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Abstract

Pneumonia is a major infectious disease worldwide, with high
morbidity, mortality and healthcare costs. Community-acquired
pneumonia (CAP) remains the leading cause of death from
infectious diseases worldwide, with the greatest impact of
community-acquired pneumonia on morbidity and mortality.
especially in under 5 years old children and the elderly. The
World Health Organization (WHO) predicts that by at least 2030,
pneumonia will be among the top four causes of death.
Pneumonia may present as community-acquired pneumonia
(CAP) in critically ill patients. Pneumonia is associated with high
long-term mortality, and survivors often have significant costs,
including lung function, mental impairment, weakness, and
disability. Antibiotics are widely used in ICUs in the world. The
most common typical organisms include Streptococcus
pneumoniae, Haemophilus influenzae, group A Streptococcus,
Moraxella catarrhalis, and other anaerobic and aerobic Gram-
negative bacteria. Atypical organisms commonly found in the
clinical setting include Mycoplasma, Legionella, and Chlamydia.
The ATS/IDSA CAP Guidelines were published in 1996 and
contain changes to previous recommendations.
Keywords-Pneumonia, Antibiotics, Empirical therapy, Critical
iliness, Carbapenem, Combination therapy, Intensive care units.
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Introduction

Pneumonia is a major infectious disease worldwide, with high morbidity, mortality, and
healthcare costs. (File Jr, et al.,2010; Welte et al., 2012). Data from the 2015 Globally Disease
Study showed that lower respiratory tract infections, including pneumonia, were the third
leading cause of death after ischemic heart disease and vascular disease brain perfusion.
Pneumonia remains the leading cause of death from infectious diseases in worldwide, with the
greatest impact of pneumonia on morbidity and mortality concentrated particularly in five year
old children and the elderly. there is The World Health Organization (WHO) predicts that by at
least 2030, pneumonia will be among the top four causes of death.(Ramos-Rincén et al.,
2019).Despite recent advances in antimicrobial therapy, pneumonia remains one of the leading
infectious causes of intensive care units (ICU).(Celikhisar et al., 2021)

Pneumonia may manifest as community-acquired pneumonia (CAP) and Ventilator-associated
pneumonia (VAP). Severe pneumonia is associated with high short and long-term mortality,
and survivors often have significant outcomes including altered lung function, mental and
debility and disability Movement.(Cilloniz et al., 2021)

Pneumonia is a common condition that causes a significant disease burden in the population.
Pneumonia is especially dangerous for children under five year old and the elderly, and those
with many other conditions that can affect the immune system, such as "diabetes, HIV/AIDS,
and organ transplant patients.” Antibiotics are the most common treatment for pneumonia.(Tjm
& Ggu, 2014)

Community-acquired pneumonia (CAP)

Community-acquired pneumonia is defined by the presence of acute symptoms and signs of
lower respiratory tract infection (LRTI) with no other apparent cause requiring pulmonary
infiltration. A chest x-ray is done to confirm the diagnosis. The most common signs and
symptoms are shortness of breath, cough, fever, and new chest symptoms. In subgroups of
patients (e.g., the elderly), clinical manifestations may be less evident (e.g., disturbed
consciousness, gastrointestinal symptoms, fever may be absent) and diagnosis is often delayed.
Patients with mild pneumonia, alcoholics, and those taking medications such as corticosteroids
and anti-inflammatory drugs report longer delays between the onset of symptoms and seeking

medical attention. Non-steroidal and antibiotics. Some pathogens often seen in unusual clinical
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manifestations, with slowly onset symptoms such as dry cough, absence of fever, and

extrapulmonary manifestations.(Prina et al., 2015)

Primary treatment of pneumonia is usually empirical. Many international guidelines
recommended empirical treatment based on the hospitals, with specifically recommend for
outpatients, inpatients, and patients undergoing critical care.(Wongsurakiat & Chitwarakorn,
2019)

Ventilator-associated pneumonia (VAP)

Ventilator-associated pneumonia (VAP) is pneumonia that develops more than 48-72 hours
after intubation and is characterized by the presence of new or progressive infiltrates and
clinical signs and symptoms. Systemic infections (fever, low white blood cell count), changes
in sputum characteristics, and detection of pathogens. VAP accounts for about half of hospital-
acquired pneumonia cases. VAP is estimated to occur in 9-27% of all ventilated patients and is
at greatest risk early in hospital admission. This is his second most common nosocomial
infection in the intensive care unit and most common in patients on ventilators. VAP risk was
highest during the first 5 days on mechanical ventilation (3%), with a median time from
intubation to VAP onset of 3 days.(Kalanuria et al., 2014)

Ventilator-associated pneumonia (VAP) is commonest infections occurring in intensive care
units. The reported incidence varies widely from 5 to 40 depending on setting and diagnostic
criteria. VAP is related to duration of ventilator use and duration of ICU stay.(Papazian et al.,
2020)

Antibiotics are widely used in ICUs worldwide.(Versporten et al., 2018). Up to 70% of critical
care patients receive empiric or definitive antibiotic therapy now a day. (Timsit et al., 2019)The
burden of infection caused by broad-spectrum beta-lactamase-producing Enterobacteriaceae
(ESBLE) and multidrug-resistant Pseudomonas aeruginosa is steadily increasing, carbapenem-
resistant Acinetobacter baumannii and carbapenemase-producing Enterobacteriaceae (CRE) are
spreading globally, while methicillin-resistant Staphylococcus aureus (MRSA) and a large
geographic area of vancomycin-resistant disease are causing major problems(Weiner et al.,
2016)., Bonell et al., 2019; Detsis et al., 2017; Djordjevic et al., 2017; Bonomo et al., 2018;
Gao et al., 2017; Hu et al., 2016; Lob et al., 2015, 2018; Kollef et al., 2014; Nowak et al., 2017
2016; Rosenthal et al., 2016; ; Rodriguez et al.,)

ATS/IDSA guideline
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The ATS/IDSA CAP guidelines were published in 1996. In particular, the guidelines
recommend the deletion of the health-associated pneumonia (HAP) category to avoid the
overuse of empirical broad-spectrum therapy. The prevalence of resistant pathogens is
sufficiently low, even in his severe CAP patients, that the introduction of broad-spectrum
treatment for all HAP patients has resulted in overuse of the disease. Patients with HAP, who
have a high mortality rate from CAP, often have not only pathogenic risk factors but also
clinical features and multiple comorbidities that compromise survival. Drug resistance. In
addition, the leading adverse events have also been reported: B. Increase in Clostridium
difficile infections associated with overuse of broad-spectrum antibiotics. (Chung et al., 2014)

Pathogenesis of pneumonia

—
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Table 1. : Pathogenesis of pneumonia

Identification of the causative agent of pneumonia is essential for both effective treatment and
epidemiological record keeping but is rarely observed in clinical practice. Studies have shown
that less than 10% of patients presenting to the emergency room often have pneumonia as their
sole cause. (Bartlett et al., 2011)

Bacterial causes

In the current studies under the sub-headings of 'typical’ and 'atypical’ organisms regarding ease
of cultural positivity. The various common typical organisms include Haemophilus
influenzae,Streptococcus pneumoniae, Moraxella catarrhalis, Group A Streptococcus, and other
aerobic and anaerobic Gram-negative bacteria. Atypical organisms commonly found in clinical

settings include Legionella, Mycoplasma, and Chlamydia.
Viral causes

The virus usually colonizes the virus species in her CAP patient's nasopharynx. Whether they
are the main cause or contribute to pathogenesis by secondary bacterial causes is still under
investigation. However, the most typical viral agents thought to be associated with CAP in the
United States include influenza virus, followed by respiratory syncytial virus,and adenovirus,

parainfluenza virus.(Jain et al., 2015)
Caused by Fungus

Fungal infections are common in patients predisposed to certain immunodeficiency diseases,
such as HIV and organ transplant recipients. What is often overlooked, however, is that certain
types of fungi can cause pneumonia in people with healthy immune systems, delaying

diagnosis and having unfavorable consequences. (Hage et al., 2012)

Pneumonia is a severe infection that occurs when pathogen virulence defeats the host's defense.
With aging, there is a general decline in organ function, which determines not only an
individual's risk of pneumonia but also clinical presentation and outcome. In addition to
increased clinical complexity and more rapid disease progression, older patients are at
increased risk of pneumonia from resistant organisms such as Gram-negative bacilli, making

both empirical and definitive treatment difficult. may become. The incidence of pneumonia
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increases with age, as does the impact of pneumonia morbidity and mortality.(Henig & Kaye,
2017)

Many studies have elucidated the causative agent of HAP. Gram-negative bacteria such as
Pseudomonas aeruginosa, Enterobacter, Acinetobacter, and Gram-negative bacilli are thought
to be responsible for 55-85% of HAP cases. (Lynch J et al., 2001)

Pathogens and Pneumonia

In most cases of pneumonia, the exact pathogen is unknown. Although many culture-based
molecular laboratory tests are now available to help identify pathogens, a recent international
study reported a pathogen detection rate of only 36.5% in adults hospitalized with CAP. One of
the major limitations of this reported distribution is that LRT samples are often not collected
from patients with pneumonia due to the invasive nature of lower respiratory tract sampling.
However, viral infection is usually confirmed by PCR performed on more readily available

nasopharyngeal or oropharyngeal swabs.
Viral pneumonia

RNA viruses such as influenza and rhinovirus are commonly associated with pneumonia, but
parainfluenza virus,respiratory syncytial virus, adenovirus, human meta pneumonia virus, and
coronavirus also cause pneumonia. Obesity and metabolic syndrome have been clearly
described as an increased risk of serious illness from viral infections such as influenza and
SARS-CoV-2. Overall, respiratory viruses is the leading cause of pneumonia, and epidemic and

pandemic viruses still have potential to significantly disrupt life around the world.
Bacterial Pneumonia

Bacteria, including both Gram-negative and Gram-positive bacteria, are common causes of
PACs and PAHs. The common cause of bacterial pneumonia is infection with Streptococcus
pneumoniae. With at least 98 serotypes circulating, vaccination strategies against pneumococci
are displacing endemic serotypes in individuals. The World Health Organization has classified
the pathogens Staphylococcus aureus, ESKAPE, Enterococcus faecium, Acinetobacter
baumannii, Klebsiella pneumonia, Pseudomonas aeruginosa, and Enterobacter is major threats.
(Long et al., 2022)

Risk factors for pneumonia
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*  Age
- Below 5 years.
- Above 65 years.

Lifestyle
- chronic smoking
- chronic alcoholism
- Poor nutritional status

Diseases

- Chronic renal disease

- Chronic heart disease

- Chronic liver disease

- Chronic bronchitis/ COPD
- Asthma

- Metabolic disease

- CNS disease

- Previous pneumonia

- Diabetes

Immunocompromised
- asplenia /splenic dysfunction
- Primary immunodeficiencies

* AIDS
* ARDS

Immunosuppression
- Immunosuppressive therapy
- Organ transplantation
- Cancer with immunosuppressive treatment

Drugs
- Proton pump inhibitors or H2 antagonists
- Receiving steroid

Table 2. (ARDS-acute respiratory distress syndrome, COPD-Chronic obstructive pulmonary
disease, CNS- central nervous system, AIDS- acquired immunodeficiency syndrome)

(Jung et al., 2021; Almirall et al., 2017; Lynch, 2001b; Torres et al., 2013

Novel anti-bacterial drugs for Pneumonia
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Initial antibiotic choice in the current scenario

In most patients with severe CAP, initial therapy consists of a combination of beta-lactam and a
macrolide or fluoroquinolone. For patients without MRSA or pseudomonas risk factors, beta-
lactams can be cefotaxime, ceftriaxone, or ampicillin-sulbactam. Beta-lactams such as
piperacillin/tazobactam, cefepime, ceftazidime, imipenem, or meropenem can provide some
pathogen coverage in individuals with the risk factors for pseudomonas infection. Aztreonam is

an alternative drug for people with beta-lactam allergies. (Lazér et al., 2022)
How to choose a broad-spectrum antibiotic?

In severe CAP, there is evidence that the combination of f-lactams and macrolides significantly
improves patient prognosis compared with treatment without macrolides. Clindamycin and
linezolid inhibit toxin production and block bacterial protein synthesis. As recommended by the
ATS/IDSA guidelines, antibiotic therapy for MRSA should only be used if the patient has risk
factors for her MRSA (has previously isolated airways for her MRSA). has been hospitalized
for MRSA recently). [within the past 90 days] and parenteral antibiotic use [within the past 90
days], and community-validated risk factors for MRSA). Physicians should also collect a
sample for culture and perform a nasal PCR test to determine whether to de-escalate or
continue treatment. Empiric treatment options for MRSA include vancomycin 15 mg/kg/12
hours (level-adjusted) or linezolid 600 mg/12 hours. For patients with severe necrotic CAP,
antivenom can be added to treatment (which also has antitoxic effects), such as vancomycin
with clindamycin or linezolid alone. Linezolid penetrates the lungs better than vancomycin, but
doctors give it more often for HAP and VAP than for CAP. (Payne et al., 2021)

Monotherapy of antibiotics in the present scenario-

1. NEW CEPHALOSPORINS: CEFIDEROCOL
Cefiderocol, formerly S-649266, is an injectable cephalosporin with a unique mechanism of
action. bacterial cell invasion. Cefiderocol binds to iron and is actively transported into
bacterial cells through the outer membrane through bacterial iron. Passive transport and
diffusion through porins channels in the periplasmic space. Cefiderocol has demonstrated in
vitro activity against Enterobacteriaceae and ESBL-producing CREs (including types A, B,
and D), as well as against meropenem resistant to P. aeruginosa, Stenotrophomonas
maltophilia, and A. baumannii. The APEKS-cUTI study showed that cefiderocol achieved
results not inferior to high results dose of imipenem/cilastatin in hospitalized adults Patients
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with urinary tract infections (cUTI) are at risk of infection with Gram-negative bacteria
MDR and well-tolerated.(Khajehali & Alizadeh, 2017; Yi et al., 2018.,)

2. NEW OXAZOLIDINONES: TEDIZOLID-
Tedizolid is a new oxazolidinone approved by Food and Drug Administration (FDA) and
European Health Agency (EMA) for the treatment acute skin and soft tissue infections.
Tedizolid has demonstrated potent activity in vitro against MRSA and vancomycin-resistant
enterococci, including some linezolid-resistant strains. Tedizolid has more advantages than
linezolid, including reduced risk of gastrointestinal upset side effects, myelotoxicity, and
reduced risk of medication—drug interactions with compounds with serotonergic and
adrenergic activity due to weak and reversible in vitro monoamine oxidase inhibition. Due
to the longer half-life of 10 hours, tedizolid should only be given once Daily. The high oral
bioavailability of tedizolid (>90%) Allows an easy transition from intravenous to oral.
(Lodise et al., n.d.)

3. NEW AMINOGLYCOSIDES: PLAZOMICIN

Plazomycin is a new-generation semi-synthetic aminoglycoside that inhibits protein
synthesis of bacteria and exhibits dose-dependent bactericidal effects. Plazomycin has
shown potent activity against Gram-positive bacteria such as MRSA, including
aminoglycoside-resistant strains. Plazomycin has been transformed into a commonly used
resist aminoglycoside-modifying enzyme present in the CRE. Against Gram-negative
bacteria, plazomycin is effective against MDR Enterobacteriaceae, including CRE and pre-
existing aminoglycoside-resistant isolates. Compared to its activity against
Enterobacteriaceae, plazomycin has less activity against non-fermenting Gram-negative
bacteria. Against MDR. The MIC of Pseudomonas aeruginosa plazomycin is similar to the

MIC of other aminoglycosides. (Wright et al., n.d.)

4. NEW TETRACYCLINES: ERAVACYCLINE
Eravacycline is an experimental, intravenous, and oral synthetic fluorocycline promising,
and structurally similar to tigecycline. Like everything else tetracycline, eravacycline
inhibits bacterial protein synthesized and demonstrated broad-spectrum antibacterial
activity against Gram-positive, Gram-negative, and anaerobic bacteria except P. aeruginosa,
which showed greater activity than tigecycline. Some studies in animal models, including
rat lung infection, demonstrated in vivo efficacy of eravacycline. Eravacycline may provide

an alternative to Patients with VAP caused by Gram-negative bacteria MDR bacteria,
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including MDR Acinetobacter. Furthermore, high oral bioavailability (>90%) allowed the

switch from intravenous to oral form. (Solomkin et al., n.d.)
Combination therapy of antibiotics in present scenario-

1. Ceftazidime avibactam (CEF/AVI)- is a combination of third-generation cephalosporin
and beta-lactamase inhibitors. However, it has no activity against metallo-p-lactamase-
like carbapenemases and Acinetobacter oxo. Ceftazidime avibactam have been
approved by the Food and Drug Administration (FDA) for use in HAP/VAP.

2. Ceftolozane tazobactam (CEF/TAZ)- and meropenem (1 g every 8 hours infusion). In
study, this two agents were similarly effective and well tolerated in ventilated patients
with hospital-acquired Gram-negative pneumonia. However, CEF/TAZ has a mortality
advantage in his PAH patients on mechanical ventilation and in patients with current
stages of nosocomial pneumonia who had failed previous antibiotic therapy. This new
antibiotic has FDA and EMA approval for the treatment of HAP.

3. Meropenem-vaborbactam- is a combination drug containing an available beta-lactam
antibiotic (meropenem) and a non-beta-lactamase cyclic boronate inhibitor
(tazobactam), including bacteria with extended beta-lactamases. Active against Gram-
negative pathogens. Spectrum and carbapenemase K pneumonia are effective. However,
it was inactive against oxacillinase and Metallo-p-lactamase producing strains.
Meropenem vaborbactam is not approved for VAP, but studies in mechanically
ventilated patients with resistant Enterobacteriaceae have demonstrated clinical
recovery effects compared with the best available therapy (usually colistin). was
demonstrated. Carbapenem.

4. Imipenem-sulbactam- It is a combination drug containing an existing (imipenem-
cilastatin) and (sulbactam), active against Gram-negative pathogens. There is broad-
spectrum [-lactamase and carbapenemase K pneumoniae. However, it was inactive

against Metallo-B-lactamase and oxacillinase-producing strains.(Bassetti et al., 2018)
Conclusion

Most studies show that following IDSA/ATS recommendations for shorter antibiotic
therapy in hospitalized VAP patients is safe and reduces treatment duration.
Microbiological data should be used to customize antibiotic treatment beyond just
diagnosis. The pitfalls of empiric antibiotic use in suspected VAP include the potential
for overuse, resistance, side effects, and toxicity. The main goal of VAP management is
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10.

timely and appropriate antibiotic administration, followed by de-escalation based on
culture results and clinical response. HAP is a critical issue in healthcare, causing
extended hospital stays, increased costs, and higher morbidity and mortality rates. Its

prevalence continues due to the rise of antibiotic-resistant opportunistic pathogens.

References

Almirall, J., Serra-Prat, M., Bolibar, I., & Balasso, V. (2017). Risk Factors for
Community-Acquired Pneumonia in Adults: A Systematic Review of Observational
Studies. In Respiration (Vol. 94, lIssue 3, pp. 299-311). S. Karger AG.
https://doi.org/10.1159/000479089

Bartlett, J. G. (2011). Diagnostic tests for agents of community-acquired pneumonia.
Clinical Infectious Diseases, 52(SUPPL. 4). https://doi.org/10.1093/cid/cir045

Bassetti, M., Vena, A., Castaldo, N., Righi, E., & Peghin, M. (2018). New antibiotics
for ventilator-associated pneumonia. In Current Opinion in Infectious Diseases (Vol.
31, Issue 2, pp. 177-186). Lippincott  Williams and  Wilkins.
https://doi.org/10.1097/QC0O.0000000000000438

Bonell, A., Azarrafiy, R., Huong, V. T. L., Le Viet, T., Phu, V. D., Dat, V. Q.,
Wertheim, H., Van Doorn, H. R., Lewycka, S., & Nadjm, B. (2019). A Systematic
Review and Meta-analysis of Ventilator-associated Pneumonia in Adults in Asia: An
Analysis of National Income Level on Incidence and Etiology. Clinical Infectious
Diseases : An Official Publication of the Infectious Diseases Society of America, 68(3),
511-518. https://doi.org/10.1093/CID/C1Y543

Bonomo, R. A., Burd, E. M., Conly, J., Limbago, B. M., Poirel, L., Segre, J. A., &
Westblade, L. F. (2018). Carbapenemase-Producing Organisms: A Global Scourge.
Clinical Infectious Diseases : An Olfficial Publication of the Infectious Diseases Society
of America, 66(8), 1290-1297. https://doi.org/10.1093/CID/C1X893

Celikhisar, H., Dasdemir Ilkhan, G., & Arabaci, C. (2021). Prognostic factors in elderly
patients admitted to the intensive care unit with community-acquired pneumonia. Aging
Male, 23(5), 1425-1431. https://doi.org/10.1080/13685538.2020.1775192

Chung, K. F., Wenzel, S. E., Brozek, J. L., Bush, A., Castro, M., Sterk, P. J., Adcock, I.
M., Bateman, E. D., Bel, E. H., Bleecker, E. R., Boulet, L. P., Brightling, C., Chanez,
P., Dahlen, S. E., Djukanovic, R., Frey, U., Gaga, M., Gibson, P., Hamid, Q., ...
Teague, W. G. (2014). International ERS/ATS guidelines on definition, evaluation and
treatment of severe asthma. European Respiratory Journal, 43(2), 343-373.
https://doi.org/10.1183/09031936.00202013

Cilloniz, C., Torres, A., & Niederman, M. S. (2021). Management of pneumonia in
critically ill patients. In BMJ (Clinical research ed.) (Vol. 375, p. e065871). NLM
(Medline). https://doi.org/10.1136/bmj-2021-065871

Detsis, M., Karanika, S., & Mylonakis, E. (2017). ICU Acquisition Rate, Risk Factors,
and Clinical Significance of Digestive Tract Colonization with Extended-Spectrum
Beta-Lactamase-Producing Enterobacteriaceae: A Systematic Review and Meta-
Analysis*. In Critical Care Medicine (Vol. 45, Issue 4, pp. 705-714). Lippincott
Williams and Wilkins. https://doi.org/10.1097/CCM.0000000000002253

Djordjevic, Z. M., Folic, M. M., & Jankovic, S. M. (2017). Distribution and antibiotic
susceptibility of pathogens isolated from adults with hospital-acquired and ventilator-



Mukesh kumar/Afr.J.Bio.Sc. 7(1) (2025) Page 787

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

associated pneumonia in intensive care unit. Journal of Infection and Public Health,
10(6), 740-744. https://doi.org/10.1016/}.jiph.2016.11.016

Gao, L., Lyu, Y., & Li, Y. (2017). Trends in Drug Resistance of Acinetobacter
baumannii over a 10-year Period: Nationwide Data from the China Surveillance of
Antimicrobial Resistance Program. Chinese Medical Journal, 130(6), 659-664.
https://doi.org/10.4103/0366-6999.201601

Hage, C. A., Knox, K. S., & Wheat, L. J. (2012). Endemic mycoses: Overlooked causes
of community acquired pneumonia. In Respiratory Medicine (Vol. 106, Issue 6, pp.
769-776). https://doi.org/10.1016/j.rmed.2012.02.004

Henig, O., & Kaye, K. S. (2017). Bacterial Pneumonia in Older Adults. In Infectious
Disease Clinics of North America (Vol. 31, Issue 4, pp. 689-713). W.B. Saunders.
https://doi.org/10.1016/j.idc.2017.07.015

Hu, F. P., Guo, Y., Zhu, D. M., Wang, F., Jiang, X. F., Xu, Y. C., Zhang, X. J., Zhang,
C. X., Ji, P, Xie, Y., Kang, M., Wang, C. Q., Wang, A. M., Xu, Y. H., Shen, J. L., Sun,
Z.Y. Chen,Z.J,Ni, Y. X,, Sun, J. Y., ... Huang, W. (2016). Resistance trends among
clinical isolates in China reported from CHINET surveillance of bacterial resistance,
2005-2014. Clinical Microbiology and Infection : The Olfficial Publication of the
European Society of Clinical Microbiology and Infectious Diseases, 22 Suppl 1, S9—
S14. https://doi.org/10.1016/J.CM1.2016.01.001

Jain, S., Self, W. H., Wunderink, R. G., Fakhran, S., Balk, R., Bramley, A. M., Reed,
C., Grijalva, C. G., Anderson, E. J., Courtney, D. M., Chappell, J. D., Qi, C., Hart, E.
M., Carroll, F., Trabue, C., Donnelly, H. K., Williams, D. J., Zhu, Y., Arnold, S. R, ...
Finelli, L. (2015). Community-Acquired Pneumonia Requiring Hospitalization among
U.S. Adults. New England Journal of Medicine, 373(5), 415-427.
https://doi.org/10.1056/nejmoal500245

Jung, C. J., Liao, Y. Di, Hsu, C. C., Huang, T. Y., Chuang, Y. C., Chen, J. W., Kuo, Y.
M., & Chia, J. S. (2021). Identification of potential therapeutic antimicrobial peptides
against Acinetobacter baumannii in a mouse model of pneumonia. Scientific Reports,
11(1). https://doi.org/10.1038/s41598-021-86844-5

Kalanuria, A. A., Zai, W., & Mirski, M. (2014). Ventilator-associated pneumonia in the
ICU. Critical Care, 18(2). https://doi.org/10.1186/CC13775

Khajehali, N., & Alizadeh, S. (2017). Extract critical factors affecting the length of
hospital stay of pneumonia patient by data mining (case study: an Iranian hospital).
Artificial Intelligence in Medicine, 83, 2-13.
https://doi.org/10.1016/j.artmed.2017.06.010

Kollef, M. H., Chastre, J., Fagon, J. Y., Francois, B., Niederman, M. S., Rello, J.,
Torres, A., Vincent, J. L., Wunderink, R. G., Go, K. W., & Rehm, C. (2014). Global
prospective epidemiologic and surveillance study of ventilator-associated pneumonia
due to pseudomonas aeruginosa. Critical Care Medicine, 42(10), 2178-2187.
https://doi.org/10.1097/CCM.0000000000000510

Lazar, V., Snitser, O., Barkan, D., & Kishony, R. (2022). Antibiotic combinations
reduce  Staphylococcus aureus clearance. Nature, 610(7932), 540-546.
https://doi.org/10.1038/s41586-022-05260-5

Lob, S. H., Biedenbach, D. J., Badal, R. E., Kazmierczak, K. M., & Sahm, D. F. (2015).
Antimicrobial resistance and resistance mechanisms of Enterobacteriaceae in ICU and
non-ICU wards in Europe and North America: SMART 2011-2013. Journal of Global
Antimicrobial Resistance, 3(3), 190-197. https://doi.org/10.1016/J.JGAR.2015.05.005



Mukesh kumar/Afr.J.Bio.Sc. 7(1) (2025) Page 788

22.

23.

24,

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

Lob, S. H., Hoban, D. J., Young, K., Motyl, M. R., & Sahm, D. F. (2018). Activity of
imipenem/relebactam against Gram-negative bacilli from global ICU and non-ICU
wards: SMART 2015-2016. Journal of Global Antimicrobial Resistance, 15, 12-19.
https://doi.org/10.1016/j.jgar.2018.05.017

Lodise, T., diseases, G. D.-C. infectious, & 2014, undefined. (n.d.). Use of
pharmacokinetic/pharmacodynamic systems analyses to inform dose selection of
tedizolid phosphate. Academic.Oup.ComTP Lodise, GL DrusanoClinical Infectious
Diseases,  2014+academic.Oup.Com. Retrieved  August 12, 2023, from
https://academic.oup.com/cid/article-abstract/58/suppl_1/S28/507739

Long, M. E., Mallampalli, R. K., & Horowitz, J. C. (2022). Pathogenesis of pneumonia
and acute lung injury. In Clinical Science (Vol. 136, Issue 10, pp. 747-769). Portland
Press Ltd. https://doi.org/10.1042/CS20210879

Lynch, J. P. (2001a). Hospital-acquired pneumonia: Risk factors, microbiology, and
treatment. In Chest (Vol. 119, Issue 2 SUPPL., pp. 373S-384S). American College of
Chest Physicians. https://doi.org/10.1378/chest.119.2_suppl.373s

Lynch, J. P. (2001b). Hospital-acquired pneumonia: Risk factors, microbiology, and
treatment. In Chest (Vol. 119, Issue 2 SUPPL., pp. 373S-384S). American College of
Chest Physicians. https://doi.org/10.1378/chest.119.2_suppl.373s

Nowak, J., Zander, E., Stefanik, D., Higgins, P. G., Roca, I., Vila, J., McConnell, M. J.,
Cisneros, J. M., Seifert, H., Garnacho-Montero, J., Rosso-Fernandez, C., Pachon-
Ibafiez, M. E., Pulido, M., Moreno, P., Antonelli, M., Dimopoulos, G., Bou, G., Poirel,
L., Nordmann, P., & Naas, T. (2017). High incidence of pandrug-resistant
Acinetobacter baumannii isolates collected from patients with ventilator-associated
pneumonia in Greece, Italy and Spain as part of the MagicBullet clinical trial. Journal
of Antimicrobial Chemotherapy, 72(12), 3277. https://doi.org/10.1093/JAC/DKX322
Papazian, L., Klompas, M., & Luyt, C. E. (2020). Ventilator-associated pneumonia in
adults: a narrative review. In Intensive Care Medicine (Vol. 46, Issue 5, pp. 888-906).
Springer. https://doi.org/10.1007/s00134-020-05980-0

Payne, J. A. E., Tailhades, J., Ellett, F., Kostoulias, X., Fulcher, A. J., Fu, T., Leung, R.,
Louch, S., Tran, A., Weber, S. A., Schittenhelm, R. B., Lieschke, G. J., Qin, C. H.,
Irima, D., Peleg, A. Y., & Cryle, M. J. (2021). Antibiotic-chemoattractants enhance
neutrophil clearance of Staphylococcus aureus. Nature Communications, 12(1).
https://doi.org/10.1038/s41467-021-26244-5

pgm.2010.03.2130. (n.d.).

Prina, E., Ranzani, O. T., & Torres, A. (2015). Community-acquired pneumonia. The
Lancet, 386(9998), 1097-1108. https://doi.org/10.1016/S0140-6736(15)60733-4
Ramos-Rincon, J. M., Pinargote-Celorio, H., Belinch6n-Romero, 1., & Gonzélez-
Alcaide, G. (2019a). A snapshot of pneumonia research activity and collaboration
patterns (2001-2015): a global bibliometric analysis. BMC Medical Research
Methodology, 19(1). https://doi.org/10.1186/s12874-019-0819-4

Ramos-Rincon, J. M., Pinargote-Celorio, H., Belinchon-Romero, I., & Gonzélez-
Alcaide, G. (2019b). A snapshot of pneumonia research activity and collaboration
patterns (2001-2015): a global bibliometric analysis. BMC Medical Research
Methodology, 19(1). https://doi.org/10.1186/s12874-019-0819-4

Rodriguez, C. H., Balderrama Yarhui, N., Nastro, M., Nufiez Quezada, T., Castro
Canarte, G., Ventura, R. M., Cuba, T. U., Valenzuela, N., Roach, F., Mota, M. 1.,
Burger, N., Aguayo, G. V., Ortellado-Canese, J., Bruni, G., Pandolfo, C., Bastyas, N., &



Mukesh kumar/Afr.J.Bio.Sc. 7(1) (2025) Page 789

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Famiglietti, A. (2016). Molecular epidemiology of carbapenem-resistant Acinetobacter
baumannii in South America. Journal of Medical Microbiology, 65(10), 1088-1091.
https://doi.org/10.1099/JMM.0.000328/CITE/REFWORKS

Rosenthal, V. D., Al-Abdely, H. M., El-Kholy, A. A., AlKhawaja, S. A. A,
Leblebicioglu, H., Mehta, Y., Rai, V., Hung, N. V., Kanj, S. S., Salama, M. F., Salgado-
Yepez, E., Elahi, N., Morfin Otero, R., Apisarnthanarak, A., De Carvalho, B. M., Ider,
B. E., Fisher, D., Buenaflor, M. C. S. G., Petrov, M. M., ... Thoa, V. T. H. (2016).
International Nosocomial Infection Control Consortium report, data summary of 50
countries for 2010-2015: Device-associated module. American Journal of Infection
Control, 44(12), 1495-1504. https://doi.org/10.1016/J.AJIC.2016.08.007

Solomkin, J., Evans, D., Slepavicius, A., ... P. L.-J.,, & 2017, undefined. (n.d.).
Assessing the efficacy and safety of eravacycline vs ertapenem in complicated intra-
abdominal infections in the investigating gram-negative infections treated with.
Jamanetwork.Com. Retrieved August 12, 2023, from
https://jamanetwork.com/journals/jamasurgery/article-abstract/2580504

Timsit, J. F., Bassetti, M., Cremer, O., Daikos, G., de Waele, J., Kallil, A., Kipnis, E.,
Kollef, M., Laupland, K., Paiva, J. A., Rodriguez-Bafio, J., Ruppé, E., Salluh, J.,
Taccone, F. S., Weiss, E., & Barbier, F. (2019). Rationalizing antimicrobial therapy in
the ICU: a narrative review. In Intensive Care Medicine (Vol. 45, Issue 2, pp. 172-189).
Springer Verlag. https://doi.org/10.1007/s00134-019-05520-5

Tjm, V., & Ggu, R. (2014). Antibiotics for community-acquired pneumonia in adult
outpatients (Review). http://www.thecochranelibrary.com

Torres, A., Cilloniz, C., Niederman, M. S., Menéndez, R., Chalmers, J. D., Wunderink,
R. G., & van der Poll, T. (2021). Pneumonia. In Nature Reviews Disease Primers (Vol.
7, Issue 1). Nature Research. https://doi.org/10.1038/s41572-021-00259-0

Torres, A., Peetermans, W. E., Viegi, G., & Blasi, F. (2013). Risk factors for
community-acquired pneumonia in adults in Europe: A literature review. Thorax,
68(11), 1057-1065. https://doi.org/10.1136/thoraxjnl-2013-204282

Versporten, A., Zarb, P., Caniaux, I., Gros, M. F., Drapier, N., Miller, M., Jarlier, V.,
Nathwani, D., Goossens, H., Koraqi, A., Hoxha, I., Tafaj, S., Lacej, D., Hojman, M.,
Quiros, R. E., Ghazaryan, L., Cairns, K. A., Cheng, A., Horne, K. C., ... May, S.
(2018). Antimicrobial consumption and resistance in adult hospital inpatients in 53
countries: results of an internet-based global point prevalence survey. The Lancet
Global Health, 6(6), e619-€629. https://doi.org/10.1016/52214-109X(18)30186-4
Weiner, L. M., Webb, A. K., Limbago, B., Dudeck, M. A., Patel, J., Kallen, A. J.,
Edwards, J. R., & Sievert, D. M. (2016). Antimicrobial-Resistant Pathogens Associated
With Healthcare-Associated Infections: Summary of Data Reported to the National
Healthcare Safety Network at the Centers for Disease Control and Prevention, 2011-
2014. Infection Control and Hospital Epidemiology, 37(11), 1288-1301.
https://doi.org/10.1017/1CE.2016.174

Welte, T., Torres, A., & Nathwani, D. (2012). Clinical and economic burden of
community-acquired pneumonia among adults in Europe. Thorax, 67(1), 71-79.
https://doi.org/10.1136/thx.2009.129502

Wongsurakiat, P., & Chitwarakorn, N. (2019). Severe community-acquired pneumonia
in general medical wards: Outcomes and impact of initial antibiotic selection. BMC
Pulmonary Medicine, 19(1). https://doi.org/10.1186/s12890-019-0944-1



Mukesh kumar/Afr.J.Bio.Sc. 7(1) (2025) Page 790

45.

46.

Wright, H., Bonomo, R., Infection, D. P.-C. M. and, & 2017, undefined. (n.d.). New
agents for the treatment of infections with Gram-negative bacteria: restoring the miracle
or false dawn? Elsevier. Retrieved  August 12, 2023,  from
https://www.sciencedirect.com/science/article/pii/S1198743X17304950

Yi, S. H., Hatfield, K. M., Baggs, J., Hicks, L. A., Srinivasan, A., Reddy, S., &
Jernigan, J. A. (2018). Duration of Antibiotic Use Among Adults With Uncomplicated
Community-Acquired Pneumonia Requiring Hospitalization in the United States.
Clinical Infectious Diseases : An Olfficial Publication of the Infectious Diseases Society
of America, 66(9), 1333-1341. https://doi.org/10.1093/cid/cix986



