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INTRODUCTION

Malnutrition is an important risk factor for pneumonia and has been shown to increase the frequency and severity of pneumonia episodes'. Malnutrition is estimated to be the
underlying cause of death in approximately 45% of all deaths in children under 5 years of age, increasing the risk of pneumonia mortality significantly?. The role of different
aetiology on pneumonia outcomes is not well defined!. We sought to examine the association between malnutrition and pneumococcal pneumonia and pneumococcal mortality

in the PERCH studly.

METHODS

PERCH is a 7-country case-control study evaluating the aetiology of hospitalized
WHO-defined severe or very severe pneumonia (WHO 2005) among children 1-59
months.

Malnutrition was defined as stunting (height-for-age), wasting (weight-for-height)
or underweight (weight-for-age) < -2 z-score using WHO child growth standards and
Mid-Upper Arm Circumference (MUAC) < 11.5cm.

Microbiologically confirmed invasive bacterial pneumonia including pneumococcal
pneumonia were defined as aetiology detected by culture in blood, lung aspirates or
pleural fluid or by PCR in lung aspirates or pleural fluid.

Logistic regression analysis using healthy community controls was done to evaluate
the association between malnutrition and admission to hospital with pneumonia
and with pneumococcal pneumonia. The analysis was repeated separately for other
pneumonia aetiologies including S. aureus, H. influenzae, E.coli, other invasive
bacteria and RSV. Age, site and HIV status were adjusted for in the analysis.

Risk ratios were calculated for the association between malnutrition and
pneumonia mortality and pneumococcal pneumonia. We further tested whether
the association between malnutrition and inpatient mortality among invasive
bacterial pneumonias differed for cases of pneumococcal aetiology and those due
to other invasive bacterial aetiology using an interaction term in a logistic regression
model.

RESULTS

<> 0Of 4232 cases, 28% had stunting, 27% wasting, 33% underweight and 30% MUAC
< 11.5cm. The distribution varied by site (Figure 1). Infants (age <1 year)
comprised 59% of those who were stunted, 63% of those wasted, 57% of those
who were underweight and 76% of those who had MUAC < 11.5%.
Amongst the cases, 4% had an invasive bacterial aetiology: 1.4% S.pneumoniae,
0.6% S. aureus, 0.6% H. influenzae, 0.4% E. coli and 1% other invasive bacterial
aetiology (Figure 2).

<> Malnutrition was associated with pneumonia case status and pneumococcal
pneumonia (Figure 3). The association between malnutrition and pneumonia of
other aetiologie svaried by pathogen and by malnutrition indicator (Table 1).

< In the mortality analysis, 7.5% of the cases died in hospital out of which 4% had
pneumococcal pneumonia and 10% any other invasive bacterial aetiology.
Malnutrition was associated with a higher risk of mortality amongst the cases. RR
2.2 (95% Cls 1.7-2.63), 2.45 (1.96,3.06), 3.35 (2.7,4.17) and 4.43 (3.45-5.71) for
stunting, wasting, undernutrition and MUAC < 11.5 cm, respectively.

<> Amongst cases with pneumococcal pneumonia, the risk of mortality was RR
0.87(95% Cis 0.3-2.27), 1.68(0.68-4.16), 2.96(1.05,8.39) and 2.42(0.83-7.06) for
stunting, wasting, undernutrition and MUAC < 11.5 cm, respectively. The risk for
pneumococcal pneumonia mortality was not significantly different from the risk
of death from any other invasive bacterial aetiology.

Stunting Wasting Underweight MUAC
Moderate Severe Moderate Severe Moderate Severe
(HAZ < -2 to -3) (HAZ < -3) (WHZ < -2 to -3) (WHZ < -3) (WAZ < -2 to -3) (WAZ < -3) (<11.5cm)

S.pneumoniae 2.13 (0.89-5.1) 7.75(3.67-16.4) 2.96 (1.46-5.99) 2.78 (1.13-6.85) | 2.29(1.02-5.12) 8.77(4.31-17.86)| 5.56 (2.86-10.82)
S.aureus 3.42 (1.15-10.14) 4.75 (1.4-16.05) 3.09(1.01-9.41) 0.96 (0.12-7.42) | 1.98 (0.56-6.79) 2.92 (0.65-13.20)| 2.24(0.69-7.30)
H.influenza 1.70(0.47-6.15) 2.73 (0.7-10.72)| 6.43(2.13-19.41) 14.41 (5.42-38.33)| 6.45(2.32-17.93) 18.1(6.59-49.7) | 15.33(5.85-40.15)
E.coli 2.82 (0.72-11.05) 7.44(2.05-26.94)| 6.74(1.95-23.22) 11.35(3.13-41.18) | 4.28(1.08-16.88) 17.87(95.36-59.6)| 4.15(1.16-14.79)
Other invasive 2.66 (1.1-6.44) 8.87 (4.15-18.94) 4.23(1.93-9.27) 7.14 (3.26-15.63) | 5.09(2.25-11.53) 24.03(11.74-49.2)| 6.43 (3.06-13.50)
bacteria

Non-bacterial 0.67 (0.42-1.07) 0.53 (0.35-0.80) 0.65 (0.43-0.99) 0.68 (0.44-1.05) | 0.85(0.55-1.31) 0.43(0.2909.63))| 0.65(0.44-0.96)
etiology

RSV 0.89 (0.70-1.12) 0.88 (0.70-1.09) 0.91(0.73-1.13) 0.59 (0.46-0.76) | 0.77 (0.63-0.95) 0.58 (0.45-0.73)| 0.88(0.73-1.07)
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FIGURE 1

Distribution of malnutrition across PERCH sites
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FIGURE 2

Distribution of
invasive bacteria
across PERCH sites
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FIGURE 3

Association between malnutrition and pneumococcal pneumonia
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aOR: Adjusted for age, site and HIV status

CONCLUSIONS

<> In the PERCH study, children with different markers of malnutrition were
1.7-3.6 times more likely to be admitted to hospital with pneumonia (all
causes) and 4.0-5.6 times more likely to be admitted to hospital with
pneumococcal pneumonia.

<> Pneumonia cases with a simple marker of poor nutrition (MUAC<11.5cm)
had a 4 fold increased risk of dying during admission.

<> Amongst children with invasive bacterial pneumonia the excess risk of
mortality associated with identification of S. pneumoniae was no greater
than for any other aetiology.

<~ Altered pathophysiological responses to infections in malnourished
children may explain these observations3.
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