonylation levels were significantly higher 
in limb muscles in patients with severe sepsis 
compared to controls. Nevertheless, no statisti-

cally significant differences were observed in res-

piratory muscles. 107

ME/CFS is a disabling and debilitating chronic 
disorder of unknown etiology, officially recognized 
by the World Health Organization. While the clinical 
manifestations of ME/CFS are well-defined within 
established diagnostic criteria, its diagnosis re-

mains one of exclusion, requiring the elimination 
of alternative medical conditions before confirma-

tion. 108 In CAP, postinfectious CFS has been 
observed, occurring not only due to viral pathogens 
but also, notably, as a consequence of bacterial in-

fections, particularly Klebsiella pneumoniae, S 
pneumoniae, and Haemophilus influenzae. 109

SUMMARY

In conclusion, pneumonia is no longer considered 
only an acute localized respiratory disease 
because it has systemic implications with potential 
long-term consequences. Understanding these 
sequelae is crucial for improving postinfection 
management and reducing morbidity in affected 
individuals.

CLINICS CARE POINTS

• It is necessary to identify early those patients 
with pneumonia at risk of developing sys-

temic complications.

• The pathophysiological mechanisms underly-

ing systemic complications remain poorly un-

derstood.
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28. Mené ndez R, Mé ndez R, Latorre A, et al. Residual pul-

monary infiltrates, symptoms and diffusion impair-

ment at 1-year after severe COVID-19 infection have 

different associated factors. J Intern Med 2023. 

https://doi.org/10.1111/joim.13642.
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Host- and pathogen-related factors for acute car-

diac events in pneumococcal pneumonia. Open 

Forum Infect Dis 2020;7(12):ofaa522.

56. Viasus D, Garcia-Vidal C, Manresa F, et al. Risk 

stratification and prognosis of acute cardiac events 

in hospitalized adults with community-acquired 

pneumonia. J Infect 2013;66(1):27–33.

57. Feldman C, Normark S, Henriques-Normark B, 

et al. Pathogenesis and prevention of risk of cardio-

vascular events in patients with pneumococcal 

community-acquired pneumonia. J Intern Med 

2019;285(6):635–52.

58. Violi F, Cangemi R, Calvieri C. Pneumonia, throm-

bosis and vascular disease. J Thromb Haemosta-

sis 2014;12(9):1391–400.

59. Jackson SP, Darbousset R, Schoenwaelder SM. 

Thromboinflammation: challenges of therapeuti-

cally targeting coagulation and other host defense 

mechanisms. Blood 2019;133(9):906–18.

60. Corrales-Medina VF, deKemp RA, Chirinos JA, 

et al. Persistent lung inflammation after clinical res-

olution of community-acquired pneumonia as 

measured by 18FDG-PET/CT imaging. Chest 

2021;160(2):446–53.

61. Jaw JE, Tsuruta M, Oh Y, et al. Lung exposure to 

lipopolysaccharide causes atherosclerotic plaque 

destabilisation. Eur Respir J 2016;48(1):205–15.

62. Corrales-Medina VF, Dwivedi G, Taljaard M, et al. 

Coronary artery calcium before and after hospitali-

zation with pneumonia: the MESA study. Bjornstad 

P. PLoS One 2018;13(2):e0191750.

63. Reyes LF, Restrepo MI, Hinojosa CA, et al. Severe 

pneumococcal pneumonia causes acute cardiac 

toxicity and subsequent cardiac remodeling. Am 

J Respir Crit Care Med 2017;196(5):609–20.

64. Brown AO, Mann B, Gao G, et al. Streptococcus 

pneumoniae translocates into the myocardium 

and forms unique microlesions that disrupt cardiac 

function. In: Wessels MR, editor. PLoS Pathog 

2014;10(9):e1004383.

65. Alhamdi Y, Neill DR, Abrams ST, et al. Circulating 

pneumolysin is a potent inducer of cardiac injury 

during pneumococcal infection. PLoS Pathog 

2015;11(5):e1004836.

66. Cangemi R, Falcone M, Taliani G, et al. Corticoste-

roid use and incident myocardial infarction in 

adults hospitalized for community-acquired pneu-

monia. Ann Am Thorac Soc 2019;16(1):91–8.

67. Torres A, Sibila O, Ferrer M, et al. Effect of cortico-

steroids on treatment failure among hospitalized 

patients with severe community-acquired pneu-

monia and high inflammatory response: a random-

ized clinical trial. JAMA, J Am Med Assoc 2015; 

313(7). https://doi.org/10.1001/jama.2015.88.

68. Sexton TR, Zhang G, Macaulay TE, et al. Ticagrelor 

reduces thromboinflammatory markers in patients

with pneumonia. JACC Basic to Transl Sci 2018;3: 

435–49.

69. Hamilton F, Arnold D, Henley W, et al. Aspirin re-

duces cardiovascular events in patients with 

pneumonia: a prior event rate ratio analysis in a 

large primary care database. Eur Respir J 2021; 

57(2). https://doi.org/10.1183/13993003.02795-

2020.

70. Khan AR, Riaz M, Abdulhak AAB, et al. The role of 

statins in prevention and treatment of community 

acquired pneumonia: a systematic review and 

meta-analysis. PLoS One 2013;8(1). https://doi. 

org/10.1371/JOURNAL.PONE.0052929.

71. Fountoulaki K, Tsiodras S, Polyzogopoulou E, et al. 

Beneficial effects of vaccination on cardiovascular 

events: myocardial infarction, stroke. Heart Fail 

Cardiology 2018;141(2):98–106.

72. Jaiswal V, Ang SP, Lnu K, et al. Effect of pneumo-

coccal vaccine on mortality and cardiovascular 

outcomes: a systematic review and meta-analysis. 

J Clin Med 2022;11(13). https://doi.org/10.3390/ 

jcm11133799.

73. Ramirez JA. Cognitive decline in pneumonia: a ne-

glected consequence. Arch Bronconeumol 2025. 

https://doi.org/10.1016/j.arbres.2024.12.011.

74. Shah FA, Pike F, Alvarez K, et al. Bidirectional rela-

tionship between cognitive function and pneu-

monia. Am J Respir Crit Care Med 2013;188(5): 

586–92.

75. Aliberti S, Bellelli G, Belotti M, et al. Delirium symp-

toms during hospitalization predict long-term mor-

tality in patients with severe pneumonia. Aging 

Clin Exp Res 2015. https://doi.org/10.1007/ 

s40520-014-0297-9.

76. Chalitsios CV, Baskaran V, Harwood RH, et al. Inci-

dence of cognitive impairment and dementia after 

hospitalisation for pneumonia: a UK population-

based matched cohort study. ERJ Open Res 

2023. https://doi.org/10.1183/23120541.00328-

2022.

77. Davydow DS, Hough CL, Levine DA, et al. Func-

tional disability, cognitive impairment, and depres-

sion after hospitalization for pneumonia. Am J Med 

2013;126(7):615–24.e5.

78. Girard TD, Self WH, Edwards KM, et al. Long-term 

cognitive impairment after hospitalization for 

community-acquired pneumonia: a prospective 

cohort study. J Gen Intern Med 2018;33(6): 

929–35.

79. Tate JA, Snitz BE, Alvarez KA, et al. Infection hos-

pitalization increases risk of dementia in the elderly. 

Crit Care Med 2014. https://doi.org/10.1097/CCM. 

0000000000000123.

80. Olivieri R, Michels M, Pescador B, et al. The additive 

effect of aging on sepsis-induced cognitive impair-

ment and neuroinflammation. J Neuroimmunol 

2018;314:1–7.
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106. Bouglé A, Rocheteau P, Sharshar T, et al. Muscle 

regeneration after sepsis. Crit Care 2016;20(1): 

131.

107. Pascual-Guardia S, A ´ rbol F, Sá nchez E, et al.
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