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Abstract.Pneumonia is an acute inflammatory disease of the lung parenchyma caused by inf
ectious agents. It remains a leading cause of morbidity and mortality worldwide, particularly am
ong children under five, the elderly, and immunocompromised individuals. This study provides a

comprehensive analysis of the etiology, classification, pathogenesis, risk factors, clinical present

ation, diagnostic methods, treatment principles, and preventive strategies of pneumonia. A theore
tical and analytical review of modern scientific literature, clinical guidelines, and epidemiologica
1 data was conducted. The results indicate that pneumonia can be caused by a wide range of path
ogens, including bacteria (e.g., Streptococcus pneumoniae), viruses (e.g., influenza, SARS-CoV
-2), fungi, and atypical microorganisms. Classification is based on the setting of acquisition (co
mmunity- acquired, hospital- acquired, ventilator- associated, aspiration pneumonia) and anatomi
cal distribution. Key preventive measures include vaccination (pneumococcal, influenza, COVID
- 19), smoking cessation, hand hygiene, oral care, and management of underlying chronic disease
s. Understanding the multifaceted aspects of pneumonia is essential for effective prevention, tim
ely diagnosis, and appropriate treatment.
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Introduction.Pneumonia is one of the most common infectious diseases globally and a maj
or cause of hospitalization and death. It is defined as an infection of the lower respiratory tract th
at involves the lung parenchyma, including the alveoli, bronchioles, and interstitial tissue. Despit
e advances in antimicrobial therapy and intensive care, pneumonia continues to impose a substan
tial burden on healthcare systems. According to the World Health Organization (WHO), pneumo
nia accounts for approximately 14% of all deaths in children under five years of age, making it th
e leading infectious cause of death in this age group [1]. In adults, the incidence increases with a
ge, especially among those with comorbidities such as chronic obstructive pulmonary disease (C
OPD), heart failure, diabetes, and immunocompromising conditions.

The clinical spectrum of pneumonia ranges from mild, self- limiting illness to severe respirat
ory failure, sepsis, and death. The outcome is determined by the virulence of the pathogen, the h
ost immune response, the timeliness of diagnosis, and the appropriateness of antimicrobial therap
y. Early recognition and risk stratification are critical for optimizing management [2].

This study aims to review the current knowledge on the etiology, classification, pathogenesi
s, risk factors, clinical features, diagnostic approach, treatment principles, and prevention of pneu
monia. A special focus is placed on the distinctions between community- acquired pneumonia (C
AP), hospital- acquired pneumonia (HAP), ventilator- associated pneumonia (VAP), and aspirati
on pneumonia, as these categories guide empiric therapy and infection control measures.

Methods.This study was conducted using a theoretical and analytical research approach. A
comprehensive review of peer-reviewed articles, clinical guidelines, and epidemiological reports
related to pneumonia was performed. Sources were retrieved from databases such as PubMed, S
copus, and the Cochrane Library, as well as from official publications of the World Health Organ
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ization (WHO), the Centers for Disease Control and Prevention (CDC), the European Respirator
y Society (ERS), and the Infectious Diseases Society of America (IDSA).

The methodological framework included comparative analysis of etiological agents, classificatio
n systems, pathogenetic mechanisms, risk factors, and preventive strategies. Data were collected
on the most common bacterial, viral, and fungal pathogens, their transmission routes, risk factors
for severe disease, diagnostic modalities (including imaging and microbiological tests), and evid
ence- based preventive interventions. The effectiveness of vaccination programs and non- pharm
acological measures was evaluated based on published clinical trials and meta- analyses.

The collected information was systematically synthesized to provide a comprehensive, evide
nce- based overview of pneumonia.

Results.Etiology-Pneumonia is caused by a diverse array of microorganisms, and the causati
ve agent varies according to the setting of acquisition, patient age, underlying health status, and g
eographic region.

Bacterial pathogens: Streptococcus pneumoniae remains the most common cause of commu
nity- acquired pneumonia (CAP) worldwide. Other important bacterial causes include Haemophil
us influenzae (especially in COPD patients), Mycoplasma pneumoniae (atypical pneumonia, co
mmon in young adults), Chlamydia pneumoniae, Legionella pneumophila (associated with conta
minated water sources), and Staphylococcus aureus (including methicillin- resistant strains, MRS
A). In hospital- acquired pneumonia, multidrug- resistant organisms such as Pseudomonas aerugi
nosa, Acinetobacter baumannii, and extended- spectrum beta- lactamase (ESBL)- producing Ente
robacteriaceae predominate [3,4].

Viral pathogens: Viral pneumonia has gained increased recognition, particularly with the em
ergence of pandemic influenza and COVID- 19. Common viral causes include influenza A and B

viruses, respiratory syncytial virus (RSV) (especially in children and older adults), adenovirus, h
uman metapneumovirus, and SARS- CoV- 2. Viral infections often predispose to secondary bact
erial pneumonia [5].

Fungal pathogens: Fungal pneumonia is primarily seen in immunocompromised patients, inc
luding those with HIV/AIDS, hematologic malignancies, or solid organ transplantation. Commo
n fungi include Pneumocystis jirovecii (PJP), Aspergillus species, Histoplasma capsulatum, Cocc
idioides immitis, and Cryptococcus neoformans [6].

Table 1.Common etiological agents of pneumonia by setting
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. . Streptococcus preumoniae, Haemophilus influenzae, Mvcoplasma
Community-acquired ) ) ) ) iy :
pneumoniae, Chlamydia pneumoniae, Legionella pnewmophila, influenza virus,

(CAP)

RSV, SARS-CoV-2
Hospital-acquired Pseudomonas aeruginosa, MRSA, Klebsiella pneumoniae, Acinetobacter
(HAP) bawmannii, ESBL - producing Enterobacteriaceae

Ventilator-associated

(VAP) Same as HAP, plus multidrug- resistant Gram-negatives, MRSA

s Mixed oral flora, anaerobic bacteria (Bacteroides, Fusobacterium),
Aspiration i
Gram-negatives

Immunocompromised | Pneumocystis jirovecii, Aspergillus spp., Cytomegalovirus, Mycobacterium

host tuberculosis, Nocardia

Table 2.Common etiological agents of pneumonia (by category)

Category | Comumon Pathogens

Sireptococcus pneumoniae, Haemophilus influenzae, Mycoplasma pneumoniae, Legionella
Bacterial | preumophila, Chlamydia preumoniae, Staphylococcus aureus (including MRSA), Pseudomonas
aeruginosa, Klebsiella pneumoniae

Influenza virus (A, B), Respiratory syneytial virus (RSV), SARS-CoV-2, Adenovimus, Human

metapneumovirus, Rhinovirus

Viral

Pneumocystis jirovecii, Aspergillus spp., Histoplasma capsulatum, Coccidioides spp., Cryptococcus

Fungal
neoformans

Aspiration | Mixed oral flora, anaerobic bacteria (Bacteroides, Fusebacterium_Peptostreptococcus)

Pathogenesis.Pneumonia develops when pathogens overcome the host’s respiratory defense
mechanisms. The lower respiratory tract is normally sterile due to mechanical barriers (nasal hai
rs, mucociliary clearance), humoral immunity (secretory IgA), and cellular immunity (alveolar m
acrophages). Microaspiration of oropharyngeal secretions is a common route of entry. Once path
ogens reach the alveoli, they trigger an inflammatory response. Alveolar macrophages release cy
tokines (IL- 1, IL- 6, TNF- a), which recruit neutrophils and cause capillary leak. This leads to th
e classic pathological features: alveolar consolidation, exudation of fluid and inflammatory cells,
and impaired gas exchange [8].

Risk Factors.Several factors increase susceptibility to pneumonia:

- Age extremes: children <2 years and adults >65 years.

- Chronic diseases: COPD, asthma, diabetes, heart failure, chronic kidney disease, liver dise
ase.

- Immunosuppression: HIV/AIDS, chemotherapy, corticosteroids, transplantation.

- Lifestyle factors: smoking, excessive alcohol use, malnutrition.

- Environmental factors: crowded living conditions, indoor air pollution.

- Healthcare exposure: hospitalization, mechanical ventilation, recent antibiotic use.

Clinical Presentation-Symptoms of pneumonia vary widely. Typical features include fever,
cough (productive or dry), sputum production, pleuritic chest pain, dyspnea, tachypnea, and syste
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mic signs such as fatigue and confusion (especially in older adults). Physical examination may re
veal dullness to percussion, bronchial breath sounds, crackles, and egophony. In severe cases, hy
potension, hypoxemia, and altered mental status occur.

Diagnosis.The diagnosis is based on clinical presentation, chest imaging, and microbiologic
al testing.

- Chest radiography: reveals infiltrates (lobar, multilobar, interstitial). CT is more sensitive a
nd is used in complicated cases.

- Microbiological tests: sputum Gram stain and culture, blood cultures, urinary antigen tests
(for pneumococcus and Legionella), polymerase chain reaction (PCR) for respiratory viruses, an
d in selected cases, bronchoscopy with bronchoalveolar lavage (BAL).

- Biomarkers: C-reactive protein (CRP), procalcitonin (PCT) may help distinguish bacterial
from viral etiology and guide antibiotic duration [9].

Treatment.Empiric antibiotic therapy is initiated based on the suspected setting and local re
sistance patterns. For CAP in outpatients, amoxicillin or a macrolide/doxycycline is often used. I
n hospitalized patients, a beta- lactam combined with a macrolide or a respiratory fluoroquinolon
e is recommended. HAP and VAP require broader coverage, often including anti- pseudomonal a
gents and MRSA coverage. Antiviral therapy is indicated for influenza (oseltamivir) and COVID
- 19 (remdesivir, nirmatrelvir- ritonavir) in appropriate cases. Supportive care includes oxygen, h
ydration, and early mobilization [10].

Prevention is categorized into vaccination, risk factor modification, and infection control.

Vaccination: Pneumococcal vaccines: PCV13 (conjugate) and PPSV23 (polysaccharide) re
duce invasive pneumococcal disease and pneumococcal pneumonia. Routine immunization is rec
ommended for children, adults >65 years, and those with risk factors.

- Influenza vaccine: annual vaccination decreases the risk of influenza and secondary bacteri
al pneumonia.

- COVID- 19 vaccines: significantly reduce severe pneumonia and mortality.

- Other vaccines: Haemophilus influenzae type b (Hib) vaccine is part of childhood immuniz
ation and prevents Hib pneumonia.

Non-pharmacological measures:

- Smoking cessation: smoking impairs mucociliary clearance and increases risk.

- Hand hygiene and respiratory etiquette: reduce transmission of respiratory viruses.

- Oral hygiene: in hospitalized patients, regular oral care with chlorhexidine reduces VAP ri
sk.

- Early mobilization and head- of- bed elevation: part of VAP prevention bundles.

- Nutritional support: maintaining good nutritional status improves immune function.

Discussion.The findings of this study underscore that pneumonia is a complex disease with
diverse etiologies and clinical manifestations. The distinction between CAP, HAP, VAP, and asp
iration pneumonia is critical because it guides empiric antibiotic selection, infection control pract
ices, and prognostic assessment.Community- acquired pneumonia remains the most common for
m, and its management has been improved by the use of severity scores (CURB- 65, PSI) that hel
p determine the site of care (outpatient, inpatient, intensive care). However, the increasing preval
ence of antimicrobial resistance, particularly in Streptococcus pneumoniae and Mycoplasma pne
umoniae, poses a challenge to empirical treatment [11].Hospital-acquired and ventilator- associat
ed pneumonia are associated with higher mortality, longer hospital stays, and greater healthcare ¢
osts. The emergence of multidrug- resistant organisms necessitates strict antimicrobial stewardsh
ip and infection prevention measures. Bundled interventions—such as hand hygiene, oral care, h
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ead- of-bed elevation, daily sedation interruption, and subglottic suctioning—have been shown t
o significantly reduce VAP rates. Nevertheless, adherence to bundles remains variable across ins
titutions [12].Aspiration pneumonia is often underrecognized, especially in elderly, neurologicall
y impaired, and dysphagic patients. Preventive strategies include swallowing assessment, texture
-modified diets, and careful oral care [7].Vaccination remains the most cost- effective strategy fo
r preventing pneumonia. Despite proven efficacy, coverage rates for pneumococcal and influenza
vaccines remain suboptimal in many populations, particularly in low- and middle- income count
ries. Public health efforts should focus on increasing vaccine uptake among high- risk groups, as
well as improving access to childhood immunization [13].The COVID- 19 pandemic has highlig
hted the importance of respiratory infection prevention and the potential for viral pneumonia to o
verwhelm healthcare systems. Lessons from the pandemic underscore the need for robust surveill
ance, rapid diagnostic capacity, and preparedness for emerging respiratory pathogens.Limitations
of this study include its reliance on existing literature without primary data collection. However,
the synthesis of current evidence provides a comprehensive resource for medical education and
clinical practice.

Conclusion.Pneumonia is a major global health problem with significant morbidity and mor
tality. Its etiology is diverse, encompassing bacterial, viral, and fungal pathogens, and its classifi
cation according to the setting of acquisition is essential for appropriate management. Preventive

strategies, particularly vaccination, smoking cessation, and infection control measures, play a cr

ucial role in reducing the burden of the disease. Medical students and healthcare professionals m
ust have a thorough understanding of pneumonia’s etiology, types, pathogenesis, and prevention
to implement effective clinical care and public health strategies. Continued research into antimicr
obial resistance, novel vaccines, and optimal treatment regimens remains essential to further redu
ce the impact of pneumonia worldwide.
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