
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The impact of HIV on respiratory disease in Malawian children

Graham, S.M.

Publication date
2010

Link to publication

Citation for published version (APA):
Graham, S. M. (2010). The impact of HIV on respiratory disease in Malawian children.
[Thesis, fully internal, Universiteit van Amsterdam]. Rozenberg Publishers.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-impact-of-hiv-on-respiratory-disease-in-malawian-children(c52d2d28-6444-4cbd-bad8-fc35e1a3ff62).html


60

Clinical predictors of Pneumocystis pneumonia in Malawian 

children with severe pneumonia  

 SM Graham1,2,3, D Mielnik1,4, S LaVincente1, A Phiri2,3, L Mankhambo2,3, M Mukaka3,5, K 

Lokuge5, ME Molyneux3,6 

1. Centre for International Child Health, University of Melbourne Department of 

Paediatrics and Murdoch Childrens Research Institute, Royal Children’s Hospital, 

Melbourne, Australia 

2. Department of Paediatrics, University of Malawi College of Medicine, Blantyre, 

Malawi 

3. Malawi-Liverpool-Wellcome Trust Clinical Tropical Medicine Research Programme, 

University of Malawi College of Medicine, Blantyre, Malawi 

4. National Centre for Epidemiology and Population Health, Australian National 

University, Canberra, Australia  

5. Department of Community Health, University of Malawi College of Medicine, 

Blantyre, Malawi 

6. School of Tropical Medicine, University of Liverpool, Liverpool, UK 

Author for correspondence: 

Stephen M Graham 

Centre for International Child Health 

University of Melbourne Department of Paediatrics 

Royal Children’s Hospital 

Parkville 

Victoria 3052 

Australia 

Email: steve.graham@rch.org.au 

Phone: (61) 3 9345 4788 

Fax: (61) 3 9345 6667 



61

Abstract 

Background: Pneumocystis pneumonia (PcP) is a common cause of death in HIV-infected 

infants but confirming the diagnosis is not possible in most HIV endemic settings owing to 

limited laboratory capacity.  We aimed to determine clinical features that would predict a 

diagnosis of PcP in Malawian children with severe penumonia.    

Methodology/Principal Findings: We compared clinical findings between infants and 

children with a confirmed diagnosis of bacterial pneumonia or PcP, using data from two 

prospective clinical studies.  We identified significantly different features of clinical 

presentation and determined their value to predict PcP diagnosis among all causes of 

severe pneumonia. 438 infants and children (2-59 months) were included. PcP was 

diagnosed in 32 children (7.3%) and bacterial pneumonia in 52 children (11.9%).  Overall 

case-fatality rate was 15%, higher for PcP (67%) than for bacterial pneumonia (RR 4.76, 

95% CI 2.3-9.9).  PcP cases were younger, more likely to be HIV-infected, more hypoxic, 

less febrile, and more likely to have no focal abnormalities on chest auscultation. Age under 

6 months alone was highly sensitive with a high negative predictive value (99%) for PcP 

diagnosis when calculated for a PcP prevalence of 7% as in this study and when assuming a 

lower prevalence of PcP of 1%. The combination of age under 6 months and being HIV-

infected had a similar sensitivity and negative predictive value for PcP diagnosis but higher 

specificity (79.9% [95% CI: 75.6-93.8]) than age under 6 months alone (59.4% [95% CI: 

54.4-64.2]). The addition of other clinical criteria such as hypoxia improved specificity but at 

the cost of reduced sensitivity.  

Conclusion: The most useful clinical features for suspecting PcP diagnosis were age and 

HIV status. Children older than 6 months in HIV endemic settings with severe pneumonia do 

not require routine empirical therapy for suspected PcP. 
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Introduction 

Pneumonia is the commonest cause of morbidity and mortality in children under five years of 

age worldwide.(1) The highest case-fatality rates for childhood pneumonia are reported from 

sub-Saharan Africa and human immunodeficiency virus (HIV) infection is recognised as an 

important risk factor for severe pneumonia and death in the region.(2,3) Clinical and autopsy 

studies of children hospitalised with pneumonia representing many HIV-endemic settings in 

the region consistently show that Pneumocystis pneumonia (PcP) is common in HIV-infected 

infants not receiving cotrimoxazole preventive therapy (CPT).(4-10)  PcP is caused by 

Pneumocystis jirovecii and is an AIDS defining illness that does not respond to standard 

antibiotic regimens aimed to treat bacterial pneumonia. The first cases of confirmed PcP in 

HIV-infected African infants were described in Malawi in 1995 and four of the 5 infants with 

confirmed PcP died.(11) A subsequent larger study in the same setting also found that PcP 

was a common cause of severe and fatal pneumonia in HIV-infected Malawian infants.(4) 

PcP also occasionally presents in HIV-exposed but uninfected infants not receiving CPT.(9) 

Pneumocystis jirovecii is a fungus that cannot be cultured in vitro and confirmation of PcP 

diagnosis requires laboratory support and equipment rarely available to clinicians working in 

the settings where HIV exposure and infection in infants is most prevalent.(12) Clinical 

features alone are relied upon to diagnose PcP in most HIV-endemic settings and therefore 

evidence from studies of severe pneumonia in children in those settings are required to 

guide clinical practice. We aimed to identify the most reliable and characteristic non-

laboratory based clinical markers of the presentation of PcP in Malawian children 

hospitalised with severe pneumonia.  

Methods 

Data were analysed from two previous clinical prospective cohort studies undertaken on the 

Paediatric Research Ward at Queen Elizabeth Central Hospital (QECH), Blantyre, Malawi. 

Children with acute pneumonia present to QECH either as self-referral with initial 

presentation or as referral from an urban or peri-urban health centre following initiation of 

antibiotic therapy. For these purposes, QECH serves Blantyre district with a population of 

almost 1 million. Malawi is a country with a high prevalence of HIV infection, with HIV 

seropositivity rates of 25-30% among unselected women attending antenatal clinics at 

QECH during the period of both studies.(13,14)   

The first study was conducted in 1996 and enrolled 150 children between 2 months and 5 

years of age.(4) Methodology and findings have previously been reported.(4) The second 

study was conducted in 2005-6 and enrolled 350 children between 2 months and 14 years. 
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Details of methodology and findings are being reported elsewhere but are as yet 

unpublished.(15) For this analysis, data were combined only from children of a similar age 

range (2 months to 59 months). Although recommended in Malawi since 2004, the uptake of 

CPT for HIV-exposed infants was still low at the time of the second study. Both studies had 

received approval from the College of Medicine Research and Ethics Committee of the 

University of Malawi. 

The two studies had similar design and methodology. They were prospective, clinical studies 

of Malawian children presenting to QECH with severe and very severe pneumonia according 

to WHO criteria. Neither study enrolled children with severe malnutrition requiring nutritional 

rehabilitation. Selection for enrolment was similar and determined by bed availability on the 

Paediatric Research Ward. Clinical care on this ward was characterised during both study 

periods by high nurse:patient ratio with routine observation of vital signs and pulse oximetry, 

availability of first and second-line antibiotics, supportive fluid or nutritional therapy as 

required, an adequate and reliable supply of oxygen therapy by nasal prongs when indicated 

(SpO2< 90%), and twice daily review by study clinicians. All children had a packed cell 

volume (PCV) measured and a thick blood film taken for identification of Plasmodium 

falciparum.  

First-line antibiotic therapy was chloramphenicol in 1996 and was a combination of penicillin 

and gentamicin in 2005-6. The change in first-line therapy was mainly due to the sudden 

emergence in 2001 of high levels of in vitro chloramphenicol resistance of Salmonella 

typhimurium associated with clinical treatment failure.(16) S.typhimurium was the second 

commonest blood isolate in both studies after Streptococcus pneumoniae. In both studies, 

high-dose cotrimoxazole therapy was used on admission or later when PcP was suspected 

or confirmed, and corticosteroids were used in children with confirmed PcP when oxygen 

dependent.    

PcP was confirmed by demonstration of characteristic cysts of P jirovecii by indirect 

immunofluorescent assay on samples obtained by nasopharyngeal aspiration as 

described.(4) Bacterial pneumonia was defined by a positive isolate from blood culture and 

an abnormal chest radiograph. Prior antibiotic usage was common in both studies (53% and 

61% respectively). Lung aspiration was used for aetiological diagnosis in the second study 

on selected patients but these data are not used for this analysis owing to the potential for 

selection bias – suspected PcP was an exclusion criterion for lung aspiration. HIV testing 

included pre and post-test counselling and HIV infection status was confirmed in children 

less than 18 months of age by polymerase chain reaction (PCR). In the second study only, 

there were some children with known HIV status who had been receiving CPT prior to 
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admission. Hypoxia on admission was determined using pulse oximetry when the patient 

was breathing air, and was defined as SpO2< 90%. No investigations were used for 

diagnosis of cytomegalovirus (CMV) as a co-infection or cause of pneumonia and ganciclovir 

was unavailable. 

Clinical features of PcP were compared to bacterial pneumonia for all available variables by 

univariate analysis. Univariate analysis involved the use of Wilcoxon signed rank tests,  

and Student’s t-tests.  From those significant variables, various clinical diagnostic algorithms 

were designed and compared to laboratory diagnosis in terms of sensitivity, specificity, 

positive predictive value and negative predictive value for PcP among total study population.  

Analyses were performed in STATA v10 (StataCorp, TX, USA). 

Results 

A total of 438 infants and children (2 months to 5 years) were recruited to the studies, 150 

from the earlier study and 288 from the more recent study. The proportion of infants of less 

than 6 months of age was higher in the 1996 study (53%) than in the 2006 study (31%).   

The case-fatality rate overall was 15%: 22% in the 1996 study and 11.5% in the 2006 study 

for children aged 2-59 months. In both studies, mortality was highest in infants of less than 6 

months of age (30% and 24% respectively).  A fatal outcome was significantly associated 

with HIV infection (Risk Ratio 8.3, 95% CI 4.2-16.4) and hypoxia (Risk Ratio 4.4, 95% CI 2.2-

8.8).  

Of the combined study populations, PcP was diagnosed in 32 children (7.3%) and bacterial 

pneumonia in 52 children (11.9%).  The proportion with PcP was higher in the 1996 study 

than in the 2006 study (11% v 6%), while the proportion with bacterial pneumonia was 

similar in the two studies(14% v 11%). Two children included in these figures were positive 

for PcP and had Haemophilus influenzae type b (Hib) grown from blood culture, one in 1996 

and the other in 2006.  Both were infants of less than 6 months and both died. These two 

infants have been excluded from the present analysis comparing the presenting features of 

PcP and bacterial pneumonia.    

The majority (93.8%) of the PcP cases were infants of 2 to 6 months of age. The other two 

were children – a 14 month-old HIV-uninfected child and a 3 year-old HIV-infected child – 

and both survived. The proportion of cases with PcP and bacterial pneumonia that 

presented with clinical features consistent with a classification of very severe pneumonia 

according to WHO criteria was similar (59% versus 60% respectively). 
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HIV infection status was determined in 29 of the PcP cases and 27 (93%) of those tested 

were HIV-infected. HIV infection prevalence among those with bacterial pneumonia who 

were tested was 51%. The in-hospital case-fatality rate was 67% (20/30) for PcP and 14% 

(7/50) for bacterial pneumonia (Risk Ratio 4.76, 95% CI 2.3-9.9).  The case-fatality rate 

was73% for those with PcP who were 2 to 6 months of age while none of the two PcP cases 

older than 6 months died. 

PcP and Bacterial Pneumonia 

 We compared all documented clinical features between children with PcP and those with 

bacteraemic pneumonia (Appendix 1). Table summarises the differences that were 

statistically significant. Of children presenting with PcP, 93% were 2 to 6 months of age 

compared with 40% of those with bacterial pneumonia. The significant difference between 

groups in mean body weight and mean PCV would be expected as these features are age-

dependent. There was no significant difference in mean weight-for-age Z score between the 

groups.  

Figure 1 shows the difference between age of PcP and bacterial pneumonia and compares 

to the total study population. Patients with PcP were on average more hypoxic than those 

with bacteraemic pneumonia, and PcP was strongly associated with HIV infection and death 

(Table 1). PcP was also associated with persistence of hypoxia and therefore longer 

duration of oxygen requirements. This analysis is partly skewed by early deaths resulting in 

cessation of oxygen therapy.     

The use of CPT prior to admission was associated with significant reduced risk of PcP 

among HIV-infected children in the second study. None of the 37 HIV-infected children 

already receiving CPT was positive for PcP compared to 12 of the 95 HIV-infected children 

not receiving CPT (Fisher’s exact test, p=0.02). However, the group receiving CPT were also 

older (median age 41 months versus 10 months).  

Clinical Diagnosis of PcP 

Table 2 lists a number of possible diagnostic algorithms using combinations of clinical 

criteria that were identified as markers of PcP. These are analysed for positive and negative 

predictive value for PcP diagnosis within the whole study population assuming a prevalence 

of PcP of 7% as in this population. Age under six months alone was highly sensitive and 

maintained a negative predictive value of 99% when calculated assuming a lower 

prevalence of PcP of 1% which would reflect a less HIV endemic setting (Table 2). Other 
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age cut-off values were tested but less than 6 months had the highest sensitivity (data not 

shown). 

The combination of age under 6 months and being HIV-infected had a similar sensitivity but 

higher specificity than age under 6 months alone.  The addition of other clinical criteria such 

as the presence of hypoxia improve specificity at the cost of some reduced sensitivity. 

Respiratory rate on admission was not added into the algorithm as the receiver operating 

characteristic (ROC) curve indicated that it would not be useful as a diagnostic tool as there 

is no useful critical cut-off value (Figure 2). Although no child with PcP was receiving CPT, 

the numbers of children receiving CPT in the bacterial pneumonia group were also small. 

 

Discussion 

Clinical guidelines for PcP diagnosis are particularly relevant for the HIV-endemic African 

setting as confirmation of PcP is rarely possible. It is recognized that the peak age 

prevalence for PcP in HIV-infected infants is 2 to 6 months of age including in studies from 

other regions.(17-19) The finding that hypoxia is also strongly associated with PcP is 

consistent with the findings of an analysis of HIV-infected South African infants with 

pneumonia of which 15 had PcP.(20) That study also reported that an absence of vomiting 

and a respiratory rate of greater than 59 breaths per minute were also useful diagnostic 

markers. We did not find this but there were differences in the study groups. The comparison 

in the South African study was with HIV-infected infants and children with severe pneumonia 

but not PcP. The comparison of clinical markers in our study was between infants and 

children with PcP or bacterial pneumonia irrespective of HIV status. The findings from this 

analysis presented in Table 1 are consistent with the clinical features that have been 

suggested previously as markers to help distinguish PcP from bacterial pneumonia in 

African children.(21,22)   

We then assessed clinical markers identified as indicators of PcP to determine their 

diagnostic value within the whole combined study population of Malawian infants and 

children of 2 to 60 months of age presenting with severe pneumonia. The use of an age cut-

off of 6 months alone was able to provide an excellent screening tool for PcP with a negative 

predictive value of 99.8% including for a pneumonia population where the prevalence of PcP 

is much lower than in this study population. Specificity and positive predictive value were 

improved if only HIV-infected infants were included in the diagnostic algorithm without a 

marked reduction in negative predictive value. The addition of each of the other clinically 
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significant markers for PcP resulted in improved specificity but a lower sensitivity as shown 

in Table 2.  

The other important feature in addition to age is HIV infection status. Clinical and autopsy 

studies from various HIV endemic settings in sub-Saharan Africa have consistently reported 

that PcP is a common cause of severe pneumonia and a common cause of death in HIV-

infected infants.(4-10) HIV testing should be routine in infants presenting with severe 

pneumonia in HIV endemic settings because of its impact on aetiology and outcome. 

Further, identification of HIV status is important because CPT is indicated for all HIV-

exposed infants and ART for all HIV-infected infants. PcP is also occasionally reported in 

HIV-exposed and uninfected infants(7,9) which means that guidelines for empirical treatment 

of PcP should refer to “HIV-seropositive” rather than” HIV-infected”. This is more appropriate 

and practical for application as it is far easier and quicker to determine serostatus by 

antibody than to determine HIV infection by PCR.  

One clinical finding that may have further improved specificity without a loss of sensitivity 

may have been that the infant was not receiving CPT at presentation. CPT is known to be 

very effective in reducing the risk of PcP in HIV-infected and exposed infants.(23-25) 

Although we found that there were no cases of PcP among those receiving CPT at 

presentation, the use of CPT in this study population was unusual. Further, most of those 

receiving CPT were not infants and unlikely to develop PcP anyway because PcP is rare in 

HIV-infected Malawian and Zambian children older than 1 year.(26,27) The persistence of 

hypoxia is also a recognised feature that highlights the morbidity and demand on limited 

resources that characterises PcP. However, persistence of hypoxia is not helpful for an 

approach that aims to make a clinical diagnosis and commence therapy as early as possible 

following presentation. 

This analysis relies upon the use of NPA samples examined by an immunoflourescent assay 

for confirmation of PcP. The sensitivity of this assay is uncertain but reportedly around 70%. 

It may also not be 100% specific for disease due to Pneumocystis as it may identify recent 

infection. The definition of cases of bacterial pneumonia may also represent a skewed 

population as they are defined by a positive blood culture, an investigation that has poor 

sensitivity and may bias to represent the more severe cases or those with more unusual 

pathogens.    

Our findings support the current clinical guidelines provided by WHO that recommend 

empirical treatment for PcP with high-dose cotrimoxazole for infants with severe or very 

severe pneumonia and known or suspected HIV infection.(28) However, our analysis 

suggests that the age range could be reduced from 2-12 months to 2-6 months without 
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reducing clinical accuracy. All PcP-related deaths in this analysis were in infants of less than 

6 months of age, although the numbers of cases older than 6 months were small. Our 

findings do not support the current WHO guidelines of empirical PcP treatment for HIV-

infected children (1-5 years) with very severe pneumonia.(28) These guidelines are currently 

under review (personal communication, SM Graham)  

The potential benefit of early treatment of PcP using a simple and available clinical approach 

could be a reduction in PcP-related mortality. However, the degree of benefit in the 

resource-limited setting remains uncertain because outcome continues to be poor despite 

early use of high-dose cotrimoxazole.(9) The very high case-fatality rates associated with 

PcP emphasises the huge potential of prevention strategies such as prevention of mother-

to-child HIV transmission and CPT to reduce pneumonia-related mortality in children in 

Malawi and the region.(29,30)  
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Table 1. Clinical features that are significantly different in prevalence 

between Malawian infants and children with PcP and bacterial pneumonia  

 PcP (N=30) Bacterial (N=50) Test of significance 
P value* 

 
Median (Inter-quartile Range) 

 
Wilcoxon Rank 

Age (months) 
 

3 (2.7-4) 
 

8 (4.8-16) 0.0000 

Weight (kg) 
 

4.95 (4.1-6.2) 
 

7.25 (5.3-8.7) 0.0001 

Oxygen saturation 
in air (%) 

68 (47-85) 
 

90 (81-94) 0.0001 

Duration of oxygen 
(days) 

5.5 (2-9) 
 

1.5 (1-4.5) 0.0400 

 
Mean (Standard Deviation) 

 
Student T-Test 

Temperature (oC) 
 

37.85 (1.13) 
 

38.97 (0.87) 0.0000 

Packed cell 
volume (%) 

32.57 (5.26) 28.69 (6.33) 0.0064 

Weight-for-age Z 
score 

-1.77 (1.55) -2.01 (1.49) 0.4992 

 
Percentage  

(number/total with observation recorded) 
 

Odds Ratio 
(95% CI) 

HIV infected 96.4  
(27/28) 

 

47.7  
(21/44) 

29.57 
(3.97, 1261.9) 

Death 66.7  
(20/30) 

 

14  
(7/50) 

12.29 
(3.6, 43.3) 

Prior Fever 76.7  
(23/30) 

 

98  
(49/50) 

0.07 
(0.0, 0.59) 

Clear chest 46.7  
(14/30) 

 

16.3  
(8/49) 

4.48 
(1.4-14.7) 

Crackles 40  
(12/30) 

 

72  
(36/50) 

0.26 
(0.09, 0.75) 

Cyanosis 43.3  
(13/30) 

 

22  
(11/50) 

2.71 
(0.9, 8.15) 

Dyspnoea 100  
(30/30) 

83.7  
(41/49) 

# 
 

 

Two children with PcP and bacteraemia co-infection have been excluded in this analysis. 
# Odds ratio cannot be calculated because all PcP patients presented with dyspnoea. 
*When adjusted for multiple comparisons as per Bonferroni, the level of significance is 
p=0.001. 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Table 2: Predictive values for PcP diagnosis of diagnostic algorithms among 
Malawian children with severe pneumonia 

Diagnostic 
Algorithm 

Prevalence 
of PcP 

Sensitivity 
% (95% CI) 

Specificity 
% (95% CI) 

Positive 
Predictive 

Value 
% (95% CI) 

Negative 
Predictive 

Value 
% (95 %CI) 

Age<6mths 
 

7.3% 
 

90.6 
(75.0, 98.0) 

 

59.4 
(54.4, 64.2) 

 

14.9 
(10.2, 20.8) 

 

98.8 
(96.4, 99.7) 

 
Age<6mths 
 

1.0%* 90.6 
(75.0, 98.0) 

 

59.4 
(54.4, 64.2) 

 

2.2 
(1.88, 2.58) 

 

99.8 
(99.5, 99.9) 

 
 

Age<6mths 
HIV+ 

7.2% 
(27/418) 

90.0  
(73.5, 97.9) 

79.9  
(75.6, 83.8) 

25.7  
(17.7, 35.2) 

99.0  
(97.2, 99.8) 

 
 

Age<6mths 
HIV+ 
Dyspnoea 
 

7.2% 
(27/417) 

90.0  
(73.5, 97.9) 

81.4  
(77.2, 85.1) 

27.3  
(18.8, 37.1) 

99.1  
(97.3, 99.8) 

 

Age<6mths 
HIV+ 
SaO2<90% 
 

7.0% 
(24/429) 

80.0 
(61.4, 92.3) 

86.0 
(82.2, 89.2) 

30.0  
(20.3, 41.3) 

98.3  
(96.3, 99.4) 

 

Age<6mths 
HIV+ 
Clear chest 
 

7.2% 
(13/433) 

41.9  
(24.5, 60.9) 

90.3  
(87.0, 93.0) 

25  
(14.0, 38.9) 

95.3  
(92.6, 97.2) 

 

Age<6mths 
HIV+ 
Absence of 
crackles 
 

7.2% 
(16/430) 

51.6  
(33.1, 69.8) 

89.2  
(85.8, 92.1) 

27.1 
(16.4, 40.3) 

96.0  
(93.4, 97.7) 

 

Age<6mths 
HIV+ 
No history of 
fever  

 

7.4% 
(7/434) 

21.9  
(9.28, 40.0) 

97.5  
(95.5, 98.8) 

41.2  
(18.4, 67.1) 

94.0  
(91.3, 96.1) 

 

Age<6mths 
HIV+ 
Temp<38oC 
 

7.0% 
(15/428) 

50.0  
(31.3, 68.7) 

92.7  
(89.7, 95.1) 

34.1  
(20.5, 49.9) 

96.1  
(93.6, 97.8) 

 

Age<6mths 
HIV+ 
Cyanosis 
 

7.3% 
(14/438) 

43.8 
(26.4, 62.3) 

93.3  
(90.5, 95.6) 

34.1  
(20.1, 50.6) 

95.5  
(92.9, 97.3) 

 

 

*1% PcP prevalence shown as a lower end estimation of population prevalence amongst 
children with pneumonia. 
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Figure 1: Age distribution of children by diagnosis 

 

 

Median and inter-quartile range are represented by the shaded boxes and line
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Figure 2: ROC of respiratory rate between cases with PcP and bacterial 
pneumonia 
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Appendix 1. Clinical characteristics comparing PcP to bacterial pneumonia for 
all variables 
 

Variable  
PcP 

(N=30) 
Bacterial 

(N=50) 

P value 
Test of 
significance 

age (months) M (IQR) 3 (2.7-4.0) 8 (4.8-16.0) p=0.000, z=5.40 

female % (n/N) 63 (19/30) 46 (23/50) p= 0.13, chi= 2.26 

weight (kg) M (IQR) 4.95 (4.1- 6.2) 7.25 (5.3- 8.7) p=0.00, z= 3.86 

weight for age Z-
score M(IQR) -1.82 (-29- -0.8) -2.12 (-3.1- -0.96) p= 0.36, z= -0.91 

Symptoms 

prior fever % (n/N) 77 (23/30) 98 (49/50) p=0.002, chi2=9.48 

days with fever M (IQR) 3 (2-6) 3 (2-7) p=0.36, z=0.91 

prior cough % (n/N) 97 (29/30) 100 (50/50) p= 0.19, chi2= 1.69 

days with cough M (IQR) 3 (2-7) 4 (3- 7) p=0.85 , z=0.18 

dyspnoea % (n/N) 100 (30/30) 84 (41/49) p= 0.02, chi2= 5.45 

days with dyspnoea M (IQR) 2 (2-4) 2 (1- 3) p= 0.14, z= -1.47 

anorexic % (n/N) 37 (11/30) 33 (16/48) p= 0.76, chi2= 0.09 

days with anorexia M (IQR) 1 (1- 1) 1 (1- 2.5) p= 0.20, z= 1.28 

prior vomiting % (n/N) 20 (6/30) 31.3 (15/48) p= 0.28, chi2= 1.19 

days with vomiting M (IQR) 2.5 (1-4) 2 (1-3) p= 0.97, z= 0.04 

prior diarrhoea % (n/N) 17 (5/30) 26 (13/50) p= 0.33, chi2= 0.94 

days with diarrhoea M (IQR) 4 (1-7) 3 (2-4) p= 0.65, z= -0.46 

prior seizures % (n/N) 7 (2/30) 6 (3/50) p= 0.91, chi2= 0.01 

no. of seizures M (IQR) 3.5 (1-6) 0 N/A 

Prior treatment 

receiving CPT % (n/N) 0 (0/30) 6 (3/50) N/A 

prior antibiotics % (n/N) 73 (22/30) 56 (28/50) p=0.12, chi2= 2.4 

prior penicillin % (n/N) 67 (12/18) 42 (10/24) p= 0.11, chi2= 2.58 

prior cotrimoxazole % (n/N) 25 (4/16) 43 (12/28) p= 0.24, chi2= 1.4 

prior gentamicin % (n/N) 22 (4/18) 13 (3/23) p= 0.44, chi2= 0.6 

prior aspirin % (n/N) 50 (8/16) 50 (11/22) p= 1.0, chi2= 0.0 

prior paracetamol % (n/N) 48 (10/21) 60 (21/35) p= 0.37, chi2= 0.81 

prior traditional 
medications % (n/N) 27 (4/15) 29 (6/21) p= 0.9, chi2= 0.02 

 
Vital signs 

respiratory rate 
(bpm) m (sd) 76 (14.3) 70.6 (16.1) p= 0.14, t test= -1.5 

temperature (
o
C) m (sd) 37.9 (1.1) 38.9 (0.87) 

p= 0.00, t test= 
4.97 

pulse rate (bpm) m (sd) 158 (20.6) 164 (22.1) 
p= 0.23, t test= 
1.20 

 
Respiratory distress 

cyanosis % (n/N) 43 (13/30) 20 (11/50) p= 0.04, chi2= 4.06 



76

subcostal indrawing % (n/N) 93 (28/30) 98 (49/50) p= 0.29, chi2= 1.13 

grunting % (n/N) 63 (19/30) 52 (26/50) p= 0.32, chi2= 0.98 

nasal flaring % (n/N) 93 (28/30) 92 (46/50) p= 0.83, chi2= 0.05  

Auscultation of chest 

clear chest % (n/N) 46.7 (14/30) 16.3 (8/49) 
P=0.004, 
chi2=8.5248 

crackles % (n/N) 40.00 (12/30) 72.00 (36/50) 
p= 0.005, chi2= 
8.0000 

bronchial % (n/N) 23.33 (7/30) 31.25 (15/48) 
p= 0.450, chi2= 
0.5714 

wheeze % (n/N) 0 0 N/A 

Other clinical features 

ear discharge % (n/N) 0 2.04 (1/49) 
p= 0.431, chi2= 
0.6201 

oedema % (n/N) 0 0 N/A 

digital clubbing % (n/N) 0 8.00 (4/50) 
p= 0.112, chi2= 
2.5263 

lymphoedema % (n/N) 10.34 (3/29) 10.00 (5/50) 
p= 0.961, chi2= 
0.0024 

oral thrush % (n/N) 20.00 (6/30) 8.16 (4/49) 
p= 0.125, chi2= 
2.3581 

 
Baseline investigations 

SpO2 in room air M (IQR) 68 (47-85) 90 (81-94) p= 0.00, z= 3.87 

packed cell volume % (sd) 33 (5.3) 28.7 (6.3) 
p= 0.01, t test= -
2.81 

HIV-infected % (n/N) 96 (27/28) 48 (21/44) 
p= 0.00, chi2= 
18.26 

 
Outcome 

days on oxygen M (IQR) 5.5 (2-9) 1.5 (1-4.5) p= 0.04, z= -2.05 

death % (n/N) 66.7 (20/30) 14 (7/50) 
p= 0.00, chi2= 
23.26  

 

 

 

 

 


