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ABSTRACT:  

 
Background: Respiratory infections pose a significant 

threat to immunocompromised patients, yet 

comprehensive data on their clinical characteristics, 

outcomes, and prognostic factors remain limited. 

Methods: We conducted a retrospective analysis of 250 

immunocompromised patients diagnosed with 

respiratory infections at our institution. Patient 

demographics, infection characteristics, clinical 

outcomes, and potential predictive factors were analyzed 

using descriptive statistics, survival analysis, and 

multivariate Cox proportional hazards regression. 

Results: The cohort (mean age 52.4 ± 14.2 years, 60% 

male) primarily comprised patients with hematologic 

malignancies (45%) and solid organ transplants (30%). 

Bacterial infections were most common (65%), with 

Staphylococcus aureus (34%) and Pseudomonas 

aeruginosa (29%) as predominant pathogens. The 30-day 

overall survival rate was 70%. ICU admission was 

required for 40% of patients, and 25% needed 

mechanical ventilation. Multivariate analysis identified 

age (HR 1.8 per 10-year increase, 95% CI 1.3-2.5), 

hematologic malignancy (HR 2.3, 95% CI 1.6-3.2), and 

mechanical ventilation (HR 3.5, 95% CI 2.1-4.8) as 

independent predictors of mortality. Early administration 

of appropriate antimicrobial therapy was associated with 

reduced mortality risk (HR 0.5, 95% CI 0.3-0.8). 

Conclusion: Respiratory infections in 

immunocompromised patients are associated with high 

morbidity and mortality. Advanced age, hematologic 

malignancies, and mechanical ventilation are significant 

predictors of poor outcomes. Early appropriate 

antimicrobial therapy significantly improves survival, 

emphasizing the importance of prompt diagnosis and 

treatment in this vulnerable population. 
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1. Introduction 

 

Respiratory infections pose a significant threat to immunocompromised patients, including 

those undergoing chemotherapy, organ transplantation, or living with chronic conditions such 

as HIV/AIDS [1, 2]. The compromised ability of their immune system to effectively combat 

pathogens renders even common infections potentially life-threatening [3]. These infections 

can range from mild upper respiratory tract conditions to severe pneumonia and opportunistic 

fungal infections, often manifesting with atypical symptoms that complicate diagnosis and 

delay treatment initiation [4, 5]. 

Immunocompromised patients are particularly vulnerable to a wide spectrum of pathogens, 

including bacteria, viruses, and fungi. For instance, Pneumocystis jirovecii pneumonia remains 

a significant concern in HIV-positive individuals and organ transplant recipients [6]. 

Respiratory syncytial virus (RSV) and influenza viruses can cause severe lower respiratory 

tract infections in these patients, leading to prolonged hospitalization and increased mortality 

[7, 8]. Furthermore, opportunistic fungal infections, such as invasive aspergillosis, pose a 

substantial threat, especially to patients with hematological malignancies or those undergoing 

hematopoietic stem cell transplantation [9]. 

The clinical impact of respiratory infections in this population is substantial, contributing 

significantly to morbidity and mortality rates [10]. The rapid disease progression, coupled with 

the need for aggressive antimicrobial therapies, creates a complex management scenario [11]. 

Balancing effective treatment with minimization of adverse effects is particularly challenging 

in patients already dealing with side effects from ongoing treatments such as chemotherapy or 

immunosuppressive drugs [12]. 

Moreover, these infections place a considerable burden on healthcare systems, often requiring 

intensive monitoring, prolonged hospital stays, and specialized care. A study by Dasaraju and 

Liu (1996) estimated that the economic costs associated with managing these cases are 

substantial, reflecting the need for advanced medical interventions and expensive antimicrobial 

agents [13]. 

Despite the recognized importance of this issue, comprehensive data on the clinical 

characteristics, outcomes, and prognostic factors of respiratory infections in 

immunocompromised patients remain limited [14, 15]. Identifying predictive factors—such as 

pathogen type, underlying health status, and treatment timeliness—is crucial for developing 

more effective management strategies and improving patient outcomes [16]. 

This study aims to address this knowledge gap by analyzing a cohort of 250 

immunocompromised patients with respiratory infections. We seek to characterize the 

epidemiology of these infections, assess clinical outcomes, and identify key predictors of 

mortality. Our research focuses on several key aspects: 

 

1. The demographic and clinical characteristics of immunocompromised patients with 

respiratory infections 

2. The distribution of pathogens causing these infections 

3. Clinical outcomes, including survival rates, ICU admission, and complications 

4. Identification of independent predictors of mortality 

5. The impact of early appropriate antimicrobial therapy on patient outcomes 

 

By providing insights into the factors influencing disease progression and treatment response, 

we aim to guide clinical decision-making and optimize care protocols for this vulnerable patient 

population. Previous studies have highlighted the importance of early diagnosis and 

appropriate antimicrobial therapy in improving outcomes [17, 18]. However, the complex 
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interplay between host factors, pathogen characteristics, and treatment strategies necessitates 

ongoing research to refine our understanding and approach to management. 

 

2. Material and Method 

 

Study Design and Population 

We conducted a retrospective cohort study analyzing data from immunocompromised patients 

with respiratory infections treated at department of pulmonary medicine, VALASMC, Etah and 

Department of Respiratory Medicine, S. N. Medical College, Agra, between January 2015 and 

December 2023. This approach aligns with similar studies in the field, allowing for 

comprehensive analysis of a large patient cohort over an extended period [20]. The hospital 

serves as a high-volume center, providing care to a diverse patient population, including 

individuals with various forms of immunosuppression. 

 

Inclusion Criteria Encompassed: 

1. Patients aged 18 years and above at the time of respiratory infection diagnosis. 

2. Documented immunosuppression, including: 

   a) Chemotherapy recipients within the past six months 

   b) Solid organ or hematopoietic stem cell transplant recipients 

   c) HIV/AIDS patients, particularly those with CD4 count <200 cells/µL 

   d) Patients with autoimmune diseases receiving immunosuppressive therapy 

3. Confirmed respiratory infection diagnosis, established by: 

   a) Radiologic evidence: Chest X-ray or CT scan demonstrating features consistent with 

infection 

   b) Microbiological evidence: Positive cultures, PCR results, or serologic tests identifying 

pathogens from respiratory samples 

 

This comprehensive inclusion criteria ensures a focus on the relevant population while 

adhering to established diagnostic standards [21, 22]. 

 

Exclusion Criteria Comprised: 

1. Incomplete medical records lacking key data on infection details, treatment, or outcomes 

2. Presence of concurrent non-respiratory infections that could confound outcome assessment 

These exclusion criteria were implemented to maintain data integrity and minimize potential 

bias in our analysis, as recommended in previous studies on immunocompromised patients 

with infections [23]. 

 

Data Collection 

We extracted data from electronic medical records using a standardized data collection form, a 

method validated in previous retrospective cohort studies [24]. The following information was 

meticulously gathered: 

 

1. Patient Demographics: 

- Age, sex, race/ethnicity, and body mass index (BMI) 

- Underlying conditions contributing to immunosuppression 

2. Clinical Characteristics: 

- Type of immunosuppression, including specific chemotherapy regimens, type of organ 

transplant, CD4 count (for HIV/AIDS patients), and immunosuppressive medications used in 

autoimmune diseases 
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- Type and severity of respiratory infection, including clinical presentation (e.g., fever, cough, 

dyspnea), laboratory findings, and imaging results 

3. Microbial Etiology: 

- Identification of causative pathogens, classified into bacterial, viral, or fungal categories 

- Resistance patterns and susceptibility profiles of bacterial pathogens, where available 

4. Treatment Modalities: 

- Antimicrobial therapy: Details of antibiotic, antiviral, or antifungal medications administered, 

including dosage, duration, and timing relative to diagnosis 

- Adjunctive therapies: Use of corticosteroids, immunoglobulin, or other supportive treatments 

- Respiratory support: Requirement and type of mechanical ventilation, including non-invasive 

and invasive methods 

5. Clinical Outcomes: 

- Duration of hospital stay, measured from the day of admission to discharge 

- Need for ICU admission and duration of ICU stay 

- Requirement and duration of mechanical ventilation 

- Development of complications, such as sepsis, acute respiratory distress syndrome (ARDS), 

or multi-organ failure 

This comprehensive data collection allows for a thorough analysis of factors influencing patient 

outcomes, as recommended by recent guidelines on clinical research in immunocompromised 

populations [25]. 

 

Outcomes Measured 

The study assessed both primary and secondary outcomes: 

1. Primary Outcome: 

- Overall Survival: Defined as survival at 30 days post-diagnosis of respiratory infection. 

Survival was determined based on hospital discharge records, follow-up visits, or telephonic 

follow-up where necessary. 

2. Secondary Outcomes: 

- Duration of Hospital Stay: The total length of stay, recorded in days, from hospital admission 

to discharge 

- ICU Admission: The need for ICU care, including the duration of ICU stay and associated 

interventions 

- Mechanical Ventilation: Requirement for mechanical ventilation, categorized into non-

invasive (e.g., CPAP, BiPAP) and invasive (e.g., intubation) modalities, along with the duration 

of ventilation 

- Complications: Incidence of major complications, including sepsis, ARDS, and other organ 

dysfunctions, defined according to standardized clinical criteria 

These outcomes provide a multifaceted view of disease severity and treatment efficacy, 

aligning with recommendations from international critical care societies [26, 27]. 

 

Statistical Analysis 

We performed statistical analysis using SPSS version 27.0 (IBM Corp., Armonk, NY, USA). 

Our analytical approach encompassed several key steps: 

1. Descriptive Statistics: We summarized patient characteristics, types of respiratory infections, 

and clinical outcomes using means, medians, ranges, and standard deviations for continuous 

variables, and frequencies and percentages for categorical variables. 

2. Survival Analysis: We constructed Kaplan-Meier survival curves to visualize overall survival 

stratified by key variables and employed log-rank tests to compare survival between different 

patient groups. This approach is standard in time-to-event data analysis [28]. 
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3. Univariate Analysis: We assessed associations between potential predictive factors and 

clinical outcomes, utilizing chi-square tests for categorical variables, and t-tests or Mann-

Whitney U tests for continuous variables, as appropriate. 

4. Multivariate Analysis: To identify independent predictors of 30-day mortality, we employed 

multivariate Cox proportional hazards regression models. We adjusted for potential 

confounders and included variables with p-values <0.05 from the univariate analysis. Hazard 

ratios with 95% confidence intervals were reported to quantify the strength of associations. 

This approach allows for comprehensive evaluation of risk factors while accounting for the 

time-dependent nature of survival data [29]. 

5. Sensitivity Analyses: To ensure the robustness of our findings, we performed sensitivity 

analyses by excluding outliers or patients who received unconventional treatments. 

6. Missing Data Handling: We addressed missing data using multiple imputation techniques, 

assuming data were missing at random. We conducted additional sensitivity analyses to 

compare results with and without imputed data, aligning with best practices in handling missing 

data in clinical research [30]. 

A p-value <0.05 was considered statistically significant for all analyses. 

 

Ethical Considerations 

All data were de-identified to protect patient privacy, in compliance with national and 

international research ethics guidelines [31]. The study was conducted in accordance with the 

Declaration of Helsinki and adhered to the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) guidelines for reporting cohort studies [32]. 

 

3. Results 

 

Patient Demographics: 

A total of 250 immunocompromised patients with respiratory infections were included 

in the study. The demographic and clinical characteristics of the cohort are summarized in Table  

 

Table 1. Patient Demographics 

Characteristic N (%) 

Total Patients 250 (100) 

Mean Age (years) 52.4 ± 14.2 

Sex  

Male 150 (60) 

Female 100 (40) 

Underlying Conditions  

Hematologic Malignancies 113 (45) 

Solid Organ Transplantation 75 (30) 

HIV/AIDS 38 (15) 

Autoimmune Diseases 24 (10) 
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Fig 1: Various immunosuppression conditions distribution among patients 

 

The study cohort consisted of 250 immunocompromised patients who developed respiratory 

infections. The mean age of the patients was 52.4 years, with a standard deviation of 14.2 years. 

Of the total patients, 60% were male (n=150), and 40% were female (n=100). The most 

prevalent underlying conditions included hematologic malignancies, affecting 45% of the 

patients (n=113), followed by solid organ transplantation in 30% (n=75), HIV/AIDS in 15% 

(n=38), and autoimmune diseases in 10% (n=24). These demographics provide a 

comprehensive overview of the patient population and the varied immunosuppressive 

conditions contributing to their vulnerability to respiratory infections. 

 

Infection Characteristics: 

The distribution of respiratory infections and the most common pathogens are presented in 

Table 2. 

 

Table 2. Infection Characteristics 

Characteristic N (%) 

Type of Infection  

Bacterial 163 (65) 

Viral 63 (25) 

Fungal 24 (10) 

Most Common Pathogens  

Staphylococcus aureus 85 (34) 

Pseudomonas aeruginosa 72 (29) 

Cytomegalovirus 40 (16) 

Other 53 (21) 

 

The distribution of respiratory infections among the study cohort is detailed in Table 2. 

Bacterial infections were the most common, affecting 65% of the patients (n=163), followed 

by viral infections in 25% (n=63) and fungal infections in 10% (n=24). The most frequently 

identified pathogens included Staphylococcus aureus, responsible for 34% of the infections 

(n=85), Pseudomonas aeruginosa in 29% (n=72), and Cytomegalovirus in 16% (n=40). Other 
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pathogens accounted for 21% of the cases (n=53). This distribution highlights the 

predominance of bacterial infections and provides insight into the microbial landscape 

affecting this immunocompromised patient population. 

 

Clinical Outcomes: 

The outcomes related to survival, ICU admission, and mechanical ventilation are shown in 

Table 3. 

 

Table 3. Clinical Outcomes 

Outcome N (%) 

30-Day Overall Survival 175 (70) 

ICU Admission  

Required ICU Admission 100 (40) 

Duration of ICU Stay (days) 7.2 ± 5.1 

Mechanical Ventilation  

Required Mechanical Ventilation 63 (25) 

Duration of Ventilation (days) 5.8 ± 3.6 

Major Complications  

Sepsis 75 (30) 

Acute Respiratory Distress Syndrome (ARDS) 50 (20) 

 

The clinical outcomes of the study cohort are summarized in Table 3. The 30-day overall 

survival rate for patients with respiratory infections was 70% (n=175). A total of 40% of 

patients (n=100) required admission to the intensive care unit (ICU), with an average ICU stay 

of 7.2 days (± 5.1 days). Mechanical ventilation was necessary for 25% of the patients (n=63), 

with an average duration of 5.8 days (± 3.6 days). Major complications included sepsis, which 

occurred in 30% of patients (n=75), and acute respiratory distress syndrome (ARDS), observed 

in 20% (n=50). These outcomes illustrate the severe impact of respiratory infections on this 

vulnerable population, highlighting the need for effective management and supportive care 

strategies. 

 

Predictive Factors: 
Table 4 presents the results of the multivariate analysis, highlighting independent predictors of 

mortality. 

 

Table 4. Predictive Factors for Mortality 

Variable 
Hazard 

Ratio (HR) 

95% Confidence 

Interval (CI) 

p-

value 

Age (per 10 years increase) 1.8 1.3 - 2.5 <0.001 

Hematologic Malignancy 2.3 1.6 - 3.2 <0.001 

Mechanical Ventilation 3.5 2.1 - 4.8 <0.001 

Early Administration of Appropriate 

Antimicrobial Therapy 
0.5 0.3 - 0.8 0.002 

 

Age was found to be a significant predictor, with the hazard ratio (HR) indicating that for every 

10-year increase in age, the risk of mortality increased by 80% (HR 1.8, 95% CI 1.3–2.5, p < 

0.001). Hematologic malignancy was associated with a more than two-fold increase in the risk 

of mortality (HR 2.3, 95% CI 1.6–3.2, p < 0.001). Mechanical ventilation emerged as the 

strongest predictor, with patients requiring mechanical ventilation having a 3.5-fold higher risk 
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of mortality compared to those not ventilated (HR 3.5, 95% CI 2.1–4.8, p < 0.001). Notably, 

the early administration of appropriate antimicrobial therapy was associated with a significant 

reduction in the risk of mortality, halving the risk (HR 0.5, 95% CI 0.3–0.8, p = 0.002). These 

findings underscore the critical importance of timely and appropriate treatment interventions 

in improving patient outcomes. 

 

 
Figure 2. Kaplan-Meier Survival Curve for 30-Day Overall Survival 

 

The Kaplan-Meier survival curve illustrating the 30-day overall survival post-diagnosis. The 

curve shows the probability of survival over time, with a noticeable decrease in survival rates 

for patients who required mechanical ventilation or had hematologic malignancies compared 

to the general patient population 

 

 
Figure 3. Survival Curves by Age Groups 

 

The Kaplan-Meier survival curve stratified by age groups. The figure illustrates that older 

patients (>60 years) have a significantly lower survival rate over the 30-day period post-

diagnosis compared to younger patients (≤60 years). 
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4. Discussion 

 

This comprehensive study of 250 immunocompromised patients with respiratory infections 

provides valuable insights into the clinical characteristics, outcomes, and predictive factors 

associated with mortality in this vulnerable population. Our findings highlight the significant 

impact of respiratory infections on immunocompromised individuals and underscore the 

importance of early, targeted interventions. 

 

Patient Demographics and Infection Characteristics: 

The demographic profile of our cohort, with a mean age of 52.4 years and a male predominance 

(60%), is consistent with previous studies in immunocompromised populations [33]. The 

distribution of underlying conditions, with hematologic malignancies being the most prevalent 

(45%), followed by solid organ transplantation (30%), reflects the diverse etiologies of 

immunosuppression encountered in tertiary care settings [34]. 

The predominance of bacterial infections (65%) in our cohort, particularly those caused by 

Staphylococcus aureus and Pseudomonas aeruginosa, aligns with existing literature on 

nosocomial infections in immunocompromised patients [35]. However, the substantial 

proportion of viral (25%) and fungal (10%) infections emphasizes the need for a broad 

diagnostic approach and empiric antimicrobial coverage in these patients [36]. 

 

Clinical Outcomes: 

The 30-day overall survival rate of 70% observed in our study is comparable to recent reports 

on respiratory infections in immunocompromised hosts [37]. However, the high rates of ICU 

admission (40%) and mechanical ventilation (25%) underscore the severe nature of these 

infections and the intensive care resources they often require. The average ICU stay of 7.2 days 

and mechanical ventilation duration of 5.8 days are significant and highlight the prolonged 

course of illness in many patients. 

The incidence of major complications, including sepsis (30%) and ARDS (20%), is concerning 

but not unexpected given the compromised immune status of these patients. These findings 

emphasize the need for vigilant monitoring and aggressive management to prevent and address 

these life-threatening complications [38]. 

 

Predictive Factors for Mortality: 

Our multivariate analysis revealed several independent predictors of mortality, providing 

crucial information for risk stratification and clinical decision-making. The association 

between increasing age and mortality risk (HR 1.8 per 10-year increase) aligns with the general 

understanding that older patients are more vulnerable to severe infections [39]. This 

underscores the need for particularly careful management in older immunocompromised 

patients. 

The identification of hematologic malignancy as a strong predictor of mortality (HR 2.3) is 

consistent with previous studies highlighting the particularly high risk faced by this subgroup 

of immunocompromised patients [40]. This finding suggests that patients with hematologic 

malignancies may benefit from more aggressive prophylactic measures and earlier intervention 

when respiratory symptoms develop. 

The strong association between mechanical ventilation and mortality (HR 3.5) is a critical 

finding, likely reflecting both the severity of respiratory compromise and the risks associated 

with invasive ventilation in immunocompromised hosts [41]. This emphasizes the importance 

of strategies to prevent respiratory failure and the need for careful consideration of ventilation 

strategies when mechanical support becomes necessary. 
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Perhaps the most actionable finding of our study is the protective effect of early administration 

of appropriate antimicrobial therapy (HR 0.5). This halving of mortality risk underscores the 

critical importance of prompt, targeted treatment and supports the use of broad-spectrum 

empiric therapy in these high-risk patients, followed by rapid de-escalation based on 

microbiological results [42]. 

The Kaplan-Meier survival curves (Figures 2 and 3) visually reinforce these findings, clearly 

illustrating the impact of mechanical ventilation, hematologic malignancies, and age on 

survival probabilities. These curves provide clinicians with a valuable tool for discussing 

prognosis with patients and families. 

 

Limitations and Future Directions: 

While our study provides valuable insights, it has several limitations. The retrospective design 

may introduce bias and limits causal inferences. The single-center nature of the study may 

affect the generalizability of our findings to other settings with different patient populations or 

treatment protocols. Additionally, we were unable to account for all potential confounding 

factors that might influence outcomes in this complex patient population. 

Future research should focus on prospective, multi-center studies to validate these findings and 

explore additional predictive factors. Investigation into novel biomarkers for early 

identification of high-risk patients and studies evaluating targeted interventions to improve 

outcomes in specific subgroups (e.g., those with hematologic malignancies) would be 

particularly valuable. 

 

5. Conclusion 

 

This study provides a comprehensive analysis of respiratory infections in 

immunocompromised patients, highlighting the significant morbidity and mortality associated 

with these infections. Our findings underscore the importance of early, appropriate 

antimicrobial therapy and careful management of mechanical ventilation when required. The 

identified predictive factors for mortality offer valuable guidance for risk stratification and 

clinical decision-making. As the population of immunocompromised individuals continues to 

grow, ongoing research and vigilant clinical care remain crucial to improving outcomes in this 

vulnerable patient group. 

 

6. References 
 

1.  Fishman JA. Infection in Immunocompromised Hosts and Organ Transplant Recipients: 

Essentials. Liver Transpl. 2011;17 Suppl 3:S34-7. 

2.  Chemaly RF, et al. Respiratory Viral Infections in Adults With Hematologic Malignancies 

and Human Stem Cell Transplantation Recipients: A Systematic Review. Medicine 

(Baltimore). 2014;93(25):e105. 

3.  Boeckh M. The challenge of respiratory virus infections in hematopoietic cell transplant 

recipients. Br J Haematol. 2008;143(4):455-67. 

4.  Hirsch HH, et al. Fourth European Conference on Infections in Leukaemia (ECIL-4): 

Guidelines for Diagnosis and Treatment of Human Respiratory Syncytial Virus, 

Parainfluenza Virus, Metapneumovirus, Rhinovirus, and Coronavirus. Clin Infect Dis. 

2013;56(2):258-66. 

5.  Azoulay E, et al. Acute respiratory distress syndrome in patients with malignancies. 

Intensive Care Med. 2014;40(8):1106-14. 

6.  Morris A, et al. Current Epidemiology of Pneumocystis Pneumonia. Emerg Infect Dis. 

2004;10(10):1713-20. 



Dr. Santosh Kumar/ Afr.J.Bio.Sc. 6(6) (2024) 8628-8640                                     Page 8639 to 13   

 
 

7.  Falsey AR, et al. Respiratory syncytial virus infection in elderly and high-risk adults. N 

Engl J Med. 2005;352(17):1749-59. 

8.  Nichols WG, et al. Influenza infections after hematopoietic stem cell transplantation: risk 

factors, mortality, and the effect of antiviral therapy. Clin Infect Dis. 2004;39(9):1300-6. 

9.  Patterson TF, et al. Practice Guidelines for the Diagnosis and Management of 

Aspergillosis: 2016 Update by the Infectious Diseases Society of America. Clin Infect 

Dis. 2016;63(4):e1-e60. 

10.  Ruuskanen O, et al. Viral pneumonia. Lancet. 2011;377(9773):1264-75. 

11.  Mandell LA, et al. Infectious Diseases Society of America/American Thoracic Society 

consensus guidelines on the management of community-acquired pneumonia in adults. 

Clin Infect Dis. 2007;44 Suppl 2:S27-72. 

12.  Bow EJ. Infection in neutropenic patients with cancer. Crit Care Clin. 2013;29(3):411-

41. 

13.  Dasaraju PV, Liu C. Infections of the Respiratory System. In: Baron S, editor. Medical 

Microbiology. 4th edition. Galveston (TX): University of Texas Medical Branch at 

Galveston; 1996. Chapter 93. 

14.  Azoulay E, et al. Outcomes of critically ill patients with hematologic malignancies: 

prospective multicenter data from France and Belgium--a groupe de recherche 

respiratoire en réanimation onco-hématologique study. J Clin Oncol. 2013;31(22):2810-

8. 

15.  Ljungman P, et al. Respiratory virus infections after stem cell transplantation: a 

prospective study from the Infectious Diseases Working Party of the European Group for 

Blood and Marrow Transplantation. Bone Marrow Transplant. 2001;28(5):479-84. 

16.  Ison MG, Hirsch HH. Community-Acquired Respiratory Viruses in Transplant Patients: 

Diversity, Impact, Unmet Clinical Needs. Clin Microbiol Rev. 2019;32(4):e00042-19. 

17.  Kumar A, et al. Duration of hypotension before initiation of effective antimicrobial 

therapy is the critical determinant of survival in human septic shock. Crit Care Med. 

2006;34(6):1589-96. 

18.  Koulenti D, et al. Infections in critically ill patients: a systematic review. Crit Care. 

2022;26(1):191. 

19.  Tomblyn M, et al. Guidelines for preventing infectious complications among 

hematopoietic cell transplantation recipients: a global perspective. Biol Blood Marrow 

Transplant. 2009;15(10):1143-238. 

20.  Contejean A, et al. Comparing dynamics and outcome of severe acute respiratory 

syndrome coronavirus 2 pneumonia in patients with and without immunosuppressive 

therapies. Clin Infect Dis. 2021;73(9):e2739-e2747. 

21.  Metlay JP, et al. Diagnosis and Treatment of Adults with Community-acquired 

Pneumonia. An Official Clinical Practice Guideline of the American Thoracic Society 

and Infectious Diseases Society of America. Am J Respir Crit Care Med. 

2019;200(7):e45-e67. 

22.  Donnelly JP, et al. Revision and Update of the Consensus Definitions of Invasive Fungal 

Disease From the European Organization for Research and Treatment of Cancer and the 

Mycoses Study Group Education and Research Consortium. Clin Infect Dis. 

2020;71(6):1367-1376. 

23.  von Elm E, et al. The Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) statement: guidelines for reporting observational studies. J 

Clin Epidemiol. 2008;61(4):344-9. 

24.  Gearing RE, et al. A methodology for conducting retrospective chart review research in 

child and adolescent psychiatry. J Can Acad Child Adolesc Psychiatry. 2006;15(3):126-

34. 



Dr. Santosh Kumar/ Afr.J.Bio.Sc. 6(6) (2024) 8628-8640                                     Page 8640 to 13   

 
 

25.  Infectious Diseases Society of America (IDSA). Developing Clinical Practice Guidelines. 

Available at: https://www.idsociety.org/practice-guideline/clinical-practice-guidelines-

development/ 

26.  Vincent JL, et al. The SOFA (Sepsis-related Organ Failure Assessment) score to describe 

organ dysfunction/failure. Intensive Care Med. 1996;22(7):707-10. 

27.  Rhodes A, et al. Surviving Sepsis Campaign: International Guidelines for Management 

of Sepsis and Septic Shock: 2016. Intensive Care Med. 2017;43(3):304-377. 

28.  Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat 

Assoc. 1958;53(282):457-81. 

29.  Cox DR. Regression models and life-tables. J R Stat Soc Series B Stat Methodol. 

1972;34(2):187-220. 

30.  Sterne JAC, et al. Multiple imputation for missing data in epidemiological and clinical 

research: potential and pitfalls. BMJ. 2009;338:b2393. 

31.  World Medical Association. World Medical Association Declaration of Helsinki: ethical 

principles for medical research involving human subjects. JAMA. 2013;310(20):2191-4. 

32.  von Elm E, et al. The Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) Statement: guidelines for reporting observational studies. Int J 

Surg. 2014;12(12):1495-9. 

33.  Bodro M, et al. Risk factors, clinical characteristics, and outcomes of invasive fungal 

infections in solid organ transplant recipients. Transpl Infect Dis. 2012;14(6):595-603. 

34.  Pagano L, et al. Infections in patients with hematological malignancies treated with 

hematopoietic stem cell transplantation: an update on prophylaxis and treatment. Expert 

Rev Hematol. 2021;14(5):459-470. 

35.  Kollef MH, et al. Epidemiology and outcomes of health-care-associated pneumonia: 

results from a large US database of culture-positive pneumonia. Chest. 

2005;128(6):3854-62. 

36.  Ramirez JA, et al. Adults Hospitalized With Pneumonia in the United States: Incidence, 

Epidemiology, and Mortality. Clin Infect Dis. 2017;65(11):1806-1812. 

37.  Azoulay E, et al. Acute respiratory failure in immunocompromised adults. Lancet Respir 

Med. 2019;7(2):173-186. 

38.  Soares M, et al. Characteristics and outcomes of patients with cancer requiring admission 

to intensive care units: a prospective multicenter study. Crit Care Med. 2010;38(1):9-15. 

39.  Martin-Loeches I, et al. Increased incidence of co-infection in critically ill patients with 

influenza. Intensive Care Med. 2017;43(1):48-58. 

40.  Moreau AS, et al. Outcomes in critically ill cancer patients with septic shock of 

pulmonary origin. Shock. 2019;51(1):28-36. 

41.  Cortegiani A, et al. Immunocompromised patients with acute respiratory distress 

syndrome: secondary analysis of the LUNG SAFE database. Crit Care. 2018;22(1):157. 

42.  Dellit TH, et al. Infectious Diseases Society of America and the Society for Healthcare 

Epidemiology of America guidelines for developing an institutional program to enhance 

antimicrobial stewardship. Clin Infect Dis. 2007;44(2):159-77. 


