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Pneumonia accounts for 16% of all deaths in children under 5 years 
of age annually.[1-4] However, the mortality rate from pneumonia 
in low- and middle-income countries (LMICs) is substantially 
greater than in high-income countries,[5] with sub-Saharan Africa 
accounting for almost 50% of global pneumonia deaths.[2,5] Given 
the high burden of HIV in sub-Saharan Africa, it is conceivable 
that HIV is a significant contributor to the morbidity and mortality 
of pneumonia, which increases the demands on scarce paediatric 
intensive care unit (PICU) services in the region.[2,6,7] 

The introduction of antiretroviral drugs (ARVs) in South Africa 
(SA) has significantly decreased the mortality rate from HIV.[6,8] 
Furthermore, prevention of mother-to-child transmission 
programmes with lifelong maternal ARVs and infant prophylaxis, 
improved obstetric management, and changes in infant feeding 
practices have reduced vertical transmission rates to between 
1% and 3% nationally.[9-13] As a result, HIV-exposed uninfected 
(HIV‑EU) babies now account for as many as 30% of all births in 

parts of southern Africa.[9,14,15] However, the effect of HIV exposure 
on pneumonia morbidity and mortality risk is less well known. 
They are nevertheless considered a vulnerable population and 
appear to have an increased morbidity and mortality rate from 
infections when compared with their HIV-unexposed (HIV-U) 
counterparts.[16] 

This study describes the population of children admitted to the 
PICU at Chris Hani Baragwanath Academic Hospital (CHBAH) 
with a primary diagnosis of pneumonia and aims to determine 
whether HIV exposure without infection is an independent risk 
factor for mortality and morbidity in children with pneumonia. 

Methods
Study design, site and participants
This retrospective review was conducted in the PICU at CHBAH 
between 1 January 2013 and 31 December 2014. CHBAH is a 
tertiary level hospital located in Soweto, Johannesburg. As a tertiary 
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hospital, it accepts patients from primary and secondary referral 
centres, as well as providing sub-specialist care. With respect to 
paediatrics, there are ~450 combined paediatric in-patient beds 
at CHBAH. Given the relatively scarce economic resources of 
state hospitals in SA, the PICU at CHBAH has only 9 dedicated 
beds which accommodate ~350 admissions per year. Despite 
the ratio of PICU beds to paediatric beds being far less than 
internationally recommended norms, the PICU accepts patients 
from CHBAH itself, as well as surrounding referral hospitals, in a 
catchment area which stretches as far as the North West Province 
(~185 km away).

The study population included all patients admitted to the PICU 
with the World Health Organization (WHO) clinical definition of 
pneumonia.[1] Admission age in the PICU is from 1 month to 16 
years of age.

Data collection and analysis
Data sheets were completed using medical records to obtain 
demographic data (age, sex, weight and HIV status), as well as the 
PICU outcomes, arterial blood gas on admission and ventilator 
parameters to obtain the oxygenation index (OI) on admission. 

The primary outcome was survival to PICU discharge or death 
in ICU. Secondary outcomes included duration of mechanical 
ventilation and length of PICU stay. The prevalence of HIV infection 
and exposure and malnutrition in this population was specifically 
sought, given the high burden of HIV among the patients of CHBAH 
and the opportunity to provide empirical epidemiological data that 
are not currently available.

Continuous variables were checked using the Shapiro-Wilk test 
and found to be skewed; they are therefore described using median 
and interquartile ranges (IQRs). The study population was divided 
into 3 groups based HIV status (HIV-EU, HIV-U and HIV-infected) 
and into 2 groups based on outcome, i.e. alive at discharge or died 
in PICU. The Mann-Whitney U-test was used for comparison of 
two groups and the Kruskal-Wallis test was used to compare three 
or more groups. The categorical variables were described using 
percentages and frequencies. Comparisons of proportions were done 
using the chi-square test or Fisher’s exact test where appropriate. 
A p-value of ≤0.05 was considered significant.

Survival analysis (Cox regression) was used to determine the 
independent and interactive effects of age, sex, weight, HIV status 
and OI as risk factors for mortality, while linear regression was 
used to determine their association with duration of PICU stay 
and mechanical ventilation. OI data were collected as a possible 
predictive factor based on the Paediatric Acute Lung Injury 
Consensus Conference (PALICC) recommendation for the use of 
OI to characterise the severity of lung disease in children.[17] OI 
is defined as (fraction of inspired oxygen (FiO2) × mean airway 
pressure (Paw) × 100/partial pressure of oxygen in arterial blood 
(PaO2), where an OI ≥16 indicates severe paediatric acute respiratory 
distress syndrome (PARDS).[17] 

All statistical analyses were performed using Stata 13 (StataCorp., 
USA). Anthropometry was analysed using WHO STAT growth charts.

Ethics
Ethical approval was obtained from the Human Research Ethics 
Committee (HREC (Medical)) at the University of the Witwatersrand 
(ref. no. M150861).

Results
A total of 117 patients were eligible for inclusion in the study; 10 
files could not be found in the records room and therefore were 

excluded from further analysis. Of the remaining 107 patients, 
90 (84.11%) were discharged from the PICU and 17 (15.89%) 
died. There were 60 males (56.07%) and 47 females (43.93%). The 
median (IQR) age was 3.91 (2.70 - 8.88) months, with ages ranging 
from 29 days to 9 years 7 months, noting that 78.50% of patients 
were <1  year of age. The median (IQR) weight was 5.00 (4.40 - 
6.70)  kg. Only 2  children (1.87%) were overweight, 13 (12.15%) 
were underweight (z-score –2; –3 weight-for-age) and 22 (20.56%) 
were severely underweight for age (z-score ≤3 weight-for-age) 
(Table 1). 

HIV status
Eighty-two patients (76.64%) were HIV-negative, 23 (21.50%) 
patients were HIV-positive, and 2 (1.87%) patients had unknown HIV 
statuses. Among the HIV-negative patients, 54 (65.85%) were born 
to HIV-negative mothers and 28 (34.15%) were born to HIV-infected 
mothers (HIV-EU) (Table 1). The three groups were compared with 
regard to their baseline characteristics and PICU outcomes (Table 2). 
There were no significant differences found with respect to sex 
(p=0.627), age (p=0.972) or weight (p=0.333). The HIV-infected 
group required significantly more days of mechanical ventilation 
(p=0.004) and had longer PICU stays (p=0.011). A  comparison of 
HIV-EU with HIV-U patients revealed no significant differences in 
either their baseline characteristics  or  PICU outcomes, despite the 
difference in HIV exposure.

Survival to discharge
The admission OI was independently associated with survival to 
discharge, with an OI ≥16 increasing the hazards of death four-fold 
(adjusted hazard ratio (HR) 4.01; 95% confidence interval (CI) 1.16 
- 13.88; p=0.028). Neither HIV exposure (p=0.575) nor infection 
(p=0.602) was significantly associated with increased mortality 
among children with pneumonia requiring PICU admission. Lastly, 
despite age having a statistically significant association with survival 
to discharge, it has no clinical significance as the adjusted HR was 
~1.00 (Table 3). 

Table 1. Characteristics and overall outcomes
Characteristic n (%)*
Gender

Male 60 (56.07)
Female 47 (43.93)

Age (months), median (IQR) 3.9 (2.70 - 8.88)
Weight (kg), median (IQR) 5 (4.4 - 6.7)

Overweight 2 (1.87)
Normal 70 (65.42)
Underweight 13 (12.15)
Severely underweight 22 (20.56)

HIV status
HIV-unexposed, uninfected 54 (50.47)
HIV-exposed, uninfected 28 (26.17)
HIV-infected 23 (21.50)
Unknown 2 (1.87)

Ventilator (days), median (IQR) 7 (4 - 14)
Length of stay (days), median (IQR) 8 (5 - 15)
Outcome

Survival to discharge 90 (84.11)
Died 17 (15.89)

IQR = interquartile range.
*Unless otherwise specified.
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Duration of mechanical ventilation and length of stay
The median (IQR) length of mechanical ventilation for all patients 
was 7 (4 - 14) days. Duration of ventilation increased significantly in 
HIV-infected children compared with HIV-U and HIV-EU children 
(coefficient = 4.38 (95% CI 0.93 - 7.84); p=0.013 and 5.43 (95% CI 
1.53 - 9.33); p=0.007, respectively). 

The length of stay in PICU for all patients (survivors and non-
survivors) ranged from 1 to 39 days with a median (IQR) stay of 8 (5 - 
15) days. The median (IQR) length of PICU stay for patients who were 
discharged (survivors) was 8 (5 - 15) days and 11 (7 - 17) days for non-
survivors (p=0.366). The length of PICU stay increased significantly in 
HIV-infected children compared with HIV-U and HIV-EU children 
(coefficient = 4.39 (95% CI 0.93 - 7.84) (p=0.013) and 5.43 (95% CI 
1.53 - 9.33) (p=0.007), respectively). No other variables were found to 
be significantly associated with duration of PICU stay.

Oxygenation index
The median (IQR) OI was 10.30 (6.94 - 16.30) with a range of 3 - 51. 
The median (IQR) OI of surviving patients was 8.80 (5.96 - 14.16) 
and 23.88 (IQR 14.89 - 36.14) for those patients who died (p=0.005). 
Patients were grouped using the PALICC definition of severe 
PARDS, using an OI <16 and an OI ≥16. An OI ≥16 was significantly 
associated with both lower survival to ICU discharge (64.71 v. 
93.15%; p<0.001) and longer length of mechanical ventilation (9 
v. 7 days; p=0.037). However, the association with longer length of 
mechanical ventilation was not significant after adjusting for HIV 
status (adjusted coefficient = 0.11 (95% CI –0.03 - 0.24); p=0.126). 

Discussion 
This study included 107 participants; 76% (n=82) were HIV-
uninfected, of whom two-thirds were HIV-U. The overall survival 
to discharge was 84%, with chances of survival significantly higher 
in children with an admission OI <16. Neither HIV exposure nor 
HIV infection was significantly associated with increased mortality. 
However, both HIV-EU and HIV-U children had significantly 
shorter PICU stays and required fewer days of ventilation compared 
with HIV-infected children. 

The overall mortality was in keeping with recent studies which have 
shown an improvement in survival from 32% to 35% in the early 
1990s to 82% to 90% in 2009 - 2011.[15,18-20] However, although it 
was still slightly higher than that found in high-income countries 
where overall PICU mortality averages 6%, it is in keeping with 
their mortality rates for serious bacterial infections and pneumonia 
(~17.5% in children).[19-21] The median PICU length of stay was 8 
days. This finding was similar to those of other PICUs in tertiary 
institutions in LMICs, ranging from 5 to 8 days.[22] 

The prevalence of HIV infection among patients in this study was 
22%, nearly twice that reported among general paediatric in-patients 
at CHBAH in 2012.[21] This was most likely due to selection bias, 
given the specific subpopulation of pneumonia patients within the 
study, rather than a reflection of the general incidence of HIV. Thus, 
this study has established the prevalence of HIV infection among 
children with pneumonia admitted to an SA public sector PICU. 

HIV infection was not associated with increased hazard of 
death, nor was HIV exposure without infection, which supports 
current policy that neither HIV infection nor exposure should be 
a contraindication to the provision of intensive care. However, the 
HIV-infected group had both significantly longer ICU stays and 
required a longer duration of mechanical ventilation when compared 
with either the HIV-EU or HIV-U groups, which is in keeping with 
the literature.[8,10] 

Previous studies have shown that HIV-EU children had similar 
outcomes to HIV-infected children,[9-11,16,23,24] and therefore warrants 
consideration as a potentially vulnerable population. However, in 
this study HIV-EU children had similar outcomes to the HIV-U 
children, with no statistical differences noted when comparing 
mortality, length of stay or duration of mechanical ventilation. The 
lack of any differences in PICU outcomes was somewhat surprising 
given the emerging reports of increased morbidity and mortality 
among HIV-EU children.

There is very little published work on OI and outcome in an SA 
setting. The evidence in this study confirms the prognostic value of 
an OI ≥16, given the independent association with lower survival 
rates. 

Table 2. Demographics and PICU outcomes by HIV grouping

Characteristic
HIV-U 
(n=54)*

HIV-EU 
(n=28)*

HIV-infected 
(n=23)* p-value

Male sex, n (%) 33 (61.11) 14 (50) 13 (56.52) 0.627
Age (months) 4.06 (2.60 - 9.04) 4.27 (2.48 - 7.02) 3.72 (2.73 - 5.88) 0.972
Weight (kg) 5.2 (4.5 - 8) 5.2 (4.25 - 6.2) 4.74 (4.4 - 5.5) 0.333
Ventilator (days) 7 (4 - 11) 5 (3 - 10.5) 14 (7 - 21) 0.004
Length of stay (days) 8 (5 - 13) 6.5 (4 - 12.5) 15 (8 - 21) 0.011
Oxygenation index 9.37 (5.94 - 15.95) 8.9 (6.27 - 13.4) 15.82 (11.28 - 23.88) 0.009
Survived to discharge, n (%) 48 (88.89) 25 (89.29) 15 (65.21) See table 3
PICU = paediatric intensive care unit; HIV-U = HIV-uninfected; HIV-EU = HIV-exposed uninfected. 
*Median (interquartile range) unless otherwise specified.

Table 3. Survival analysis

Variable
Crude HR 
(95% CI) p-value

Adjusted HR 
(95% CI) p-value

Age (years) 1.00 (1.00 - 1.00) 0.004 1.00 (1.00 - 1.00) 0.044
OI ≥16 5.14 (1.65 - 5.98) 0.005 4.01 (1.16 - 13.88) 0.028
HIV (reference group HIV-EU)
HIV-uninfected 0.94 (0.24 - 3.78) 0.935 0.66 (0.16 - 2.81) 0.575
HIV-infected 1.73 (0.45 - 6.63) 0.423 0.90 (0.22 - 3.73) 0.887
HR = hazard ratio; CI = confidence interval; OI = oxygenation index; HIV-EU = HIV-exposed uninfected.
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Study strengths 
This study contributes to a growing body of literature to provide 
locally relevant data on HIV and PICU outcomes, which can serve 
as reference standards for hospitals with similar disease burdens and 
patient populations. It also provides valuable insights into the PICU 
outcomes of HIV-EU children which is critical given the growing 
size of this population. 

Study limitations
Firstly, the retrospective nature of this study meant that we could 
only analyse data already routinely collected as part of PICU 
admissions and were forced to exclude participants whose files 
could not be found. Secondly, weight was the only anthropometrical 
data recorded in the files so detailed description of the nutritional 
status of HIV-EU children was not possible, thus limiting the ability 
to explore the impact of nutritional status on PICU outcomes. We 
would recommend further research in this area. 

Conclusion
HIV infection and exposure were not associated with differences 
in mortality in this study, suggesting that HIV infection should 
not be an exclusion criterion for PICU admission. However, HIV-
infected children had a significantly longer stay in PICU and longer 
duration of mechanical ventilation which have resource utilisation 
implications. HIV EU children do well in PICU and behaved in a 
similar manner to HIV U children with regard to length of stay, 
duration of ventilation and survival. OI may be a useful predictor 
of overall mortality. Further research is recommended to validate its 
use in PICU decision-making in SA settings. 
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