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ABSTRACT  

 

Severe Community Acquired Pneumonia (SCAP) is associated with significant morbidity and 

mortality worldwide, and there are a paucity of data relating to infections in South Africa, a 

country with a high prevalence of HIV co-infection. The aim of this study was to investigate a 

cohort of HIV-positive and HIV-negative patients with SCAP, who were admitted to ICU at a 

tertiary hospital in Johannesburg, South Africa. 

 

This was a retrospective single-centre observational study. Consecutive patients admitted to the 

Medical ICU at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) between 1 July 

2007 and 31 May 2019 with a diagnosis of community-acquired pneumonia were included in 

the study. Patients were identified by using the ICU admission books, electronic discharge 

summaries and/or clinical case notes. Pneumonia was considered to be community-acquired if 

there was no hospitalization in the 2 weeks prior to the current admission. 

 

After excluding 313 records, the cohort consisted of 931 patients with SCAP. The patients 

were young (median age 37 [IQR 30-48] years), and the predominant co-morbidity was HIV 

co-infection (77.1%). The median CURB-65 score was 3 (IQR 2-3), the median APACHE II 

score was 18 (IQR 14-23) and most patients had multilobar consolidation on chest X-ray.  

Overall Mycobacterium tuberculosis was the most common microbial aetiology identified 

amongst both HIV-positive and HIV-negative patients. Streptococcus pneumoniae was more 

common amongst the patients who lived, whereas infection with Pneumocystis jirovecii was 

more common amongst patients who died.  Overall mortality was high (50.1%), and PLWH 

had a higher risk of mortality than their HIV-negative counterparts on univariable analysis 

(OR, 1.61; 95% CI 1.07-2.34; P=0.01).  

 

In conclusion, we describe a cohort of patients with SCAP in Johannesburg, an area with high 

HIV prevalence. To our knowledge, this is the largest ICU cohort of patients with SCAP 

reported in the literature. 
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1.1 Introduction 

 

Community-acquired pneumonia (CAP) is an acute illness resulting from infection of the 

lungs with subsequent parenchymal lung inflammation (1). The spectrum of infection ranges 

from a relatively mild infection that may safely be treated as an outpatient, to a life-

threatening illness, necessitating hospitalization, and even intensive care unit (ICU) 

admission. Severe community-acquired pneumonia (SCAP) is a term that has been used to 

describe patients who require admission to an Intensive Care Unit (ICU) and who are likely to 

develop complications (1, 2). The mortality of SCAP ranges from 25%-50%. The number of 

patients requiring ICU care for SCAP has increased worldwide, especially amongst 

vulnerable population groups such as the elderly, patients with co-morbid disease and patients 

who are immunocompromised, with Streptococcus pneumoniae (pneumococcus) being the 

main pathogen (3). 

 

Despite all the advances in medicine, CAP remains a major cause of increased morbidity and 

mortality worldwide. In the United States of America (USA) in 2006, CAP was second only 

to childbirth as the most common reason for hospital admission (4). CAP affects all age 

groups, but especially the young and the elderly, as well as all strata of society. 

 

There have been a myriad of studies of non-severe CAP, but there have been much fewer 

studies of SCAP. In addition, in several CAP studies, immunocompromised patients, such as 

those with human immunodeficiency virus (HIV) infection, who are infected with a broader 

spectrum of pathogens including Mycobacterium tuberculosis (MTB) and Pneumocystis 

jirovecii (PJP), have been excluded. Furthermore, there are relatively few recent studies on 

SCAP in sub-Saharan Africa. This research report addresses the issue of SCAP in a 

predominately HIV-positive population in South Africa, including the entire spectrum of 

microorganisms. 

 

 

 

 

 

 



 2 

1.2  Literature Review 

 

1.2.1  Incidence  

 

The Global Burden of Diseases, Injuries and Risk Factors (GBD) Study approximated that in 

2016, lower respiratory tract infections (LRTIs), including pneumonia as a prominent cause, 

were the sixth leading cause of death overall and the leading infectious disease cause of death 

worldwide, accounting for 2,377 697 million deaths and 9,184 4600 disability-adjusted life 

years (DALYS) (5). A recent study from the United States (US) estimated that the annual 

number of in-hospital all-cause deaths in patients hospitalized with CAP was 102,821, while 

the 30-day mortality was 205,642 (6). The GBD study estimated that there were 650,639 

lower respiratory tract infection (LRTI) deaths in sub-Saharan Africa alone in 2016 (5).   

 

1.2.2  Aetiology 

 

The reported aetiology of CAP varies in different geographical areas. Part of the reason for 

these differences is that many studies reporting aetiology exclude immunocompromised 

patients, including those with HIV, as well as certain pathogens, particularly MTB (7). In up 

to 50% of cases of CAP the aetiology is unknown; however, this figure is lower in ICU 

settings (47%) with the utility of broader diagnostic techniques (8). 

 

The GBD study reported that Streptococcus pneumoniae (SP) was the most common 

aetiology of LRTIs worldwide, accounting for 1,189 937 deaths (5). Other organisms causing 

LRTIs include Haemophilus influenzae (HI), atypical organisms such as Mycoplasma 

pneumoniae (MP), Chlamydophila pneumoniae (CP) and Legionella pneumophila (LP), 

Staphylococcus aureus (SA), Gram-negative pathogens including Klebsiella pneumoniae 

(KP), Pseudomonas aeruginosa (PA) and enteric organisms, and respiratory viruses such as 

Influenza virus, Respiratory syncytial virus (RSV), Adenovirus and SARS-CoV-2 (1, 7, 9). 

MTB is a common cause of CAP in TB endemic areas   (7, 10, 11).  Gram-negative 

Enterobacterales (GNEB), SA and polymicrobial (PM) infections have been frequently 

identified in patients with higher Confusion, Urea >7mmol/, Respiratory rate t30 

breaths/minute, Blood pressure <90mmHg (Systolic) and/or <60mmHg (Diastolic), Age t 

65years (CURB-65) scores (8) (12). PJP, Cytomegalovirus (CMV), Herpes simplex virus 

(HSV), Mycobacterium avium-intracellulare (MAC), Cryptococcus neoformans (CN) and 

Aspergillus species (spp.) are also causes of CAP in areas of high HIV prevalence (13). 
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Feldman et al., performed a retrospective study of SCAP in a South African ICU between 

January 1982 and December 1992, which excluded patients with MTB infection. SP infection 

was identified in 51.3% of isolates, and KP in 31.9% of isolates. KP infection carried a higher 

mortality than SP (68.4% vs 33.9%) (14). 

 

A 15-year retrospective Spanish study of SCAP between 1999 and 2013, identified SP as the 

predominant pathogen. LP was the second most common pathogen detected, but this 

incidence decreased over the time period. However, of note, was an increase in viral 

pneumonia between 2009 and 2013 of which 64% of cases were due to influenza infection 

(15).  

 

In a prospective North American study, Park et al., recruited patients with CAP between 1 

June 1994 and 30 May 1996. They found that the pathogens most commonly involved in 

cases of SCAP were SP, CP, LP and HI in the HIV-negative group. However, the common 

pathogens in patients who were co-infected with HIV were PJP, PA, CMV and MAC. 

Overall, MTB was found in four cases, three in HIV-negative patients (16). 

 

A prospective study of SCAP in Pune, India, between January 2012 and 2014 enrolled 111 

HIV-positive patients. Overall, 79.3% of infections were monomicrobial (MM) aetiologies, 

with MTB accounting for 23.3% of infections and SP being the cause of 17.8% infections. Of 

the 20.7% of infections, which were PM, 63% had MTB as a co-pathogen. Patients with 

mycobacterial, fungal and viral aetiologies were excluded from further analysis (17). 

 

Studies from sub-Saharan Africa on patients fitting the description of CAP have shown that 

MTB infection is a leading cause of CAP. In a prospective CAP study in KwaZulu Natal 

between June 2000 and July 2001, Kennedy et al., identified MTB as the most common 

pathogen (39.6%) regardless of HIV status, followed by SP (34.5%) and MP (17%). Overall, 

81.4% of patients tested were HIV-positive (10). Co-infections occurred in 16% of patients, 

most commonly MTB and SP infections. Another study from Malawi identified MTB as the 

predominant pathogen amongst hospitalized CAP patients with HIV infection and this was 

associated with a higher mortality (11). 

 

PJP is a cause of severe pneumonia in HIV-infected individuals, as well as in patients on 

immunosuppressive therapy (18). A meta-analysis reported a 22% prevalence of PJP amongst 

in-patients in sub-Saharan Africa with a calculated case fatality rate of 18.8%, higher than that 
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for most other respiratory infections. Overall, 29.3% of patients had additional pulmonary 

pathology and 14.8% of patients had co-infection with MTB, 8.7% with bacterial pneumonia 

and 4.1% also had .DSRVL¶V sarcoma. This study included patients aged t13 years from any 

clinical setting, and the diagnosis of PJP was made using WHO-based clinical criteria or 

laboratory data (19).  

 

1.2.3  Risk Factors 

 

The risk factors for developing CAP are numerous and include age, cigarette smoking, 

comorbid diseases and immunocompromise, in particular HIV infection (6, 20). Furthermore, 

host genetics and pathogen-specific virulence factors have been implicated in the progression 

to SCAP (21, 22). 

 

The Centres for Disease Control and Prevention (CDC) includes recurrent bacterial 

pneumonia as an AIDS-defining condition (23). Among HIV-infected patients, and before the 

use of anti-retroviral therapy (ART), rates of bacterial pneumonia occurred up to 25 times 

more often than among HIV-uninfected individuals (24, 25). Moreover, rates of 

pneumococcal bacteraemia and the frequency of invasive pneumococcal disease (IPD) are 

significantly higher amongst patients with HIV co-infection and have remained unchanged, 

despite a stable HIV prevalence and a comprehensive roll-out of ART (25). In 2021 there 

were 7,500,000 people in South Africa living with HIV and only 74% were accessing ART 

(26). Thus, HIV infection is a major driving force for the development of CAP, particularly in 

sub-Saharan Africa, where HIV infection is so common (25).  

  

1.2.4  Severity of Illness Scoring Systems 

 

Many different severity of illness (SOI) scoring systems have been developed to aid in the 

identification of patients with severe CAP. The CURB-65 (27) and Pneumonia Severity Index 

(PSI) (28) are the most commonly used scoring systems. They both predict 30-day mortality, 

but neither are useful in ICU triage decisions. The IDSA/ATS guideline (29) which has more 

specific features for severe pneumonia, performs better in the identification of SCAP (2). 

These scoring systems have not been extensively validated in the HIV-positive population nor 

in patients from low-income settings. 
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Kabundji and colleagues, assessed a cohort of 152 patients with CAP from a Johannesburg 

Hospital emergency department, describing the potential utility of the CRB-65 (CURB-65 

without the urea value) as a SOI score. The score accurately identified which hospitalized 

patients had a higher risk of mortality, as well as those who could be safely managed as out-

patients (30). In another study, Almeida et al., recruited 396 patients with CAP of which 49 

were HIV-positive, and 347 HIV-negative. The mean CURB-65 score was lower in the HIV-

positive patients, furthermore the in-hospital mortality was 4.1% in HIV-positive patients and 

12.1% in HIV-negative patients (31). Both studies excluded patients with MTB, PJP and 

fungal pneumonia. In contrast, data from two studies in Malawi have shown a poor 

correlation between mortality risk, the CURB-65 score (7) and the CRB-65 score (32). 

 

1.2.5 Mortality 

 

Despite antimicrobial therapy, there appears to have been an increase in hospital admissions 

and mortality from CAP over the last few years, especially amongst the elderly and those with 

co-morbid disease (4). Some studies have suggested that the mortality of severe pneumonia is 

similar in HIV-positive and HIV-negative patients (33); however, other studies have 

contradicted this. Feldman et al., in a prospective study comparing mortality in HIV-positive 

and HIV-negative patients with bacteraemic pneumococcal pneumonia, determined that the 

14-day mortality was significantly higher in the HIV-positive patients when age and SOI were 

adjusted for. In addition, the median CD4 count was significantly lower in the HIV-positive 

patients who died compared with those who lived (14, 34). 

 

The mortality rate from CAP varies between <1% to 50% depending on the severity of 

pneumonia (35, 36), being 21% in patients with CAP who are admitted to hospital requiring 

ICU admission, and 26% in those patients requiring mechanical ventilation (3). Furthermore, 

a 2010 study showed that there was a significant decrease in long-term survival for up to 7.5 

years of follow-up amongst patients who were discharged from hospital with CAP (37). 

 

1.2.6 Conclusion 

 

There are limited data from sub-Saharan Africa on the aetiology, ICU course and outcome of 

SCAP, especially in the setting of HIV infection and in the era of the ART roll-out.  Studies 

that have been done were either performed prior to the ART roll-out, have excluded patients 

with tuberculosis, or have only included cases with a specific pathogen, such as the 
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pneumococcus or suspected PJP (14, 38). International studies of SCAP have also only 

studied certain specified pathogens and often excluded MTB, PJP, and fungal and viral 

infections from the analysis (17, 39). 

 

1.3  Aim and Objectives 

 

1.3.1  Aims of the Study 

 

The aims of the study were, therefore, to investigate the aetiology, clinical characteristics and 

outcomes of patients with SCAP, admitted to the Charlotte Maxeke Johannesburg Academic 

Hospital (CMJAH) multidisciplinary Intensive Care Unit (ICU) in Johannesburg over a 12-

year period.  

 

1.3.2  Study Objectives 

 

��� 7R�GHVFULEH�WKH�GHPRJUDSKLFV�RI�WKH�SDWLHQWV�DGPLWWHG�ZLWK�VHYHUH�&$3� 

�� 7R�HYDOXDWH�WKH�PLFURELRORJLFDO�DHWLRORJ\�RI�6&$3� 

�� 7R�UHSRUW�WKH�FOLQLFDO�IHDWXUHV�ZLWK�UHJDUG�WR�62,�VFRULQJ�V\VWHPV� 

�� 7R�GHVFULEH�WKH�WUHDWPHQW��FOLQLFDO�FRXUVH��FRPSOLFDWLRQV�DQG�RXWFRPH�LQ�WKH�,&8�

 VHWWLQJ� 

�� 7R�FRPSDUH�DOO�WKH�FKDUDFWHULVWLFV�GHVFULEHG�DERYH�LQ�+,9�LQIHFWHG�DQG�+,9�

XQLQIHFWHG�SDWLHQWV�� 
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CHAPTER TWO ± MATERIALS AND METHODS 
 

2.1 Study Design 

 

This study was a single-centre retrospective observational study. Consecutive patients 

admitted to the General ICU (area 576) at Charlotte Maxeke Johannesburg Academic 

Hospital (CMJAH) between 1 July 2007 and 31 May 2019 with a diagnosis of CAP were 

included in the study. The hospital is an accredited central hospital, serving patients from 

across the Gauteng province and neighbouring provinces, and offers a full range of secondary, 

tertiary, and highly specialized services. Patients were identified by using the admission 

books in Ward 576 (Intensive Care Unit). 

 

2.2 Criteria for Inclusion 

 

The criteria that were used to confirm the diagnosis of CAP, were the same as those as 

described before (29). These included a new pulmonary infiltrate (within 24 h of admission) 

associated with at least one of the following:  

A new or increased cough with/without sputum production. 

Fever (>37.8°C) or hypothermia (<35.6°C).  

Leucocytosis, a left shift, or leukopenia based on local normal values. 

3QHXPRQLD�ZDV�FRQVLGHUHG�WR�EH�FRPPXQLW\�DFTXLUHG�LI�WKHUH�ZDV�QR�KRVSLWDOL]DWLRQ�LQ�WKH�

WZR�ZHHNV�SULRU�WR�WKH�FXUUHQW�DGPLVVLRQ��DQG�VHYHUH�LI�WKH�SDWLHQW�UHTXLUHG�,&8�DGPLVVLRQ��� 

 

2.3  Sources of Data 

 

Sources of data were limited to: 

Admission medical records from the medical ICU (Ward 576) 

Electronic discharge summaries and/or clinical case notes. 

Picture Archiving and Communication system (PACS; Phillips Intellispace PACS 

Radiology version 4.4.532.1), an electronic platform at CMJAH to access radiology.  

 

Admission records from the medical ICU (Ward 576) were accessed manually, and details of 

all patients who were admitted between 1 July 2007 and 31 May 2019, with a diagnosis of 

³community-acquired SQHXPRQLD´� were collected. Following the identification of patients, 

the relevant ICU charts were collected, and data were manually entered into an Excel 
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spreadsheet in accordance with the data dictionary shown in Appendix A. Patient files were 

excluded from the data collection if they did not fulfil the defined diagnostic criteria for 

SCAP, if the file could not be found, or if data were insufficient to confirm the diagnosis of 

SCAP. The data extraction was undertaken once approval has been obtained from the 

University of the Witwatersrand Human Research Ethics Committee (Medical) and the Chief 

Executive Officers (CEOs) of CMJAH (Clearance certificate number M2008109 appendix B 

and appendix C respectively). 

 

The SOI was assessed using the CURB-65 score (Confusion, Urea >7 mmol/L, Respiratory 

rate t30 breaths/minute, Blood pressure <90mmHg (Systolic) and/or <60mmHg (Diastolic), 

Age t 65years (27) and APACHE II score (a 12 point scoring system to predict ICU mortality 

(40, 41)). In addition, the Pa02/Fi02 ratio, one of the minor criteria from the Infectious Disease 

Society of America/American Thoracic Society (IDSA/ATS) guidelines (29), was calculated 

for each patient. 

 

$V�ZDV�SUDFWLFH�LQ�WKH�PHGLFDO�,&8��URXWLQH�ODERUDWRU\�UHVXOWV�ZHUH�FROOHFWHG�IRU�DOO�SDWLHQWV�

RQ�DGPLVVLRQ��7KHVH�WHVWV�LQFOXGHG�IXOO�EORRG�FRXQW��)%&���ELRFKHPLVWU\��UHQDO�IXQFWLRQ�DQG�

OLYHU�IXQFWLRQ��DQG�&�UHDFWLYH�SURWHLQ��&53���+,9�UHVXOWV��&REDV�+,9���+,9���TXDOLWDWLYH�

DVVD\�>5RFKH@��DV�D�VFUHHQLQJ�WHVW�DQG�+,9�$J�$E�FRPER�DVVD\�>$EERWW@�DV�FRQILUPDWRU\�WHVW��

ZHUH�FROOHFWHG�RQO\�IURP�SDWLHQWV�LQ�ZKRP�LQIRUPHG�FRQVHQW�ZDV�REWDLQHG��LQ�DFFRUGDQFH�

ZLWK�6RXWK�$IULFDQ�+,9�WHVWLQJ�SROLF\��������ZLWK�FRUUHVSRQGLQJ�&'��FHOO�FRXQWV��IORZ�

F\WRPHWU\�RQ�D�%HFNPDQ�&RXOWHU�03/)&����F\WRPHWHU��DQG�+,9�YLUDO�ORDGV��5RFKH�FREDV��

����������+,9���WHVW��� 

  

Routine microbiological testing in the patients was usually done in accordance with the South 

African CAP guideline (1). Results of the microbiological testing was collected, where 

available, including testing of respiratory samples obtained either spontaneously or via 

induced sputum (considered adequate according to the percentage of neutrophils and absence 

of epithelial cells in the specimens (43)), and/or bronchoalveolar lavage (BAL). The samples 

were variously submitted for microscopy, culture and susceptibility testing (MC+S); acid fast 

staining (Ziehl-Neelsen, Auramine stains), with the addition of  GeneXpert MTB/RIF� 

(Xpert) (Cepheid, Sunnyvale, Ca, USA) from 2012 (44),  immunofluorescent staining (IFA) 

(pre 2018) or polymerase chain reaction (PCR) (after 2018) for PJP, as well as PCR for 

viruses, LP and MP. All results were collected when available. Blood cultures were also 

routinely collected on all patients using the BactT/Alert automated blood culture system 
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(BioMerieux, Marcy O¶(WRLOH� France). Additional microbiological tests, which were collected 

at the discretion of the attending physician may have included serum [1,3]- E-D-glucan test, 

Fungitell � (for PJP), serological tests (for LP, MP, CMV and measles), and EDTA-blood 

PCR (for CMV). Additional testing, based on the findings in individual patients, may have 

included investigation of pleural fluid, urine antigen tests (pneumococcal and legionella), 

blood antigen tests (CN and CMV), cerebrospinal fluid (CSF) investigation, lymph node 

aspiration, bone marrow aspiration and/or culture and post-mortem lung biopsies (using 

*URFRWW¶V methenamine silver stain, modified Papanicolaou stain for PJP). VZV infection was 

a clinical diagnosis. The diagnosis of pneumonia due to Candida and CMV was made only in 

cases where the pathogen was identified on post-mortem lung specimens, and for other fungi 

(CN and Aspergillus fumigatus (AF)) cases were based on positive BAL. 

 

2.4 Statistical Analysis 

 

The data analysis was performed using GraphPad Prism (v9) and Statistical Package for 

Social Sciences (SPSS) software, IBM manufacturer, Chicago, USA version 21.0. Data were 

captured and tabulated in a Microsoft Excel spreadsheet.  The continuous variables are 

presented as means and standard deviations or medians and interquartile ranges, as 

appropriate and for comparison, unpaired t-tests or Mann-Whitney U tests were used. The 

categorical variables are presented as percentages, and association in the categorical variables 

is assessed using the Chi-squared or Fisher¶s exact tests. All tests were 2-tailed. Variables that 

were considered significant for mortality on univariable analysis were included in three 

different multivariable logistic regression models to control for collinearity, and odds ratios 

are reported. A P value of <0.05 was taken as statistically significant.  

 
2.5 Ethical Considerations  
 

The protocol for the study was approved by the Graduate Studies Committee of the School of 

Clinical Medicine, University of the Witwatersrand. Written approval to conduct the study 

was obtained from the Human Research Ethics Committee (Medical) of the University of the 

Witwatersrand prior to the initiation of any data collection (Date 14/06/2019; Protocol 

number M190586) (Appendix B), and permission to access patient records was obtained from 

the Head of the ICU at CMJAH as well as the Clinical Director and CEO of the institution 

(Appendix C). Strict measures were taken to ensure patient confidentiality was maintained at 

all times. In order to achieve this, each patient record was consecutively allocated a study 

number. A list correlating the study number with the respective patient was then isolated from 



 10 

the rest of the collected data and only the principal investigator had access to this information, 

which was kept securely stored. 
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CHAPTER THREE-RESULTS  
 
ENTIRE COHORT 
 
3.1  Patient Selection 
 

There were 1,244 ICU admissions identified between 1 July 2007 and 31 May 2019 with a 

diagnosis of ³FRPPXQLW\-acquired SQHXPRQLD´� Of these, 52 were immediately excluded, as 

the files could not be found. Of the remaining 1192, another 261 were further excluded as the 

diagnosis of SCAP was incorrect, the patients were younger than 18 years old, or there were 

insufficient data. Therefore, 931 patient records were included in the final analysis. Of these 

718 patients were HIV-positive and 131 were HIV-negative. In addition, 82 patients had an 

unknown HIV status (Figure 3.1). 

 

 
 
Figure 3.1: Method of data acquisition for the cohort 
 
 
 
 
 
 
 

1244 records in total 

1192 records 
included 

931 records included 
in the final analysis 

718 records HIV 
positive  131 records HIV 

negative 82 HIV unknown  

261 records rejected 
due to insufficient 

data or an alternative 
diagnosis 

52 records could not 
be found 
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3.2 Demographics of the Entire Cohort 
 
There were 931 patients included in the final analysis.  The median age was 37 years (IQR 

30-48 years), and 76 patients (8.2%) were 65 years of age or older. There were 448 (48.1%) 

male patients and 483 (51.9%) female patients. Overall, 41 (4.4%) patients were current 

smokers (Table 3.1). 

 

Table 3.1  Demographics of the entire cohort (n=931) 

 

Demographics PHGLDQ��,45��RU�Q���� 

Age, years 37 (30-48) 

Age ��� years 76 (8.2%) 

Sex (male) 448 (48.1%) 

Sex (female) 483 (51.9%) 

Smoker 41 (4.4%) 

 
Abbreviations: IQR: interquartile range; n: number; %: percentage; �� greater than or equal to. 

 

3.3  Co-morbid Disease 

 

Within the entire cohort, 718 patients (77.1%) were HIV-positive and 131 (14.1%) were HIV-

negative. The HIV status was unknown for 82 patients (8.8%). Overall, 391 patients (42%) 

had a co-morbid disease other than HIV co-infection, and of these, the most common 

comorbidity was cardiovascular disease (CVD) (n=142, 15.3%), followed by chronic 

respiratory disease (n=78, 8.4%). In addition, 93 patients (10%) had a history of current or 

previous MTB infection. Figure 3.2 depicts all the co-morbidity within the cohort, excluding 

HIV coinfection. 
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Figure 3.2 Distribution of co-morbid disease other than HIV within the entire cohort 
 

Abbreviations: CKD: chronic kidney disease; CVD: cardiovascular disease; DM: Diabetes mellitus; MTB: 

Mycobacterium tuberculosis 

 

3.4  Clinical Presentation, Laboratory Data and Chest Radiographs 

 

The median body temperature on admission was 36.8°C (IQR 36-37.5)°C. Overall, 500 

patients (54.4%) were confused, and the median MAP (mean arterial blood pressure) was 

80mmHg (IQR 66-92) mmHg. The median CURB-65 score was 3 (IQR 2-3), median Apache 

II score was 18 (IQR 14-23) and the median Pa02/Fi02 ratio was 144 (IQR 97-229). 

Altogether 169 patients (19.5%) had an APACHE II score ���� and 698 patients (79.3%) had 

a PaO2/FiO2 ratio � 250 (Table 3.2). 

 

In terms of laboratory findings, the median haemoglobin level was 10.6g/dL (IQR 8.6-12.2) 

g/dL, median white cell count 9.9 x 109/L(IQR 5.8-15.0) x 109/L and median platelet count 

206 x 109/L (IQR 125-304) x109/L. Renal function for the entire cohort was deranged, with a 
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median urea of 12mmol/L (IQR 6.4-23.6) mmol/L, and median creatinine level of 126Pmol/L 

(IQR 73-304) µmol/L. The median C-reactive protein (CRP) level was 202mg/L (IQR 118-

288) mg/L. Other laboratory abnormalities included elevated aspartate aminotransferase (AST 

82U/L [IQR 44-181] U/L), elevated alkaline phosphatase (ALP 97 U/L [IQR 70-145] U/L) 

and elevated (1,3)-E-D-glucan (BDG) (103pg/mL [IQR 31-501] pg./mL). 248 (26.6%). 

Amongst the HIV-positive patients, the median CD4 count was 44 cells/mm3 (IQR 14-112) 

cells/mm3 (Table 3.2). 

 

Chest radiograph (CXR) findings were available for 803 patients (86.3%). The predominant 

radiological finding was multilobar consolidation in 333 patients (41.5%), followed by 

bilateral ground glass opacities (GGO) in 243 patients (30.3%) (Table 3.2). 

 

3.5  Microbiology  
 
3.5.1  Microbial Pathogens 

 

Microbial organisms considered likely to be responsible for the SCAP were detected in 519 

patients (55.7%), and these organisms were isolated on 706 specimens. No microorganisms 

were detected in 412 cases (44.3%). In some patients, the same organism was isolated from 

different sites. Most isolates (317 [45.4%]) were from respiratory samples (sputum, tracheal 

aspirates or bronchoalveolar lavage [BAL]), identified using microscopy, culture, 

immunofluorescence and PCR techniques. Blood samples (blood cultures and viral 

polymerase chain reaction [PCR]) made up 274 (39.3%) of the isolates. The remaining sites 

from which microorganisms were isolated are depicted in Figure 3.3. 
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Table 3.2 Clinical presentation, laboratory data and chest radiographs of the entire cohort 

 

Clinical features  n (%) or median (IQR), n 

Body temperature °C 36.8 (36-37.5), 909 

MAP mmHg 80 (66-92), 883 

Confusion 500 (54.4%), 918 

Severity of Illness scores (SOI) Q�����RU�PHGLDQ��,45���Q 

CURB-65  3 (2-3), 895 

Apache II  18 (14-23), 868 

Apache II ��� 169 (19.5%), 868 

Pa02/ Fi02 ratio 144 (97-229), 878 

Pa02/ Fi02 ratio ����  698 (79.3%), 878 

Laboratory PHGLDQ��,45���Q 

Hb g/dL   10.6 (8.6-12.2), 921 

Hct% 0.3 (0.3-0.3), 921 

White cell count x109/L 9.9 (5.8-15.0), 920 

Platelet count x109/L  206 (125-304), 915 

Sodium mmol/L 136 (131-141), 921 

Potassium, mmol/L 4.4 (3.9-5.1), 921 

Urea mmol/L 12 (6.4-23.6), 921 

Creatinine Pmol/L 126 (73-304), 920 

CRP mg/L 202 (118-288), 878 

Total protein g/L 63 (53-74), 883 

Albumin g/L 26 (21-30), 884 

Total bilirubin Pmol/L 11 (6-23), 887 

AST U/L 82 (44-181), 888 

ALT U/L 45 (24-94), 886 

ALP U/L 97 (70-145), 886 

GGT U/L 57 (28-109), 887 

CD4 cell count (HIV positive), cells/mm3  44 (14-112), 591 

BDG pg./mL 103 (31-501), 491 

Bacteraemia 248 (26.6%) 
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Chest radiograph n (%), 803 (86.3%) 

Multilobar consolidation  333 (41.5%) 

Bilateral GGO 243 (30.3%) 

Lobar consolidation  155 (19.3%) 

Nodules  49 (6.1%) 

Pleural effusion  22 (2.7%) 

 
Abbreviations: ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate transaminase; BDG: 

(1,3)-E-D glucan; C: Celsius; CD4: cluster of differentiation 4; CRP: C-reactive protein; GGO: ground glass 

opacities; GGT: gamma-glutamyl transferase; Hb: haemoglobin; Hct: haematocrit; IQR: interquartile range; 

MAP: mean arterial pressure; n: number; Pa02/Fi02: partial pressure of oxygen/fraction of inspired oxygen; %: 

percentage 

 

 
 

Figure 3.3  Sites of isolation of microbial pathogens 

 
Abbreviations: BMAT: Bone marrow aspirate and trephine; CSF: Cerebrospinal fluid; NP: nasopharyngeal 

 

Overall, 421 (44.7%) infections were MM and 98 (13%) were PM, which corresponded to 

499 (70.7%) isolates for the MM infections and 207 (29.3%) for the PM infections. MTB, the 

most common bacterial cause of infection, was identified in 175 patients (33.7%), of which 

130 infections were MM and 45 were PM. SP, identified in 125 patients (24.1%), 103 MM 
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and 22 PM, was the second most common microbial pathogen, and KP, identified in 50 

patients (9.6%), 29 MM and 21 PM, was the third most common. Varicella zoster virus 

(VZV), diagnosed on clinical grounds, was the predominant viral infection documented in 24 

(4.6%) cases, 15 MM and 9 PM, and PJP, associated with 49 cases (9.4%) of SCAP, 35 MM 

and 14 PM, was the most common fungal pathogen identified. The only ³DW\SLFDO RUJDQLVP´ 

that was recorded was CP and this was responsible for two infections. Table 3.3 demonstrates 

the distribution of MM and PM isolates. The PM isolates, of which there were 207 in number, 

reflect the individual pathogens identified in 103 cases of SCAP. In these patients, two 

pathogens were identified in 76 cases, and three in nine cases.  

 

The diagnosis of MTB infection relied solely on culture techniques initially, with the addition 

of GeneXpert after 2012. The majority of these infections were identified from respiratory 

samples (136 isolates [65.1%]) and a further 47 (22.8%) from blood using the BACTEC 

blood culture system. Other specimens in which MTB were isolated included 12 (5.7%) from 

bone marrow aspirate and trephine (BMAT); six (2.9%) from pleural fluid and three (1.5%) 

from lymph node biopsy. Two (1%) patients had concurrent TB meningitis with identification 

of MTB on cerebrospinal fluid samples (CSF). In contrast, most SP infections (102 isolates, 

76.7%) were diagnosed on blood cultures; 20 (15%) on sputum; three (2.3%) on pleural fluid 

and only one (0.8%) using the urinary pneumococcal antigen test. Seven (5.3%) patients had 

concurrent pneumococcal meningitis. The methods and sites used to determine microbial 

aetiology of SCAP are further depicted in Table 3.4 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 18 

Table 3.3  Microbial aetiology of SCAP infections (n=519; column %) 
 
Microbial aetiology MM, n (%) PM, n (%) Total, n (%) 

Mycobacterium spp.  131 (31.1%) 47 (48%) 178 (34.3%) 

MTB 130 (30.9%) 45 (46%) 175 (33.7%) 

MAC 1 (0.2%) 2 (2%) 3 (0.6%) 

Gram-positive pathogens 135 (32%) 54 (55.1%) 189 (36.4%) 

Streptococcus pneumoniae  103 (24%) 22 (22.4%) 125 (24.1%) 

Staphylococcus aureus  28 (6.7%) 22 (22.4%) 50 (9.6%) 

Streptococcus milleri 0 1 (1%) 1 (0.2%) 

Streptococcus pyogenes 3 (0.7%) 0 3 (0.6%) 

Streptococcus viridans 0 4 (4%) 4 (0.8%) 

Enterococcus spp. 1 (0.2%) 5 (5%) 6 (1.2%) 

Gram-negative pathogens 82 (19.5%) 65 (66.3%) 147 (28.3%) 

Haemophilus influenzae 2 (0.5%) 5 (5.1%) 7 (1.3%) 

Enterobacterales    

  Klebsiella pneumoniae  29 (6.9%) 21 (21.4%) 50 (9.6%) 

  Escherichia coli 12 (2.9%) 3 (3.1%) 15 (2.9%) 

  Enterobacter spp. 8 (1.9%) 1(1%) 9 (1.7%) 

  Salmonella spp. 2 (0.5%) 5 (5.1%) 7 (1.3%) 

  Citrobacter freundii 1 (0.2%) 0 1 (0.2%) 

  Proteus mirabilis 0 2 (2%) 2 (0.4%) 

  Providencia 0 1 (1%) 1 (0.2%) 

  Serratia marcescens 0 3 (3.1%) 3 (0.6%) 

Pseudomonas aeruginosa  18 (4.3%) 13 (13.3%) 31 (6.0%) 

Acinetobacter spp. 8 (1.9%) 4 (4.1%) 12 (2.3%) 

Other Gram-negative    

  Burkholderia cepacia 1 (0.2%) 1 (1%) 2 (0.4%) 

  Stenotrophomonas maltophilia 1 (0.2%) 3 (3.1%) 4 (0.8%) 

  Chryseobacterium indulgenes 0 1 (1%) 1 (0.2%) 

  Sphingobacterium multivorum 0 1 (1%) 1 (0.2%) 

  Ochrobactrum anthropi 0 1 (1%) 1 (0.2%) 
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Microbial aetiology MM, n (%) PM, n (%) Total, n (%) 

So-called ³atypical´ pathogens 1 (0.2%) 1 (1%) 2 (0.4%) 

Chlamydophila pneumoniae 1 (0.2%) 1 (1%) 2 (0.4%) 

Viruses 32 (7.6%) 23 (23.5%) 55 (10.6%) 

VZV 15 (3.6%) 9 (9.2%) 24 (4.6%) 

CMV 1 (0.2%) 3 (3.1%) 4 (1%) 

Measles  4 (1%) 2 (2.0%) 6 (1.2%) 

Respiratory viruses     

  Influenza virus (A, H1N1, B) 12 (2.9%) 7 (7.1%) 19 (3.7%) 

  Adenovirus 0 2 (2%) 2 (0.4%) 

Fungi 40 (9.5%) 17 (17.3%) 57 (11%) 

PJP 35 (8.3%) 14 (14.3%) 49 (9.4%) 

Candida spp. 2 (0.5%) 0 2 (0.4%) 

Other fungi     

  Cryptococcus neoformans 1 (0.2%) 0 1 (0.2%) 

  Aspergillus fumigatus 0 3 (3.1%) 3 (0.6%) 

  Saccharomyces cerevisiae 1 (0.2%) 0 1 (0.2%) 

  Stephanoascus ciferrii 1 (0.2%) 0 1 (0.2%) 

 

Abbreviations: CMV: Cytomegalovirus; MAC: Mycobacterium avium intracellulare; MM: monomicrobial; 

MTB: Mycobacterial tuberculosis; n: number; PJP: Pneumocystis jirovecii; PM: polymicrobial; spp: species; 

VZV: Varicella zoster virus; %: percentage 

 
.  
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7DEOH���� �,VRODWLRQ�VLWHV�RI�WKH�PLFURRUJDQLVPV�DQG�WKH�QXPEHU�RI�PLFURELRORJLFDO�LVRODWHV��Q �����URZ��� 
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07%����� ����������� ����������   �������� ��������� ������ ��������   
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.OHEVLHOOD�SQHXPRQLDH����� ���������� ��������   ��������      

(VFKHULFKLD�FROL���� ��������� �����������         

(QWHUREDFWHU�FORDFDH���� ������� �������   �������      

6DOPRQHOOD�VSS����  ��������         

&LWUREDFWHU�IUHXQGLL��� ��������          
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0LFURELDO�DHWLRORJ\��Q����� 5HVS %ORRG� 6HURORJ\ $QWLJHQ 3O�IOXLG %0 &6) /1 13 $XWRSV\ 
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3URYLGHQFLD��� ��������          
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0LFURELDO�DHWLRORJ\��Q����� 5HVS %ORRG� 6HURORJ\ $QWLJHQ 3O�IOXLG %0 &6) /1 13 $XWRSV\ 

2WKHU�IXQJL           

&U\SWRFRFFXV�QHRIRUPDQV���� �������� ����������  ������   �������    

$VSHUJLOOXV�IXPLJDWXV��� ��������          

6DFFKDURP\FHV�FHUHYLVLDH���  ���������         

6WHSKDQRDVFXV�FLIHUUL��� ������� �������         

 
1RWH� ,QFOXGHV�DOO�RUJDQLVPV�LVRODWHG��PRQRPLFURELDO�DQG�SRO\PLFURELDO� 

Some organisms were isolated from different sites in the same patient. 
Respiratory viruses: Influenza A, H1N1, Influenza B. 
VZV infections were based on clinical examination. 
CMV pneumonia was proven in 4 autopsy specimens 
Candida pneumonia was proven on biopsy in 2 cases. 

 
$QQRWDWLRQV��%0��%RQH�PDUURZ��&6)��FHUHEURVSLQDO�IOXLG��&09��&\WRPHJDORYLUXV��QXPEHU��/1��O\PSK�QRGH��Q��QXPEHU��07%��0\FREDFWHULXP��7XEHUFXORVLV��0$&��
0\FREDFWHULXP�DYLXP�LQWUDFHOOXODUH��13��1DVRSKDU\QJHDO��3-3��3QHXPRF\VWLV�MLURYHFLL��3O��3OHXUDO��5HVS��5HVSLUDWRU\��VSS���VSHFLHV������SHUFHQWDJH 
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3.5.2  Drug-Resistant Pathogens 

 

Drug-resistant pathogens were identified in 30 patients, and the majority of these were 

extended-spectrum ȕ-lactamase (ESBL)-producing KP isolates (40%) followed by eight cases 

of drug-resistant MTB (26.7%). Only two cases (6.7%) of penicillin-resistant SP were 

identified, both with intermediate resistance to penicillin, and there were five cases (16.7%) of 

methicillin-resistant Staphylococcus aureus (MRSA) (Table 3.5). 

 

3.5.3 Microbiology and Radiological Findings 

 

There were no significant differences in any radiographic pattern amongst patients with MM 

and PM infections. However, lobar consolidation was more common with SP (60 %) and PTB 

(40%), and of the patients with multilobar consolidation, 46.5% had SP, 41% had PTB, 6% 

had PJP and 7% were viral infections. GGO were described in 39% MTB infections, 33% PJP 

infections, 19% viral infections and 8% SP infections. Nodules were only described in PTB 

(59%) and viral infections (41%), and pleural effusions with PTB (66.7%) and SP (33.3%).  

 

3.5.4 Microbiology and CRP 

 

The median CRP varied according to the microbial aetiology. It was highest amongst patients 

with SP infection (292 [IQR 239-350] mg/l), and lowest amongst patients with PJP infection 

(139 [IQR 64-198] mg/l). In addition, significant differences in CRP were noted amongst 

patients with SP, MTB, and PJP infections and between patients with viral and non-viral 

infections. There were no differences in CRP amongst patients with PM versus MM 

infections (Table 3.6). 
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Table 3.5 Distribution of drug-resistant pathogens (n=30) 
 
Pathogen n (%)  Resistance pattern 

Mycobacterium spp.   

MTB 8 (26.7%) 2 INH-resistant 

  2 Rifampicin-resistant 

  3 MDR-TB 

  1 XDR-TB 

Gram-positive pathogens   

Streptococcus pneumoniae 2 (6.7%) Intermediate-resistant 

Staphylococcus aureus 5 (16.7%) MRSA 

Enterobacterales*   

Klebsiella pneumoniae 12 (40%) ESBL-producing 

Enterobacter cloacae 1 (3.3%) ESBL-producing 

Salmonella spp. 1 (3.3%) ESBL-producing 

Serratia liquefans 1 (3.3%) ESBL-producing 

 
Abbreviations: ESBL: extended spectrum ȕ-lactamase producing; INH: Isoniazid; MDR: multidrug resistant 
(resistant to rifampicin and isoniazid); MRSA: methicillin resistant Staphylococcus aureus; MTB: 
Mycobacterium tuberculosis; n: number; spp: species; TB: tuberculosis; XDR: Extensively drug-resistant 
tuberculosis (resistant to rifampicin, isoniazid, fluoroquinolones, aminoglycosides, ethambutol, ethionamide and 
pyrazinamide); %: percentage 
 
Note: *Breakdown of the  ESBL-producing Enterobacterales, (n=15): 

1. HIV-unknown (n=2). 

a. Both Klebsiella pneumoniae. 

i. One patient had measles (aged 29 year).  

ii. One patient had Type 1 Diabetes mellitus (aged 65 years). 

2. HIV-negative (n=2).  

a. Both Klebsiella pneumoniae. 

i. One patient had poorly controlled Type 1 diabetes (aged 21 years). 

ii. One patient had cardiovascular disease and chronic lung disease (aged 70 years). 

3. HIV-positive (n=11). 

a. 8 Klebsiella pneumoniae; 1 Enterobacter cloacae; 1 Salmonella spp; 1 Serratia liquefans. 

i. Three patients had co-morbidities (1 CVD; 1 previous TB; 1 current TB). 

ii. One patient had newly diagnosed TB (polymicrobial infections). 

iii. One patient had VZV infection. 

iv. One patient was a current smoker. 

v. One patient was on ARV therapy (CD4=68cells/mm3. 

vi. Ten patients were not on ARV therapy. 
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Table 3.6 Comparison of CRP in different microbial infections (n=519) 
 
Microbial aetiology CRP mg/l, median (IQR), n P value+ 

MTB 158 (104-249), 118 MTB vs PJP: 0.07 
MTB vs SP: <0.001 
PJP vs SP: <0.001 PJP 139 (64-198), 33 

SP 292 (239-350), 100 

Viruses 167 (51-234), 28 0.001 

Non-viruses  229 (134-306), 328 

Monomicrobial 215 (122-298), 394 0.29 

Polymicrobial 186 (132-279), 95 

+)LVKHU¶V exact  
 
Abbreviations: CRP: C- reactive protein; IQR: interquartile range; MTB: Mycobacterium tuberculosis; n: 
number; PJP: Pneumocystis jirovecii; SP: Streptococcus pneumoniae; vs: versus; Bold numbers indicate 
significant P values. 
 
3.6 Complications 
 
The majority of patients (692, 74.3%) developed no complication during the course of their 

ICU admission; however, in total 250 complications were reported; 230 (24.7%) patients 

experienced one complication and nine (1%) patients experienced two or more. The 

predominant complications were pulmonary, occurring in 78 (8.4%) cases, followed by 

tachyarrhythmia (60, 6.4%). Other complications are recorded in Table 3.7.  

 

3.7 Management  

 

Overall, 799 (85.8%) patients were ventilated, and the predominant mode was invasive 

mechanical ventilation (IMV) which was used in 780 [83.8%] patients, with non-invasive 

ventilation (NIV) utilised in 19 [2%] patients. Furthermore, 209 (22.4%) patients received 

dialysis and 464 (49.8%) inotropic support. Corticosteroids were used in the majority of 

patients (710, 76.3%) (Table 3.8). 
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Table 3.7 ICU complications for the entire cohort (n=931) 
 

Complications n (%) 

Nil 692 (74.3%) 

1 complication 230 (24.7%) 

 � 2 complications 9 (1%) 

Pulmonary  78 (8.4%) 

  Pneumothorax  47 (5.1%) 

  Lung necrosis/empyema 25 (2.7%) 

  Haemoptysis 5 (0.5%) 

  ARDS 1 (0.1%) 

Tachyarrhythmia 60 (6.4%) 

Neurological 41 (4.4%) 

Thromboembolism 21 (2.3%) 

Metabolic 13(1.4%) 

CD infection 11(1.2%) 

GIT 7 (0.8%) 

Haematological 7 (0.8%) 

Cardiac arrest 6 (0.6%) 

Skin/ soft tissue 6 (0.6%)  

 
Abbreviations: ARDS: acute respiratory distress syndrome; CD: Clostridiodes difficile infection; GIT: 

gastrointestinal tract; n: number; SVT: supraventricular tachycardia, % percentage 
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Table 3.8 Overall ICU management (n=931)  
 

Management n (%) 

Ventilation ± total 799 (85.8%) 

Ventilation-invasive 780 (83.8%) 

Ventilation±non-invasive 19 (2.04%) 

Corticosteroid use  710 (76.3%) 

Dialysis 209 (22.4%) 

Inotropes 464 (49.8%) 

 

Abbreviations: n: number; %: percent 

 

3.8 Length of Stay 

 

The median length of ICU stay was 4 days (IQR 2-8 days). LOS was increased amongst the 

patients who were ventilated (5 [IQR 2-8] days vs 2.5 [IQR 2-4.8] days; P<0.001) and those 

who required dialysis (5 [IQR 3-8] days vs 4 [IQR 2-8] days; P=0.08) (Table 3.9). 

 

 Table 3.9 Effect of ICU intervention on length of stay (n=931) 

 

ICU intervention LOS days median (IQR), n P value+ 

Ventilated 5 (2-8), 799 <0.001 

Not ventilated 2.5 (2-4.8), 132 

Inotropes 4 (2-8), 464 0.08 

No inotropes 5 (2-8), 467 

Corticosteroids 5 (2-8), 710 0.45 

No corticosteroids 4 (2-9), 208 

Dialysis 5 (3-8), 209 0.01 

No dialysis 4 (2-8), 722  

+)LVKHU¶V exact  
 
Abbreviations: ICU: Intensive Care Unit; IQR: Interquartile range; LOS: length of stay; Bold numbers indicate 

significant P values 
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3.9 ICU Outcomes 

 

In total, 465 patients (49.9%) survived ICU, compared to 466 (50.1%) patients who died. 

However, fewer patients survived to hospital discharge (433 [46.5%]) survived compared to 

498 [53.5%)] who died) (Table 3.10).  

 

Table 3.10 Overall ICU outcomes (n=931) 

 

Outcome n (%) 

LOS, days (IQR) 4 (2-8) 

ICU survival 465 (49.9%) 

ICU death 466 (50.1%) 

Survival to discharge 433 (46.5%) 

In-hospital death 498 (53.5%) 

 
Abbreviations: ICU: Intensive Care Unit; IQR: interquartile range; LOS: Length of stay; n: number; %: 

percentage 

 

3.10 ICU Mortality  

 

3.10.1 Demographics 

 

There were no differences in age, sex nor cigarette smoking between the patients who lived 

and those who died. Moreover, in the group of patients aged 65 and older, a similar 

proportion lived, compared to those who did not survive to ICU discharge.  

 

3.10.2 Co-morbid Disease 

 

The risk of dying was higher amongst patients who were HIV-positive compared to their 

HIV-negative counterparts (OR, 1.61; 95% CI, 1.10-2.34; P=0.01); but was lower amongst 

patients with underlying chronic CVD compared to those without CVD as a co-morbidity 

(OR, 0.62; 95% CI 0.44-0.90; P=0.01). There were no differences in mortality amongst 

patients with other co-morbidities, such as lung disease, COPD, kidney disease, liver disease, 

neurological disease, malignancy, pregnancy and current or previous MTB infection (Table 



 29 

3.11). Patients with other co-morbidities were not analysed further, as the numbers were too 

small to determine statistical significance. 

 

Table 3.11 Co-morbid disease and mortality (n=931, row %) 

 

Co-morbid disease, n Lived, 465 (%) Died, 466 (%) OR
 95% CI P value� 

HIV-positive, 718 354 (49.3%) 364 (50.7%)  1.61 1.10-2.34 0.01 

Chronic CVD, 142 85 (59.9%) 57 (40.1%) 0.62 0.44-0.90 0.01 

Chronic respiratory disease, 78 43 (55.1%) 35 (44.9%) 0.80 ��������� 0.35 

   COPD, 44 26 (59.1%) 18 (40.9%) 0.68 ��������� 0.22 

Diabetes mellitus, 77 39 (50.6%) 38 (49.4%) 0.97 ��������� 0.91 

Previous MTB , 62 32 (51.6%) 30 (48.4%) 0.93 ��������� 0.79 

Pregnancy, 59  28 (47.5%) 31 (52.5%) 1.00 ��������� >0.99 

Current MTB, 31 13 (41.9%) 18 (58.1%) 1.44 ��������� 0.47 

Chronic kidney disease, 27  18 (66.7%) 9 (33.3%) ���� ��������� 0.08 

Chronic neurological disease , 24 14 (58.3%) 10 (41.7%) ���� ��������� 0.42  

Malignancy, 23 12 (52.2%) 11 (47.8%) ���� ��������� 0.84  
� Fisher¶s Exact; 
 Baptista Pike 
 
Abbreviations: CI: confidence interval; COPD: Chronic Obstructive Pulmonary Disease; CVD: cardiovascular 

disease; HIV: Human Immunodeficiency Virus; MTB: Mycobacterium tuberculosis; n: number; OR: odds ratio; 

95% CI: 95% confidence intervals; Bold numbers represent significant P value 
 

3.10.3 Clinical Presentation, Laboratory Results and Chest Radiographs 

 

Amongst the patients who died body temperature and MAP were lower, and more patients 

were confused (Table 3.12). Both the CURB-65 and Apache II scores were higher amongst 

non-survivors; specifically, the median CURB-65 score was 3 (IQR 2-3) in patients who died, 

compared to 2 (IQR 2-3) in those who lived (P < 0.001), and the median Apache II score was 

20 (IQR 15-24) in patients who died and 17 (IQR 13-21) in those who lived (P <0.001). 

Similarly, the median Pa02/Fi02 ratio was significantly higher amongst survivors (170 [IQR 

117-245] versus 121 [IQR 83-200], P<0.001). In addition, more patients with an APACHE II 

score ��� died than lived (103 [61%] died vs 66 [39%] lived; P=0.001), whereas more 

patients who died had a Pa02/Fi02 ratio ���� compared to those who lived (364 (52.1%) died 

vs 334 (47.9%) lived; P<0.001) (Table 3.12). 
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Serum potassium, aspartate transaminase (AST), and BDG levels were higher in the patients 

who died compared to those who lived; however, CRP, total protein, and serum albumin 

levels were lower. Radiologically, a higher proportion of patients who died had GGO on chest 

radiograph (149 [38.5%] versus 94 [22.7%] in those that lived; P=<0.001), whereas more 

patients who lived had lobar consolidation (101 [24.3%] versus 54 [13.9%] in those that died; 

P=0.002). The proportion of patients with findings of multilobar consolidation, pulmonary 

nodules and pleural effusions on chest radiographs were similar between the two groups 

(Table 3.12). 

 

3.10.4 Microbiology 

 

3.10.4.1 Microbial pathogens and mortality 

 

7KH�LQDELOLW\�WR�GHWHUPLQH�PLFURELDO�DHWLRORJ\�RI�LQIHFWLRQ�ZDV�QRW�DVVRFLDWHG�ZLWK�LQFUHDVHG�

PRUWDOLW\��DQG�QHLWKHU�ZHUH�WKHUH�DQ\�GLIIHUHQFHV�LQ�VXUYLYDO�QRWHG�DPRQJVW�SDWLHQWV�ZLWK�30�

LQIHFWLRQV�FRPSDUHG�ZLWK�00�LQIHFWLRQV��7DEOH��������1RQHWKHOHVV��ZKHQ�FRQVLGHULQJ�RQO\�

SDWLHQWV�ZLWK�D�GHILQHG�PLFURELDO�DHWLRORJ\�IRU�6&$3��3-3�ZDV�D�SUHGLFWRU�RI�KLJKHU�PRUWDOLW\�

�25������������&,�������������3 �������DQG�63�D�SUHGLFWRU�RI�ORZHU�PRUWDOLW\��25��������

����&,������������3 ��������7DEOH������� 

 

3.10.4.2 Drug-resistant pathogens and mortality 

 

Within the entire cohort there were 30 cases of SCAP involving drug-resistant pathogens, and 

of these, a similar proportion of patients lived and died (14 [46.7%] lived versus 16 [53.3%] 

died; OR, 1.15; 95% CI, 0.57-2.42; P=0.85). Further statistical analysis was not performed, as 

numbers within each sub-group were small, however all five patients with MRSA and the 

only patient with XDR-MTB died, whereas both (two) patients with SP intermediate 

resistance lived. As mentioned before, it is possible that cases of resistant MTB have been 

underestimated. 
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Table 3.12 Comparison of clinical features, laboratory results and chest radiographs 

amongst patients who lived and those who died (n=931) 

 

Parameter Lived Died P value� 

Clinical features median (IQR), n or n (%)  median (IQR), n or n (%)  

Body temperature °C 36.9 (36.2-37.6), 452 36.8 (36.0-37.5), 456 0.04 

MAP mmHg 82 (69-95), 448 77 (64-88), 435 <0.001 

Confusion 222 (48.7%) 278 (60%) 0.001 

SOI scores PHGLDQ��,45��Q�25�Q���� PHGLDQ��,45���Q��25�Q�����  

CURB-65  2 (2-3), 449 3(2-3), 446 <0.001 

Apache II   17 (13-21), 440 20 (15-24), 428 <0.001 

Apache II ��� 66 (15%) 103 (22.1%) 0.001 

Pa02/ Fi02 ratio 170 (117-245), 440 121 (83-200), 438 <0.001 

PaO2/ FiO2 ���� 334 (71.8%) 364 (78.1%) 0.01 

Laboratory PHGLDQ��,45���Q PHGLDQ��,45���Q  

Hb g/dL  10.6 (4.5-10.6), 462 10.5 (8.5-12.2), 459 0.61 

Hct% 0.3 (0.1-0.4), 462 0.3 (0.3-0.4), 459 0.96 

White cell count x109/L 9.2 (6.1-15.1), 462 10.4 (5.6-14.8), 458 0.67 

Platelets x109/L  206 (136-298), 460 207 (108-310), 455 0.32 

Sodium mmol/L 136 (131-141), 462 136 (132-141), 459 0.80 

Potassium, mmol/L 4.3 (3.7-4.9), 462  4.5 (4-5.1), 459 0.002 

Urea mmol/L 12 (6.5-22), 462 12.2 (6.4-25.5), 459 0.54 

Creatinine Pmol/L 121.5 (74-286.5), 462 135.5 (73-316), 458 0.45 

CRP mg/L 216.5 (121.8-301.5), 442 193 (115-273), 435 0.01 

Total protein g/L 64 (55-75), 443 61 (51.3-72.8), 440 0.001 

Albumin g/L 27 (22-31), 443 25 (20-29), 441 0.001 

Total bilirubin Pmol/L 11 (6-22), 444 11 (6-25), 443 0.88 

AST U/L 76 (41-167), 445 87 (49-213), 443 0.02 

ALT U/L 43 (23-92), 442 47 (26-94), 443 0.40 

ALP U/l 95 (65-144), 443 99 (73-148), 443 0.20 

GGT U/L 57.5 (28-112), 444 56 (29-106), 443 0.91 

CD4 count cells/mm3 � 53.5 (19-138.3), 314 27.5 (10-81), 260 <0.001 
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Laboratory Lived, median (IQR), n Died, median (IQR), n P value 

BDG pg./mL 61 (31-227), 234 270 (49-501), 257 <0.001 

Bacteraemia  113 (24.3%) 100 (21.5%) 0.49 

Chest radiograph, n (%)  n (%) n (%)  

Multilobar consolidation  178 (42.9%) 155 (40%) 0.43 

Bilateral GGO 94 (22.7%) 149 (38.5%) <0.001 

Lobar consolidation  101 (24.3%) 54 (13.9%) 0.002 

Nodules  29 (7.0%) 20 (5.2%) 0.31 

Pleural effusion  13 (3.1%) 9 (2.3%) 0.40 
� )LVKHU¶V exact  
� CD4 count only measured in HIV-positive population 
 
Abbreviations: ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; 

BDG: (1-3)- -D- Glucan; C: Celsius; CD4: cluster of differentiation 4; CRP: C-reactive protein; GGO: ground 

glass opacities; GGT: gamma glutamyl transferase; Hb: haemoglobin; Hct: haematocrit; IQR: interquartile 

range; MAP: mean arterial pressure; n: number; Pa02/Fi02: partial pressure of oxygen/ fraction of inspired 

oxygen; SOI: severity of illness; temp: temperature; Bold numbers indicate significant P values.  
 

Table 3.13  Microbial aetiology and mortality (n=931, row %) 

 

Microbial aetiology, n Lived, n (%) Died, n (%) OR
 95% CI P value� 

No microorganism, 412 204 (49.5%) 208 (50.5%) ���� ��������� 0.84 

Polymicrobial, 96 43 (44.8%) 55 (56.1%) ���� 
 

���������� 
 

0.18 

Monomicrobial, 421 218 (51.8%) 203 (48.2%) 
� Fisher¶s Exact; 
 Baptista Pike 
 
Abbreviations: n: number; OR: odds ratio; 95% CI: 95% confidence intervals; % Percentage 
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Table 3.14 Monomicrobial CAP and mortality (n=421, row %) 

 

 

Microbial aetiology, n  Lived, n (%) Died, n (%) OR
 95% CI P value+� 

Mycobacterium spp.      

MTB, 130 67 (51.1%) 63 (48.5%) ���� ��������� >0.99 

MAC, 1 1 (100%) 0     

Gram-positive pathogens      

Streptococcus pneumoniae, 99 67 (67.7%) 36 (36.4%) ���� ��������� 0.002 

Staphylococcus aureus, 28 16 (57.1%) 12 (42.9%) ���� ��������� 0.70 

Streptococcus pyogenes,3 1 (33.3%) 2 (66.7%)    

Enterococcus faecalis,1 1 (100%) 0 (0.00%)    

Gram-negative pathogens      

Haemophilus influenzae,2 1 (50%) 1 (50%)    

Enterobacterales      

  Klebsiella pneumoniae, 29 16 (55.2%) 13 (44.8%) ���� ���������� 0.85 

  Escherichia coli,12 6 (50%) 6 (50%)    

  Enterobacter spp, 8 3 (37.5%) 5 (62.5%)    

  Salmonella spp, 2 0 (0.0%) 2 (100%)    

  Citrobacter freundii, 1 0 (0.0%) 1 (100%)    

Pseudomonas aeruginosa, 18 8 (44.4%) 10 (55.6%)    

Acinetobacter spp, 8 1 (12.5%) 7 (87.5%)    

Other Gram-negatives      

Burkholderia cepacia,1 1 (100%) 0 (0.0%)    

Stenotrophomonas maltophilia, 1 1 (100%) 0 (0.0%)    

So called ³atypical´ pathogens      

Chlamydia pneumoniae, 1  0 (0.0%) 1 (100%)    

Viruses /LYHG��Q��� 'LHG��Q���� ���� ��������� ���� 

VZV, 15 11 (73.3%) 4 (26.7%)    

CMV,1 0 1 (100%)    

Measles, 4  1 (25%)  3 (75%)    

Respiratory viruses, 12 6 (50%) 6 (50%)    
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Fungi /LYHG��Q���� 'LHG��Q���� 25
 ����&, 3�YDOXH�� 

PJP, 34 8 (23.5%) 27 (79.4%) ���� ���������� 0.003 

Candida albicans, 2 0 (0%) 2 (100%)    

Cryptococcus neoformans, 1 1 (100%) 0     

Saccharomyces cerevisiae, 1 0 1 (100%)    

Stephanoascus ciferri, 1 1 (100%) 0    
� Fisher¶s Exact; 
Baptista Pike 
 
Abbreviations: CMV: Cytomegalovirus; MTB: Mycobacterium tuberculosis; MAC: Mycobacterium avium 

intracellulare; n: number; OR: odds ratio; PJP: Pneumocystis jirovecii; Respiratory viruses: Influenza virus (A, 

H1N1, B, respiratory virus screen); spp.: species; VZV: Varicella zoster virus; %: percentage;  95% CI: 95% 

confidence intervals; Bold numbers indicate significant P values. 

 

3.10.5 Effect of Complications on Overall Mortality 

 

Overall, the number of ICU complications experienced was similar amongst patients who 

lived and died, and did not increase the risk of dying, even amongst patients who experienced 

more than one complication. However, all patients who experienced a gastrointestinal tract 

(GIT) complication died (seven [100%] died versus zero [0%] who lived), and these 

complications included GIT ulceration, oesophagitis and one patient with acalculous 

cholecystitis (Table 3.15).  

 

Table 3.15 Complications and mortality (n=931, row %) 

 

Complications, n Lived, n (%) Died, n (%) OR* 95% CI P value+ 

Overall, 239 119 (49.8%) 120 (50.2%) ���� ��������� >0.99 

1 complication, 230 115 (50%) 115 (50%) ���� ���������� >0.99 

 � 2 complications, 9 4 (44.4%) 5 (55.6%) 

Pulmonary, 76 38 (50%) 38 (50%) ���� ��������� >0.99 

  Pneumothorax, 45   21 (46.7%)  24 (53.3%) ���� ���������� 0.52 

  Lung necrosis/empyema, 25 16 (64%) 9 (36%) ���� ��������� 0.14 

Tachyarrhythmia, 60 26 (43.3%) 34 (56.7%) ���� ��������� 0.30 
� Fisher¶s Exact; 
 Baptista Pike 
 

Abbreviations: n : number; OR: odds ratio; 95% CI: 95% confidence intervals. 
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3.10.6 ICU Management and Mortality 

 

2YHUDOO��SDWLHQWV�ZKR�UHTXLUHG�DQ\�IRUP�RI�PHFKDQLFDO�YHQWLODWLRQ�KDG�D�KLJKHU�ULVN�RI�G\LQJ�

FRPSDUHG�WR�WKRVH�ZKR�ZHUH�QRW�YHQWLODWHG��25�������������&,��������������3���������DQG�

WKLV�ZDV�REVHUYHG�DPRQJVW�SDWLHQWV�ZKR�UHTXLUHG�,09��25������������&,��������������

3���������DQG�QRQ�LQYDVLYH�YHQWLODWLRQ��1,9���25������������&,��������������3 ��������

+RZHYHU��FRPSDUHG�WR�WKH�XVH�RI�,09��SDWLHQWV�ZKR�XVHG�1,9�KDG�D�ORZHU�ULVN�RI�PRUWDOLW\�

�25������������&,�������������3 ��������)XUWKHUPRUH��SDWLHQWV�ZKR�UHFHLYHG�LQRWURSLF�

VXSSRUW�DQG�WKRVH�ZKR�ZHUH�GLDO\VHG�ZHUH�DOVR�PRUH�OLNHO\�WR�GLH��25������������&,��������

������3��������DQG�25������������&,�������������3 �������UHVSHFWLYHO\���)LJXUH�����GHSLFWV�

WKH�SURSRUWLRQ�RI�SDWLHQWV�ZKR�OLYHG�DQG�GLHG�UHTXLULQJ�D�VSHFLILF�,&8�LQWHUYHQWLRQ� 

 

 

 
 

Figure 3.4 ICU management of SCAP and effect on mortality.  
 

3.10.7  Length of Stay 

 

The ICU length of stay was shorter amongst those who died compared with those that lived (4 

[IQR 2-8] days versus 5 [IQR 3-8] days; P=0.025). Altogether 465 patients (49.9%) survived 
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ICU compared with 467 (50.1%) who died; however fewer patients survived to hospital 

discharge 433 (46.5%) vs 498 (53.5%); P<0.001. 

 

3.10.8 Independent Predictors of Mortality 

 

Multivariable analysis (MVA) was performed to identify which parameters were independent 

risk factors for mortality. Three different models were used with various combinations, in 

order to attempt to control for co-linearity between variables (Appendix D). 

 

When APACHE II and CURB-65 scores were not included in the analysis (MVA 1, Table 

3.16, Appendix D), MAP, PaO2:Fi02 ratio, CD4 count, the use of mechanical ventilation and 

inotropic support were each associated with mortality. With the increase in MAP, PaO2:Fi02 

ratio and CD4 count mortality decreased, respectively (aOR, 0.99; 95% CI, 0.98-0.99; P=0.03; 

aOR, 0.99; 95% CI, 0.99-0.99; P=0.001; aOR, 0.99; 95% CI, 0.99-0.99; P=0.006); whereas 

patients who utilised IMV (aOR, 5.68; 95% CI, 2.25-14.37; P=0.001) or NIV (aOR, 9.55; 

95% CI, 1.95-46.63; P=0.005) had a significantly higher risk of dying respectively, than 

patients who did not utilise mechanical ventilation. Moreover, in this model, although patients 

who were HIV-positive or had an unknown HIV status, had an increased risk of dying 

compared to patients who were HIV-negative, these findings were not statistically significant 

(HIV-positive; aOR, 1.67; 95% CI 0.35-7.93; P=0.61 and HIV-unknown; aOR, 6.42; 95% CI, 

0.13-330.72); P=0.31). 

 

MVA 2 (Table 3.17, Appendix D), included APACHE II and CURB-65 scores, but excluded 

co-morbid HIV infection and CVD. In this model, APACHE II score and PJP infection were 

each associated with a higher risk of dying (aOR, 1,06; 95% CI, 1.02-1.10; P=0.005; and 

aOR, 2.85; 95% CI,1.04-7.84; P=0.04; respectively), as were the use of mechanical 

ventilation and inotropes (IMV; aOR, 6.59; 95% CI, 2.61-16.68; P<0.001; NIV; aOR, 8.12; 

95% CI, 1.75-36.63; P=0.007; aOR, 3.31 95%CI, 2.09-5.22; P<0.001). However, patients 

who underwent renal dialysis were at a lower risk of dying (aOR, 0.55; 95% CI, 0.32-0.93; 

P=0.03) and similar to multivariable analysis 1, mortality decreased with increasing CD4 cell 

count and CRP (aOR; 0.99; 95% CI 0.99-0.99; P=0.001; aOR 0.99; 95% CI 0.99-0.99; 

P=0.01; respectively). Furthermore patients with lobar consolidation on chest radiograph 

(aOR, 0.53; 95% CI, 0.28-0.98; P=0.04) had a lower risk of dying.  
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MVA 3 (Table 3.18, Appendix D), included APACHE II and CURB-65 scores, as well as co-

morbid HIV and CVD. Similar to multivariable 2, APACHE II and PJP infection were each 

associated with a higher risk of dying (aOR, 1.06; 95% CI 1.02-1.10; P=0.007; aOR, 2.71; 

95% CI, 0.99-7.42; P=0.053; respectively), as well as the use of mechanical ventilation and 

inotropes (IMV; aOR, 6.81; 95% CI, 2.66-16.69; P<0.001; NIV; aOR, 9.50; 95% CI, 1.74-

38.01; P=0.008; inotropes; aOR, 3.19; 95% CI, 1.86-4.53; P<0.001). However, risk of 

mortality was lower amongst patients who were dialysed (aOR; 0.59; 95% CI, 0.34-0.99; 

P=0.045), had lobar consolidation on chest radiograph (aOR, 0.54; 95% CI, 0.92-2.35; 

P=0.045), and risk of mortality decreased as the CD4 cell count and CRP increased (aOR, 

0.99; 95% CI, 0.99-0.99; P=0.002; aOR, 0.99; 95% CI, 0.99-0.99; P=0.01, respectively). 

Moreover, in this model, HIV status was not significantly associated with a higher risk of 

mortality (HIV- negative; aOR, 1.000; HIV-positive; aOR, 0.947; 95% CI 0.239-3.817; 

P=0.95; HIV unknown; aOR, 4.31; 95% CI, 0.089-209.43; P=0.46). 
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CHAPTER FOUR ± RESULTS 
COMPARISON BETWEEN HIV-POSITIVE AND HIV-NEGATIVE PATIENTS 

 

4.1 Demographics 

 

HIV-positive patients were younger than their HIV-negative counterparts (36 years [IQR 29-

44] years versus 52 years [IQR 34-65] years; P< 0.001), and a smaller proportion were aged 

65 years and older (17 [2.4%] in PLWH versus 33 [25.2%] in those without HIV; P<0.001). 

More of the PLWH were female (387 [53.9%] female versus 331 [46.1%] male; P=0.046); 

however, there were fewer HIV-positive smokers (19 [2.6%] vs 14 [10.7 %]; P<0.001) (Table 

4.1). 

 

Table 4.1 Comparison of demographics between HIV-positive and HIV-negative patients 

(n=849) 

 

Demographics 
 

HIV+ve, median (IQR), n or n (%) HIV-ve, median (IQR), n or n (%) P value+ 

Age, years 36 (29-44),718 52 (34-65),131 <0.001 

Age ���, years 17 (2.4%) 33 (25.2%) <0.001 

Sex (male)  331 (46.1%) 73 (55.7%) 0.046 

Sex (female) 387 (53.9%) 58 (44.3%) 

Smoker 19 (2.6%) 14 (10.7%) <0.001 

 � Fisher¶s Exact 
 
Annotations: HIV: Human Immunodeficiency Virus; IQR: interquartile range; n: number; +ve: positive; -ve: 

negative; %: percentage; Bold numbers indicate significant P values. 

 

4.2 Co-morbid Disease 

 

Overall, 87 (66.4%) HIV-negative patients had at least one comorbidity, compared with 255 

(35.6%) PLWH who had other comorbid diseases in addition to HIV (P<0.001). More HIV-

positive patients had a history of previous MTB infection (58 [8.1%] versus two [1.5%] in 

HIV-negative patients; P=0.005). However, a higher proportion of HIV-negative patients 

compared with HIV-positive patients had diabetes mellitus (DM) (24 [18.3%)] versus 27 

[3.8%]; P<0.001), chronic CVD (38 [29%] versus 77 [10.7%]; P<0.001), chronic respiratory 

disease (29 [22.1%] versus 35 [4.9%]; P<0.001), chronic kidney disease (CKD)(12 [9.2%] 
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versus 12 [1.7%]; P<0.001). In addition, amongst those patients with chronic respiratory 

disease, a higher proportion of HIV-negative compared with HIV-positive patients had 

chronic obstructive pulmonary disease (COPD) (20 [15.3%] versus 14 [2.0%)); P<0.001) 

(Table 4.2). Chronic neurological disease (11 [8.4%] versus 7 [1%]) and hypothyroidism (7 

[5.3%] versus 1 [0.1%]) were also more common amongst the HIV-negative cohort, but the 

numbers were too small to perform further statistical analysis. 

 

Table 4.2 Co-morbid disease in HIV-positive and HIV-negative patients (n=849, column 

%) 

 

Co-morbid disease, n HIV +ve, 718 HIV-ve, 131 P value+ 

Total, 342 255 (35.6%) 87 (66.4%) <0.001 

Chronic CVD, 115 77 (10.7%) 38 (29%) <0.001 

Chronic Respiratory disease, 64 35 (4.9%) 29 (22.1%) <0.001 

  COPD, 34  14 (2.0%) 20 (15.3%) <0.001 

Diabetes mellitus, 51 27 (3.8%) 24 (18.3%) <0.001 

Previous MTB, 60  58 (8.1%) 2 (1.5%) 0.005 

Pregnancy, 59 54 (7.5%) 5 (3.8%) 0.14 

Current MTB, 31  29 (4.03%) 2 (1.53%) 0.21 

Chronic kidney disease, 24 12 (1.7%) 12 (9.2%) <0.001 

Malignancy, 20  15 (2.1%) 5 (3.8%) 0.22 
� Fisher¶s Exact 
 
Abbreviations: COPD: Chronic Obstructive Pulmonary Disease; CVD: cardiovascular disease; HIV: Human 

Immunodeficiency Virus; MTB: Mycobacterium tuberculosis; n: number; +ve: positive; -ve: negative; %: 

percentage; Bold numbers indicate significant P values.  

 

4.3 Clinical Presentation, Laboratory Results and Chest Radiographs 

 

The median body temperature was significantly higher in PLWH (36.9°C [IQR 36.2-37.7]°C 

versus 36.5°C [IQR 35.9 -37]°C in those without HIV; P< 0.001). In addition, the median 

APACHE II score was higher in PLWH (18 [IQR 14-23] versus 17 [IQR 12-21] in HIV-

negative cases; P=0.02), but there were no significant differences in the CURB-65 score nor 

PaO2/Fi02 ratio, nor the proportion of patients with APACHE II>25 and Pa02/ Fi02 ���� when 

comparing HIV-positive and HIV-negative cases (Table 4.3). 
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Significant differences in the laboratory findings were that the haemoglobin level, white cell 

count, platelet count, sodium, potassium and albumin, were lower in PLWH, whereas total 

protein, AST and gamma-glutamyl transferase (GGT) were higher compared to the HIV-

negative group. Furthermore, a higher proportion of PLWH developed bacteraemia (182 

[25.4%] versus 15 [11.5%] in those without HIV; P=0.003). In both the HIV-positive and 

HIV-negative groups, the predominant radiological finding was multilobar consolidation (not 

significantly different). However, a higher proportion of PLWH had bilateral GGO (217 

[35.1%] compared with 16 [14.0%] in the HIV-negative group; P<0.001)), whereas more 

HIV-negative patients presented with lobar consolidation (41 [36%] versus 99 [16%] in the 

HIV-positive group; P<0.001) (Table 4.3). 

 

4.4 Microbiology 

 

4.4.1 Monomicrobial Infections 

 

Amongst the patients in whom none or one microbial pathogen could be identified, more were 

HIV-negative (Table 4.4). Of these, SA infections (8 [13.8%] versus 16 [4.9%]; P=0.02), 

were greater in the HIV-negative cohort, although among PLWH, there were more PJP 

infections (35 [4.7%] versus [0%]; P=0.005). The proportion of MTB infections (105 [31.9%] 

in HIV-positive patients versus 15 [25.9%] in HIV-negative patients; P=0.54) and SP 

infections (84 [25.5%] versus 13 [22.4%]; P=0.74) were similar between both groups (Table 

4.5). More respiratory viruses were detected in HIV-uninfected patients; however further 

statistical analysis was not performed as these numbers were small.  

 

4.4.2 Polymicrobial Infections 

 

More PM infections occurred amongst PLWH (86 [12%] versus five [3.8%] in the HIV-

negative group; P=0.02), (Table 4.4). In addition, amongst the PLWH there were more 

infections with mycobacteria, viruses and PJP, but fewer infections with gram-positive and 

gram-negative pathogens, compared to the HIV-negative patients (not significantly different). 
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Table 4.3 Comparison of clinical presentation, laboratory results and chest radiographs in 

HIV-positive and HIV-negative patients 

 

Parameter HIV+ve HIV-ve P value+ 

Clinical features  median (IQR), n or n (%) median (IQR), n or n (%)  

Body temperature °C 36. 9 (36.2-37.7), 699 36.5 (35.9-37), 128 <0.001 

MAP mmHg  79 (66-92), 683 80 (68-94), 125 0.72 

Confusion  372 (52.5%) 71 (55.5%) 0.56 

SOI scores PHGLDQ��,45���Q�RU�Q���� PHGLDQ��,45���Q�RU�Q����  

CURB-65 score  2 (2-3), 693 3 (2-3), 126 0.06 

Apache II score  18 (14-23), 671 17 (12-21), 124 0.02 

Apache II score>25 133 (19.9%) 21 (16.8%) 0.54 

Pa02/ Fi02 ratio  149 (96-230), 678 134 (104-208),126 0.29 

Pa02/ Fi02 UDWLR���� 533 (79%) 106 (84%) 0.24 

Laboratory PHGLDQ��,45� PHGLDQ��,45�  

Hb g/dL 10.2 (8.3-11.8), 713 11.7 (9.5-13.7), 130 <0.001 

Hct % 0.3 (0.3-0.4), 713 0.4 (0.3-0.4), 130 <0.001 

White cell count x109/L 9.1 (5.1-14.1), 713 13.3 (8.7-19.2), 129 <0.001 

Platelet counts x109/L 206 (118-303), 711 220 (163-320),127 0.02 

Sodium mmol/dL 135 (131-140), 714 138 (134-142),130 <0.001 

Potassium mmol/dL 4.3 (3.8-5), 714 4.6 (3.9-5.1), 130 0.04 

Urea mmol/L 12 (6.1-23.5), 714 11.4 (6.62-21.75), 130 0.99 

Creatinine Pmol/L 124 (71-297), 713 128 (75-288),130 0.87 

CRP mg/L 196 (116-283), 676 209 (114-300), 121 0.50 

Total protein g/L 64 (54-76), 687 59 (53-67),123 0.001 

Albumin g/L 25 (21-29), 686 28 (25-34), 124 <0.001 

Total bilirubin Pmol/L 11 (6-23), 690 10 (6-18), 124 0.60 

AST U/L 91(59-203), 691 58 (33-122), 124 <0.001 

 ALT U/L 48 (25-95),688 40 (22-88),124 0.18 

 ALP U/L 99 (70-152),688 103 (73-134),124 0.67 

 GGT U/L 59 (29-113),690 48 (25-95), 124 0.054 

 BDG pg./mL 114 (31-501). 437 78 (38-178), 39 0.29 
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Parameter HIV+ve HIV-ve P value+ 

Bacteraemia 182 (25.4%) 15 (11.5%) 0.003 

CXR  n (%) n (%)  

Multilobar 
consolidation 

244 (39.4%) 50 (43.9%) 0.41 

Bilateral GGO 217 (35.1%) 16 (14.0%) <0.001 

Lobar consolidation 99 (16%) 41 (36%) <0.001 

Nodules  42 (5.8%) 5 (3.8%) 0.29 

Pleural effusion  16 (2.6%) 2 (1.8%) >0.99 
� Fisher¶s Exact 
 
Abbreviations: ALP: alkaline phosphatase; ALT: alanine transaminase; AST: aspartate transaminase; BDG: (1-

3)-E-D- glucan; CRP: C-reactive protein; CXR: chest radiograph; GGO: ground glass opacities GGT: gamma-

glutamyl transferase; Hb: haemoglobin; Hct: haematocrit; IQR: interquartile range; MAP: mean arterial pressure; 

n: number; SOI: severity of illness; %: percentage; Bold number indicate significant P values.  

 

Table 4.4 Distribution of monomicrobial and polymicrobial infections amongst HIV-

positive and HIV-negative patients (n=849, column %) 

 

Microbial aetiology HIV +ve, n (%) HIV-ve, n (%) P value� 

No microorganism 303 (42.2%) 68 (51.9%) 0.04 

Monomicrobial infection 329 (79.3%) 58 (92.1%) 0.02 

Polymicrobial infections 86 (12.0%) 5 (3.8%) 
� Fisher¶s Exact 
 
Abbreviations: HIV: Human Immunodeficiency Virus positive; n: number; +ve: positive; -ve: negative; %: 

percentage; Bold number indicate significant P values 
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Table 4.5 Aetiology of monomicrobial infections amongst HIV-positive and HIV-

negative patients (n=42l, column %) 

 

Microbial aetiology HIV+ve, n (%) HIV-ve, n (%) P value� 

Mycobacterium spp.    

MTB,120 105 (31.9%) 15 (25.9%) 0.54 

MAC, 1  1 (0.3%) 0 (0.0%)  

Gram +ve pathogens    

Streptococcus pneumoniae, 97 84 (25.5%) 13 (22.4%) 0.74 

Staphylococcus aureus, 24 16 (4.9%) 8 (13.8%) 0.02 

Streptococcus pyogenes,2 1 (0.3%) 1(1.7%)  

Enterococcus faecalis,1 1 (0.3%) 0 (0.0%)  

Gram-ve pathogens    

Haemophilus influenzae, 2 2 (0.6%) 0 (0.0%)  

Enterobacterales    

  Klebsiella pneumoniae, 24 18 (5.5%) 6 (10.3%) 0.22 

 Escherichia coli, 9 8 (2.4%) 1 (1.7%)  

 Enterobacter spp, 6 5 (1.5%) 1 (1.7%)  

 Salmonella spp, 2 2 (0.6%) 0 (0.0%)  

 Citrobacter freundii, 1 1 (0.3%) 0 (0.0%)  

Pseudomonas aeruginosa, 15 12 (3.7%) 3 (5.2%)  

Acinetobacter spp, 7 6 (1.8%) 1 (1.7%)  

Other Gram-ve    

Burkholderia cepacian, 1 1 (0.3%) 0 (0.0%)  

Stenotrophomonas maltophilia, 1 1 (0.3%) 0 (0.0%)  

So called ³atypical´ pathogens    

Chlamydia pneumoniae,1 0 (0.0%) 1 (0.7%)  

Viruses, 31 ��������� ��������� ���� 

VZV, 15 14 (4.3%) 1 (0.7%)  

CMV, 1 1 (0.3%) 0 (0.0%)  

Measles, 4 4 (1.2%) 0 (0.0%)  

Respiratory viruses, 11  5 (1.5%) 6 (10.3%)  
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Fungi    

PJP, 35 35 (10.6%)  (0.0%) 0.005 

Candida albicans, 2 2 (0.6%) 0 (0.0%)  

Cryptococcus neoformans, 1 1 (0.3%) 0   

Saccharomyces cerevisiae, 1 1 (0.3%) 0  

Stephanoascus ciferii, 1 1 (0.3%) 0  
� Fisher¶s Exact 
 
Abbreviations: CMV: Cytomegalovirus; HIV: Human Immunodeficiency Virus; KP: Klebsiella pneumoniae; 

MAC: Mycobacterium avium intracellulare; MTB: Mycobacterium tuberculosis; PJP: Pneumocystis jirovecii; n: 

number; Respiratory viruses: Influenza virus (A, H1N1, B, respiratory virus screen); spp.: species; VZV: 

Varicella zoster virus; +ve: positive; -ve: negative; %: percent; Bold numbers indicate significant p values 

 

4.4.3 Drug-Resistant Pathogens 

 

There were similar proportions of drug-resistant pathogens distributed amongst the HIV- 

positive and HIV-negative patients, being 22 (3.1%) amongst PLWH and 4 (3.1%) amongst 

patients who were HIV-negative; P>0.99. However, all the drug-resistant MTB infections 

were amongst PLWH (7 (1%) vs 0 (0%)); but these numbers were too small to obtain 

statistical meaning, and therefore were not analysed further (Table 4.6). 
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Table 4.6 Drug-resistant pathogens in HIV-positive and HIV-negative patients (n=26) 

 

MDR  HIV-positive, n (%) HIV-negative, n (%) P value+ 

Total 22 (3.1%) 4 (3.1%) >0.99 

ESBL-producing 11 (1.5%) 2 (1.5%)  

MRSA 3 (0.4%) 1 (0.8%)  

SP 1 (0.1%) 1 (0.8%)  

MTB  7 (1.0%) 0 (0.0%)  

  INH  1 (0.1%) 0  

  Rif  2 (0.3%) 0  

  MDR 3 (0.4%) 0  

  XDR 1 (0.1%) 0  

� Fisher¶s Exact 
 

Abbreviations: ESBL: extended spectrum ȕ-lactamase ; INH: Isoniazid; MDR: multidrug-resistant (resistant to 

rifampicin and isoniazid); MRSA: methicillin-resistant Staphylococcus aureus; MTB: Mycobacterium 

tuberculosis n: number; Rif: Rifampicin; SP: Streptococcus pneumoniae; XDR: Extensively drug-resistant 

tuberculosis (resistant to rifampicin, isoniazid, fluoroquinolones, aminoglycosides, ethambutol, ethionamide and 

pyrazinamide);  % percentage 
 

4.5 Complications  

 

The proportion of patients within each group who developed complications was similar (175 

[24.3%] HIV-positive patients, versus 41 [31.3%] HIV-negative patients; P=0.10). However, 

when analysing patients with only one complication, a greater proportion of HIV-negative 

patients developed lung necrosis or an empyema (9 [6.9%] versus 14 [1.9%]; P=0.045) (Table 

4.7). 
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Table 4.7  Complications amongst HIV-positive and HIV-negative patients (n=849) 

 

Complication HIV +ve, (n.%) HIV-ve, (n,%) P value+ 

Total, 216 175 (24.3%) 41 (31.3%) 0.10 

1 complication, 207 170 (23.7%) 37 (28.2%) 0.07 

> 2 complications, 9 5 (0.7%) 4 (3.1%) 

Pulmonary,74 57 (7.9%) 17 (13.0%) 0.07 

Pneumothorax,47 39 (5.4%) 8 (6.1%) 0.68 

Lung necrosis/empyema, 23 14 (1.9%) 9 (6.9%) 0.045 

Tachyarrhythmia, 53 43 (6.0%) 10 (7.6%) 0.44 

Neurological, 37 33 (4.6%) 4 (3.1%) 0.64 

Thromboembolism, 20 14 (1.9%) 6 (4.6%) 0.11 
� Fisher¶s Exact 
 
 Abbreviations: CD infection: Clostridioides difficile infection; HIV: Human Immunodeficiency Virus; n: 

number; +ve: positive; -ve: negative; %: percentage; Bold numbers indicate significant P values.  

 

4.6 Management  

 

There were no differences in the use of mechanical ventilation (invasive or non-invasive), 

dialysis or inotropic support between the HIV-positive group and the HIV-negative group.  In 

addition, corticosteroid (CS) use was similar. 

 

4.7 Outcomes  

 

Overall, the risk of dying was higher amongst PLWH compared with HIV-negative patients 

(OR, 1.61; 95% CI,1.10-2.34; P=0.014) and 354 (49.3%) PLWH survived ICU compared 

with 80 (61.1%) HIV-negative patients. A similar, but non-significant trend was seen when 

survival to hospital discharge was analysed (331 [46.0%] PLWH versus 72 [55.0%] HIV-

negative; P=0.071; OR 1.43; 95% CI, 0.98-2.07; P=0.07). 
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4.8 HIV-unknown Patients 

 

Within the cohort, there were a total of 82 patients of unknown HIV status. The median age of 

these patients was 36 [IQR 20-57] years and 31.7% were t 65 years old. The majority were 

male (53.7%), and 9.8% were smokers. Overall, 59.8% had co-morbid disease, most 

commonly CVD (32.9%) and DM (31.7%). A high proportion were confused (71.3%). The 

median CURB-65 score was 3 (IQR 2-4), median APACHE II score was 19 (IQR 14-24) and 

93.8% patients had an APACHE II score >25. In terms of blood results, median urea was (17 

[IQR 9.3-27] mmol/L), median creatinine was (170 [IQR 91-363] Pmol/L) and median CRP 

was (246 [IQR 154-343] mg/L). In addition, most patients had multilobar consolidation on 

CXR (55.7%).  

 

More HIV-unknown patients were infected with Gram-negative pathogens than the HIV-

positive and HIV-negative groups (KP infection [14.7%], E. coli [8.8%], Enterobacter spp. 

[5.9%], and Acinetobacter spp. [2.9%]). Seven (8.5%) patients had PM infections, in 41 

(50%) patients no microbial pathogen was detected, and four (4.87%) patients were infected 

with MDR pathogens. Complications occurred in 23 (28%) of patients, the majority of which 

were tachyarrhythmias (seven (30.4%) followed by metabolic complications (five [21.7%]). 

In total, 73 patients (89%) were ventilated, and 43 patients (52.4%) required inotropic 

support. The overall length of ICU stay was 3 (IQR 2-5) days, and 31 (37.8%) patients 

survived ICU. 
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CHAPTER FIVE-DISCUSSION 

 

This retrospective study describes a large cohort of 931 patients with Severe Community 

Acquired Pneumonia (SCAP), who were admitted to ICU at a tertiary hospital in a region 

with a high burden of HIV infection. These data describe the demographics, co-morbidities, 

clinical features, clinical management, complications and outcomes of these patients.  In 

addition, all these characteristics are compared between HIV-infected and HIV-uninfected 

patients.  

 

5.1 Demographics 

 

5.1.1 Age 

 

The median age of this cohort was 37 years (IQR 30-48) years. This is similar to that of other 

studies of SCAP from South Africa; for example from Johannesburg (mean 43.6 years [range 

14-74] years) (14, 45), Cape Town (mean 44.7 [SDr16.88] years) (46), and KwaZulu Natal 

(KZN) (where only 2% of all patients with SCAP were older than 60 years of age) (47). 

However, this is different to international SCAP data; for example from Spain (mean age 61.3 

[SD±16] years) (15), Singapore (mean age 62.5 [SD±16.1] years) (48), Thailand (mean age 

70.9 [±14.8] years) (49), Reunion (mean age 54.7 [SDr15.1] years) (50) and Turkey (median 

age 63.8 [range 23-80] years) (51). Within this cohort, only 76 (8.2%) patients were aged ��� 

years.   

 

Age is an important parameter in the CURB-65 (26) and PSI (28) SOI scores, but not in the 

markers of severe illness described in the IDSA/ATS CAP guideline (29). Like Quah et al. 

(48), and Erdem et al. (51), the current study found no differences in age between those who 

lived and those who died. Neither was age an independent predictor of mortality, which also 

differs from other international SCAP studies (12, 15, 16, 49, 52).  

 

Nonetheless, Park et al. (16), also described a younger CAP population in Seattle, particularly 

amongst the HIV-positive compared with HIV-negative patients (median 38 years (range 24-

68 years) vs 47 years (range 18-100 years); P<0.001), respectively, although of the 18% who 

were classified as SCAP, more were aged t65 years than < 65 years (80% vs 65%, P=0.01). 

In their study there was a high incidence of homelessness, cigarette smoking, intravenous 
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drug use and alcoholism. Moreover, within another CAP cohort of HIV-positive patients from 

Barcelona, the median age was 42.1 (SD ±9.5) years (18), and other studies have also noted a 

younger age amongst bacteraemic SP patients who are HIV-positive compared to their HIV-

negative counterparts (34, 53).   

 

The younger age of this cohort is representative of the South African population, which has a 

median age of 27.6 years, 62.2% of whom are between 15-60 years (54). In addition, 18.7% 

of the population aged between 15-49 years are HIV-positive (54). Thus, although these data 

differ from other international SCAP data, it is congruent with HIV-positive CAP cohorts, 

both internationally and locally, and represents the known risk of CAP amongst HIV-infected 

individuals (55). Furthermore, ³DFFHOHUDWHG DJLQJ´ of at least 4.9 years, associated with an 

increased mortality rate of almost 20%, is well described amongst PLWH despite the use of 

ART (56).  These factors may explain the lack of an observed association between age and 

mortality.  

 

5.1.2  Sex 

 

Despite an equal distribution of male and female patients within the entire cohort, more HIV-

positive patients with SCAP were female. This differs from other international SCAP studies, 

which have a higher proportion of male patients (12, 15, 17, 48, 50, 51, 57, 58). Furthermore, 

in the current cohort overall, and within the HIV-positive subgroup, sex made no difference to 

mortality; however, in a multicentre study of severe pneumococcal CAP, male sex was 

independently associated with mortality (OR 2.83 [95% CI 1.16-6.91]; P=0.01) (39).  

 

Our finding is partially explained by the higher incidence of HIV infection amongst women in 

South Africa, (24% [95% CI 22%-26%] female compared with 16.6% [15%-18.4%] male 

patients; P<0.001) (54). This is especially noted in the 15-24 year old age group, with women 

in their early ��¶V having a four times higher incidence of HIV than males of the same age 

(59). Data from critically ill ICU patients, have also demonstrated that oestradiol levels are an 

independent predictor of death, regardless of sex, age or body-mass index (60). These authors 

suggested that this effect could be explained by the pro-inflammatory effects of oestradiol, its 

ability to activate nitric oxide synthase and induce insulin resistance (60). Going forward, this 

is an important area of further research. 
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5.1.3 Cigarette Smoking 

 

The majority (95.6%) of patients in the current study did not smoke cigarettes, and this differs 

from other international SCAP data. For example, in one study from Barcelona, 31% of 

patients studied with severe SCAP were smokers (12), in another study from France this was 

40% (39), whereas in Turkey, more than 60% of the patients studied smoked cigarettes (51). 

Other data show a higher incidence of cigarette smoking amongst patients aged less than 65 

years compared to patients aged 65 years and older (70.5% vs 40% respectively; P<0.05) 

(61). All these differences likely represent the influence of cultural and socioeconomic 

factors, resulting in different smoking rates in different countries throughout the world (62).  

6LPLODU�WR�GDWD�IURP�7XUNH\�������LQ�WKLV�FRKRUW��WKHUH�ZDV�QR�GLIIHUHQFH�LQ�WKH�SURSRUWLRQ�RI�

SDWLHQWV�ZKR�ZHUH�FLJDUHWWH�VPRNHUV�ZKR�OLYHG��FRPSDUHG�WR�WKRVH�ZKR�GLHG��+RZHYHU��RWKHU�

6&$3�GDWD�KDV�GHWHUPLQHG�WKDW�SDWLHQWV�ZKR�ZHUH�FXUUHQW�FLJDUHWWH�VPRNHUV�KDG�D�ORZHU�ULVN�

RI����GD\�PRUWDOLW\�RQ�XQLYDULDEOH�DQDO\VLV��25������������&,�������������3 �������������

ZKHUHDV�DQRWKHU�&$3�VWXG\�DVFHUWDLQHG�WKDW�DPRQJVW�&$3�SDWLHQWV�ZLWK�SQHXPRFRFFDO�

SQHXPRQLD��FXUUHQW�FLJDUHWWH�VPRNLQJ�ZDV�DQ�LQGHSHQGHQW�ULVN�IDFWRU�IRU�VHSWLF�VKRFN��25��

����������&,���������������3 �������������&LJDUHWWH�VPRNLQJ�LV�D�UHFRJQLVHG�ULVN�IDFWRU�IRU�

&$3�������DQG�KDV�DVVRFLDWHG�LPPXQRPRGXODWRU\�HIIHFWV�WKDW�DUH�ZHOO�GHVFULEHG����������

)XUWKHU�LQYHVWLJDWLRQ�RI�WKH�HIIHFWV�RI�FXUUHQW��SDVVLYH�DQG�SUHYLRXV�FLJDUHWWH�VPRNLQJ�DQG�

RXWFRPHV�DPRQJVW�SDWLHQWV�ZLWK�6&$3�DUH�ZDUUDQWHG�� 

 

��� &R�PRUELG�'LVHDVH 

 

Overall, HIV was the most common co-morbidity amongst patients in this cohort; however, 

42% of all patients had co-morbid diseases other than HIV, and amongst these patients CVD 

was the most prevalent and was associated with a lower mortality. In addition, more HIV-

negative patients had co-morbid disease such as DM, chronic CVD, chronic respiratory 

disease (including COPD), chronic neurological, CKD and hypothyroidism, whereas more 

HIV-positive patients had a history of previous MTB infection, though this was not associated 

with a higher mortality. 

The frequency of comorbidities varies between different SCAP studies, and most likely 
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reflects local disease patterns, the average age of the population and their habits. COPD and 

chronic respiratory disease were predominant amongst SCAP cohorts in Spain (12, 15), 

COPD was most common in Reunion (50), whereas hypertension was the most common in a 

SCAP study from Singapore (48). On review of HIV CAP data, Hepatitis C virus (HCV), 

chronic liver disease and chronic respiratory disease were predominant in Spain (18); 

previous pneumonia and COPD in Seattle (16), and previous pneumonia (23%) and previous 

MTB (18%) in Malawi (11), but neither made any difference to mortality. In addition, a 

review of the CAPO database determined that COPD, CVD, CVA, renal disease, cancer and 

diabetes were higher amongst HIV-negative patients with CAP, whereas liver disease and 

alcohol/drug use were higher in the HIV-positive cohort (69). 

 

5.2.1 HIV Co-infection 

 

The majority of patients within this cohort were HIV-positive (77.1%). Other SCAP data 

from Spain (15), report a much lower incidence of HIV, and some studies have excluded 

HIV-positive patients (8, 12, 49). The overall risk of mortality was increased in the current 

study in the HIV-positive population on univariable analysis, but not MVA, In another CAP 

study, Feldman et al (34), showed that although on univariable analysis, HIV-infected 

patients appeared to have less severe disease than their HIV-negative counterparts, after 

adjusting for age and severity of illness, critically ill patients with bacteraemic pneumococcal 

pneumonia had a higher risk of death if they were HIV-positive compared to being HIV-

negative (OR, 4.56; 95% CI, 2.1-9.7; P<0.001).  

 

South Africa has the largest HIV population in the world, with 13.7% of the general 

population infected, and up to 20% in those aged between 15 and 49 years old (59). As such, 

South Africa has the largest ART roll-out programme in the world, and 62% PLWH are on 

treatment, of whom 52% are virally suppressed (5, 59). Despite this, only 16.6% of the HIV-

positive patients in this study were using ART. Globally, retention in ARV programmes is 

imperfect (70-72), and factors associated with this are male sex, higher CD4 cell count, a 

shorter duration on ART (6 months), socio-economic factors, cultural factors as well as side 

effects of therapy (72, 73). 
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,Q�WKH�FXUUHQW�VWXG\��ORZHU�&'��FHOO�FRXQWV�ZHUH�UHSRUWHG�DPRQJVW�WKH�+,9�SRVLWLYH�SDWLHQWV�
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/\PSKRSHQLD�LV�ZHOO�GHVFULEHG�ZLWK�VHSVLV��DQG�UHSUHVHQWV�DSRSWRVLV�LQGXFHG�7�FHOO�ORVV�DQG�

SRVVLEO\�WKH�UHGLVWULEXWLRQ�RI�O\PSKRF\WHV�LQWR�WLVVXHV�GXULQJ�LQIHFWLRQ����������+RZHYHU��LW�

ZDV�QRW�SRVVLEOH�LQ�WKH�FXUUHQW�VWXG\�WR�GHWHUPLQH�ZKHWKHU�WKH�ORZHU�&'��FHOO�FRXQW�QRWHG�

DPRQJVW�WKH�+,9�SRVLWLYH�SDWLHQWV�ZDV�D�PDUNHU�RI�62,�RU�WKH�GHJUHH�RI�XQGHUO\LQJ�

LPPXQRVXSSUHVVLRQ�IURP�+,9�FR�LQIHFWLRQ�� 

 

5.2.2 Cardiovascular Disease 

 
CVD was the second most common co-morbidity noted, both in PLWH and HIV-negative 

patients. However, in the current study, patients with cardiovascular comorbidity, had a 

higher chance of survival on univariable analysis, with a similar, though non-significant, trend 

on MVA, which is difficult to fully understand. Nonetheless, amongst a cohort of patients 

with SCAP in Turkey, patients with comorbid hypertension had a lower risk of ICU mortality 

(OR; 0.297, 95% CI 0.094-0.943; P=0.039) (51). 

There are data to suggest that aspirin (79), statins (80) and antihypertensive agents such as 

angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBS) 

are protective in patients with pneumonia (81, 82). Although the ³KHDOWK\ user K\SRWKHVLV´ 

has been used to explain these findings, patients with CAP who were using statin therapy 

(including those with higher PSI scores), have been shown in other studies to have lower CRP 

levels, lower risk of empyema and parapneumonic effusions, as well as a lower 30-day 

mortality (80). This suggests that the benefits from statin use are related to their anti-

inflammatory effects. In addition, ACE inhibitors have been shown to increase substance P, 
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which increases the cough reflex (82), and has immunomodulatory effects on cytokines (83). 

However, the current cohort differs from these studies in that the study population was 

younger and predominately HIV co-infected. In addition, it relied on self-reporting to obtain a 

history of co-morbid disease, and there was no way to check compliance with therapy. 

Nevertheless, this study demonstrated that underlying CVD was associated with lower 

mortality and this needs further evaluation.  

 

5.3 Clinical Presentation, Laboratory Data and Radiology 

 

5.3.1 Body Temperature 

 

In the IDSA/ATS guideline for CAP (29), body temperature >37.8° C and <35.6° C are used 

as minor criteria for severity in patients with CAP. Although the median body temperature 

recorded in the current study was 36.8 (IQR 36-37.5) °C, 54% of patients had admission 

temperatures <35.6 °C and/or >37.8 °C. Furthermore, significant differences were noted in 

the current study between survivors and non-survivors, with lower body temperatures 

recorded amongst patients who died; however, given the differences in these measurements 

was small, they are unlikely to be clinically relevant. 

 

The lower body temperature noted amongst survivors is concordant with other international 

data. Amongst patients with SCAP in Singapore, 60.7% had fever (48), and although more 

survivors had a temperature >38°C compared with non-survivors (survivors [62.4%] vs non-

survivors [50%]), this difference was not significant, (P=0.35). In Barcelona, 78% of patients 

admitted to ICU with pneumonia had fever, which was more likely to be associated with MM 

than PM infections (84% vs 69%; P=0.034), and these patients had a lower chance of dying 

(OR, 0.43; 95% CI; 0.19-0.95; P=0.037) (12). Furthermore, amongst patients admitted to 

hospital with bacterial sepsis, of which the most common cause was pneumonia, those with a 

lower body temperature (<36°C) also had a lower chance of survival (84). These findings 

could be a explained by studies which have shown that the protective mechanisms of fever 

work by enhancing host immune cell function (neutrophil activity, phagocytosis, antibody 
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production and natural killer cell function) as well as increasing environmental stress to 

enhance pathogen destruction (85). Therefore a lower body temperature may imply an 

inadequate immune response to pneumonia and therefore a worse prognosis. 

 

5.3.2 Confusion 

 

Just over half (54%) of the patients in this cohort were reported to be confused, and this was 

more common amongst those who died overall. Of all the IDSA minor criteria for CAP, 

confusion is the strongest predictor of mortality (OR, 5; 95% CI, 2,3-11; P<0.01) (86). 

Encephalopathy is a well-recognised sign of sepsis and clinically varies from mild confusion 

to comatose states, with short- and long-term consequences (87). Confusion is a subjective 

clinical sign, which can be easily misinterpreted by a physician in a busy admission ward and 

is dependent on medication, and language barriers. Nevertheless, the current study found a 

significant proportion of patients labelled ³FRQIXVHG´� and this was associated with death.  

 

5.3.3  Blood Pressure 

 

Blood pressure is a component of most SOI scoring systems (29). In this cohort, although 

most of the current patients were normotensive on admission, MAP was lower amongst 

patients who died, regardless of their HIV status, but this was still ൒ 65mmHg. However, 

MAP was an independent risk factor for mortality (i.e. for every 1mmHg decrease in MAP 

there was a 1% increase in mortality). Ferrer et al., demonstrated that patients with SCAP 

who required IMV were younger and had a higher admission diastolic blood pressure than 

those who did not require mechanical ventilation (MV) (73r19 vs 68 r16; P=0.006 ) (63). In 

another prospective CAP study, blood pressure was shown to be an independent predictor of 

30-day mortality and the requirement for mechanical ventilation (88), and in another CAP 

cohort, which included HIV-positive patients, MAP <65 mmHg was a predictor of 30-day 

mortality (12.4% vs 23.8%; OR, 2.21; 95% CI 1.14-4.26; P=0.02) (11). Despite this, other 

SCAP studies have determined that by itself, hypotension is not associated with mortality 

(89).  
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5.3.4  Severity of Illness Scoring (SOI) 

 

Three severity of index scoring systems were used in the current study to identify which 

patients were at highest risk of poor outcome. These were CURB-65, Apache II score and 

PaO2/Fi02 ratio. 

 

5.3.4.1 CURB-65 score 

 

In accordance with the South African pneumonia guideline (1), the CURB-65 score is used in 

South African healthcare facilities as a tool to assist in determining severity of illness, and, 

therefore, where a patient with CAP would most appropriately be managed. Patients with 

CURB 0-1 are deemed at low risk of death and may be considered for home treatment, 

whereas those with a score of �� have a higher risk of death and should be managed in 

hospital, with referral to ICU as necessary. Initial validation of the CURB-65 score (27) 

excluded patients who were HIV-positive and those with suspected PTB, and studied a 

population which was older than the current cohort (median age 69 [IQR 17-100] years) 

compared to 37 [IQR 30-48] years), respectively. The median CURB-65 score for the current 

cohort was 3 (IQR 2-3) and was higher amongst patients who died compared to those who 

survived (3 [IQR 2-3] died vs 2 [IQR 2-3] lived; P< 0.001).  

 

A meta-analysis of studies evaluating Pneumonia Severity Index scores from low- and-middle 

income countries (LMIC) in Africa and South Asia, some of which excluded patients with 

HIV, determined that ³high risk´ patients (i.e. those with CURB-65 and CRB-65 scores ��� 

had an increased risk of dying (pooled RR, 9.16%; 95% CI, 3.61%-23.25 and 6.67%; 95% CI; 

3.19%-13.95%, respectively) (90). However, in other SCAP data from Spain, although fewer 

ICU patients with CURB-65 scores of 3-5 were mechanically ventilated ([49% ventilated vs 

63% not ventilated], P=0.002), this higher score was accounted for by an older population 

with more underlying renal disease. Furthermore, in the latter study, CURB-65 was not 

associated with an increased 30-day mortality on MVA, but the use of IMV was (63).  
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Within the present study PLWH had lower CURB-65 scores compared to those without HIV, 

although they were all admitted to ICU. This trend is consistent with other CAP data, in 

which more hospitalised HIV-positive patients with CAP had lower CRB-65 scores (0-2) and 

PSI scores compared to their HIV-negative counterparts (69), which could be explained by 

the perception that PLWH were at a higher risk from CAP and thus warranted hospital 

admissions at lower SOI scores. It is difficult to accept whether the same argument holds true 

within this current data set, as it is unlikely that in a resource-limited setting a patient would 

be taken to ICU simply because their HIV status made them more ³KLJK ULVN´� Furthermore, 

the younger age of this population and lack of association of age with mortality may make the 

CURB-65 score an imprecise tool for assessing disease severity. Going forward validation 

and the development of more appropriate SOI scores remains an important area of further 

research.  

 

5.3.4.2  APACHE II score 

 

The APACHE II score is determined using 12 physiological variables (41). Patients with a 

score ��� calculated within the first 24 hours of ICU admission, have a 50% mortality (91). 

The median APACHE II score within the current cohort was 18 (IQR 14-23), giving a 

predicted mortality of 24% (15%-40%), which is lower than the mortality in this study (50%). 

Ferrer et al. (63), also showed that APACHE II score underestimated mortality in SCAP 

patients who required IMV (26% predicted to die vs 33% who actually died). Similarly, 

another small retrospective study (92), of HIV-positive patients admitted to an ICU, 

documented that APACHE II score underestimated the mortality amongst HIV-positive 

patients with a total lymphocyte count ���� cells/mm3, especially those who had pneumonia 

or sepsis (50.5% expected vs 85.7% observed, n=14; p<0.01). Unfortunately, there were no 

data on lymphocyte counts for the current cohort.  

However, within the existing cohort, the APACHE II score was higher amongst patients who 

died and was shown to be an independent predictive of mortality on MVA. Other SCAP 

studies have also shown APACHE II to be an independent predictor of mortality (48, 63), and 

although mean scores vary between studies (48, 63) a higher score is consistent with worse 

outcomes. This was also shown to be true amongst the HIV-positive group in the current 

study. 
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5.3.4.3 Pa02/ Fi02 ratio (PF ratio) 

 

A Pa02/ Fi02 ratio ���� is part of the minor severity criteria for patients with SCAP (29) and 

is a useful determinant of the degree of physiological shunt fraction and hypoxemia present 

(93). In keeping with what is expected from an ICU cohort, the majority (79.3%) of the 

current patients had a mean PF ratio ����, with a median PF ratio of 144 [IQR 97-229], and 

this was significantly lower amongst patients who died. In comparison, the mean PF ratio 

amongst patients with SCAP in Barcelona, of whom 20% were mechanically ventilated, was 

higher (247.6, SD±99.5) (12), whereas 85.6% of the current cohort required mechanical 

ventilation. 

 

While more patients with PF ratios ൑250 died, the difference in numbers were smaller than 

expected, (334 [71.8%] lived vs 364 [78.1%] died, P=0.001), and this is similar to data from 

Turkey (93 [75%] lived vs 222 [75%] died; P=0.33) (51). A validation study of the individual 

criteria for severe pneumonia, demonstrated that PF ratio <250 had a low sensitivity (64%), 

specificity (65%), low PPV (28%) and NPV (89%) in determining the need for ICU 

admission, and was not associated with death (94). However, on MVA, PF ratio <250 was 

independently associated with ICU admission (RR 2.7; 95% CI, 1.4- 5.2), but not mortality 

(94). Furthermore, Li et al., demonstrated that PF ratio ����PP+J was independently 

associated with mortality (OR 9.808; 95% CI, 5.571-17.266; P<0.001), as well as the need for 

ICU admission in a group of patients with SCAP (89), and that the combination of PF 

ratio�൑250, confusion and uraemia carried a higher mortality than other combinations of 

minor criteria. In another study, no difference in PF values was noted amongst patients with 

severe pneumonia who had PM versus MM infections (12), despite a higher requirement for 

mechanical ventilation and higher mortality within the PM group. All three aforementioned 

studies included patients with SCAP and excluded patients with HIV co-infection. 

Nonetheless there are other data supporting the validity of ATS severity criteria amongst a 

cohort of HIV-positive patients with bacterial CAP (95). 

 

In the current cohort, PF ratio was shown to be an independent, yet small predictor of 

mortality on MVA. Its use may be as an adjunct in guiding ICU admission, in order to 

identify patients who would benefit from increased care. Further study in a population not 

requiring ICU admission may be beneficial. 
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5.3.5  Laboratory Parameters 

 

5.3.5.1 Urea, creatinine, white cell count and platelets 

 

Urea is a component of the CURB-65 score (27), and the minor IDSA/ATS criteria (29). It 

has also been shown in other studies  to be a predictor of hospital mortality in patients with 

severe CAP (OR 13.4; 95% CI, 7.334-24.485; P<0.001) (89). Within the current cohort, 

uraemia (urea �� mmol/L), was not associated with mortality; however, as the median level 

was elevated overall (12 [IQR 6.4-23.6] mmol/L), it may be too high to detect a difference. 

Another SCAP study, found no differences in creatinine, white cell count, platelet count or 

CRP between patients who required ventilation and those who did not; although, raised serum 

creatinine (OR 1.22; 95% CI, 1.03-1.43; P=0.023), platelet count (OR 1.22; 95% CI, 1.03-

1.47; P=0.034) and serum sodium (OR 1.03; 95%CI, 1-1.06; P=0.044) were associated with 

30-day mortality (63).    

 

The lower white cell count amongst the current HIV-positive patients may be related to the 

high number (83.4%) of these patients not being on ART prior to admission. In other SCAP 

data, white cell count was lower amongst patients with PM infections than MM infections 

(OR 0.61; 95% CI 0.38-0.98; P=0.041); however, this was not shown to be an independent 

predictor of in-hospital mortality (12). The association of lymphopenia and sepsis has been 

discussed previously.  

 

5.3.5.2 Serum potassium 

 

Other SCAP data have shown potassium levels to be associated with increased mortality (OR 

2.54; 95%CI, 1.32-4.90; P=0.005) (63). In the current study serum potassium was elevated in 

all patients who died, although the differences were small and levels were still within normal 

limits; therefore, this may not be clinically significant. Although there were no data on lactate 

levels nor pH, the group who died had lower MAP and higher inotrope use; therefore, they 
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were more likely to have an increased lactic acidosis and hyperkalaemia. In addition, the 

background renal impairment observed likely contributed to decreased potassium clearance.  

 

5.3.5.3 Liver enzymes 

 

Overall, in the current study, median levels of AST (82 [IQR; 44-181] IU/L) were higher than 

alanine transaminase (ALT) (median 45 [IQR; 24-93] IU/L), and higher overall amongst 

patients who died. As AST is an enzyme not specific to the liver and is found in the heart, 

skeletal muscle, kidneys, lungs, red blood cells and white cells, which raises the possibility 

that the elevation observed may be related to multi-organ involvement from sepsis. Liver 

function abnormalities from pneumonia are thought to arise from the hepatotoxic effect of 

pathogens, hepatic ischaemia, right ventricular failure or haemolysis. In addition, atypical 

pathogens (especially with Mycoplasma pneumoniae and Legionella pneumophila infections) 

are commonly associated with hepatocellular dysfunction (96).   

 

The median albumin level was 26 (IQR 21-30) g/l, and this was lower amongst patients who 

died, regardless of their HIV status. There are data showing that lower albumin levels portend 

a higher mortality risk in patients with CAP (97, 98). In addition, using different serum 

albumin levels (<30g/l (97) and <33g/l (98), respectively), as an additional factor in the 

CURB-65 and PSI scores, increases the accuracy of their mortality predictions, and 

specifically with PSI more accurately predicts the need for ICU admission, inotropes and 

mechanical ventilation (98). In sepsis, lower albumin levels are multifactorial, resulting from 

increased breakdown and capillary leak with extravasation of albumin into the interstitium 

(99). Furthermore, animal studies have demonstrated that the administration of albumin in rats 

with endotoxin-induced septic shock improves endothelial dysfunction, reduces oxidative 

stress and reduces the activation of (NF-NB), thus attenuating the inflammatory response 

(100). Albumin levels in HIV-positive patients have also been documented to be lower pre-

ART and correspond to weight and CD4 cell count (101). The overall lower albumin levels 

within the current cohort most likely reflects the severity of pneumonia (median CURB-65=3 

and APACHE II =18), as well as the large proportion of HIV-positive patients (77.1%), the 

majority of whom (62%) were not on anti-retroviral therapy.  
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5.3.5.4 C-reactive protein (CRP) 

 

The median CRP for the entire cohort was 202 (IQR 118-288) mg/L, with no differences 

when comparing HIV-positive and HIV-negative patients, although the CRP was lower 

amongst all patients who died. In addition, lower CRP was associated with increased 

mortality on MVA. Other SCAP studies (48, 63) have reported no relationship between CRP 

and survival, similar CRP levels in patients who required ventilation and who did not (63) and 

no differences in CRP amongst patients with MM and PM infections (12). In the current 

study, there were no differences in CRP levels amongst patients with MM and PM infections.  

 

Within the current cohort, CRP levels differed with the pathogens observed. Highest levels 

were noted amongst patients with SP, then MTB and then PJP infection. These data are 

similar to other HIV CAP data from South Africa; in one study a CRP t246mg/L and PCT 

>3ng/l were highly predictive of SP infection, compared with MTB (102). In another study, 

amongst patients who met WHO criteria for severe illness, Mendelson et al. demonstrated 

that the median CRP levels for SP, MTB and PJP infection were 193 (95% CI;108-264) mg/l, 

141 (95% CI; 97-203) mg/l and 106.5 (95% CI; 79.5-131.5) mg/l, respectively, and a CRP 

level >147mg/dl had high specificity for differentiating PJP from bacterial CAP, and a high 

sensitivity for differentiating PJP from MTB (103). Furthermore, other international CAP data 

from Barcelona, amongst an HIV-positive CAP cohort, CRP levels ����PJ�O were predictive 

of a bacterial aetiology (MVA; OR, 4.3; 95% CI, 2.3-8.2; P<0.0001), whereas a CRP level 

<120mg/l was more likely to be a consequence of PJP infection (univariable analysis OR, 3.2; 

95% CI, 1.5-6.9; P=0.002) (18). However, it is worth noting that the median CRP level (139 

mg/L; IQR, 64mg/L-198mg/L) within the existing cohort is higher than in the aforementioned 

studies, and this is difficult to explain fully. It may represent more severe illness, as in one 

study, only 8 (19.5%) of patients with PJP infection received mechanical ventilation, and 6 

patients (14.2%) died (18), compared with 33 patients (94.3%) who received mechanical 

ventilation and 27 (79.5%) deaths within this cohort.  Furthermore, the more elevated CRP 

could represent an additional undiagnosed polymicrobial infection. Whatever the reason, the 

elevated CRP seems to be an indicator of more severe illness amongst patients with PJP 

infection, and this should be investigated going forward. 
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Finally, in the current study lower CRP levels were also documented amongst patients with 

viral infections compared to those without. This is similar to SCAP data from Singapore 

(mean; 127.8 [SD±105] mg/L in cases in which viruses were detected vs mean; 178.1 

[SD±117.6] mg/L in cases in which no viruses were detected; P=0.021) (48).  

 

The lower CRP amongst patients who died in the current study could be explained by the fact 

that the mortality was higher amongst patients with MTB and PJP and these infections had 

lower CRP levels, while SP infection had a higher CRP and lower mortality. Furthermore, 

given the observation, from the current study and other international data, that CRP is higher 

amongst patients with SP infection, compared with MTB, PJP and viral infections, it is 

possible that the large proportion of patients with no microbial aetiology detected had 

undiagnosed PTB, PJP or viral infections.  

  

5.3.5.5 (1-3)-B-d-glucan (BDG) 

 

(1-3)-B-d-glucan (BDG) has been used as part of the diagnostic strategy at CMJAH since 

2009 to assist in the diagnosis of PJP and other invasive fungal infections as it is a constituent 

of the cystic wall of PJP and cell wall of other fungi (with lower levels in Cryptococcus spp.) 

(102). A recent meta-analysis demonstrated that a positive BDG test had a pooled sensitivity 

of 91 % ( 95% CI; 87%-94%) and specificity of 79% (95% CI; 72%-84%) for detecting PJP 

infection, and the tests performed better in HIV-positive compared with HIV-negative 

patients (104). This is higher than the sensitivity and specificity for invasive fungal infections 

in another meta-analysis (76.8% vs 85.3%) (105).  

 

In the current study, in accordance with the PDQXIDFWXUHU¶V instruction, a BDG level 

���SJ�PO was considered positive (106), and therefore, overall, BDG levels were elevated in 

the entire cohort and higher amongst the PLWH compared to their HIV- negative 

counterparts. This latter finding is not surprising as a significant proportion of the HIV-

positive patients were likely to have fungal infections such as PJP and/or oral candidiasis. 

Very high BDG levels (mean 1299; SD ± 1151 pg/ml) have been described with PJP 

infection, and these are much higher than levels recorded in invasive fungal infections (107).  
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Interestingly, a prospective study of critically ill ICU patients demonstrated that BDG was 

elevated (20pg/ml) amongst patients with mycotic infections, Gram-negative and Gram-

positive bacterial infections, and there was no significant difference in BDG levels between 

patients with fungal infections or bacterial infections. The authors postulated that this might 

indicate the presence of glucan, glucan-like products, or other undefined microbial 

components, which cross-react with the BDG assay (108). Moreover, there are data which 

demonstrate that high levels of BDG are associated with a hyperinflammatory phenotype in 

critically ill patients, and are predictive of a poor outcome (109) These high levels of BDG 

are postulated to represent  translocating fungal Pathogen Associated Molecular Patterns 

(PAMPS) (109), and this raises an interesting point. In this cohort not all patients with raised 

BDG had an identifiable microbial cause, and although it is possible that certain microbial 

pathogens were undiagnosed, it is also intriguing that the elevated BDG could be a marker of 

severe inflammation for the points mentioned above, and would therefore be an interesting 

area for ongoing research. 

 

5.3.6 Radiology 

 

Similar to other SCAP studies in both HIV-negative and HIV-positive patients (12, 18, 48, 

63, 89, 94), multilobar consolidation was the predominant radiological finding overall 

(41.6%). Multilobar infiltrates are one of the minor criteria in the ATS/IDSA guidelines (29); 

however, Quah et al. reported no differences in the proportion of patients with SCAP who 

lived and died with multilobar consolidation on chest radiography, and further determined 

that multilobar consolidation was not an independent predictor of hospital mortality (48). 

Moreover, multilobar pneumonia has also been reported to occur more commonly amongst 

SCAP patients with PM infections than MM infections (69% vs 47%; P=0.003) (12); 

however, in the existing cohort, this was not the case.   

 

In the current study, on MVA, more patients with ground-glass opacities had a higher risk of 

dying. However, patients with lobar consolidation were more likely to live, regardless of HIV 

status, and this is similar to data from Pune (aOR, 0.12; 95% CI 0.02-0.95; P=0.044) (17). 

HIV-positive immunocompromised patients, have considerable overlap in radiographic 

presentations with SP, PJP and PTB infections (110, 111). In the current study, ground glass 

infiltrates were found in most patients with PJP and viral infection, while lobar and multilobar 
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involvement occurred more commonly in SP and PTB. In another study of HIV-positive 

patients with CAP, multilobar infiltrates were independent predictors of PJP infection (OR 

5.8; 95% CI 1.9-19.5; P=0.002) (18), 

 

Pleural effusions were an uncommon finding in this study (2.7%), which is similar to other 

HIV/SCAP data from Pune in which only four patients (3.6%) presented with pleural 

effusions (17). Risk factors for the development of parapneumonic effusions and empyema 

include alcohol and drug use, as well as albumin levels <30g/L, CRP level >100mg/L, platelet 

counts >400x109/l, serum sodium levels <130mmol/l and smoking (112, 113). Whereas, prior 

use of inhaled steroids (amongst patients with chronic lung disease) is protective, probably by 

attenuating the inflammatory response in the lungs (112, 114). Furthermore, another in-patient 

study of bacterial CAP in HIV-positive patients (which excluded patients with PTB), 

determined that the presence of a pleural effusion, multilobar infiltrates and cavities were 

associated with radiological progression of disease, and these patients were predominately 

male, with a high incidence of IDU, smoking and alcohol abuse (95). A combination of the 

aforementioned risk factors may explain the lower numbers of cases of pleural disease noted 

radiographically in the current study. Finally, despite the predominance of MTB infection in 

the current study and the common occurrence of pleural effusions with MTB (115), the 

current data suggests a lower SOI amongst patients with MTB with this as a predominant 

radiological feature, as only eight patients with MTB had CXR changes of a pleural effusion.   

 

5.4 Microbiology 

 

5.4.1 Pathogen Identification 

 

Accurate identification of microbial pathogens relies on timely specimen collection (prior to 

antibiotic administration), the ability to collect appropriate specimens in critically ill patients 

and availability of appropriate diagnostic tools. At CMJAH, within the time period of this 

study (2007-2019), there was limited access to urinary pneumococcal antigen testing, 

serology and extended PCR panels for bacteria and virus identification. In addition, the 
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GeneXpert System (Cepheid, Sunnyvale, CA), with improved diagnostic capabilities for 

rifampicin-resistant TB, was rolled out in South Africa only in 2012 (43). Thus, for a large 

period in this study, diagnostics relied heavily on blood cultures, sputum smear and cultures 

and histopathological samples, where available. Viral detection by nasopharyngeal swabs was 

low, but this reflects more the fact that although the use of swabs was introduced at CMJAH 

in 2009 with the H1N1 epidemic, their use has continued only sporadically thereafter, due to 

financial constraints and laboratory availability. Viruses are well described causes of severe 

CAP, causing MM and PM infections, and it is thus concerning that a significant number of 

these pathogens were not detected (14, 47). 

 

Interestingly, despite this, an identifiable microbial cause was found in more than 50% of 

cases in the current cohort, more commonly amongst the HIV-negative patients, and this was 

not associated with an increased mortality. Overall, 519 (55.7%) cases had an identifiable 

microbial aetiology in the current study, and this is similar to other SCAP data (53%) (52). 

However, other SCAP data from Pune (82.9%) (16) and Singapore (71.9%) (48), had better 

yields, probably related to more use of comprehensive diagnostic techniques. 

 

Of all the 706 isolates identified, 317 (45.4%) were from sputum and 274 (39.3%) from 

blood. Only 22 nasopharyngeal swabs in the cohort yielded results, one being CP and the rest 

were respiratory viruses. This is in contrast with other SCAP data, in which 48.7% pathogens 

were detected using PCR techniques on nasopharyngeal swabs (48). In addition, within this 

cohort the diagnostic yield from pleural effusion aspiration was 86%, and this is higher than 

has been reported elsewhere, albeit in non-CAP studies (116, 117), 
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5.4.2 Mycobacterium tuberculosis (MTB) 

 

MTB was the predominant organism identified overall in both MM and PM infections. In 

other SCAP data from Singapore (an area with endemic TB), MTB was documented in only 

2.6% of cases (48); however amongst an HIV-positive SCAP cohort from Pune, although 

MTB was the most common pathogen, these patients were excluded from the final analysis 

(17).  

 

The current study found that MTB was the most common organism causing SCAP, regardless 

of HIV status. However, although Park et al., demonstrated more MTB infections amongst 

the PLWH in their entire CAP cohort (12% HIV positive vs 5% HIV negative; P=0.03), there 

were similar numbers within the SCAP subgroup (5% HIV-positive vs 4% HIV-negative, 

P=1.0) (16). The current data reflects the high burden of TB in the community and is further 

supported by the strong relationship between TB and HIV (11, 20). The occurrence of MTB 

had no impact on mortality, even in the HIV-positive group.  

 

MTB is a well-documented cause of SCAP and carries a high mortality amongst patients 

admitted to ICU. In other ICU data from South Africa, there was a 1.5% incidence of 

respiratory failure amongst patients admitted to hospital with pulmonary TB, and of those 

who were admitted to ICU, 33% did not survive the ICU admission. In this study, 3-month 

mortality after ICU admission was 47% (118). Another systematic review, which included 35 

studies of patients with MTB who were admitted to ICU, demonstrated that the pooled 

incidence of ICU admission amongst hospitalized patients with MTB was 3.4% (95% CI; 1.6-

5.7%), and of these patients, acute respiratory failure (mean 64.1% [95% CI; 53.5%-74.7%]), 

predominately because of pneumonia and ARDS, were the most common reasons for ICU 

admission (119). ARDS from MTB is a pro-inflammatory response within the lung to 

mycobacterial antigens (120) and carries a high mortality (OR, 57%; 95% CI,51-53%; 

P=0.004), compared to cases without ARDS (119, 120).  

 

As in other SCAP studies (17, 48), MTB was also identified in PM infections (46%). In an 
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HIV negative CAP cohort from Manila, 28.5% of patients with PTB had bacterial co-

infections, and 2-week mortality was increased in these patients (OR, 1.67; 95% CI, 1.03-

2.72]). Moreover, TB bacillary load was not associated with an increased risk of bacterial co-

infection (121). It is thought that TB suppresses monocyte functioning and therefore increases 

the hosts¶ predisposition to other infections (119).  

 

In the current cohort, Gram-negative infections were the most common co-pathogens with 

MTB, and KP was the highest in number, followed by SP and PJP. SP was the most common 

co-pathogen in the KZN CAP cohort (10); however 3% of bacterial/mycobacterial, 6% of 

viral/mycobacterial and 2% of bacterial/mycobacterial/viral co-infections were described in 

CAP in Malawi (11); and 21.2% HI and 7.9% SP in Manila (121). There are a paucity of data 

describing KP and MTB co-infection; however, KP has been more commonly associated with 

underlying cardiorespiratory disease, alcoholism and diabetes, and carries a high mortality.  

 

Eight patients with TB drug resistance were noted in the entire cohort, and the majority were 

in PLWH. There were no differences in mortality noted between those with and those without 

drug-resistant pathogens, but the numbers were small and therefore the analysis is unlikely to 

yield any significance. The only patient with XDR TB died. As mentioned previously, it is 

worth noting that for the first 5 years at least of this study, GeneXpert was unavailable and 

diagnosis was reliant on sputum smear and culture.   
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5.4.3 Gram-positive Pathogens 

 

5.4.3.1 Streptococcus pneumoniae (SP) 

 

Amongst the current cohort, SP was the second most common bacterium isolated. This differs 

from GBD data (5) and other pneumonia studies, which have identified SP as the predominant 

pathogen. However, most SCAP studies have excluded patients with TB and/or HIV (14, 15, 

17, 50, 51, 57). In one SCAP cohort, the authors included immunocompromised patients, and 

after excluding all patients with MTB infection, SP was the predominant bacterial aetiology 

(16). In the current study there were a similar number of SP infections when comparing 

PLWH and the HIV-negative group, which differs from other CAP data in which there were 

more SP infections amongst the HIV-negative patients (11, 16). The current study also found 

that SP was a common co-pathogen in PM infections (10.2%), similar to what has been 

described in SCAP cohorts elsewhere (12). 

 

Interestingly, on univariable analysis, patients with SP had a lower risk of mortality than those 

with other defined infections, and this finding was consistent amongst PLWH. Ferrer et al., 

noted a similar number of SP infections amongst patients who required IMV and those who 

did not (63), although another CAP study demonstrated that  the distribution of patients 

presenting with SP fitted evenly into all SOI groups (determined by CURB-65 and PSI), but 

at the higher levels of SOI scores, SP was responsible for the most deaths (8). The lower 

mortality observed in the current study in SP-infected patients may reflect the low level of 

high level antimicrobial resistance to SP in South Africa. There were only two isolates with 

intermediate resistance to penicillin. The local South African CAP guideline recommends 

appropriate beta-lactam antimicrobials effective against SP as first line therapy for all cases, 

and in adequate doses, which is likely to cover for most pneumococci other than the most 

highly resistant ones, which are uncommon (1). 
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5.4.3.2 Staphylococcus aureus (SA) 

 

Although SA is a common cause of CAP amongst HIV-positive patients (9% cases) (122, 

123), SA infections were more common in the HIV-negative group in the current study. The 

overall numbers of SA within the current cohort (3%) were higher than SCAP data from 

Spain (15), but lower than SCAP data from Pune (17). Valles and colleagues (15), also 

reported no significant changes in the numbers of SA in patients with SCAP over a 15-year 

period (1.1-3.2%).  

 

In the current study there was no increased risk of mortality with SA infections. Ferrer et al., 

reported similar numbers of SA infections amongst patients who required mechanical 

ventilation and those who did not (63). Moreover, SCAP data from the GenOSept cohort, 

showed that SA infection was associated with increased mortality at 28 days and 6 months 

(124). Other SCAP studies have also reported more MSSA PM infections than MM infections 

(12), but this was not noted within the current cohort. In addition, although SA infection is 

well described in conjunction with viral infections, especially influenza virus (125), in the 

current study more co-infections were noted with SP. However as mentioned before it is 

possible that the influence of viral infections have been underestimated.   

 

Finally, all five cases of MRSA in the current study died. This is not a surprising finding, as 

the empiric antibiotics for CAP do not cover MRSA, and MRSA is associated clearly with 

severe pneumonia (126). 
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5.4.4 Gram-negative Pathogens 

  

In the current study, Gram-negative bacteria were identified in 82 (19.5%) MM infections, 

and PA and KP were the most common (4.3% vs 6.9% respectively). This compares to 3.4% 

PA, 4.3% KP (48); 1.8% PA, 22.4% KP (50), and 5.5% PA in other SCAP data (17). 

 

In the current study, there was no increased risk of mortality amongst patients with Gram-

negative infections. Nevertheless, other studies which included ICU patients with SCAP, 

demonstrated a high mortality rate (67%) with Gram-negative bacteria, and for PA this was 

33% (8). In addition, even at lower SOI scores (e.g. PSI1) the mortality from GNEB was 14% 

compared to 1% SP (8). Furthermore, a high mortality was also observed in a comparison of 

bacteraemic patients with SCAP from South Africa (mortality 80% KP vs 67% SP) (45) and 

in another SCAP study, KP infection was shown to be an independent risk factor for mortality 

(RR,18; 95% CI, 25-149; P=0.001) (50). 

 

The current study also noted a similar number of Gram-negative infections amongst PLWH 

compared with the HIV-negative group. However, in other SCAP studies, a higher incidence 

of GNEB occurred in the HIV-positive group compared with the HIV-negative group (20% vs 

0%; P<0.001) (16), and in another study, a high incidence of PA was noted amongst HIV-

positive patients with SCAP (17.9%), which was associated with a mortality of 20.6% (95).  

  

Gram-negative infections, including PA, have also been reported to have a higher incidence in  

PM SCAP infections (12), and the authors have postulated that the presence of more 

structural lung disease within this group likely contributed to this finding. Moreover, within 

the SCAP cohort from Reunion, there was a higher incidence of alcohol abuse amongst 

patients with KP infection than amongst patients with other type of SCAP (50). Other risk 

factors for GNEB infections are known to include structural lung disease, severe pneumonia, 

use of CS and prior antibiotic administration (127). Within the current cohort, there were only 

seven patients with chronic lung disease who had PM infections, and only three were caused 

by gram-negative infections (KP, Acinetobacter spp., HI).  
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Finally, there were no differences in survival amongst patients infected with ESBL-producing 

bacteria compared with those who did not have these infections. In a large study, which 

excluded patients with HIV and MTB, CAP caused by PES pathogens (PA, 

Enterobacteriaceae ESBL-producing bacteria and MRSA) occurred in 6% of cases, and risk 

factors included older age, having received previous antimicrobials and acute kidney injury 

(128). Furthermore, patients in whom PES pathogens were identified had an increased 30-day 

mortality (OR 2.51; 95% CI, 1.2-5.25; P=0.015) (128). Additionally, amongst a cohort of 

HIV-positive patients with SCAP in Pune, Mane et al., report an incidence of 23.6% MDR 

isolates and in this study, infection with an MDR pathogen was independently associated with 

mortality (adjusted odds ratio [AOR]=0.07, 95% CI,0.01-0.55; P=0.012) (16).  

 

5.4.5 Viral Pathogens 

 

In the current cohort, VZV infections were the most common viral infection, and this was a 

clinical diagnosis. Most infections were amongst HIV-positive patients and most of the 

patients with VZV survived (11 [73.3%] VZV infected lived vs 4 [6.7%] VZV infected died). 

VZV is an uncommon cause of pneumonia and carries a high mortality, especially amongst 

immunocompromised patients. Over time, these mortality rates have improved considerably 

(19%-6%) with the use of acyclovir and in some studies, corticosteroids (129, 130). 

In the current study, other respiratory viruses were more common amongst HIV-negative 

patients; however, there were no differences in mortality overall and within each HIV 

subgroup. Data shows that viral causes of CAP are spread across the range of SOI scores and 

carry a lower mortality rate than bacterial causes of CAP, which is further highlighted by the 

higher proportion of patients with viral pneumonia who were treated in a ward rather than 

ICU (12% ward vs 4% ICU, P<0.001) in one study (8). The significance of respiratory viruses 

in PLWH is unclear; however, patients who are not well-controlled on ART are likely to have 

a worse prognosis than those well-controlled on ART (131). A recent prospective CAP study 

from Kenya, which included 77 patients (of which 13% were HIV-positive), identified a virus 

in 48% cases and Influenza A was the predominant pathogen. Patients with influenza were 

more likely to be diabetic and require critical care (132). 

Similarly, CMV infection as a causal pathogen in CAP is unclear and difficult to establish 

(133). Acknowledging this, the four cases, which were included in the current cohort, all had 
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HIV and there was cytopathic evidence of CMV infection on post-mortem lung specimens. In 

other CAP data (Seattle, 1994-1996), there were more CMV infections within the HIV-

positive group, and this correlated with the SOI (16). 

 

The six cases of measles noted in the current study, corresponded to the measles outbreak in 

South Africa that occurred between 2009 and 2010 (134). Within the current cohort, a non-

significantly greater number of measles cases, and subsequent deaths, occurred in the HIV-

positive group. Another study which included all admitted measles cases at CMJAH, both in 

ICU and the medical ward, also reported non-significantly more deaths amongst the HIV-

positive patients compared with the HIV-negative cases (OR 2.9; 95% CI, 0.13-65.3; P=0.55) 

(134). 

 

Over a 15-year period up to 2013, there has been an increase in viral causes of SCAP, which 

also coincided with the H1N1 epidemic, and is likely due to increased and improved 

diagnostics (15). However, earlier CAP data (1994±1996), reported a lower incidence of viral 

infections, as diagnostics in this period relied heavily upon cultures and serology (16). For 

reasons stated earlier, the results in our study are likely to be an underestimate of the viral 

pathogens present in the cohort. It is also possible that the higher numbers of respiratory 

viruses documented in the HIV-negative patients is a result of more testing and bias, as 

clinicians were more likely to test these patients with features of an atypical pneumonia and a 

low pre-test probability of PJP infection.  
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5.4.6 Fungal Pathogens 

 

In the current cohort, all PJP infections occurred in HIV-positive patients, and were 

responsible for 10.6% of all MM infections. In other international data, Park et al., 

demonstrated that PJP was the most common cause of infection amongst HIV-positive 

patients with SCAP (16). In another CAP study from Barcelona, PJP occurred in 13% of 

patients with HIV (18); PJP infection was more common amongst patients in whom HIV was 

diagnosed in-hospital and had a CD4 cell count <200 cells/mm3; and it carried a higher 30-day 

mortality than SP infection (14% patients with PJP died compared to 4% in those with SP 

infection) (18).  

 

Within the existing cohort, mortality from MM and PM PJP infections were 77.1% and 79% 

respectively, and on MVA, PJP infection was an independent predictor of mortality. In other 

PJP/ICU data, such as from Thailand, mortality was 63.6% overall, with CMV co-infection 

being an independent predictor of mortality (0% lived vs 100% died, P=0.004) (135). Data 

from Cape Town, showed that amongst 124 patients admitted to hospital with PJP infection 

(68 cases laboratory confirmed and 56 ³SUREDEOH FDVHV´�, although 90-day mortality was 

higher amongst patients admitted to ICU compared to patients admitted to the ward (61.9% vs 

25.9% respectively), ICU admission was not an independent risk factor for in-patient nor 90 

day mortality on multivariate analysis (38). In addition, in the latter study, there was a trend to 

higher 30-day and 90-day mortality amongst patients using concurrent TB therapy (38). Data 

from London showed an overall PJP mortality of 51% from 1990-2005, which decreased from 

71% in 1996 to 34% thereafter, and was independent of ART, and most likely a result of 

improved ICU management overall (136). Lastly, data from the USA (1986-2005; i.e. from 

pre-chemoprophylaxis to ARV era), documented that ventilator deaths from PJP decreased 

from 79% to 31%, despite an increase in the use of mechanical ventilation amongst patients 

with PJP (5%-11%) (137). 

 

Overall then the mortality from PJP within the current cohort is high and the reasons for this 

are not immediately clear. Whilst this observation could be a consequence of the lack of ART 

use apparent in this cohort, it is unlikely to be related to a delay in initiating PJP-specific anti-

microbial therapy, as all patients with suspected PJP infection were started empirically on 
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treatment. Furthermore, lung protection ventilation strategies are routinely practised in the 

ICU, and thus ventilation is unlikely to be a more significant contributor to mortality when 

compared to the studies above. The higher mortality rate than reported elsewhere may 

represent undiagnosed co-infections, such as with MTB (as noted in other studies (38)), 

differences in patient demographics (male predominance in the London cohort (136)) or the 

occurrence of dihydropteroate synthase mutations (DHPS), which in one study (which 

analysed respiratory specimens from clinics and hospitals) was noted to occur in 56% PJP 

isolates (138). 

 

The two cases of candida pneumonia in the current study were diagnosed on post-mortem 

lung biopsies. Candida pneumonia is a rare and often fatal cause of pneumonia in 

immunocompromised patients and radiological and histopathological presentation can 

resemble MTB infection (139).   

 

5.4.7 Polymicrobial Infections  

 

Overall, 10.5% of patients in the current cohort had PM infections and these occurred more 

commonly amongst HIV-infected patients. The study documented that PM infections were the 

third most common after MTB and SP infections, and this is similar to another HIV-positive 

CAP cohort (18), in which 11.5% of infections were PM (after SP and PJP infections). In 

addition, although Park et al., demonstrated that the proportion of PM infections was higher 

amongst PLWH with SCAP, this was not significantly different to their HIV-negative 

counterparts (11% HIV negative vs 30% HIV-positive; p=0.1) (16). 

In the current study, there was no increased mortality amongst patients with PM infections. 

Amongst patients with SCAP, Ferrer et al. (63),  and Cilloniz et al. (12), demonstrated that 

PM aetiology was associated with a greater need for IMV. The latter study also determined 

that patients with ARDS and chronic respiratory disease were more likely to have PM 

infections, but there were no differences in septic shock, length of stay or hospital mortality 

compared to patients with MM infections. Furthermore, there were more respiratory viruses in 

the PM than in the MM group (39% vs 10%; P<0.001) and of these, Influenza A was the 

predominant (12). 
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5.4.8 Bacteraemia  

 

Although 22.7% of the current study infections were bacteraemic, and this was more common 

amongst PLWH, bacteraemia was not more common in patients who died compared to those 

who lived. Park et al., report a trend towards more bacteraemia amongst patients with SCAP 

compared to those without (14% vs 8%; P=0.07) (16); however the percentages were lower 

than in the current study. In other SCAP studies, bacteraemia was reported in 18% of cases 

(12), with no differences amongst patients with MM/PM CAP; Ferrer et al. (63), found no 

difference in the need for mechanical ventilation in patients with bacteraemia, although more 

bacteraemic patients were admitted to ICU; a similar proportion of patients with bacteraemia 

had ARDS, compared to patients without ARDS (57); and positive blood culture were 

independently associated with mortality (50). 

 

5.5 Complications  

 

Overall, 5.8% of patients with SCAP in this analysis developed cardiac arrhythmias during 

their ICU admission. In one study, critically ill patients with new-onset AF were older, had 

more co-morbid disease, higher APACHE IV scores and more organ dysfunction on 

admission (renal failure, cardiac failure, respiratory failure) than patients without AF. 

Furthermore, patients with new onset atrial fibrillation had an increased chance of dying 

(140). Infection, either directly (via bacterial infiltration of the myocardium) or indirectly (via 

inflammatory mediators) can cause myocardial fibrosis and remodelling, despite appropriate 

anti-microbial therapy (141-143). This area of the myocardium serves as a focus from which 

arrythmias may originate under the influence of catecholamines, inotropes and electrolyte 

abnormalities which are common in critically ill patients (140).  

 

Other data have also shown that arrhythmias occur commonly in association with CAP (144), 

and were the primary cardiac event in 10.8% of inpatients with pneumonia and 1% of 

outpatients. Factors that were associated with cardiac complications included age (mean, 73 

years; SD±14 years vs mean, 53 years; SD±21 years; P<0.01), hypertension, cardiac failure, 
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nursing home resident, pH<7.35, Hct <30% and being an inpatient (144). In the current study, 

the proportion of patients with cardiac arrhythmias were similar in patients who survived and 

those who died. The lower incidence of cardiac arrhythmias noted is likely due to the younger 

age of the study group and lower incidence of co-morbid hypertension and cardiac disease.   

 

All six (0.6%) patients who developed GIT complications died. A multicentre ICU study, 

which included 1034 critically ill patients, reported clinically severe GIT bleeding in 2.6% 

patients (95% CI, 1.6%-3.6%), and the risk factors included the presence of three or more co-

existing diseases, including liver disease, renal replacement therapy, pre-existing or acute 

coagulopathy, higher organ failure score, and the use of acid suppressant therapy. The aOR 

(adjusted odds ratio) for mortality was 1.7; 95% CI, 0.7-4.3), and the authors postulated that 

mortality was more likely to be a consequence of their underlying illness rather than GIT 

bleeding itself (145).  

 

In the current cohort, lung necrosis was more common amongst the HIV-negative patients 

than HIV-positive patients but had no impact on survival. Bacterial pathogens which are most 

commonly associated with lung necrosis include SP, SA (especially MRSA Panton-Valentine 

leucocidin [PVL]), KP, HI and PA (146). Furthermore, the long term follow up of patients 

with CAP/ HIV has shown persistent abnormalities in gas transfer (diffusing capacity for 

carbon monoxide [DLCO]), forced expiratory volume in one second (FEV1), forced vital 

capacity (FVC), and FEV1/FVC (147). There are no long-term data available for this cohort, 

but going forward this would be an important area for future research. 

 

There were more metabolic complications (hyperglycaemia, DKA) amongst the HIV-negative 

patients in the current cohort than among the HIV-positive patients, and this was not 

associated with any difference in mortality. Given that there were more diabetics amongst the 

HIV-negative cohort and that hyperglycaemia is a complication of severe illness and CS use 

(76% of the entire cohort), this is not surprising. 
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5.6 ICU Management 

 

5.6.1 Mechanical Ventilation  

 

7KH�UHTXLUHPHQW�IRU�PHFKDQLFDO�YHQWLODWLRQ��09��LV�RQH�RI�WKH�PDMRU�FULWHULD�LQ�WKH�$76�,'6$�
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������������WKH�IUHTXHQF\�RI�YHQWLODWLRQ�LQ�WKH�FXUUHQW�VWXG\�LV�YHU\�KLJK����������������������
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RU�$,'6�������� 

 

:LWKLQ�WKH�FXUUHQW�FRKRUW��DQ�LQFUHDVHG�ULVN�RI�G\LQJ�ZDV�QRWHG�DPRQJVW�SDWLHQWV�ZLWK�6&$3�

LQ�ZKRP�,09�ZDV�XVHG��FRPSDUHG�WR�WKRVH�ZKR�UHFHLYHG�QR�YHQWLODWRU\�VXSSRUW��0HFKDQLFDO�

YHQWLODWLRQ�DPRQJVW�,&8�SDWLHQWV�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�GHDWK�LQ�DOO�SDWLHQWV�

�������DQG�DPRQJVW�SDWLHQWV�ZLWK�SQHXPRQLD���������������������)XUWKHUPRUH��LQ�RQH�VWXG\��

WKH�FRPELQDWLRQ�RI�,09��VHSWLF�VKRFN��K\SHUNDODHPLD�DQG�K\SR[DHPLD�OHG�WR�D�KLJKHU����GD\�

PRUWDOLW\��$852&�����������&,������������������,Q�DGGLWLRQ��DPRQJVW�DQRWKHU�+,9�SRVLWLYH�

&$3�FRKRUW��������RI�DOO�SDWLHQWV�UHTXLUHG�PHFKDQLFDO�YHQWLODWLRQ�DQG�WKLV�ZDV�DVVRFLDWHG�

ZLWK�DQ�LQFUHDVHG����GD\�PRUWDOLW\������ 

 

,Q�WKH�FXUUHQW�VWXG\��RQO\�QLQHWHHQ�SDWLHQWV�XWLOLVHG�1,9�DQG�WKHVH�SDWLHQWV�KDG�D�KLJKHU�ULVN�RI�

GHDWK�FRPSDUHG�WR�WKRVH�ZKR�ZHUH�QRW�YHQWLODWHG��DQG�RQ�09$�WKLV�ULVN�ZDV�HYHQ�KLJKHU�WKDQ�

WKRVH�ZKR�UHFHLYHG�,09��,Q�VRPH�VWXGLHV��WKH�XVH�RI�1,9�DPRQJVW�SDWLHQWV�ZLWK�&$3��

LQFOXGLQJ�WKRVH�ZLWK�&23'��LV�DVVRFLDWHG�ZLWK�D�KLJK�FKDQFH�RI�IDLOXUH������������:KHUHDV�LQ�

RWKHU�VWXGLHV��ZLWK�PRUH�FDUHIXOO\�VHOHFWHG�SDWLHQWV��1,9�ZDV�DVVRFLDWHG�ZLWK�OHVV�ULVN�RI�

HQGRWUDFKHDO�LQWXEDWLRQ��,&8�VWD\��������DQG�ORZHU�PRUWDOLW\�WKDQ�,09��25�������������&,��

�������������3 �������������)XUWKHUPRUH��WKH�XVH�RI�1,9�DPRQJVW�+,9�LQIHFWHG�SDWLHQWV�ZLWK�
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3-3�KDV�EHHQ�VWXGLHG�VXFFHVVIXOO\��DV�D�WRRO�WR�LPSURYH�R[\JHQDWLRQ�������������DYRLG�,09�

DQG�LPSURYH�VXUYLYDO��������,W�LV�SRVVLEOH�WKDW�WKH�LQFUHDVHG�ULVN�RI�GHDWK�DVVRFLDWHG�ZLWK�1,9��

ZKLFK�LV�QRWHG�ZLWKLQ�WKH�H[LVWLQJ�FRKRUW��FRXOG�EH�UHODWHG�WR�D�OHVV�DJJUHVVLYH�LQWXEDWLRQ�

SROLF\�DPRQJVW�SDWLHQWV�ZKR�ZHUH�FRQVLGHUHG�XQOLNHO\�WR�VXUYLYH�IXUWKHU�HVFDODWLRQ�RI�FDUH�� 

 

The current study describes a cohort of predominately HIV-positive patients in a resource 

limited setting. As such, a large proportion of patients with CAP/SCAP are managed in the 

medical wards until MV is deemed necessary and an ICU bed becomes available, thus 

explaining the large number of ventilated patients within this cohort. In addition, the high 

mortality, overall, could also be explained by the inclusion of patients with MTB and PJP, as 

although in some cohorts ICU mortality has improved in association those pathogens (134, 

135), in other cohorts mortality remains high (38, 119, 135). 

 

5.6.2 Corticosteroids (CS) 

 

Corticosteroids were used in most patients in the current study (711 (76.3%)), and there were 

no differences in mortality noted overall, in those that did or did not get corticosteroids. The 

significantly higher number of HIV-positive patients treated with corticosteroids was 

probably as an adjunct in suspected PJP. One meta-analysis showed, that the use of 

corticosteroids was associated with lower mortality and a reduction in the need for 

mechanical ventilation, amongst patients with SCAP (156). Also, in this analysis, although 

there was no increased risk of GIT bleeding; more patients were at an increased risk of 

developing hyperglycaemia (156). In another SCAP study (130), the use of methyl prednisone 

0.5mg/kg twice daily amongst patients with a CRP ����PJ�GO� was associated with less 

treatment failure (OR 0.34; 95% CI, 0.14-0.87; P=0.02), but no improvement in mortality 

(157). Finally, in another more recent study, 200 mg of intravenous hydrocortisone 

administered in divided doses daily amongst a cohort of patients with SCAP was associated 

with a lower 28 day mortality in the treatment group (6.2%.; 95% CI 3.9%-8.6%) compared 

with the placebo group (11.9%; 95% CI 8.7%-15.1%); P=0.006) (158). CS therapy has also 

been shown to have a mortality benefit amongst patients with SCAP from SARS-CoV-2 

infection (159), and in some studies of patients with SCAP and VZV infection (130, 160, 

161), but not all (162). 
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The lack of apparent benefit from CS use in the current cohort, could possibly be explained 

by the underrepresentation of viruses, especially Influenza virus, within this cohort, for 

reasons discussed elsewhere. Furthermore, distinguishing clinically between viral pneumonia 

and PJP is difficult, and patients with influenza pneumonia are thought to have a higher 

mortality when CS are administered during the course of their infection (163). This is in 

contrast with the treatment of hypoxemic PJP pneumonia, in which the recommendations are 

the adjunctive use of CS (at an initial dose equivalent to prednisone 40mg orally twice a day) 

which is said to be associated with an improved patient outcome (1). Additionally in the 

current study, choice and dosing of corticosteroids varied significantly between the patients, 

based on the FOLQLFLDQV¶ choice as well as being influenced by the clinical presentation of the 

patient (e.g. underlying COPD, or asthma) and drug availability. There were not enough data 

to analyse this further. 

 

5.6.3 Inotropic Support 

 

Within the current cohort, 50% of all patients required inotropic support, and this was 

associated with a higher chance of dying. Inotrope use reflects SOI and is the second major 

criterion within the IDSA/ATS guidelines (29). Despite some studies reporting low inotrope 

requirements amongst patients with CAP (6), this need is much higher in SCAP ICU cohorts 

(23%) (164); moreover if septic shock is used as a proxy (165), 20%-47.2% of patients in 

SCAP cohorts (12, 15, 50) require inotropic support, especially amongst patients who 

additionally require IMV (63). In addition, a higher in-patient mortality (50, 51, 61) and 30-

day mortality has been noted amongst both HIV-positive patients (95) and HIV-negative 

patients with SCAP who required inotropes (90).    

 

5.6.4 Dialysis 

 

Overall, 22.4% of patients received dialysis in the existing cohort, and although on 

univariable analysis dialysis was a predictor of mortality, on MVA, patients who were 

dialysed were more likely to survive. Although confusing, this observation could be explained 

by 6LPSVRQ¶V paradox, a statistical occurrence in which a trend reverses when confounding 
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variables are controlled for (166-168). Other SCAP data demonstrate that 17.2% of patients 

required renal replacement therapy within the first week in ICU, and the need for RRT was 

associated with an increased 28-day and 6-month mortality (124). The 22.4% requirement for 

dialysis within this current cohort is high; however, only ICU patients were included in the 

study, almost all of whom also required MV and inotropes.  

 

Despite rigid chronic dialysis criteria at CMJAH, patients with acute kidney injury are 

supported with dialysis, and amongst patients with sepsis this is only performed within an 

ICU setting, especially if inotropes are required (and if the patient is mechanically ventilated). 

The only caveat to this is that patients, who require high levels of inotropes to maintain 

hemodynamic stability, may be excluded from dialysis as they are too unstable. This may 

explain our observation that patients who were dialysed had a lower risk of mortality, as 

sicker patients may have been excluded from dialysis. In this study patients who required 

dialysis were not matched by age, APACHE II scores, inotropes or use of mechanical 

ventilation. Furthermore, although the median urea and median creatinine were elevated 

overall, there were insufficient data to determine which patients had AKI with subsequent 

recovery of renal function. Therefore, going forward, these are important areas of further 

research.  

 

5.7 Length of Stay 

 

The overall ICU length of stay in this study was increased amongst patients who were 

ventilated, and who required renal dialysis, but was shorter amongst patients who died. 

Furthermore, LOS was similar between PLWH and HIV-negative patients. Other studies have 

reported longer LOS amongst SCAP patients on IMV (median 10 [SD + 5-19] days) (63) 

compared to our data (median 5 [95% CI 2-8] days), P<0.001); amongst HIV-infected CAP 

patients (10 days with PJP infection versus 7 days with bacterial CAP, P=0.03) (18) and 

amongst ICU patients with PM compared with MM CAP (15 versus 12 days, P=0.082) (12). 

Overall, and in each sub-group, the LOS within our cohort was shorter than these data, but we 

did not analyse this further with respect to microbial pathogens. The shorter length of stay we 

noted may represent the need to discharge ³VWDEOH´ patients from ICU as soon as interventions 

such as IMV and inotropic support are stopped, in order to make space for other critically ill 
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patients. The observation that additional deaths occurred after ICU discharge and before home 

discharge, further supports this hypothesis.  

 

5.8 Mortality 

 

In the current study, ICU mortality was 50.1% which is similar to that in another SCAP study 

from Johannesburg, South Africa (47.4%) (14), but higher than other SCAP data (15, 17, 49-

51). Amongst the GenOSept cohort, which excluded immunocompromised patients, a 19% 

mortality was noted amongst patients with a median APACHE II of 20 (IQR, 15-28), of 

whom 17.2% required renal replacement therapy, 85% mechanical ventilation and 49.4% 

developed septic shock (124). Another study, which included immunocompromised patients, 

reported a mortality of 27.9% amongst patients with a mean APACHE II score of 18.9 (SD± 

7.4), and this figure decreased to 25% when immunocompromised patients were excluded 

(169). Finally, Cilloniz et al., demonstrated that 30-day mortality increased accordingly if 

patients had mild, moderate or severe ARDS (32%, 33%, 60%), although on univariable and 

MVA, ARDS was not associated with increased mortality (57).  

Within the current cohort, HIV-positive patients had a higher risk of mortality than their HIV-

negative counterparts, (although this trend was similar but non-significant on MVA). In 

another HIV-positive CAP cohort, 30-day mortality was 6.6%, and this was lower among 

patients with a bacterial aetiology compared to PJP infection (5.5% vs 14.3%, P=0.033) (18). 

Cordero et al., also report an attributable mortality of 13.1% for HIV-positive patients with 

SCAP, compared to 3.5% for HIV positive patients with CAP (P=0.02), and radiological 

progression, septic shock and CD4 count <100 cells/mm3 were associated with increased 

mortality (95). Within our cohort, the median CD4 count was 42 (95% CI, 14-108.3) 

cells/mm3. Thus, the higher mortality we noted may reflect the larger proportion of patients 

with HIV co-infection, MTB, PJP and other opportunistic infections.   

 

Although a similar number of HIV-positive and HIV-negative patients survived ICU, fewer 

HIV-positive patients survived until hospital discharge, and follow-up data beyond this period 

were not included in the analysis. Of the patients who survived ICU, some were discharged to 

the medical wards as further ICU care was deemed futile (due to intracerebral events or 

failure to wean from ventilation). In total then, a further 32 patients died in hospital before 
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discharge home, 

 

5.9  HIV-unknown Patients  

 

Within the current cohort, patients with an unknown HIV status were more likely to die than 

HIV-positive and HIV-negative patients, respectively. These patients had higher SOI scores, 

and the majority required mechanical ventilation. Furthermore, 53.7% of this group were 

male and although the median age was 36 (IQR, 20-57) years, a significant proportion (31.7% 

of cases) were aged 65 years and older. Also, almost 50% of patients had an undefined 

microbial aetiology. A similar trend was noted amongst a cohort of patients from Cape Town 

who were admitted to hospital with PJP infection, in whom patients with unknown HIV status 

had increased 90 day mortality (OR 1.9; 95% CI, 0.9-4.1;P=0.082) on univariable analysis. 

(38) 

 

A study in a New York Emergency Department (2006-2011) showed that patients in lower 

(<18 years) and higher (t45 years) age categories were less likely to know their HIV status 

than those in middle age categories, and women with a prior pregnancy had the lowest rate of 

unknown HIV status across all age groups (OR, 0.17; 95% CI, 0.16-0.19) (170). Late or 

delayed diagnosis of HIV infection (CD4 d350 cells/mm3 or with an AIDS-defining illness) 

portends an increased risk of death in the year following diagnosis (171). 

 

It is likely that a significant proportion of the HIV-unknown cohort represents a group of 

undiagnosed and therefore untreated HIV-positive patients who would benefit from targeted 

therapy for SCAP. For example, a significant proportion had no defined microbial aetiology 

for SCAP, and as discussed before this could have represented MTB or PJP infections. Given 

the SOI scores in this group, many of these patients are unable to give informed consent for 

HIV testing which is a legal requirement in South Africa. Therefore, a case can be made that 

routine HIV testing of all patients with SCAP is essential to provide targeted anti-microbial 

therapy.  
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Finally, it is interesting to note that the majority of patients of unknown HIV status were 

male, and it is tempting to suggest that this is due to the fact that SA females are more likely 

to seek healthcare and know their HIV status for other reasons such as pregnancy and child-

care related problems. 

 

5.10  Potential Limitations 

 

This was a single-centre study, and so the findings may not be generalizable to other ICUs, or 

other regions of South Africa, or to other parts of the world. In addition, it only included cases 

with severe CAP who were admitted to an ICU, and so the findings are really only pertinent 

to patients with CAP in this setting. The study was essentially a record review and since there 

was limited access to electronic medical records, much of the data had to be retrieved from 

stored files, some of which were incomplete, and others damaged. Overall, 4.2% of records 

could not be found at all, and in a significant proportion (21%) there were insufficient data to 

confirm the diagnosis of CAP and so these cases were excluded, but may have had CAP. The 

chest radiographic findings were largely based on the physician reporting in the case notes. 

However, as the medical ICU during this period was directed by a senior Pulmonology 

consultant, and all pneumonia admissions were seen by the Pulmonology team the reporting 

of the chest radiograph is likely to be relatively accurate, a point that was verified in the latter 

part of this study, when the electronic radiology PACS system was introduced (2016). Due to 

resource constraints, the patients often had limited testing for causative microbial pathogens, 

especially viruses and atypical bacterial infections, and it is likely that a significant proportion 

of the former microorganisms were undiagnosed.  

 

5.11  Conclusions 

 

This was a study of 931 patients with SCAP admitted to ICU at a tertiary referral hospital in 

Johannesburg, South Africa. The patients were young, with a median age of 37 (IQR 30-48) 

years, and the predominant co-morbidity was HIV co-infection (77.1%). The median CURB-

65 score was 3 (IQR 2-3), the median APACHE II score was 18 (IQR 14-23) and most 

patients had multilobar consolidation on chest X-ray.  Overall, MTB was the most common 

aetiology identified amongst both HIV-positive and HIV-negative patients, and SP was the 

next most common pathogen identified. SP infection was more common amongst the patients 
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who lived, whereas PJP infection was more common amongst patients who died. Overall 

mortality was high (50.1%) and PLWH had a higher risk of mortality than their HIV-negative 

counterparts (OR,1.61; 95% CI 1.07-2.34; P=0.01). This appears to be the largest ICU cohort 

of patients with SCAP reported in the literature.  

 

5.12  Future Research  

 

The current study identifies a number of areas to which further research should be directed.   

This study should be repeated prospectively, so that all the information which the 

investigators wish to collect can be collected prospectively and thereafter securely stored.   

The newer techniques that are available for making a microbiological diagnosis should be 

used in all consecutive patients, in order to obtain a more comprehensive evaluation of the 

role of the various respiratory pathogens, particularly viruses and atypical bacteria, in SCAP 

in a South African ICU setting, and determine their significance in a largely HIV-positive 

population.  

Further evaluation of the occurrence (or not) of cardiovascular events as a complication of 

SCAP in largely HIV-positive South African patients is needed, with the determination of 

their impact on short-term and long-term outcomes.  

Documentation prospectively of the impact of underlying co-morbidities on the outcome of 

SCAP in a South African population is needed, as well as confirmation as to whether the 

current finding of a lower mortality risk in patients with CVD persists, and likely causes for 

this.    

There needs to be prospective evaluation of various SOI scores and prognostic indicators, to 

determine which of these scoring systems work best in a largely HIV-positive South African 

population with severe CAP.    

Further investigation of the relationship between BDG and mortality of patients with severe 

CAP is required, to evaluate whether the elevated BDG level noted is a result of undiagnosed 

fungal infections/ PJP or represents translocation of fungal PAMPS. 

Investigation of the value of CS use on outcome in SCAP, in a largely HIV-positive South 

African population, is needed, with evaluation of the optimal CS preparation and its dosing 

recommendations.     
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There needs to be an evaluation of the incidence and outcome of acute kidney injury in a 

predominantly HIV-positive cohort of patients with SCAP, with documentation of the reasons 

for lack of dialysis in some patients, as well as the impact of renal dialysis on outcome of 

SCAP.  

Further analysis is needed of patients with an unknown HIV status to determine if, and why, 

the mortality is higher in this group, and what interventions could be put in place to mitigate 

this, based on the findings in the current study.  

Lastly, there is a need to investigate medium- and long-term outcomes of patients with SCAP 

in a largely HIV-positive South African population, especially regarding ongoing cardiac 

events, impact on lung function testing, and the potentially beneficial impact of ART. 
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��� %HOO�/&.��1RXUVDGHJKL�0��3DWKRJHQHVLV�RI�+,9���DQG�0\FREDFWHULXP�WXEHUFXORVLV�

FR�LQIHFWLRQ��1DW�5HY�0LFURELRO������������������� 

��� &DOER�(��*DUDX�-��)DFWRUV�DIIHFWLQJ�WKH�GHYHORSPHQW�RI�V\VWHPLF�LQIODPPDWRU\�

UHVSRQVH�V\QGURPH�LQ�SQHXPRFRFFDO�LQIHFWLRQV��&XUU�2SLQ�,QIHFW�'LV������������������� 

��� 'H�3DVFDOH�*��%HOOR�*��7XPEDUHOOR�0��$QWRQHOOL�0��6HYHUH�SQHXPRQLD�LQ�LQWHQVLYH�

FDUH���FDXVH��GLDJQRVLV��WUHDWPHQW�DQG�PDQDJHPHQW���D�UHYLHZ�RI�WKH�OLWHUDWXUH��&XUU�2SLQ�

3XOP�0HG�������������������� 

��� 86�'HSDUWPHQW�RI�9HWHUDQV�$IIDLUV��$,'6�GHILQLQJ�LOOQHVVHV������>,QWHUQHW@��6RXUFH��

5HYLVHG�FODVVLILFDWLRQ�V\VWHP�IRU�+,9�LQIHFWLRQ�DQG�H[SDQGHG�VXUYHLOODQFH�FDVH�GHILQLWLRQ�IRU�

$,'6�DPRQJ�DGROHVFHQWV�DQG�DGXOWV��0RUELGLW\�DQG�0RUWDOLW\�:HHNO\�5HSRUW��'HFHPEHU�����
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�������@�XSGDWH�'HFHPEHU����������>FLWHG�2FWREHU���������@�$YDLODEOH�IURP��

KWWSV���ZZZ�KLY�YD�JRY�SDWLHQW�GLDJQRVLV�2,�$,'6�GHILQLQJ�LOOQHVVHV�DVS� 

��� )HOGPDQ�&��$QGHUVRQ�5��5RVVRXZ�7��+,9�UHODWHG�SQHXPRFRFFDO�GLVHDVH�SUHYHQWLRQ�LQ�

DGXOWV��([SHUW�5HY�5HVSLU�0HG�������������������� 

��� 1XQHV�0&��YRQ�*RWWEHUJ�$��GH�*RXYHLD�/��&RKHQ�&��.XZDQGD�/��.DUVWDHGW�$6��HW�DO��

3HUVLVWHQW�KLJK�EXUGHQ�RI�LQYDVLYH�SQHXPRFRFFDO�GLVHDVH�LQ�6RXWK�$IULFDQ�+,9�LQIHFWHG�DGXOWV�

LQ�WKH�HUD�RI�DQ�DQWLUHWURYLUDO�WUHDWPHQW�SURJUDP��3/R6�2QH�������������H������ 

��� 81$,'6��.H\�SRSXODWLRQ�DWODV�>,QWHUQHW@�>FLWHG�2FWREHU���������@��$YDLODEOH�IURP�

KWWS���NSDWODV�XQDLGV�RUJ�GDVKERDUG 

��� /LP�:6��YDQ�GHU�(HUGHQ�00��/DLQJ�5��%RHUVPD�:*��.DUDOXV�1��7RZQ�*,��HW�DO��

'HILQLQJ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�VHYHULW\�RQ�SUHVHQWDWLRQ�WR�KRVSLWDO��DQ�LQWHUQDWLRQDO�

GHULYDWLRQ�DQG�YDOLGDWLRQ�VWXG\��7KRUD[�������������������� 

��� )LQH�0-��$XEOH�7(��<HDO\�'0��+DQXVD�%+��:HLVVIHOG�/$��6LQJHU�'(��HW�DO��$�

SUHGLFWLRQ�UXOH�WR�LGHQWLI\�ORZ�ULVN�SDWLHQWV�ZLWK�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��1�(QJO�-�

0HG��������������������� 

��� 0DQGHOO�/$��:XQGHULQN�5*��$Q]XHWR�$��%DUWOHWW�-*��&DPSEHOO�*'��'HDQ�1&��HW�DO��

,QIHFWLRXV�'LVHDVHV�6RFLHW\�RI�$PHULFD�$PHULFDQ�7KRUDFLF�6RFLHW\�FRQVHQVXV�JXLGHOLQHV�RQ�

WKH�PDQDJHPHQW�RI�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�LQ�DGXOWV��&OLQ�,QIHFW�'LV����������6XSSO�

��6������ 

��� .DEXQGML�'0��0XVHNLZD�$��0XNDQVL�0��)HOGPDQ�&��'HWHUPLQLQJ�QHHG�IRU�

KRVSLWDOLVDWLRQ��(YDOXDWLRQ�RI�WKH�XWLOLW\�RI�WKH�&5%����VFRUH�LQ�SDWLHQWV�ZLWK�FRPPXQLW\�

DFTXLUHG�SQHXPRQLD�SUHVHQWLQJ�WR�DQ�HPHUJHQF\�GHSDUWPHQW��6�$IU�0HG�-�������������������

��� 

��� $OPHLGD�$��$OPHLGD�$5��&DVWHOR�%UDQFR�6��9HV]D�=��3HUHLUD�5��&85%����DQG�RWKHU�

PDUNHUV�RI�LOOQHVV�VHYHULW\�LQ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�DPRQJ�+,9�SRVLWLYH�SDWLHQWV��

,QW�-�67'�$,'6����������������������� 

��� %LUNKDPVKDZ�(��:DLWW�&-��,QQHV�0��:DLWW�3,��6HYHULW\�DVVHVVPHQW�RI�ORZHU�UHVSLUDWRU\�

WUDFW�LQIHFWLRQ�LQ�0DODZL��GHULYDWLRQ�RI�D�QRYHO�LQGH[��6:$7�%S��ZKLFK�RXWSHUIRUPV�&5%�

����3/R6�2QH�������������H������ 

��� &KULVWHQVHQ�'��)HOGPDQ�&��5RVVL�3��0DUULH�7��%ODVL�)��/XQD�&��HW�DO��+,9�LQIHFWLRQ�

GRHV�QRW�LQIOXHQFH�FOLQLFDO�RXWFRPHV�LQ�KRVSLWDOL]HG�SDWLHQWV�ZLWK�EDFWHULDO�FRPPXQLW\�

DFTXLUHG�SQHXPRQLD��UHVXOWV�IURP�WKH�&$32�LQWHUQDWLRQDO�FRKRUW�VWXG\��&OLQ�,QIHFW�'LV��

����������������� 

https://www.hiv.va.gov/patient/diagnosis/OI-AIDS-defining-illnesses.asp
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��� )HOGPDQ�&��.OXJPDQ�.3��<X�9/��2UWTYLVW�$��&KRLX�&&��&KHGLG�0%��HW�DO��

%DFWHUDHPLF�SQHXPRFRFFDO�SQHXPRQLD��LPSDFW�RI�+,9�RQ�FOLQLFDO�SUHVHQWDWLRQ�DQG�RXWFRPH��

-�,QIHFW�������������������� 

��� :HOWH�7��7RUUHV�$��1DWKZDQL�'��&OLQLFDO�DQG�HFRQRPLF�EXUGHQ�RI�FRPPXQLW\�DFTXLUHG�

SQHXPRQLD�DPRQJ�DGXOWV�LQ�(XURSH��7KRUD[������������������ 

��� .RWKH�+��%DXHU�7��0DUUH�5��6XWWRUS�1��:HOWH�7��'DOKRII�.��HW�DO��2XWFRPH�RI�

FRPPXQLW\�DFTXLUHG�SQHXPRQLD��LQIOXHQFH�RI�DJH��UHVLGHQFH�VWDWXV�DQG�DQWLPLFURELDO�

WUHDWPHQW��(XU�5HVSLU�-�������������������� 

��� %RUGRQ�-��:LHPNHQ�7��3H\UDQL�3��3D]�0/��*QRQL�0��&DEUDO�3��HW�DO��'HFUHDVH�LQ�ORQJ�

WHUP�VXUYLYDO�IRU�KRVSLWDOL]HG�SDWLHQWV�ZLWK�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��&KHVW��

������������������� 

��� &KLOL]D�1��'X�7RLW�0��:DVVHUPDQ�6��2XWFRPHV�RI�+,9�DVVRFLDWHG�SQHXPRF\VWLV�

SQHXPRQLD�DW�D�6RXWK�$IULFDQ�UHIHUUDO�KRVSLWDO��3/R6�2QH�������������H�������� 

��� 0RQJDUGRQ�1��0D[�$��%RXJOp�$��3qQH�)��/HPLDOH�9��&KDUSHQWLHU�-��HW�DO��

(SLGHPLRORJ\�DQG�RXWFRPH�RI�VHYHUH�SQHXPRFRFFDO�SQHXPRQLD�DGPLWWHG�WR�LQWHQVLYH�FDUH�

XQLW��D�PXOWLFHQWHU�VWXG\��&ULW�&DUH�������������5���� 

��� 0'�&DOF��$3$&+(�,,�VFRUH�>,QWHUQHW@�.QDXV��:�>FLWHG��������$SULO@��$YDLODEOH�IURP��

KWWSV���ZZZ�PGFDOF�FRP�DSDFKH�LL�VFRUH� 

��� .QDXV�:$��'UDSHU�($��:DJQHU�'3��=LPPHUPDQ�-(��$3$&+(�,,��D�VHYHULW\�RI�GLVHDVH�

FODVVLILFDWLRQ�V\VWHP��&ULW�&DUH�0HG��������������������� 

��� 'HSDUWPHQW�RI�+HDOWK�5HSXEOLF�RI�6RXWK�$IULFD��1DWLRQDO�+,9�7HVWLQJ�6HUYLFHV�3ROLF\�

�����>,QWHUQHW@�3UHSDUHG�E\�1DWLRQDO�'HSDUWPHQW�RI�+HDOWK��>&LWHG�2FWREHU���������@�

$YDLODEOH�IURP��VDKLYVRF�RUJ�)LOHV�+76���3ROLF\��������-XO\���ILQDO���FRS\�SGI� 

��� %DUWOHWW�-*��%UHLPDQ�5)��0DQGHOO�/$��)LOH�70��&RPPXQLW\�DFTXLUHG�SQHXPRQLD�LQ�

DGXOWV��JXLGHOLQHV�IRU�PDQDJHPHQW��7KH�,QIHFWLRXV�'LVHDVHV�6RFLHW\�RI�$PHULFD��&OLQ�,QIHFW�

'LV�������������������� 

��� 0H\HU�5DWK�*��6FKQLSSHO�.��/RQJ�/��0DF/HRG�:��6DQQH�,��6WHYHQV�:��HW�DO��7KH�

LPSDFW�DQG�FRVW�RI�VFDOLQJ�XS�*HQH;SHUW�07%�5,)�LQ�6RXWK�$IULFD��3/R6�2QH��

����������H������ 

��� )HOGPDQ�&��.DOOHQEDFK�-0��/HY\�+��7KRUEXUQ�-5��+XUZLW]�0'��.RRUQKRI�+-��

&RPSDULVRQ�RI�EDFWHUDHPLF�FRPPXQLW\�DFTXLUHG�OREDU�SQHXPRQLD�GXH�WR�6WUHSWRFRFFXV�

SQHXPRQLDH�DQG�.OHEVLHOOD�SQHXPRQLDH�LQ�DQ�LQWHQVLYH�FDUH�XQLW��5HVSLUDWLRQ������������

���������� 

https://www.mdcalc.com/apache-ii-score
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��� 3RWJLHWHU�3'��+DPPRQG�-0��7KH�LQWHQVLYH�FDUH�PDQDJHPHQW��PRUWDOLW\�DQG�

SURJQRVWLF�LQGLFDWRUV�LQ�VHYHUH�FRPPXQLW\�DFTXLUHG�SQHXPRFRFFDO�SQHXPRQLD��,QWHQVLYH�

&DUH�0HG��������������������� 

��� 1\DPDQGH�.��/DOORR�8*��3RRU�DGKHUHQFH�WR�6RXWK�$IULFDQ�JXLGHOLQHV�IRU�WKH�

PDQDJHPHQW�RI�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��6�$IU�0HG�-������������������� 

��� 4XDK�-��-LDQJ�%��7DQ�3&��6LDX�&��7DQ�7<��,PSDFW�RI�PLFURELDO�$HWLRORJ\�RQ�PRUWDOLW\�

LQ�VHYHUH�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��%0&�,QIHFW�'LV����������������� 

��� :RQJVXUDNLDW�3��&KLWZDUDNRUQ�1��6HYHUH�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�LQ�JHQHUDO�

PHGLFDO�ZDUGV��RXWFRPHV�DQG�LPSDFW�RI�LQLWLDO�DQWLELRWLF�VHOHFWLRQ��%0&�3XOP�0HG��

��������������� 

��� 3DJDQLQ�)��/LOLHQWKDO�)��%RXUGLQ�$��/XJDJQH�1��7L[LHU�)��*pQLQ�5��HW�DO��6HYHUH�

FRPPXQLW\�DFTXLUHG�SQHXPRQLD��DVVHVVPHQW�RI�PLFURELDO�DHWLRORJ\�DV�PRUWDOLW\�IDFWRU��(XU�

5HVSLU�-�������������������� 

��� (UGHP�+��7XUNDQ�+��&LOOL�$��.DUDNDV�$��.DUDNXUW�=��%LOJH�8��HW�DO��0RUWDOLW\�

LQGLFDWRUV�LQ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�UHTXLULQJ�LQWHQVLYH�FDUH�LQ�7XUNH\��,QW�-�,QIHFW�

'LV�������������H������� 

��� 6LUYHQW�-0��&DUPHQ�GH�OD�7RUUH�0��/RUHQFLR�&��7DFKp�$��)HUUL�&��*DUFLD�*LO�-��HW�DO��

3UHGLFWLYH�IDFWRUV�RI�PRUWDOLW\�LQ�VHYHUH�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��D�PRGHO�ZLWK�GDWD�

RQ�WKH�ILUVW���K�RI�,&8�DGPLVVLRQ��0HG�,QWHQVLYD�������������������� 

��� )HOGPDQ�&��*ODWWKDDU�0��0RUDU�5��0DKRPHG�$*��.DND�6��&DVVHO�0��HW�DO��

%DFWHUHPLF�SQHXPRFRFFDO�SQHXPRQLD�LQ�+,9�VHURSRVLWLYH�DQG�+,9�VHURQHJDWLYH�DGXOWV��

&KHVW��������������������� 

��� 6WDWLVWLFV�6RXWK�$IULFD������0LG�\HDU�3RSOXDWLRQ�(VWLPDWHV�>,QWHUQHW@�6WDWVLWLFV�6RXWK�

$IULFD���>$FFHVVHG�2FWREHU��������@�$YDLODEOH�IURP�

KWWSV���ZZZ�VWDWVVD�JRY�]D�"S �������a�WH[W 6RXWK���$IULFD
V���PLG���\HDU���SRSXODW

LRQ�UHOHDVHG���E\���6WDWLVWLFV���6RXWK���$IULFD� 

��� )HOGPDQ�&��3QHXPRQLD�DVVRFLDWHG�ZLWK�+,9�LQIHFWLRQ��&XUU�2SLQ�,QIHFW�'LV��

������������������ 

��� *URVV�$0��-DHJHU�3$��.UHLVEHUJ�-)��/LFRQ�.��-HSVHQ�./��.KRVURKHLGDUL�0��HW�DO��

0HWK\ORPH�ZLGH�$QDO\VLV�RI�&KURQLF�+,9�,QIHFWLRQ�5HYHDOV�)LYH�<HDU�,QFUHDVH�LQ�%LRORJLFDO�

$JH�DQG�(SLJHQHWLF�7DUJHWLQJ�RI�+/$��0RO�&HOO�������������������� 

��� &LOORQL]�&��)HUUHU�0��/LDSLNRX�$��*DUFLD�9LGDO�&��*DEDUUXV�$��&HFFDWR�$��HW�DO��$FXWH�

UHVSLUDWRU\�GLVWUHVV�V\QGURPH�LQ�PHFKDQLFDOO\�YHQWLODWHG�SDWLHQWV�ZLWK�FRPPXQLW\�DFTXLUHG�

SQHXPRQLD��(XU�5HVSLU�-������������� 
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��� /L�*��&RRN�'-��7KDEDQH�/��)ULHGULFK�-2��&UR]LHU�70��0XVFHGHUH�-��HW�DO��5LVN�IDFWRUV�

IRU�PRUWDOLW\�LQ�SDWLHQWV�DGPLWWHG�WR�LQWHQVLYH�FDUH�XQLWV�ZLWK�SQHXPRQLD��5HVSLU�5HV��

�������������� 

��� %H�LQ�WKH�NQRZ��$W�D�JODQFH��+,9�DQG�LQ�6RXWK�$IULFD������>,QWHUQHW@�$YHUW�>$FFHVVHG�

2FWREHU��������@�$YDLODEOH�IURP��KWWSV���ZZZ�DYHUW�RUJ�SURIHVVLRQDOV�KLY�DURXQG�ZRUOG�VXE�

VDKDUDQ�DIULFD�VRXWK�DIULFD� 

��� 0D\�$.��'RVVHWW�/$��1RUULV�35��+DQVHQ�(1��'RUVHWW�5&��3RSRYVN\�.$��HW�DO��

(VWUDGLRO�LV�DVVRFLDWHG�ZLWK�PRUWDOLW\�LQ�FULWLFDOO\�LOO�WUDXPD�DQG�VXUJLFDO�SDWLHQWV��&ULW�&DUH�

0HG������������������ 

��� 5HOOR�-��5RGULJXH]�5��-XEHUW�3��$OYDUH]�%��6HYHUH�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�LQ�

WKH�HOGHUO\��HSLGHPLRORJ\�DQG�SURJQRVLV��6WXG\�*URXS�IRU�6HYHUH�&RPPXQLW\�$FTXLUHG�

3QHXPRQLD��&OLQ�,QIHFW�'LV������������������� 

��� :RUOG�3RSXODWLRQ�5HYLHZ�6PRNLQJ�5DWHV�E\�&RXQWU\������>,QWHUQHW`�>$FFHVVHG�

2FWREHU��������@�$YDLODEOH�IURP��KWWSV���ZRUOGSRSXODWLRQUHYLHZ�FRP�FRXQWU\�

UDQNLQJV�VPRNLQJ�UDWHV�E\�FRXQWU\� 

��� )HUUHU�0��7UDYLHUVR�&��&LOORQL]�&��*DEDUUXV�$��5DQ]DQL�27��3ROYHULQR�(��HW�DO��6HYHUH�

FRPPXQLW\�DFTXLUHG�SQHXPRQLD��&KDUDFWHULVWLFV�DQG�SURJQRVWLF�IDFWRUV�LQ�YHQWLODWHG�DQG�QRQ�

YHQWLODWHG�SDWLHQWV��3/R6�2QH�������������H�������� 

��� *DUFLD�9LGDO�&��$UGDQX\�&��7XEDX�)��9LDVXV�'��'RUFD�-��/LxDUHV�-��HW�DO��

3QHXPRFRFFDO�SQHXPRQLD�SUHVHQWLQJ�ZLWK�VHSWLF�VKRFN��KRVW��DQG�SDWKRJHQ�UHODWHG�IDFWRUV�

DQG�RXWFRPHV��7KRUD[������������������� 

��� %DVNDUDQ�9��0XUUD\�5/��+XQWHU�$��/LP�:6��0F.HHYHU�70��(IIHFW�RI�WREDFFR�

VPRNLQJ�RQ�WKH�ULVN�RI�GHYHORSLQJ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��$�V\VWHPDWLF�UHYLHZ�DQG�

PHWD�DQDO\VLV��3/R6�2QH�������������H�������� 

��� 6RSRUL�0��(IIHFWV�RI�FLJDUHWWH�VPRNH�RQ�WKH�LPPXQH�V\VWHP��1DW�5HY�,PPXQRO��

���������������� 

��� &KHQ�+��&RZDQ�0-��+DVGD\�-'��9RJHO�61��0HGYHGHY�$(��7REDFFR�VPRNLQJ�LQKLELWV�

H[SUHVVLRQ�RI�SURLQIODPPDWRU\�F\WRNLQHV�DQG�DFWLYDWLRQ�RI�,/��5�DVVRFLDWHG�NLQDVH��S����DQG�

1)�NDSSD%�LQ�DOYHRODU�PDFURSKDJHV�VWLPXODWHG�ZLWK�7/5��DQG�7/5��DJRQLVWV��-�,PPXQRO��

��������������������� 

��� 0F&UHD�.$��(QVRU�-(��1DOO�.��%OHHFNHU�(5��+DVGD\�-'��$OWHUHG�F\WRNLQH�UHJXODWLRQ�

LQ�WKH�OXQJV�RI�FLJDUHWWH�VPRNHUV��$P�-�5HVSLU�&ULW�&DUH�0HG���������������������� 

��� 0DOLQLV�0��0\HUV�-��%RUGRQ�-��3H\UDQL�3��.DSRRU�5��1DNDPDW]X�5��HW�DO��&OLQLFDO�

RXWFRPHV�RI�+,9�LQIHFWHG�SDWLHQWV�KRVSLWDOL]HG�ZLWK�EDFWHULDO�FRPPXQLW\�DFTXLUHG�

SQHXPRQLD��,QW�-�,QIHFW�'LV�������������H����� 

https://www.avert.org/professionals/hiv-around-world/sub-saharan-africa/south-africa
https://www.avert.org/professionals/hiv-around-world/sub-saharan-africa/south-africa
https://worldpopulationreview.com/country-rankings/smoking-rates-by-country
https://worldpopulationreview.com/country-rankings/smoking-rates-by-country
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��� 0LOOV�(-��1DFKHJD�-%��%XFKDQ�,��2UELQVNL�-��$WWDUDQ�$��6LQJK�6��HW�DO��$GKHUHQFH�WR�

DQWLUHWURYLUDO�WKHUDS\�LQ�VXE�6DKDUDQ�$IULFD�DQG�1RUWK�$PHULFD��D�PHWD�DQDO\VLV��-$0$��

������������������� 

��� 5RVHQ�6��)R[�03��*LOO�&-��3DWLHQW�UHWHQWLRQ�LQ�DQWLUHWURYLUDO�WKHUDS\�SURJUDPV�LQ�VXE�

6DKDUDQ�$IULFD��D�V\VWHPDWLF�UHYLHZ��3/R6�0HG�������������H���� 

��� .UDQ]HU�.��/HZLV�--��)RUG�1��=HLQHFNHU�-��2UUHOO�&��/DZQ�6'��HW�DO��7UHDWPHQW�

LQWHUUXSWLRQ�LQ�D�SULPDU\�FDUH�DQWLUHWURYLUDO�WKHUDS\�SURJUDP�LQ�6RXWK�$IULFD��FRKRUW�DQDO\VLV�

RI�WUHQGV�DQG�ULVN�IDFWRUV��-�$FTXLU�,PPXQH�'HILF�6\QGU�������������H������ 

��� $]LD�,1��0XNXPEDQJ�)&��YDQ�:\N�%��%DUULHUV�WR�DGKHUHQFH�WR�DQWLUHWURYLUDO�

WUHDWPHQW�LQ�D�UHJLRQDO�KRVSLWDO�LQ�9UHGHQEXUJ��:HVWHUQ�&DSH��6RXWK�$IULFD��6RXWK�$IU�-�+,9�

0HG����������������� 

��� .RVV�&$��-DUOVEHUJ�/*��GHQ�%RRQ�6��&DWWDPDQFKL�$��'DYLV�-/��:RURGULD�:��HW�DO��$�

&OLQLFDO�3UHGLFWRU�6FRUH�IRU����'D\�0RUWDOLW\�DPRQJ�+,9�,QIHFWHG�$GXOWV�+RVSLWDOL]HG�ZLWK�

3QHXPRQLD�LQ�8JDQGD��3/R6�2QH�������������H�������� 

��� %RUGRQ�-��.DSRRU�5��0DUWLQH]�&��3RUWHOD�'��'XYYXUL�3��.ORFKNR�$��HW�DO��&'���FHOO�

FRXQWV�DQG�+,9�51$�OHYHOV�GR�QRW�SUHGLFW�RXWFRPHV�RI�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�LQ�

KRVSLWDOL]HG�+,9�LQIHFWHG�SDWLHQWV��,QW�-�,QIHFW�'LV��������������H������ 

��� +ROXE�0��.OXFNRYi�=��+HOFO�0��3UtKRGRY�-��5RN\WD�5��%HUDQ�2��/\PSKRF\WH�VXEVHW�

QXPEHUV�GHSHQG�RQ�WKH�EDFWHULDO�RULJLQ�RI�VHSVLV��&OLQ�0LFURELRO�,QIHFW������������������� 

��� *RJRV�&��.RWVDNL�$��3HOHNDQRX�$��*LDQQLNRSRXORV�*��9DNL�,��0DUDYLWVD�3��HW�DO��(DUO\�

DOWHUDWLRQV�RI�WKH�LQQDWH�DQG�DGDSWLYH�LPPXQH�VWDWXVHV�LQ�VHSVLV�DFFRUGLQJ�WR�WKH�W\SH�RI�

XQGHUO\LQJ�LQIHFWLRQ��&ULW�&DUH�������������5��� 

��� +RWFKNLVV�56��.DUO�,(��7KH�SDWKRSK\VLRORJ\�DQG�WUHDWPHQW�RI�VHSVLV��1�(QJO�-�0HG��

������������������� 

��� )DOFRQH�0��5XVVR�$��&DQJHPL�5��)DUFRPHQL�$��&DOYLHUL�&��%DULOOj�)��HW�DO��/RZHU�

PRUWDOLW\�UDWH�LQ�HOGHUO\�SDWLHQWV�ZLWK�FRPPXQLW\�RQVHW�SQHXPRQLD�RQ�WUHDWPHQW�ZLWK�DVSLULQ��

-�$P�+HDUW�$VVRF������������H������� 

��� &KDOPHUV�-'��6LQJDQD\DJDP�$��0XUUD\�03��+LOO�$7��3ULRU�VWDWLQ�XVH�LV�DVVRFLDWHG�

ZLWK�LPSURYHG�RXWFRPHV�LQ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��$P�-�0HG��������������������

��H�� 

��� 0RUWHQVHQ�(0��1DNDVKLPD�%��&RUQHOO�-��&RSHODQG�/$��3XJK�0-��$Q]XHWR�$��HW�DO��

3RSXODWLRQ�EDVHG�VWXG\�RI�VWDWLQV��DQJLRWHQVLQ�,,�UHFHSWRU�EORFNHUV��DQG�DQJLRWHQVLQ�

FRQYHUWLQJ�HQ]\PH�LQKLELWRUV�RQ�SQHXPRQLD�UHODWHG�RXWFRPHV��&OLQ�,QIHFW�'LV��

�������������������� 
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��� 0RUWHQVHQ�(0��3XJK�0-��&RSHODQG�/$��5HVWUHSR�0,��&RUQHOO�-(��$Q]XHWR�$��HW�DO��

,PSDFW�RI�VWDWLQV�DQG�DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH�LQKLELWRUV�RQ�PRUWDOLW\�RI�VXEMHFWV�

KRVSLWDOLVHG�ZLWK�SQHXPRQLD��(XU�5HVSLU�-������������������� 

��� 0RUWHQVHQ�(0��5HVWUHSR�0,��$Q]XHWR�$��3XJK�-��7KH�LPSDFW�RI�SULRU�RXWSDWLHQW�$&(�

LQKLELWRU�XVH�RQ����GD\�PRUWDOLW\�IRU�SDWLHQWV�KRVSLWDOL]HG�ZLWK�FRPPXQLW\�DFTXLUHG�

SQHXPRQLD��%0&�3XOP�0HG������������ 

��� <DPDPRWR�6��<DPD]DNL�6��6KLPL]X�7��7DNHVKLPD�7��)XNXPD�6��<DPDPRWR�<��HW�DO��

%RG\�7HPSHUDWXUH�DW�WKH�(PHUJHQF\�'HSDUWPHQW�DV�D�3UHGLFWRU�RI�0RUWDOLW\�LQ�3DWLHQWV�:LWK�

%DFWHULDO�,QIHFWLRQ��0HGLFLQH��%DOWLPRUH���������������H����� 

��� :URWHN�6��/H*UDQG�(.��']LDOXN�$��$OFRFN�-��/HW�IHYHU�GR�LWV�MRE��7KH�PHDQLQJ�RI�

IHYHU�LQ�WKH�SDQGHPLF�HUD��(YRO�0HG�3XEOLF�+HDOWK������������������ 

��� %URZQ�60��-RQHV�%(��-HSKVRQ�$5��'HDQ�1&�������,'6R$$76��9DOLGDWLRQ�RI�WKH�

,QIHFWLRXV�'LVHDVH�6RFLHW\�RI�$PHULFD�$PHULFDQ�7KRUDFLF�6RFLHW\������JXLGHOLQHV�IRU�VHYHUH�

FRPPXQLW\�DFTXLUHG�SQHXPRQLD��&ULW�&DUH�0HG��������������������� 

��� 5REED�&��&ULSSD�,$��7DFFRQH�)6��6HSWLF�(QFHSKDORSDWK\��&XUU�1HXURO�1HXURVFL�5HS��

��������������� 

��� &KDOPHUV�-'��6LQJDQD\DJDP�$��+LOO�$7��6\VWROLF�EORRG�SUHVVXUH�LV�VXSHULRU�WR�RWKHU�

KDHPRG\QDPLF�SUHGLFWRUV�RI�RXWFRPH�LQ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��7KRUD[��

������������������� 

��� /L�+<��*XR�4��6RQJ�:'��=KRX�<3��/L�0��&KHQ�;.��HW�DO��0RUWDOLW\�DPRQJ�VHYHUH�

FRPPXQLW\�DFTXLUHG�SQHXPRQLD�SDWLHQWV�GHSHQGV�RQ�FRPELQDWLRQV�RI������,'6$�$76�PLQRU�

FULWHULD��,QW�-�,QIHFW�'LV���������������� 

��� $O�+XVVDLQ�6.��.XUGL�$��$EXWKHUDD�1��$O'DZVDUL�$��6QHGGRQ�-��*RGPDQ�%��HW�DO��

9DOLGLW\�RI�3QHXPRQLD�6HYHULW\�$VVHVVPHQW�6FRUHV�LQ�$IULFD�DQG�6RXWK�$VLD��$�6\VWHPDWLF�

5HYLHZ�DQG�0HWD�$QDO\VLV��+HDOWKFDUH��%DVHO������������� 

��� %RXFK�'&��7KRPSVRQ�-)��6HYHULW\�6FRULQJ�6\VWHPV�LQ�WKH�&ULWLFDOO\�,OO��&RQWLQXLQJ�

HGXFDWLRQ�LQ�DQDHVWKHVLD��FULWLFDO�FDUH�	�SDLQ�������2FWREHU����S�������� 

��� %URZQ�0&��&UHGH�:%��3UHGLFWLYH�DELOLW\�RI�DFXWH�SK\VLRORJ\�DQG�FKURQLF�KHDOWK�

HYDOXDWLRQ�,,�VFRULQJ�DSSOLHG�WR�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�SRVLWLYH�SDWLHQWV��&ULW�&DUH�

0HG�������������������� 

��� &RYHOOL�+'��1HVVDQ�9-��7XWWOH�:.��2[\JHQ�GHULYHG�YDULDEOHV�LQ�DFXWH�UHVSLUDWRU\�

IDLOXUH��&ULW�&DUH�0HG������������������� 

��� (ZLJ�6��5XL]�0��0HQVD�-��0DUFRV�0$��0DUWLQH]�-$��$UDQFLELD�)��HW�DO��6HYHUH�

FRPPXQLW\�DFTXLUHG�SQHXPRQLD��$VVHVVPHQW�RI�VHYHULW\�FULWHULD��$P�-�5HVSLU�&ULW�&DUH�0HG��

������������������� 
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��� &RUGHUR�(��3DFKyQ�-��5LYHUR�$��*LUyQ�-$��*yPH]�0DWHRV�-��0HULQR�0'��HW�DO��

&RPPXQLW\�DFTXLUHG�EDFWHULDO�SQHXPRQLD�LQ�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�LQIHFWHG�

SDWLHQWV��YDOLGDWLRQ�RI�VHYHULW\�FULWHULD��7KH�*UXSR�$QGDOX]�SDUD�HO�(VWXGLR�GH�ODV�

(QIHUPHGDGHV�,QIHFFLRVDV��$P�-�5HVSLU�&ULW�&DUH�0HG��������������������� 

��� 0LQHPXUD�0��7DMLUL�.��6KLPL]X�<��/LYHU�LQYROYHPHQW�LQ�V\VWHPLF�LQIHFWLRQ��:RUOG�-�

+HSDWRO������������������� 

��� =KDR�/��%DR�-��6KDQJ�<��=KDQJ�<��<LQ�/��<X�<��HW�DO��7KH�SURJQRVWLF�YDOXH�RI�VHUXP�

DOEXPLQ�OHYHOV�DQG�UHVSLUDWRU\�UDWH�IRU�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��$�SURVSHFWLYH��PXOWL�

FHQWHU�VWXG\��3/R6�2QH�������������H�������� 

��� /HH�-+��.LP�-��.LP�.��-R�<+��5KHH�-��.LP�7<��HW�DO��$OEXPLQ�DQG�&�UHDFWLYH�SURWHLQ�

KDYH�SURJQRVWLF�VLJQLILFDQFH�LQ�SDWLHQWV�ZLWK�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��-�&ULW�&DUH��

������������������ 

��� :LHGHUPDQQ�&-��+\SRDOEXPLQHPLD�DV�6XUURJDWH�DQG�&XOSULW�RI�,QIHFWLRQV��,QW�-�0RO�

6FL������������� 

���� 0H]LDQL�)��.UHPHU�+��7HVVH�$��%DURQ�0HQJX\�&��0DWKLHQ�&��0RVWHIDL�+$��HW�DO��

+XPDQ�VHUXP�DOEXPLQ�LPSURYHV�DUWHULDO�G\VIXQFWLRQ�GXULQJ�HDUO\�UHVXVFLWDWLRQ�LQ�PRXVH�

HQGRWR[LF�PRGHO�YLD�UHGXFHG�R[LGDWLYH�DQG�QLWURVDWLYH�VWUHVVHV��$P�-�3DWKRO��

�������������������� 

���� 2ODZXPL�+2��2ODWXQML�32��7KH�YDOXH�RI�VHUXP�DOEXPLQ�LQ�SUHWUHDWPHQW�DVVHVVPHQW�

DQG�PRQLWRULQJ�RI�WKHUDS\�LQ�+,9�$,'6�SDWLHQWV��+,9�0HG������������������ 

���� 6FKOHLFKHU�*.��+HUEHUW�9��%ULQN�$��0DUWLQ�6��0DUDM�5��*DOSLQ�-6��HW�DO��3URFDOFLWRQLQ�

DQG�&�UHDFWLYH�SURWHLQ�OHYHOV�LQ�+,9�SRVLWLYH�VXEMHFWV�ZLWK�WXEHUFXORVLV�DQG�SQHXPRQLD��(XU�

5HVSLU�-�������������������� 

���� 0HQGHOVRQ�)��*ULHVHO�5��7LIILQ�1��5DQJDND�0��%RXOOH�$��0HQGHOVRQ�0��HW�DO��&�

UHDFWLYH�SURWHLQ�DQG�SURFDOFLWRQLQ�WR�GLVFULPLQDWH�EHWZHHQ�WXEHUFXORVLV��3QHXPRF\VWLV�

MLURYHFLL�SQHXPRQLD��DQG�EDFWHULDO�SQHXPRQLD�LQ�+,9�LQIHFWHG�LQSDWLHQWV�PHHWLQJ�:+2�

FULWHULD�IRU�VHULRXVO\�LOO��D�SURVSHFWLYH�FRKRUW�VWXG\��%0&�,QIHFW�'LV����������������� 

���� 'HO�&RUSR�2��%XWOHU�/DSRUWH�*��6KHSSDUG�'&��&KHQJ�03��0F'RQDOG�(*��/HH�7&��

'LDJQRVWLF�DFFXUDF\�RI�VHUXP�������ȕ�'�JOXFDQ�IRU�3QHXPRF\VWLV�MLURYHFLL�SQHXPRQLD��D�

V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��&OLQ�0LFURELRO�,QIHFW��������������������� 

���� .DUDJHRUJRSRXORV�'(��9RXORXPDQRX�(.��1W]LRUD�)��0LFKDORSRXORV�$��5DIDLOLGLV�3,��

)DODJDV�0(��ȕ�'�JOXFDQ�DVVD\�IRU�WKH�GLDJQRVLV�RI�LQYDVLYH�IXQJDO�LQIHFWLRQV��D�PHWD�

DQDO\VLV��&OLQ�,QIHFW�'LV�������������������� 

���� �)XQJLWHOO���������%�'�*OXFDQ�$QDO\VLV��>,QWHUQHW@�$VVRFLDWHV�RI�&DSH�&RG��,QF�

>$FFHVVHG�2FWREHU���������@�$YDLODEOH�IURP��KWWSV���ZZZ�IXQJLWHOO�FRP�� 

https://www.fungitell.com/
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���� 3HUVDW�)��5DQTXH�6��'HURXLQ�)��0LFKHO�1JX\HQ�$��3LFRW�6��6XODKLDQ�$��&RQWULEXWLRQ�RI�

WKH�����!���EHWD�'�JOXFDQ�DVVD\�IRU�GLDJQRVLV�RI�LQYDVLYH�IXQJDO�LQIHFWLRQV��-�&OLQ�0LFURELRO��

������������������� 

���� 'LJE\�-��.DOEIOHLVFK�-��*OHQQ�$��/DUVHQ�$��%URZGHU�:��:LOOLDPV�'��6HUXP�JOXFDQ�

OHYHOV�DUH�QRW�VSHFLILF�IRU�SUHVHQFH�RI�IXQJDO�LQIHFWLRQV�LQ�LQWHQVLYH�FDUH�XQLW�SDWLHQWV��&OLQ�

'LDJQ�/DE�,PPXQRO������������������� 

���� .LWVLRV�*'��.RWRN�'��<DQJ�+��)LQNHOPDQ�0$��=KDQJ�<��%ULWWRQ�1��HW�DO��3ODVPD�����

ȕ�G�JOXFDQ�OHYHOV�SUHGLFW�DGYHUVH�FOLQLFDO�RXWFRPHV�LQ�FULWLFDO�LOOQHVV��-&,�,QVLJKW������������� 

���� $VVHID�*��1LJXVVLH�<��$GHUD\H�*��:RUNX�$��/LQGTXLVW�/��&KHVW�;�UD\�HYDOXDWLRQ�RI�

SQHXPRQLD�OLNH�V\QGURPHV�LQ�VPHDU�QHJDWLYH�+,9�SRVLWLYH�SDWLHQWV�ZLWK�DW\SLFDO�FKHVW�[�UD\��

)LQGLQJV�LQ�(WKLRSLDQ�VHWWLQJ��(WKLRS�0HG�-������������������� 

���� %RLVHOOH�30��7RFLQR�,��+RROH\�5-��3XPHUDQW]�$6��6HOZ\Q�3$��1HNOHVD�93��HW�DO��

&KHVW�UDGLRJUDSK�LQWHUSUHWDWLRQ�RI�3QHXPRF\VWLV�FDULQLL�SQHXPRQLD��EDFWHULDO�SQHXPRQLD��DQG�

SXOPRQDU\�WXEHUFXORVLV�LQ�+,9�SRVLWLYH�SDWLHQWV��DFFXUDF\��GLVWLQJXLVKLQJ�IHDWXUHV��DQG�

PLPLFV��-�7KRUDF�,PDJLQJ������������������� 

���� &KDOPHUV�-'��6LQJDQD\DJDP�$��0XUUD\�03��6FDOO\�&��)DZ]L�$��+LOO�$7��5LVN�IDFWRUV�

IRU�FRPSOLFDWHG�SDUDSQHXPRQLF�HIIXVLRQ�DQG�HPS\HPD�RQ�SUHVHQWDWLRQ�WR�KRVSLWDO�ZLWK�

FRPPXQLW\�DFTXLUHG�SQHXPRQLD��7KRUD[������������������� 

���� $PDUR�5��6PRNLQJ�LV�DVVRFLDWHG�ZLWK�KLJKHU�LQFLGHQFH�RI�SDUDSQHXPRQLF�HIIXVLRQ�LQ�

FRPPXQLW\�DFTXLUHG�SQHXPRQLD��,Q��6HOODUpV�-��HGLWRU��(XURSHDQ�5HVSLUDWRU\�-RXUQDO������S��

���� 

���� 6HOODUHV�-��/ySH]�*LUDOGR�$��/XFHQD�&��&LOORQL]�&��$PDUR�5��3ROYHULQR�(��HW�DO��

,QIOXHQFH�RI�SUHYLRXV�XVH�RI�LQKDOHG�FRUWLFRLGV�RQ�WKH�GHYHORSPHQW�RI�SOHXUDO�HIIXVLRQ�LQ�

FRPPXQLW\�DFTXLUHG�SQHXPRQLD��$P�-�5HVSLU�&ULW�&DUH�0HG���������������������� 

���� 9RUVWHU�0-��$OOZRRG�%:��'LDFRQ�$+��.RHJHOHQEHUJ�&)��7XEHUFXORXV�SOHXUDO�

HIIXVLRQV��DGYDQFHV�DQG�FRQWURYHUVLHV��-�7KRUDF�'LV������������������� 

���� 0HQ]LHV�60��5DKPDQ�10��:ULJKWVRQ�-0��'DYLHV�+(��6KRUWHQ�5��*LOOHVSLH�6+��HW�DO��

%ORRG�FXOWXUH�ERWWOH�FXOWXUH�RI�SOHXUDO�IOXLG�LQ�SOHXUDO�LQIHFWLRQ��7KRUD[�������������������� 

���� 5XDQ�6<��&KXDQJ�<&��:DQJ�-<��/LQ�-:��&KLHQ�-<��+XDQJ�&7��HW�DO��5HYLVLWLQJ�

WXEHUFXORXV�SOHXULV\��SOHXUDO�IOXLG�FKDUDFWHULVWLFV�DQG�GLDJQRVWLF�\LHOG�RI�P\FREDFWHULDO�

FXOWXUH�LQ�DQ�HQGHPLF�DUHD��7KRUD[������������������� 

���� /HY\�+��.DOOHQEDFK�-0��)HOGPDQ�&��7KRUEXUQ�-5��$EUDPRZLW]�-$��$FXWH�UHVSLUDWRU\�

IDLOXUH�LQ�DFWLYH�WXEHUFXORVLV��&ULW�&DUH�0HG������������������� 
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���� 0XWKX�9��$JDUZDO�5��'KRRULD�6��$JJDUZDO�$1��%HKHUD�'��6HKJDO�,6��2XWFRPH�RI�

&ULWLFDOO\�,OO�6XEMHFWV�:LWK�7XEHUFXORVLV��6\VWHPDWLF�5HYLHZ�DQG�0HWD�$QDO\VLV��5HVSLU�&DUH��

�������������������� 

���� 0XWKX�9��'KRRULD�6��$JJDUZDO�$1��%HKHUD�'��6HKJDO�,6��$JDUZDO�5��$FXWH�

5HVSLUDWRU\�'LVWUHVV�6\QGURPH�'XH�7R�7XEHUFXORVLV�LQ�D�5HVSLUDWRU\�,&8�2YHU�D����<HDU�

3HULRG��&ULW�&DUH�0HG��������������H�����H��� 

���� 6KLPD]DNL�7��7DQLJXFKL�7��6DOXGDU�15'��*XVWLOR�/0��.DWR�7��)XUXPRWR�$��HW�DO��

%DFWHULDO�FR�LQIHFWLRQ�DQG�HDUO\�PRUWDOLW\�DPRQJ�SXOPRQDU\�WXEHUFXORVLV�SDWLHQWV�LQ�0DQLOD��

7KH�3KLOLSSLQHV��,QW�-�7XEHUF�/XQJ�'LV������������������� 

���� $IHVVD�%��*UHHQ�%��%DFWHULDO�SQHXPRQLD�LQ�KRVSLWDOL]HG�SDWLHQWV�ZLWK�+,9�LQIHFWLRQ��

WKH�3XOPRQDU\�&RPSOLFDWLRQV��,&8�6XSSRUW��DQG�3URJQRVWLF�)DFWRUV�RI�+RVSLWDOL]HG�3DWLHQWV�

ZLWK�+,9��3,3��6WXG\��&KHVW���������������������� 

���� %HQLWR�1��0RUHQR�$��0LUR�-0��7RUUHV�$��3XOPRQDU\�LQIHFWLRQV�LQ�+,9�LQIHFWHG�

SDWLHQWV��DQ�XSGDWH�LQ�WKH���VW�FHQWXU\��(XU�5HVSLU�-�������������������� 

���� :DOGHQ�$3��&ODUNH�*0��0F.HFKQLH�6��+XWWRQ�3��*RUGRQ�$&��5HOOR�-��HW�DO��3DWLHQWV�

ZLWK�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�DGPLWWHG�WR�(XURSHDQ�LQWHQVLYH�FDUH�XQLWV��DQ�

HSLGHPLRORJLFDO�VXUYH\�RI�WKH�*HQ26HSW�FRKRUW��&ULW�&DUH�������������5��� 

���� 6PLWK�$0��0F&XOOHUV�-$��6HFRQGDU\�EDFWHULDO�LQIHFWLRQV�LQ�LQIOXHQ]D�YLUXV�LQIHFWLRQ�

SDWKRJHQHVLV��&XUU�7RS�0LFURELRO�,PPXQRO������������������ 

���� $OLEHUWL�6��5H\HV�/)��)DYHULR�3��6RWJLX�*��'RUH�6��5RGULJXH]�$+��HW�DO��*OREDO�

LQLWLDWLYH�IRU�PHWLFLOOLQ�UHVLVWDQW�6WDSK\ORFRFFXV�DXUHXV�SQHXPRQLD��*/,03���DQ�

LQWHUQDWLRQDO��REVHUYDWLRQDO�FRKRUW�VWXG\��/DQFHW�,QIHFW�'LV���������������������� 

���� )DOJXHUD�0��&DUUDWDOj�-��5XL]�*RQ]DOH]�$��*DUFLD�9LGDO�&��*D]TXH]�,��'RUFD�-��HW�DO��

5LVN�IDFWRUV�DQG�RXWFRPH�RI�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�GXH��WR�*UDP�QHJDWLYH�EDFLOOL��

5HVSLURORJ\�������������������� 

���� 3ULQD�(��5DQ]DQL�27��3ROYHULQR�(��&LOOyQL]�&��)HUUHU�0��)HUQDQGH]�/��HW�DO��5LVN�

IDFWRUV�DVVRFLDWHG�ZLWK�SRWHQWLDOO\�DQWLELRWLF�UHVLVWDQW�SDWKRJHQV�LQ�FRPPXQLW\�DFTXLUHG�

SQHXPRQLD��$QQ�$P�7KRUDF�6RF�������������������� 

���� 0RKVHQ�$+��0F.HQGULFN�0��9DULFHOOD�SQHXPRQLD�LQ�DGXOWV��(XU�5HVSLU�-��

������������������ 

���� 0HU�0��5LFKDUGV�*$��&RUWLFRVWHURLGV�LQ�OLIH�WKUHDWHQLQJ�YDULFHOOD�SQHXPRQLD��&KHVW��

������������������� 

���� 1DLU�*%��1LHGHUPDQ�06��8SGDWHV�RQ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�PDQDJHPHQW�LQ�

WKH�,&8��3KDUPDFRO�7KHU������������������ 
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���� 1DPEDIX�-��$FKDNRORQJ�0��0ZHQGZD�)��%ZLND�-��5LXQJD�)��*LWDX�6��HW�DO��$�

SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�RI�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�LQ�.HQ\D��WKH�UROH�RI�YLUDO�

SDWKRJHQV��%0&�,QIHFW�'LV����������������� 

���� %DXJKPDQ�53��&\WRPHJDORYLUXV��WKH�PRQVWHU�LQ�WKH�FORVHW"�$P�-�5HVSLU�&ULW�&DUH�

0HG������������������ 

���� 'LDQD�1(��)HOGPDQ�&��0HDVOHV�LQ�DGXOWV��$�FRPSDULVRQ�RI�KRVSLWDOLVHG�+,9�LQIHFWHG�

DQG�+,9�XQLQIHFWHG�SDWLHQWV��6�$IU�-�+,9�0HG��������������D���� 

���� %RRQVDUQJVXN�9��6LULODN�6��.LDWERRQVUL�6��$FXWH�UHVSLUDWRU\�IDLOXUH�GXH�WR�

3QHXPRF\VWLV�SQHXPRQLD��RXWFRPH�DQG�SURJQRVWLF�IDFWRUV��,QW�-�,QIHFW�'LV������������������� 

���� 0LOOHU�5)��$OOHQ�(��&RSDV�$��6LQJHU�0��(GZDUGV�6*��,PSURYHG�VXUYLYDO�IRU�+,9�

LQIHFWHG�SDWLHQWV�ZLWK�VHYHUH�3QHXPRF\VWLV�MLURYHFLL�SQHXPRQLD�LV�LQGHSHQGHQW�RI�KLJKO\�

DFWLYH�DQWLUHWURYLUDO�WKHUDS\��7KRUD[�������������������� 

���� .HOOH\�&)��&KHFNOH\�:��0DQQLQR�'0��)UDQFR�3DUHGHV�&��'HO�5LR�&��+ROJXLQ�)��

7UHQGV�LQ�KRVSLWDOL]DWLRQV�IRU�$,'6�DVVRFLDWHG�3QHXPRF\VWLV�MLURYHFLL�3QHXPRQLD�LQ�WKH�

8QLWHG�6WDWHV�������WR��������&KHVW�������������������� 

���� 'LQL�/��GX�3OHVVLV�0��)UHDQ�-��)HUQDQGH]�9��+LJK�SUHYDOHQFH�RI�GLK\GURSWHURDWH�

V\QWKDVH�PXWDWLRQV�LQ�3QHXPRF\VWLV�MLURYHFLL�LVRODWHG�IURP�SDWLHQWV�ZLWK�3QHXPRF\VWLV�

SQHXPRQLD�LQ�6RXWK�$IULFD��-�&OLQ�0LFURELRO��������������������� 

���� 'HUPDZDQ�-.7��*KRVK�6��.HDWLQJ�0.��*RSDODNULVKQD�.9��0XNKRSDGK\D\�6��

&DQGLGD�SQHXPRQLD�ZLWK�VHYHUH�FOLQLFDO�FRXUVH��UHFRYHU\�ZLWK�DQWLIXQJDO�WKHUDS\�DQG�XQXVXDO�

SDWKRORJLF�ILQGLQJV��$�FDVH�UHSRUW��0HGLFLQH��%DOWLPRUH��������������H����� 

���� .OHLQ�.ORXZHQEHUJ�30��)UHQFNHQ�-)��.XLSHUV�6��2QJ�'6��3HHOHQ�/0��YDQ�9XJKW�/$��

HW�DO��,QFLGHQFH��3UHGLFWRUV��DQG�2XWFRPHV�RI�1HZ�2QVHW�$WULDO�)LEULOODWLRQ�LQ�&ULWLFDOO\�,OO�

3DWLHQWV�ZLWK�6HSVLV��$�&RKRUW�6WXG\��$P�-�5HVSLU�&ULW�&DUH�0HG��������������������� 

���� 5H\HV�/)��5HVWUHSR�0,��+LQRMRVD�&$��6RQL�1-��$Q]XHWR�$��%DEX�%/��HW�DO��6HYHUH�

3QHXPRFRFFDO�3QHXPRQLD�&DXVHV�$FXWH�&DUGLDF�7R[LFLW\�DQG�6XEVHTXHQW�&DUGLDF�

5HPRGHOLQJ��$P�-�5HVSLU�&ULW�&DUH�0HG��������������������� 

���� %URZQ�$2��2ULKXHOD�&-��9LVXDOL]DWLRQ�RI�6WUHSWRFRFFXV�SQHXPRQLDH�ZLWKLQ�&DUGLDF�

0LFUROHVLRQV�DQG�6XEVHTXHQW�&DUGLDF�5HPRGHOLQJ��-�9LV�([S����������� 

���� %URZQ�$2��0DQQ�%��*DR�*��+DQNLQV�-6��+XPDQQ�-��*LDUGLQD�-��HW�DO��6WUHSWRFRFFXV�

SQHXPRQLDH�WUDQVORFDWHV�LQWR�WKH�P\RFDUGLXP�DQG�IRUPV�XQLTXH�PLFUROHVLRQV�WKDW�GLVUXSW�

FDUGLDF�IXQFWLRQ��3/R6�3DWKRJ�������������H�������� 

���� &RUUDOHV�0HGLQD�9)��0XVKHU�'0��:HOOV�*$��&KLULQRV�-$��&KHQ�/��)LQH�0-��&DUGLDF�

FRPSOLFDWLRQV�LQ�SDWLHQWV�ZLWK�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��LQFLGHQFH��WLPLQJ��ULVN�

IDFWRUV��DQG�DVVRFLDWLRQ�ZLWK�VKRUW�WHUP�PRUWDOLW\��&LUFXODWLRQ��������������������� 
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���� .UDJ�0��3HUQHU�$��:HWWHUVOHY�-��:LVH�03��%RUWKZLFN�0��%HQGHO�6��HW�DO��3UHYDOHQFH�

DQG�RXWFRPH�RI�JDVWURLQWHVWLQDO�EOHHGLQJ�DQG�XVH�RI�DFLG�VXSSUHVVDQWV�LQ�DFXWHO\�LOO�DGXOW�

LQWHQVLYH�FDUH�SDWLHQWV��,QWHQVLYH�&DUH�0HG�������������������� 

���� &KDWKD�1��)RUWLQ�'��%RVPD�.-��0DQDJHPHQW�RI�QHFURWL]LQJ�SQHXPRQLD�DQG�

SXOPRQDU\�JDQJUHQH��D�FDVH�VHULHV�DQG�UHYLHZ�RI�WKH�OLWHUDWXUH��&DQ�5HVSLU�-�����������������

��� 

���� +HDG�%0��0DR�5��.H\QDQ�<��5XHGD�=9��,QIODPPDWRU\�PHGLDWRUV�DQG�OXQJ�

DEQRUPDOLWLHV�LQ�+,9��$�V\VWHPDWLF�UHYLHZ��3/R6�2QH��������������H�������� 

���� 6RDUHV�3LQKHLUR�)*0��6DQWDQD�6DQWRV�(��%DUUHWR�Ë��:HLVV�&��9DH]�$&��2OLYHLUD�-&��HW�

DO��0RUWDOLW\�3UHGLFWRUV�DQG�$VVRFLDWHG�)DFWRUV�LQ�3DWLHQWV�LQ�WKH�,QWHQVLYH�&DUH�8QLW��$�

&URVV�6HFWLRQDO�6WXG\��&ULW�&DUH�5HV�3UDFW�������������������� 

���� YDQ�(HGHQ�6)��&RHW]HH�$5��-RXEHUW�-5��&RPPXQLW\�DFTXLUHG�SQHXPRQLD��IDFWRUV�

LQIOXHQFLQJ�LQWHQVLYH�FDUH�DGPLVVLRQ��6�$IU�0HG�-������������������� 

���� $PEURVLQR�1��)RJOLR�.��5XELQL�)��&OLQL�(��1DYD�6��9LWDFFD�0��1RQ�LQYDVLYH�

PHFKDQLFDO�YHQWLODWLRQ�LQ�DFXWH�UHVSLUDWRU\�IDLOXUH�GXH�WR�FKURQLF�REVWUXFWLYH�SXOPRQDU\�

GLVHDVH��FRUUHODWHV�IRU�VXFFHVV��7KRUD[������������������� 

���� :DONH\�$-��:LHQHU�56��8VH�RI�QRQLQYDVLYH�YHQWLODWLRQ�LQ�SDWLHQWV�ZLWK�DFXWH�

UHVSLUDWRU\�IDLOXUH�������������D�SRSXODWLRQ�EDVHG�VWXG\��$QQ�$P�7KRUDF�6RF����������������

�� 

���� &DUULOOR�$��*RQ]DOH]�'LD]�*��)HUUHU�0��0DUWLQH]�4XLQWDQD�0(��/RSH]�0DUWLQH]�$��

/ODPDV�1��HW�DO��1RQ�LQYDVLYH�YHQWLODWLRQ�LQ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�DQG�VHYHUH�DFXWH�

UHVSLUDWRU\�IDLOXUH��,QWHQVLYH�&DUH�0HG�������������������� 

���� &RQIDORQLHUL�0��3RWHQD�$��&DUERQH�*��3RUWD�5'��7ROOH\�($��8PEHUWR�0HGXUL�*��

$FXWH�UHVSLUDWRU\�IDLOXUH�LQ�SDWLHQWV�ZLWK�VHYHUH�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��$�

SURVSHFWLYH�UDQGRPL]HG�HYDOXDWLRQ�RI�QRQLQYDVLYH�YHQWLODWLRQ��$P�-�5HVSLU�&ULW�&DUH�0HG��

�����������3W������������ 

���� *UHJJ�5:��)ULHGPDQ�%&��:LOOLDPV�-)��0F*UDWK�%-��=LPPHUPDQ�-(��&RQWLQXRXV�

SRVLWLYH�DLUZD\�SUHVVXUH�E\�IDFH�PDVN�LQ�3QHXPRF\VWLV�FDULQLL�SQHXPRQLD��&ULW�&DUH�0HG��

���������������� 

���� &RQIDORQLHUL�0��&DOGHULQL�(��7HUUDFLDQR�6��&KLGLQL�*��&HOHVWH�(��3XFFLR�*��HW�DO��

1RQLQYDVLYH�YHQWLODWLRQ�IRU�WUHDWLQJ�DFXWH�UHVSLUDWRU\�IDLOXUH�LQ�$,'6�SDWLHQWV�ZLWK�

3QHXPRF\VWLV�FDULQLL�SQHXPRQLD��,QWHQVLYH�&DUH�0HG�������������������� 

���� 6LHPLHQLXN�5$��0HDGH�02��$ORQVR�&RHOOR�3��%ULHO�0��(YDQLHZ�1��3UDVDG�0��HW�DO��

&RUWLFRVWHURLG�7KHUDS\�IRU�3DWLHQWV�+RVSLWDOL]HG�:LWK�&RPPXQLW\�$FTXLUHG�3QHXPRQLD��$�

6\VWHPDWLF�5HYLHZ�DQG�0HWD�DQDO\VLV��$QQ�,QWHUQ�0HG��������������������� 
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���� 7RUUHV�$��6LELOD�2��)HUUHU�0��3ROYHULQR�(��0HQHQGH]�5��0HQVD�-��HW�DO��(IIHFW�RI�

FRUWLFRVWHURLGV�RQ�WUHDWPHQW�IDLOXUH�DPRQJ�KRVSLWDOL]HG�SDWLHQWV�ZLWK�VHYHUH�FRPPXQLW\�

DFTXLUHG�SQHXPRQLD�DQG�KLJK�LQIODPPDWRU\�UHVSRQVH��D�UDQGRPL]HG�FOLQLFDO�WULDO��-$0$��

������������������� 

���� 'HTXLQ�3)��0H]LDQL�)��4XHQRW�-3��.DPHO�7��5LFDUG�-'��%DGLH�-��HW�DO��+\GURFRUWLVRQH�

LQ�6HYHUH�&RPPXQLW\�$FTXLUHG�3QHXPRQLD��1�(QJO�-�0HG����������������������� 

���� +RUE\�3��/LP�:6��(PEHUVRQ�-5��0DIKDP�0��%HOO�-/��/LQVHOO�/��HW�DO��'H[DPHWKDVRQH�

LQ�+RVSLWDOL]HG�3DWLHQWV�ZLWK�&RYLG�����1�(QJO�-�0HG���������������������� 

���� &KLQHU�(��%DOOHVWHU�,��%HWOORFK�,��%ODQTXHU�-��$JXDU�0&��%ODQTXHU�5��HW�DO��9DULFHOOD�

]RVWHU�YLUXV�SQHXPRQLD�LQ�DQ�DGXOW�SRSXODWLRQ��KDV�PRUWDOLW\�GHFUHDVHG"�6FDQG�-�,QIHFW�'LV��

������������������ 

���� $GKDPL�1��$UDEL�<��5DHHV�$��$O�6KLPHPHUL�$��8U�5DKPDQ�0��0HPLVK�=$��(IIHFW�RI�

FRUWLFRVWHURLGV�RQ�DGXOW�YDULFHOOD�SQHXPRQLD��FRKRUW�VWXG\�DQG�OLWHUDWXUH�UHYLHZ��5HVSLURORJ\��

������������������ 

���� 0LURXVH�$��9LJQRQ�3��3LURQ�3��5REHUW�5��3DSD]LDQ�/��*pUL�*��HW�DO��6HYHUH�YDULFHOOD�

]RVWHU�YLUXV�SQHXPRQLD��D�PXOWLFHQWHU�FRKRUW�VWXG\��&ULW�&DUH����������������� 

���� 1L�<1��&KHQ�*��6XQ�-��/LDQJ�%0��/LDQJ�=$��7KH�HIIHFW�RI�FRUWLFRVWHURLGV�RQ�

PRUWDOLW\�RI�SDWLHQWV�ZLWK�LQIOXHQ]D�SQHXPRQLD��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��&ULW�

&DUH���������������� 

���� 5HVWUHSR�0,��0RUWHQVHQ�(0��9HOH]�-$��)UHL�&��$Q]XHWR�$��$�FRPSDUDWLYH�VWXG\�RI�

FRPPXQLW\�DFTXLUHG�SQHXPRQLD�SDWLHQWV�DGPLWWHG�WR�WKH�ZDUG�DQG�WKH�,&8��&KHVW��

������������������ 

���� 6LQJHU�0��'HXWVFKPDQ�&6��6H\PRXU�&:��6KDQNDU�+DUL�0��$QQDQH�'��%DXHU�0��HW�DO��

7KH�7KLUG�,QWHUQDWLRQDO�&RQVHQVXV�'HILQLWLRQV�IRU�6HSVLV�DQG�6HSWLF�6KRFN��6HSVLV�����

-$0$��������������������� 

���� 3HDUO�-��&DXVDOLW\��0RGHOV��5HDVRQLQJ�DQG�,QIHUHQFH��&DPEULGJH�8QLYHUVLW\�

3UHVV���������QG�HGLWLRQ��������,6%1�������������� 

���� 6LPSVRQ�(��7KH�,QWHUSUHWDWLRQ�RI�,QWHUDFWLRQ�LQ�&RQWLQJHQF\�7DEOHV��-RXUQDO�RI�WKH�

5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�%������S��������� 

���� 6LPSVRQ
V�SDUDGR[�>,QWHUQHW�@�:LNLSHGLD��WKH�IUHH�HQF\FORSDHGLD�>FLWHG������2FWREHU�

��@��$YDLODEOH�IURP��KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�6LPSVRQ���VBSDUDGR[�FLWHBQRWH��� 

���� %RGt�0��5RGUtJXH]�$��6ROp�9LROiQ�-��*LODYHUW�0&��*DUQDFKR�-��%ODQTXHU�-��HW�DO��

$QWLELRWLF�SUHVFULSWLRQ�IRU�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�LQ�WKH�LQWHQVLYH�FDUH�XQLW��LPSDFW�

RI�DGKHUHQFH�WR�,QIHFWLRXV�'LVHDVHV�6RFLHW\�RI�$PHULFD�JXLGHOLQHV�RQ�VXUYLYDO��&OLQ�,QIHFW�

'LV���������������������� 

https://en.wikipedia.org/wiki/Simpson%27s_paradox#cite_note-8
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���� )HOVHQ�85��%HOOLQ�(<��&XQQLQJKDP�&2��=LQJPDQ�%6��8QNQRZQ�+,9�6WDWXV�LQ�WKH�

(PHUJHQF\�'HSDUWPHQW��,PSOLFDWLRQV�IRU�([SDQGHG�7HVWLQJ�6WUDWHJLHV��-�,QW�$VVRF�3URYLG�

$,'6�&DUH������������������� 

���� 7KH�/DQFHW�+LY��7LPH�WR�WDFNOH�ODWH�GLDJQRVLV��/DQFHW�+,9������������H���� 

pneumonia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 100 

��� $33(1',&(6 
 

APPENDIX A-DATA DICTIONARY 

 
3DUDPHWHU� 'HVFULSWLRQ &RGH 
1XPEHU +RVSLWDO�DGPLVVLRQ�QXPEHU  

$GPLVVLRQ�GDWH   
'LVFKDUJH�GDWH   

'LVFKDUJH�VWDWXV 'LVFKDUJHG�,&8�DOLYH� ������������� 
 'LVFKDUJHG�KRPH�DOLYH� � 

$JH $JH�RI�SDWLHQW�DW�DGPLVVLRQ ���������������� 
6H[ �����������������������������������������������������������������������)HPDOH ����������������� 

 ��������������������������������������������������������������������������0DOH ����������������� 
[�UD\ %LODWHUDO�**2 � 

 0XOWLOREDU � 
 /REDU � 
 ELODWHUDO�**2 � 
 HIIXVLRQ � 

+,9�VWDWXV XQNQRZQ � 
 SRVLWLYH � 
 QHJDWLYH � 

$596 3DWLHQW�RQ�$QWLUHWURYLUDOV�DW�DGPLVVLRQ  
6PRNHU 3DWLHQW�LV�D�VPRNHU  

&RPRUELGB',6($6( FKURQLFBUHVSLUDWRU\BGLVHDVH � 
 FKURQLFBFDUGLRYDVFXODUBGLVHDVH � 
 QHXURORJLFDOBGLVHDVH � 
 FKURQLFBNLGQH\BGLVHDVH � 
 FKURQLFBOLYHUBGLVHDVH � 
 'LDEHWHVBPHOOLWXV � 
 K\SRWK\URLG � 
 FKURQLFBUKHXPDWRORJLFDOBFRQGLWLRQV � 
 SUHJQDQW � 
 PDOLJQDQF\ �� 
 +HSDWLWLV�% �� 
 +HSDWLWLVB�& �� 
 3UHYLRXV�WE �� 
 FXUUHQWBWE �� 
 2WKHU �� 

WHPS ILUVW�WHPSHUDWXUH�UHFRUGHG  
)L�� IUDFWLRQ�RI�LQVSLUHG�2�  
SK ILUVW�EORRG�JDV�UHFRUGHG  

3D�� ILUVW�EORRG�JDV�UHFRUGHG  
3&2� ILUVW�EORRG�JDV�UHFRUGHG  

2[\JHQ�VDWXUDWLRQ   
KHDUW�UDWH   

UHVSLUDWRU\�UDWH   
*&6 OHYHO�RI�FRQIXVLRQ�  

V\VWROLF�%3   
GLDVWROLF�%3   
&85%���   
$SDFKHB,, ������������������������������������������������ ��� 

,&8�&RXUVH 8VH�RI�,QYDVLYH�PHFKDQLFDO�YHQWLODWLRQ  
 8VH�RI�QRQ�LQYDVLYH�PHFKDQLFDO�YHQWLODWLRQ  
 8VH�RI�GLDO\VLV  
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3DUDPHWHU 'HVFULSWLRQ� &RGH 
 8VH�RI�LQRWURSHV  

0HG�FRPSOLFDWLRQV 5HVSLUDWRU\ � 
 &DUGLRYDVFXODU � 
 1HXURORJLFDO � 
 7KURPERWLF � 
 &�GLII � 
 0HWDEROLF � 
 +DHP � 
 *,7 � 
 6NLQ� � 
 &DUGLDF�DUUHVW �� 
 2WKHU �� 

0HGV VWHURLGV � 
 $57 � 

VXUYLYHG�,&8   
VXUYLYHG�KRPH   

/DERUDWRU\�SDUDPHWHUV +DHPRJORELQ��+E��J�G/  
 +DHPDWRFULW��+FW���  
 :KLWH�FHOO�FRXQW��:&&�[����O  
 3ODWHOHW�FRXQW��3OW�[����/  
 6RGLXP��1D�PPRO�/  
 3RWDVVLXP��.��PPRO�/  
 &KORULGH��&O��PPRO�/  
 %LFDUERQDWH��+&2���PPRO�/  
 8UHD�PPRO�/  
 &UHDWLQLQH�PPRO�/  
 7BSURWHLQ�J�/  
 DOEXPLQ�J�/  
 7BELOL�XPRO�/  
 'BELOL�XPRO�/  
 $ONDOLQH�SKRVSKDWDVH��$/3��8�/  
 *DPPD�*7��**7��8�/  
 $ODQLQH�WUDQVDPLQDVH��$/7�  
 $VSDUWDWH�WUDQVDPLQDVH��$67�  
 &�UHDFWLYH�SURWHLQ��&53�PJ�/  
 +,9  
 &'��FRXQW�FHOOV�PP�  
 +,9�9LUDO�ORDG  
 ����%HWDB'B*OXFDQ��%'*��SJ�PO  
 +HSDWLWLV�%  
 +HSDWLWLV�&  

0LFURELRORJ\ 1R�RUJDQLVP�LGHQWLILHG  
 07%  
 6WUHSWRFRFFXV�SQHXPRQLD  
 .OHEVLHOOD�3QHXPRQLD  
 +DHPRSKLOXV�,QIOXHQ]D  
 6WDSK\ORFRFFXV�$XUHXV  
 3VHXGRPRQDV�$HUXJLQRVD  
 (VFKHULFKLDH�&ROL��(�FROL�  
 (QWHUREDFWHU�VSS  
 6DOPRQHOOD�VSS  
 $FLQHWREDFWHU�VSS  
 6WUHSWRFRFFXV�VSHFLHV  
 &\WRPHJDORYLUXV  
 ,QIOXHQ]D�YLUXV  
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3DUDPHWHU 'HVFULSWLRQ� &RGH 
 0HDVOHV  
 9=9  
 2WKHU�9LUXVHV  
 3QHXPRF\VWLV�-LURYHFLL�  
 &DQGLGD�VSS  
 $VSHUJLOOXV  
 SRO\PLFURELDO�LQIHFWLRQV  
 RWKHU  

6LWH�RI�LVRODWLRQ� EORRG�FXOWXUHV  
 VSXWXP�PF�V  
 EDO  
 /\PSKBQRGH  
 SOHXUDOBIOXLG  
 &6)  
 %RQH�PDUURZ�DVSLUDWH�DQG�WUHSKLQH  
 9LUDO�QDVRSKDU\QJHDO�VZDE  
 9LUDO�3&5��EORRG�  
 6HURORJ\  
 $XWRSV\�SRVW�PRUWHP�ELRSV\  
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APPENDIX B- ETHICS CERTIFICATE 
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$33(1',;�&�3(50,66,21�)520�7+(�&+,()�(;(&87,9(�2)),&(5� 
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$33(1',;�'��08/7,9$5,$%/(�$1$/<6,6 
 

7DEOH�������0XOWLYDULDEOH�DQDO\VLV����H[FOXGLQJ�&85%����VFRUH�DQG�$3$&+(�,,�VFRUH� 
 

9DULDEOHV 25 ����&, 3�9DOXH 

0$3 ���� ��������� ���� 

3D���)L�� ���� ��������� ����� 
3RWDVVLXP ���� ��������� ���� 
7�SURWHLQ ���� ��������� ���� 
$OE ���� ��������� ���� 
$67 ���� ��������� ���� 
&'�� ���� ��������� ����� 
&53 ���� ��������� ���� 
6WUHSWRFRFFXV�SQHXPRQLDH ���� ��������� ���� 
3-3 ���� ��������� ���� 
&;5 
����������������**2 ���� ��������� ���� 
����������������/REDU ���� ��������� ���� 
+,9 
����������������1HJDWLYH ���� 

 

����������������3RVLWLYH ���� ��������� ���� 
����������������8QNQRZQ ���� ����������� ���� 
&KURQLF�&9' ���� ��������� ���� 
9HQWLODWLRQ 
�����������������1R ����  

�����������������,09 ���� ���������� ����� 

�����������������1,9 ���� ���������� ����� 

'LDO\VLV ���� ��������� ���� 

,QRWURSHV ���� ��������� ������ 

 
Annotations: Alb: albumin; AST: aspartate transaminase; CD4 : cluster of differentiation 4; CI: Confidence 

Intervals CRP: C-reactive protein, CXR: Chest X-Ray; CVD: cardiovascular disease; GGO: ground glass 

opacities; HIV: Human Immunodeficiency Virus; IMV: invasive mechanical ventilation; MAP: mean arterial 

pressure; NIV: non-invasive mechanical ventilation; OR: odds ratio; Pa02/Fi02: Ratio of partial pressure of 

oxygen to the fraction of inspired oxygen; PJP: Pneumocystis jirovecii ; STD: standard; T; total; Bold numbers 

indicate significate P values 
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7DEOH�������0XOWLYDULDEOH�DQDO\VLV����LQFOXGLQJ�&85%����VFRUH�DQG�$3$&+(�,,�VFRUH��

H[FOXGLQJ�+,9�FR�LQIHFWLRQ�DQG�FKURQLF�FDUGLRYDVFXODU�GLVHDVH� 

 
9DULDEOHV 25 ����&, 3�YDOXH 

&85%����VFRUH ���� ��������� ���� 

$3$&+(����VFRUH ���� ��������� ����� 
&'� ���� ��������� ����� 
&53 ���� ��������� ���� 
6WUHSWRFRFFXV�SQHXPRQLDH ���� ��������� ���� 
3-3 ���� ��������� ���� 
&;5 
���������������**2 ���� ��������� ���� 
���������������/REDU ���� ��������� ���� 
9HQWLODWLRQ 

1R ����� 
 

 
,09 ���� ���������� ������ 
1,9 ���� ���������� ����� 

'LDO\VLV ���� ��������� ���� 
,QRWURSHV ���� ��������� ������ 

 
Annotations:CD4 : cluster of differentiation 4; CI: Confidence Intervals CRP: C-reactive protein, CXR: Chest X-

Ray; CURB-65 (Confusion, Urea>7mmol/L, Respiratory rate t30 breaths/ min, Systolic blood 

pressure<90mmHg and /or diastolic blood pressure d60mmHg; and aget65 years);GGO: ground glass opacities; 

IMV: invasive mechanical ventilation; NIV: non-invasive mechanical ventilation; OR: odds ratio; PJP: 

Pneumocystis jirovecii ;STD: standard; Bold numbers indicates significant P values 
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7DEOH�������0XOWLYDULDEOH�DQDO\VLV����LQFOXGLQJ�&85%����VFRUH��$3$&+(�,,�VFRUH���+,9�FR�

LQIHFWLRQ�DQG�FKURQLF�FDUGLRYDVFXODU�GLVHDVH� 

 
9DULDEOHV 25 ����&, 3�YDOXH 

&85%����VFRUH ���� ��������� ���� 

$3$&+(����VFRUH ���� ��������� ����� 
&'� ���� ��������� ����� 
&53 ���� ��������� ���� 
6WUHSWRFRFFXV�SQHXPRQLDH ���� ��������� ���� 
3-3 ���� ��������� ����� 
&;5    
����������**2 ���� ��������� ���� 
����������/REDU ���� ��������� ���� 
+,9    
����������1HJDWLYH ���� 

 
 

����������3RVLWLYH ���� ��������� ���� 
����������8QNQRZQ ���� ����������� ���� 
&KURQLF�&9' ���� ��������� ���� 
9HQWLODWLRQ    
����������1R ���� 

 
 

����������,09 ���� ���������� ������ 
����������1,9 ���� ���������� ����� 
'LDO\VLV ���� ��������� ����� 
,QRWURSHV ���� ��������� ������ 

 
Annotations: CD4 : cluster of differentiation 4; CI: Confidence Intervals CRP: C-reactive protein, CXR: Chest X-

Ray; CURB-65 (Confusion, Urea>7mmol/L, Respiratory rate t30 breaths/ min, Systolic blood 

pressure<90mmHg and /or diastolic blood pressure d60mmHg; and aget65 years);CVD: cardiovascular disease; 

GGO: ground glass opacities; HIV: Human Immunodeficiency Virus; IMV: invasive mechanical ventilation; 

MAP: mean arterial pressure; NIV: non-invasive mechanical ventilation; OR: odds ratio; Pa02/Fi02: Ratio of 

partial pressure of oxygen to the fraction of inspired oxygen; PJP: Pneumocystis jirovecii; STD: standard; Bold 

numbers indicates significant P values 
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$33(1',;�(��3/$*$5,60�5(3257 
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	1244 records in total
	1192 records included
	931 records included in the final analysis
	718 records HIV positive
	131 records HIV negative
	82 HIV unknown
	261 records rejected due to insufficient data or an alternative diagnosis
	52 records could not be found
	Table 3.4  Isolation sites of the microorganisms and the number of microbiological isolates (n=706, row %)

