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Adjunctive corticosteroid treatment of clinical Pneumocystis 
jiroveci pneumonia in infants less than 18 months of age – a 
randomised controlled trial

Alta J Terblanche, Robin J Green, Paul Rheeder, Dankwart F Wittenberg

Pneumocystis jiroveci pneumonia (PCP) is an important 
pathogen in HIV-infected infants with severe pneumonia.1 PCP 
was found in 16 - 51% of HIV-positive African children who 
died from respiratory illness, being the most common cause 
of death in HIV-infected infants less than 6 months of age.2 In 
a prospective South African study3 to determine the cause of 
community-acquired pneumonia in infants, PCP was the AIDS-
defining illness in 20% of HIV-infected children. The mortality 
rate was higher among those with PCP (47%) than in those 
without PCP (18%).

Given the rapid progression of disease and its high case-
fatality rate,3,4 specific antipneumocystis treatment (usually 
trimethoprim-sulfamethoxazole, and often adjunctive 
corticosteroids) is instituted on the basis of clinical suspicion. 
In developing countries, limited access to expensive diagnostic 
procedures further makes empirical PCP treatment of 

HIV-exposed (or HIV-infected) children with pneumonia 
imperative.5

It is also known that co-infection with viruses, particularly 
cytomegalovirus (CMV),6 and bacterial pathogens is common, 
with similar clinical, radiographic and laboratory findings.7 

Current recommendations for adjunctive corticosteroid 
therapy in cases of PCP,8 based on a review of randomised 
trials in adults, may not be appropriate in infants.

Objective

The aim of the study was to determine the clinical relevance 
and safety of routine adjunctive corticosteroid therapy in 
cases of severe pneumonia clinically considered to be due to 
P. jiroveci in infants less than 18 months of age and exposed 
to HIV infection, in view of similar clinical, radiographic and 
laboratory findings (or co-infection) with CMV pneumonitis. 

Methods

A double-blind randomised controlled trial was conducted 
among infants less than 18 months of age admitted with 
severe pneumonia clinically considered to be due to P. jiroveci 
at Pretoria Academic, Kalafong and Witbank hospitals. The 
study period was from 1 February 2005 to 31 March 2006. 
The admitting doctor enrolled the patients according to study 
protocol. 
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Objectives. To determine the efficacy and safety of adjunctive 
corticosteroid therapy in clinical Pneumocystis jiroveci 
pneumonia (PCP) in infants exposed to HIV infection. 

Design.  Double-blind randomised placebo-controlled trial.

Methods. Infants with a clinical diagnosis of PCP, based on 
an ‘atypical’ pneumonia with: (i) hypoxia out of proportion 
to the clinical findings on auscultation; (ii) C-reactive protein 
count less than 10 mg/l; (iii) lactate dehydrogenase level 
above 500 IU/l; (iv) compatible chest radiograph findings; 
and (v) positive HIV enzyme-linked immunosorbert assay 
(ELISA) were included in the study. 

Patients were randomised to receive either prednisone or 
placebo. The protocol provided for the addition of prednisone 
to the treatment at 48 hours if there was clinical deterioration 
or an independent indication for steroid therapy. Other 
treatment was carried out in accordance with established 
guidelines. 

The primary study endpoint was in-hospital survival. 
Secondary outcome was time from admission to the first day 
of mean oxygen saturation above 90% in room air.

Results. One hundred patients were included, 47 in the 
prednisone and 53 in the placebo group. Patients in the 
prednisone group had a 43% better chance of survival than 
the placebo group (hazard ratio (HR) 0.57, 95% confidence 
interval (CI) 0.30 - 1.07, p=0.08). No significant differences 
could be demonstrated between groups with regard to other 
parameters of recovery.

Conclusions. In HIV-exposed infants with clinical PCP, 
adjunctive corticosteroid treatment does not appear to add 
benefit regarding time to recovery or oxygen independency, 
but early administration may improve survival. A large 
multicentred trial is needed to confirm these findings. 
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A clinical diagnosis of PCP was made in patients with 
‘atypical’ pneumonia with the following features: (i) hypoxia 
out of proportion to the clinical findings on auscultation; (ii) 
C-reactive protein (CRP) count less than 10 mg/l, or low; (iii) 
lactate dehydrogenase (LDH) level above 500 IU/l; (iv) bilateral 
perihilar interstitial infiltrates on chest radiograph (CXR), 
compatible with a diagnosis of PCP; and (v) positive HIV 
enzyme-linked immunosorbert assay (ELISA). 

At the time of commencement of the study, specific 
antiretroviral treatment was not available in South Africa, 
and HIV polymerase chain reaction (PCR) testing was not 
performed routinely. HIV infection was not necessarily 
confirmed in all participants, and therefore patients with a 
positive ELISA test were deemed HIV-exposed rather than 
HIV-infected unless HIV PCR confirmed infection. 

Suspected cases of PCP required prompt treatment regardless 
of confirmed HIV status. PCP is well described in HIV-negative 
patients, both immune-compromised and immune-competent, 
especially when less than 3 months of age.9   

Ethical approval was obtained from the Research Ethics 
Committee of the University of Pretoria. The parent(s) or 
guardian gave informed written consent for participation in the 
study and for HIV testing. The sample size had to be restricted 
to 100 patients because of time and financial constraints.

A random number generator was used to determine 
the allocation to steroid or placebo treatment, which were 
provided in a double-blind fashion by the hospital pharmacists 
according to study number. Patients received either prednisone 
2 mg/kg/day or placebo for 7 days. The protocol provided the 
addition of prednisone to the treatment at 48 hours if there was 
clinical deterioration or an independent indication for steroid 
therapy. Standard antibiotic regimens including co-trimoxazole 
were carried out in accordance with established guidelines.

The following baseline investigations were performed on 
admission.

1.   CXR.

2.    Full blood count, differential count and platelets, 
CRP, LDH, total protein and albumin, aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT), CD4 count, blood culture and HIV ELISA. HIV 
PCR on a subset of patients followed only after the 
initiation of antiretroviral treatment as explained above.

3.    Nasopharyngeal aspirates for respiratory viruses 
including CMV and PCP immunofluorescence were 
collected.

4.    Induced sputum was collected for PCP PCR on a subset 
of patients.

5.    A pp65 antigen for CMV in peripheral blood had to be 
omitted because of cost and lack of resources.

Daily monitoring included clinical examination, recording of 
temperatures, oxygen saturation and oxygen requirement, and 

development of new features. The number of days to achieve 
mean oxygen saturation above 90% in room air was recorded.

Where patients were still hospitalised on day 7, follow-up 
induced sputum and nasopharyngeal aspirates were collected.

The primary study endpoint was in-hospital survival.  
Secondary outcome was time from admission to the first day 
of mean oxygen saturation above 90% in room air. All findings 
were recorded on a standardised data collection sheet. 

A senior registrar from the Radiology Department of the 
University of Pretoria evaluated the CXRs of participants in 
a systematic, standardised manner using adjusted scoring 
systems.10,11 Scoring systems were adjusted in the following 
manner: (i) each lung field was divided into 4 equal quadrants; 
(ii) the left lower medial quadrant was excluded from the 
scoring because the heart often obscures the lung field in that 
quadrant; and (iii) each quadrant was then scored on a scale 
of 0 - 3, with a maximum score of 21 (0 = normal, 1 = subtle 
increased interstitial markings, 2 = prominent interstitial 
opacities, 3 = confluent interstitial and acinar opacities).

Data analysis

Cox proportional hazards regression was used for the statistical 
analysis. Intention to treat analysis (ITTA) was used as well as 
a treatment-only per protocol analysis (PPA); patients in the 
placebo group who received prednisone after randomisation 
were disregarded. The Cox proportional hazards assumptions 
were checked. The log-rank test was used to compare the 
survival curves between the treated and placebo groups. A 
p-value <0.05 was used to determine statistical significance. 

Results 

A total of 100 patients with a clinical diagnosis of PCP were 
included in this study. Respective outcomes for the prednisone 
and placebo groups, as well as those patients whose clinical 
condition warranted additional corticosteroid treatment, are 
depicted in Fig. 1.

Similar baseline clinical characteristics of the two groups are 
shown in Table I. The baseline investigations as well as CXR 
results reveal no significant difference between groups (Table 
II). The yield on the nasopharyngeal aspiration investigations 
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Fig. 1. Total participants and outcome.
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was very low and a specific aetiology was proved in only a few 
cases.

Statistical analysis revealed no difference between groups in 
terms of age, severity of illness, duration of hospitalisation or 
co-morbid conditions. In terms of survival the ITTA and PPA 
results were similar (Table III). Fig. 2 demonstrates that patients 
in the prednisone group had a 43% better chance of survival 
(95% confidence interval (CI) 0.30 - 1.07, p=0.08). 

Discussion

PCP is common among HIV-exposed infants with a high 
morbidity and mortality. Current recommendations for 

Table I. Clinical characteristics of patients on admission

            Prednisone   Placebo
                    group      group 

                   (N=47)     (N=53)

Mean age                  3.4 (2.0)   3.2 (1.4)
in months (SD)

Gender (N (%)) 

   Male                   23 (49)     29 (55)

   Female                   24 (51)     24 (45)

HIV exposed (N (%))              46 (98)     51 (96)

Weight (kg)                 4.7 (1.0)   4.9 (1.2)

(mean (SD))

Weight for age (%)               80 (20.3)  80 (18.1)

(mean (SD))

Weight for height                   94(0.4)  100 (2.0)

(%) (mean (SD))

Respiratory rate                77(14.0)  74 (13.0)

(bpm) (mean (SD)) 

Peripheral oxygen                69 (15.8)  72 (13.8)
saturation in room 
air (%) (mean (SD))

SD = standard deviation; bmp = breaths per minute.

Fig. 2. Survival analysis adjusted for age and hospital.
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Fig. 2. Survival analysis adjusted for age and hospital.
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Table II. Baseline investigations (mean (SD))

   Prednisone      Placebo
           group         group

Investigation          (N=47)         (N=53)

Haemoglobin (g/dl)     10.0 (1.7)     10.0 (1.7)

MCV (fl)       85.9 (7.5) 102.8 (12.1)

Platelets (×109/l)      313 (148)     311 (156)

White cell count (×109/l)     16.6 (7.6)   16.9 (10.5)

CD4 count

   Absolute count (×106/l)  988 (836.2)     973 (970)

   Percentage    16.8 (11.2)      20 (13.3)

CRP (mg/l)       25 (87.8)      11.5 (21)

LDH (U/l)      934 (481)     905 (819)

AST (U/l)          95 (62)      83.7 (39)

ALT (U/l)          52 (52)         45 (66)

Total protein (g/l)       64 (11.9)         62 (14)

Albumin (g/l)       28 (6.01)           28 (4)

Globulin (g/l)       35 (11.2)         34 (13)

Blood culture       30 (64%)      35 (66%)

no growth (N (%)) 

Nasopharyngeal aspirate         (N=41)        (N=47)

for respiratory 

viruses (N (%))

   RSV           1 (2%)       7 (15%)

   CMV           1 (2%)                 0

   Adenovirus   0         1 (2%)

   Influenza A   0         2 (4%)

   Influenza B   0                 0

   Parainfluenza 3   0         1 (2%)

PCP IF positive (N (%))   3/39 (8%)  5/46 (11%)

PCP PCR sputum     5/9 (56%)   3/6 (50%)

positive (N (%))

CXR findings         (N=42)        (N=48)

   Bai and Boldt         8.6 (6.2)       8.7 (6.0)
   score (mean (SD))

   Hyperinflation (N (%))      15 (36%)      10 (21%)

   Infiltrate present (N (%))      40 (95%)      45 (93%)

   Interstitial infiltrate (N (%))    40 (95%)      46 (95%)

   Acinar infiltrate (N (%))      12 (28%)      15 (31%)

MCV = mean cell volume; CRP = C-reactive protein; LDH = lactate dehydrogenase; 
AST = aspartate aminotransferase; ALT = alanine aminotransferase; RSV = 
respiratory syncytial virus; IF= immunofluorescence; PCR = polymerase chain 
reaction; CXR = chest radiograph. 
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adjunctive corticosteroids in PCP are based on adult studies 
only and may not be appropriate in that these could worsen the 
outcome when co-infection with CMV is present in infants.The 
objective of this study was to determine the clinical relevance 
and safety of routine adjunctive corticosteroid therapy in cases 
of clinical PCP in infants.

There was no significant difference between the prednisone 
and placebo groups as a whole when comparing baseline 
characteristics or indicators of severity of illness. Adjunctive 
corticosteroid treatment had no impact on time to recovery 
or oxygen independency.  Survival, however, seemed to be 
improved (hazard ratio (HR) 0.57, 95% CI 0.30 - 1.07, p=0.08), 
despite a large part of the placebo group receiving additional 
corticosteroids, as provided for per protocol. 

When considering those patients who required additional 
corticosteroids more closely, two clinically distinct groups of 
patients can be identified. The first group presented with more 
severe and advanced disease – higher respiratory rates, lower 
peripheral oxygen saturation on admission and increased 
clinical severity of disease, which prompted the attending 
doctors to prescribe additional corticosteroids within 24 hours. 
These patients, both in the prednisone and placebo groups, 
often died within the first day or two after admission. In this 
group of patients adjunctive corticosteroid treatment did not 
seem to play a role.

In the clinically less ill group, however, retrospective 
subgroup analysis shows that corticosteroids did not 
significantly improve time to recovery or oxygen dependency, 
but survival did seem to be improved significantly (HR 0.25, 
95% CI 0.08 - 0.77, p=0.016).  

The lack of statistical significance may be due to our small 
study numbers, and is a limitation of the study. The study 
should be repeated in a large multicentre trial to confirm the 
findings.

Conclusion

In HIV-exposed infants with clinical PCP, adjunctive 
corticosteroid treatment does not appear to add benefit 
regarding time to recovery or oxygen independency, but early 
administration may improve survival. A large multicentre trial 
is needed to confirm these findings. 
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Table III.  Primary and secondary outcomes analyses

        HR  95% CI  p-value

Survival
   ITTA   Unadjusted    0.68  0.37 - 1.25    0.21
   Adjusted for age and hospital  0.57  0.30 - 1.07    0.08
   PPA   Unadjusted    0.89  0.42 - 1.90    0.77
   Adjusted for age and hospital  0.58  1.25 - 1.38    0.22
Independent of oxygen 
   ITTA   Unadjusted    0.86  0.50 - 1.48    0.58
   Adjusted for age and hospital  0.82  0.46 - 1.44    0.49
   PPA   Unadjusted    0.58  0.31 - 1.07    0.08
   Adjusted for age and hospital  0.54  0.28 - 1.07    0.08
Subgroup analysis  
   Survival  Unadjusted    0.40  0.15 - 1.12    0.82
   Adjusted for age and hospital  0.25  0.08 - 0.77    0.016
   Independent of oxygen Unadjusted    1.38  0.73 - 2.63    0.32
   Adjusted for age and hospital  1.22  0.69 - 2.17    0.48

ITTA = intention to treat analysis; PPA = per protocol analysis.
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