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ABSTRACT 

THE THERAPEUTIC EFFEXTS OF ZINC FORTIFICATION ON IMMUNE 
FUNCTION, MORBIDITY AND GROWTH RECOVERY FROM SEVERE 

MALNUTRITION IN NON-OEDEMATOUS AND OEDEMATOUS MAtAWIAN 
CEZILDWN 

Audrey Carolyn MacDonald 
University of Guelph, 1999 

Supervisor. 
Professor RS Gibson 
Co-advisor: 
Professor WJ Bettger 

The objective of this study was to improve the content and bioavailability of zinc in 

Malawi's national therapeutic food (Likuni Phala) and to assess its impact on the immune and 

growth recovery of malnourished children. The study was a randomised controlled trial with a 

stratified block design of 121 hospitalised, malnourished children, with mean (HD) age, length 

for age (LAZ) and weight for Iength (WL,Z) of 24fl lmonths, -3.4151.5 and -2.3kl .O z-scores, 

respectively. Fifty six percent of the children were oedematous; the remairiing 44% were non- 

oedematous. Children were severely immune suppressed; 52% were anergic. 

Three variations of the therapeutic Likuni Phala (LP) were assessed over a four week 

period; (1) foaified with micronutrients plus zinc (50 mg Zd100 g dry weight) and with reduced 

phytate (a;), (2) fortified with micronutrients without zinc and with reduced phytate (F), and (3) 

unfoaified and without reduced phytate (UF). 

Following the intervention, both non-oedematous and oedematous children in the F group 

were 1.80 and 1.75 tirnes more likely to respond positively to the deIayed hypersensitivity skin 

test than the children in the ZF group (p<0.05), when controlling for age, gender, initial DHS 

response, HIV and nutritional status and site of test. 



Nevertheless, among non-oedematous children, final WLZ scores were higher in the ZF 

(-1.36) than in the F (-1.99) treatments, as was the rate of weight gain in the ZF (4.6 g/kg/d) than 

the F (1.4 g/kg/d). In contras t, among oedematous children, final WLZ scores were lower in the 

ZF (-1.71) than the F (-1.19) treatments, and those in the ZF g o u p  had a lower rate of weight 

gain (2.4 g/kg/d) than those in the F (4.8 g/kdd) group. 

Our study suggests that levels of zinc (10 mg/kg/day) in combination with the 

micronutrient fortification of LP resulted in a suppression of the immune system over that of 

children receiving the LP fortified with micronutrients without zinc (0.7 mg zinc /kg/day), in both 

non-oedematous and oedematous cMdren. Nevertheless, there were siflicant increases in 

weight and rate of weight gain in these non-oedematous children, while the oedematous children 

decreased in ponderal growth and body composition indices. 
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Chapter 1 Introduction and research objectives 

1.1 Effect of linc supplemen tation on recovery from se were child malnutrition 
1.1.1 Introduction 

The importance of increasing zinc in diets of rnalnourished. children has been 

demonstrated by Mprovements in lean tissue synthesis (Golden & Golden, 198 la; 198 1 b; 1992), 

in weight gain (Golden & Golden, 198 1b; CastilIo-Duran et al, lW7; Simmer et al, 1988; 

Khanum et al, 1988; Shrivastava et al, 1993; Ninh et al, 1996), linear growth (Ninh et al, 1996), 

immune function (Castille-Duran et al, 1987; Schlesinger et al, I992; Chevalier et al, 1996; 

Sempertegui et al, 1996) and in reductions of dimhoea and respiratory infections (Sazawal et al, 

1995; Sempertegui et al, 1996; Sazawal et al, 1997). 

1.1.2 Effect of zinc on growth and body composition 

Several of the earliest studies of the role of zinc in ponderd growth and body 

composition were canied out in Jamaica where the level of zinc was found to lirnit the rate of 

weight gain and the amount of lean tissue synthesised in children recoverhg fiom malnutrition 

(Golden & Golden, 198 la; 198 lb). Mahourished children (47% without oederna; 53% with 

oedema) receiving a cow's milk-based formula had higher plasma zinc concentrations, higher 

rates of weight gain, and a lower energy cost of tissue deposition than did comparable children 

fed a soy-based formula (low zinc availability). When sixteen such ctiildren were given daily 

zinc (Zn) acetate supplements (0.16 to 1.0 mg zinckg body weightlday), there was an immediate 

increase in the rate of weight gain in 14 of the children, suggesting ehat zinc had been limiting 

the ponderd growth of these children. In addition, there was a reduction in the energy cost of 

this new tissue deposition, suggesting an increase in the synthesis o f  lean tissue compared to fat 

tissue when the children's diets were supplemented with zinc (Golden & Golden, 198 1 b). The 

efficiency of weight gain corrdated with the increase in plasma zinc concentrations. Thus, it 



appeared that children recovering on a high-energy, relatively low Zn formula were synthesising 

adipose tissue, at the expense of lean tissue, because of low Zn availability. In a Iater metabolic 

study of 11 severely wasted children, the same researchers concluded that zinc was essential to 

protein synthesis when they found a greater net intestinal absorption of nitrogen and a higher rate 

of protein turnover (higher protein synthesis) in the zinc supplemented children (Golden & 

Golden, 1992). 

An improved weight gain in response to zinc supplementation of malnourished chiIdren 

was found in many (Castille-Duran et  al, 1987; Simmer et al, 1988; EChanum et al, 1988; 

Walravens et al, 1989; Shrivastava et al, 1993; Ninh et al, 1996), but not a.U subsequent studies 

(Golden & Golden, 1992; Hemalatha et al, 1993; Chevalier et al, 1996; Sempertegui et al, 1996; 

Rosado et al, 1997; Doherty et al, 1998; Meeks Gardner et al, 1998). Mahourished chrldren 

participating in these studies had varying degrees of malnutrition including marasmus, 

marasmus-kwashiorkor and kwashiorkor and received different levels and forms of zinc 

supplementation. It rnay be that the Iack of significant difference in weight gain upon zinc 

supplementation may be confounded by the severity and type of malnutrition, whether 

oedematous (kwashiorkor or marasmic-kwashiorkor) or non-oedematous (marasmic). In 

addition, the level of zinc supplementation may result in differing effects on weight gain. 

An improved weight gain in response to zinc supplementation of malnourished children 

was found in four studies which supplemented children at levels of 0.5 to 2 mg Zdkg/d for 

periods of three to nine months (Castille-Duran et al, 1987; Wairavens et al, 2989; Shrivastava et 

al, 1993; Ninh et al, 1996) and one study of 7 mg zinc/kg/d for two weeks (Simmer et al, 1988). 

The malnourished children of these studies were primariiy without oedema: marasmic and 

hospitalised (Castao-Duran et al, 2987) or moderately malnomished fiee-Living children 

(Walravens et al, 1989; Shrivastava et  al, 1993; Ninh et al, 1996). One study in Bangladesh 

included severely mahourished children with and without oedema (Simmer et al, 1988). The 



latter study also reported an increase in rate of weight gain of the zinc supplemented (7 mg/k@d 

for two weeks) malnourished children (n=L2; 84% with oedema) compared to that of non- 

supplemented cbildren (n=l 1; 84% with oedema) during the second week of supplementation 

(Simmer et al, 1988). The rnarasmic infants (mean age 7 rnonths; n=32) in Chile (Castille- 

Duran et al, 1987) were supplemented with and without Zn (2 mg/kg/day) in addition to a 

vitaminmineral supplement containhg iron, copper and vitamin A for three months. In contrast 

to the severeiy malnourished children of Bangladesh, the increase in weight for length (expressed 

as percent of median) (WLM) compared to that of the placebo group was not evident until eight 

weeks of supplementation. 

In contrast, six studies showed no improvement in weight gain in zinc supplemented (0.5 

to 2 mgkg/d for one to three monuls) mahourished children compared to the placebo control 

group (Golden & Golden, 1992; Schlesinger et al, 1992; Chevalier et al, 1996; Sempertegui et al, 

1996 Rosado et al, 1997; Meeks Garner et al, 1998). Higher Ievels of zinc supplementation (5 

to 10 mg/kg/day for 21 to 30 days) of malnourished children also resulted in no improvement in 

weight gain compared with controls (Hemalatha et al, 1993; Doherty et al, 1998). Most 

malnourished children in these studies included a combination of kwashiorkor and marasmic, 

hospitalised children (Golden and Golden, 1992; Hemalatha et al, 1993; Chevalier et al, 1996; 

D o h e q  et al, 1998), while others were moderately mahourished free-Living children in whom 

the type of malnutrition was not reported (Sempertegui et al, 1996; Rosado et al, 1997; Meeks 

Gardner et al, 1998). 

Of the eleven Jamaican rnarasrnic (2 without oedema) and marasmic-kwashiorkor (9 with 

oederna) study children, the seven children receiving the Zn-supplernented diet (5 to 10 mg Znkg 

diet), gained weight faster than those msupplemented, but the weight difierence was not 

significant (Golden & Golden, 1992). The investigators did not examine whether the effect of 

the treatment was the same in marasmic and marasmic-kwashiorkor children. It may be that the 



lack of significant difference in weight gain (by the intervention) was confounded by concurrent 

changes in weight due to the correction of the oedematous condition, because 82% of the 

children had oedema at the outset of the study. In the study by Chevalier et al (1996), there was 

dso a mixture of kwashiorkor, marsismic and rnarasrnic-kwashiorkor children, but the 

proportions in each trial group were not stated. The Ecuadonan children were considered 

malnourished if either their weight for age or height for age or both were less than the 10" 

percentile of National Centre for Health and Statistics (NCHS) standards. The inclusion criteria 

resulted in mean WAZ of -1.4 and a mean HAZ of -2.0 for the children, with no report cf 

oedema (Sempertegui er al, 1996). 

In the study of severely malnourished (weight for age <60% of NCHS mean, which 

corresponds to about WAZc-3.0) Indian children, the proportions of children with oedema in the 

zinc supplemented (7 out of 16) and placebo (7 out of 17) groups were similar (Hemalatha er al, 

1993). They found a significant improvernent in plasma zinc levels of the Zn-supplernented (6 

mgkglday or 40 mg/d as zinc sdphate) but not the placebo group. However, no significant 

differences in weight gain, energy intake, time for disappearance of oedema or duration of 

morbidity was found between intervention and placebo groups (Hemalatha et al, 1993). 

Although the difference in t h e  taken for oedema to disappear was not statistically signifïcant 

between groups (9.W.0 days in the zinc supplemented and 15.7S.7 days in the placebo 

groups), it may have clinical relevance. The lack of zinc effect on the weight gain may indicate 

that the dietary zinc intake of the placebo group (7.3 mg zinc per day), may have been sufîicient 

for weight gain. Altematively, zinc rnay not have been limiting to their recovery. 

A zinc supplementation trial of apparently hedthy children in the Garnbia (Bates et al, 

1993) found no significant effect on weight gain. The trial was camied out for fifteen months 

and a zinc (acetate initially and glticonate subsequently) drink, was given twice weekly under 

supervision, approximating a level of 20 mg Znlday. In this case, the period of time was 



suffrcient to monitor growth changes and the authors conclude that zinc alone is not Iiniiting in 

the diets of these Gambian children. Tt is possible, however, that twice-weekly doses of zinc are 

not as effective as smaller doses given daily. In rats for example, daily rather than intermittent 

doses of zinc were required to produce a growth response that fuUy compensated for a previously 

deficient zinc intake (Momcilovio, 1995). 

A significant positive effect of zinc on linear growth of mahourished children has been 

reported in three double blind, randornised controlled trials (Behrens et al, 1990; Schelsinger et 

al, 1992; Ninh et al, 1996). However, most studies found no effect of zinc supplementation on 

linear growth of mahourished children (Castille-Duran et al, 1987; Walravens et al, 1989; 

Golden & Golden, 1992; Hemalatha et al, 1993; Chevalier et al, 1996, Sempertegui et al, 1996; 

Rosado et al, 1997; Doherty et al, 1998; Meeks Gardner et al, 1998). 

The Bangladesh study reported that a two week zinc supplernent of 15 m@kg/day (as 

zinc acetate) in children (n-64) aged between three and 24 months (Behrens et al, 1990) resulted 

in a significantly higher length gain at four weeks following the supplementation than the 

placebo group (1 1.8S.S mm vs. 8.4k4.7mm). Schlesinger et al (1992) in a double-blind study, 

observed that a zinc-fortïfied formula (providing about 2 mg Zn/kg/day) showed an improvement 

in the linear growth of Chilean male infants (n=40; average age 7 rnonths) recovering from 

marasmus, compared to those on a non-foaified formula containing amounts of zinc (and other 

nutrients) used in standard infant formulas. However, the significant improvement was seen 

oniy in males and only at 30 days; the WAZ and height-for-age Z scores were not 

different over the 105-day rehabilitation period. Caution should be used in interpreting the 

results of both of these studies, given the short penod of time (4 weeks) over which a change in 

linear growth was measured and the difficulties of measuring length accurately. In addition, 

linear growth in malnourished children does not usualiy begin und at least 85% of expected 

weight for length is achieved, according to Golden's work in Jamaica, such that changes in linear 



growth usudy  lag behind catch-up in weight (Waterlow, 1994)- A five month cornmunity-based 

study (Ni et al, 1996) in Vietnam, included children (aged four to 36 months; n=146) who 

were not wasted (about 85% of expected weight for Iength) but were stunted (HAZ< -2.0 and 

WAZ c -2.0) and otherwise healthy. The effects of zinc (1.4 mg Zn/kg/d) were evidenced by a 

significantly higher gain in height (1 S3M.20 cm) in the zinc supplemented compared to the 

placebo group at five months. 

In order to better define the effect of zinc on growth and body composition during 

recovery fiom severe malnutrition future studies should take into consideration (1) the presence 

or absence of oedema (especially related to weight); (2) the severity of malnutrition; and (3) 

whether the time penods to monitor changes in both ponderal and linear growth have been 

adequate. In addition, placebo controlled studies with severely malnourished children should: 

(1) provide adequate quantity and form of zinc in daily doses for optimal weight gain, and (2) 

assure that other vitamins and minerals are present in adequate arnounts. It is likely that severely 

malnourished chïldren are suffering from multiple micronuuient deficiencies which limit growth, 

and that zinc is not the only limiting nutrient (Solornons et al, 1999). 

1.1.3 Effect of zinc on immune function and morbidity 

Several studies have s h o w  zinc suppIementation to improve immune function and 

decrease morbidity during recovery of malnourished children (Castille-Duran et al, 1987; 

Schlesinger et al., 1992; Sempertegui et al, 1996; ChevaLier et al, 1996; Ninh et al, 1996; Rosado 

et al, 1997; Rue1 et al, 1997; Meeks Gardner et al, 1998; Sazawal et al, 1998). In a l i  cases, 

statistical signif~cance refers to p<0.05. In Chile, a significantly higher percentage of severely 

malnourished, marasmic infants (n-32) who received a Zn supplement for three months showed 

an improved cutaneous delayed hypersensitivity @HS) response and lower incidence of 

pyoderma compared to the placebo group (Casallo-Duran et al, 1987). In Ecuador, a sixty day 



placebo-controlled zinc supplementation trial of moderately mahourished (mean WAZ = -1.4; 

mean HAZ = -2.1) children (n=50; 12 to 59 months of age) resdted in an improvement of DHS 

responses in zinc supplemented (10 mg/day as zinc sulphate) compared to placebo groups 

(Sempertegui et al, 1996). The zinc-supplernented children aiso had a significantly lower 

incidence of fever, cou& and upper respiratory tract infections than in the placebo group 

(relative risk - 0.30,0.52 and 0.72 for each, respectively) for the cumulative period of days one 

to sixty. In Vietnam, moderately malnourished children (c-2 WAZ and <-2 HAZ) showed a 3- 

fold reduction in the relative risk of episodes of diarrhoea and 2.5-fold reduction in the relative 

risk for respiratory infections in the zinc-treated subjects (10 mg W d  for 5 months) (Ni& et al, 

1996). Reanalysed data showed a significant 45% reduction in diarrheal incidence in the zinc- 

supplemented children (Black, 1998). 

In Bolivia, rehabilitation of severely malnourished children with physiological doses of  

zinc (2 mg znn(s/day) for two months, in a case-histoncally matched cohort study also enhanced 

immune fimction, as indicated by thymic area (Chevalier et al, 1996). Although the investigators 

found that this level of zinc suppiementation did not enhance the rate of anthropometric recovery 

of the kwashiorkor, marasmic and cornbined cases (n=32) over the two month period, the zinc 

supplemented children had faster thymic mass recovery (rneasured by echography) than the 

control children (n=32). The measured thymic area reached the threshold in five weeks for the 

zinc-supplemented group, b9t it took eight weeks for the control group to attain the threshold 

tevel. 

Recent large, double-blind, placebo-controlled trials of daily zinc supplernentation have 

shown that zinc supplementation reduces the incidence and duration of acute and chronic 

diarrhea by 23 -30% (Sazawal et al, 1995; Sazawal et al, 1996; Ruel et al, 1997; Sazawal et al, 

1997) and can reduce the incidence of acute Iower respiratory infections by 45% (Sazawal et al, 

1998). Indian children (11-937) six to 35 months of age, suffering from acute diarrhoea, and 



receiving daily zinc supplements (in combination with oral rehydration therapy and vitamin 

supplements), showed a 23% reduction in the risk of continued diarrhoea on a given day and a 

39% reduction in episodes of diarrhoea lasting more than seven days d e r  enrollment (Sazawd et 

al, 1995). In addition, the effect of zinc on decreasing the severity of diarrhoea (number of days 

with watery stools and Iasting more than seven days) was greater in the more severely 

malnourished children, both in those stunted (KAZ<-2.0) and wasted (WH2k-2.0) than in those 

children better nourished. The duration of the supplementation is unclear in this study (Sazawal 

et al, 1995). 

A subsequent community-based, double-bhd, randomised trial of da* Wnc 

supplementation (10 mg Zdday and 20 mg Zdday during diarrhoea) was carried out for six 

months with children (n-579) aged six to 35 months (Sazawal et al, 1997). In children older 

than eleven months, there was a clinically and statistically significant reduction cf 17-26 percent 

in incidence and 19-35 percent in prevalence of diarrhoea in the zinc supplemented group, 

especially among boys (26% in incidence and 35% in prevalence). Zinc supplernentation had no 

effect in children 6-1 1 months old. In addition, zinc supplementation resulted in a 17 percent 

(95% CI: 1%, 30%) lower diarrheal incidence in children with low plasma zinc concentrations 

(<9.18 p o l / L )  at enrolment and a 33 percent (CI: 6%, 52%) lower incidence in children with 

very low concentrations (c7.65 p o l / L  ) than those with normal plasma zinc concentrations. 

Varying responses to zinc supplementation on the immune system of malnourished 

children may be due to coexisting micronutrient deficiencies that affect the immune systern, such 

as vitamin A. In the Indian study noted above (Sazawal et al, 1997), as well as the previous 

Indian study (Sazawal et al, 1995), the results shouId be interpreted as an effect of zinc 

supplernentation in the presence of a multivitamin supplement (including vitamin A) because this 

was given to both groups. A previous study in a similar group of Indian children found no 

benefit of hi&-dose vitamin A supplementation on diarrheal incidence (Bhandari et al, 1994). 



Other studies of vitamin A supplementation have had widely varying results ranging fiom modest 

reductions to increases in diarrheal incidence or prevalence (Rahmathullah et al, 1991; Ghana 

VAST Study Team, 1993; Stansfield et al, 1993; Barreto et al, 1994; Dibley et al, 1996). It is 

possible that adequate vitamin A statu is necessary for the effect of zinc to be seen or vice versa 

because many biological interactions between vitamin A and zinc have been shown (Baly et al, 

1984; Christian & West, 1998). 

It is also important to regdate the level of the dose of zinc, A recent study of nutritional 

rehabilitation in rnarasmic children found that higher doses of zinc (2.0 mg Znlkg body 

weightlday) resulted in sigificantly lower percentage of monocytes exhibithg phagocytic 

activity, and a significantly higher number and duration of impetigo episodes than among infants 

receiving lower doses of zinc (0.4 mg Zn/kg body weightlday) (Schlesinger et al, 1993)- 

In conclusion, further elucidation of the effects of zinc supplementation on growth, immune 

function andior diarrheal morbidity in severely malnourished children is needed. If confirmed in 

a variety of s e b g s ,  the positive findings reported above could have important implications for 

efforts to improve the health and survival of children recovering from malnutrition. 

1.2 Fortification: a strategy to increase zinc during recovery from severe 
malnutrition 

The additional zinc in the clinical trials noted above was supplied as a supplement or via a 

Zn-fortZed rnilk formula. Such intervention strategies are d E c u l t  to sustain for nual hospitals 

or health centres in developing countries. Foaification of a national complementary food with 

bioavailable zinc and other essential micronutrients is more appropriate and could replace or 

complement these strategies. 

In Malawi, an unrefmed maize and full-fat soy f l ou  mixture (in a ratio of maize to soy f l ou  

of 80:20) called Likuni Phala (LP) is promoted as a nutritious complementary food for both 

healthy and malnourished children. In addition, LP is distributed to and administered as an 



integral component of the therapeutic diet for severely malnourished children in hospitals and 

health centres throughout the country. 

Likuni Phda is prepared in a waterfiour volume ratio of about 80:20 for therapeutic 

feedings. Although the prepared food provides approximately 80 kcal and 3.0 g protein per 

lûûg of cooked porridge, the phytatezinc molar ratio of approximately 30 is very high and the 

corresponding concentrations of zinc (0.5 mg) and iron (0.6 mg) per 100 g cooked pomdge 

relatively low (Gibson et al, l998a). Phytate (myo-inositol hexaphosphate) is the most potent 

inhibitor of zinc absorption (Sandstrom & Lomerdal, 1989), and to a lesser extent, iron 

absorption (Monsen, 1988). The phytic acid complexes with divalent cations, particularly zinc, 

fonning insoluble compounds in the intestine. Phytate-to-zinc molar ratios in the diet exceeding 

15: 1 progressively inhibit zinc absorption (O berleas & Harland, 198 1 ; Ferguson et al, l989b). 

Consequently the bioavailability of zinc and iron will be very low in LP - and these trace 

minerals will be insuffîcien+ to meet the requirements of the malnourished child. In fact, a 

malnourished chiId in the rehabilitation phase (weighing 10 kg) would need to consume 8.0 kg of 

porridge in order to meet the requirement of 40 mg Zn/day (Briend & Golden, 1993), when 

consuming only porridge. Clearly, this is impossible. Moreover, the amount of pomdge 

calculated does not take into consideration the potent inhibitory effect of the high phytate content 

of the LP on zinc bioavailability. 

Use of Likuni Phala with its phytatezinc millimolar ratio of about 30: 1 would M e r  

compromise the zinc status of the aiready zinc-compromised mahourished children. Zinc 

requirements of mainourished children are higher than those of hedthy children because of the 

need for zinc for tissue synthesis and repair, problems of malabsorption due to changes in the 

integrity of the intestinal tract, and increased losses due to diarrhoea. Unmodified, unfortified 

Likuni Phala provides severely malnourished children with inadequate levels of available zinc. 



Research is needed to improve the bioavailability ancilor zinc content of this national 

therapeutic food and to detennine its impact on the growth and immune recovery of 

mahourished children. It is an unhappy and unjust situation that much research has been carried 

out in developed countries to d e t e d e  fortification Ievels of micronutrients such as zinc for 

animal feeds for chickens, pigs and cattle to optomize growth and immune function. However, 

with regards to the severely malnourished chiidren in many parts of the world, the actual 

micronutrients necessary, their form and quantity for fortification of cereal mixes for optimal 

impact on growth and immune function have not k e n  clearly established. The need for research 

on the effects of food fortification for malnourished children is evident. 

1.3 Research hypo thesis 

Therefore, the aim of this study was to test the hypotheses that hospitalised, 

rnalnourished children receiving the momed national complementary food Likuni Phala (LP) 

foaified with vitamins and minerals pIus zinc (ZF) for four weeks have enhanced ponderal 

growth, improved immune competence, and reduced morbidity compared to those fed the 

fortified LP with vitamins and minerds, but no zinc (F) and much more than those fed the 

unfortified LP 0. The zinc effect was hypothesized to occur for two reasons: 1) because we 

believed the cMdren to be at risk to or zinc deficient; and 2) because the higher zinc requirement 

during catch-up growth is unlikely to have been met by the zinc stores of the children and/or 

mobilisation of these stores. Thus, we hypothesised that zinc was one of the rate lirniting 

nutrients at the beginning of the study and d d g  treatment. 

1.4 Research objectives 

The specific objectives to accomplish the study's goal of improving growth and 

imrnunocornpetence and reducing morbidity in hospitalised, malnourished children were to: 



Assess the nutritional status and immune function of a group of severely malnourished 

oedematous and non-oedernatous hospitalised children in southem Malawi; 

hprove the micronutrient content and bioavailability of Pnc in LP through food processing 

and fortification, in collaboration with a local Malawian Food Processing company; 

Conduct a double-bhd, randomised controlled trial in hospitalised, mahourished children 

comparing three treatment groups: I) unfortifïed, unmodified LP (UF); 2) rnodified, fort5ed 

LP with vitarnins (niacin, riboflavin, thiamin, pyrodoxine HCl, folk acid, vitamin C, vitamin 

E) and minerals (iron, copper, calcium, iodine) but no zinc 0; and 3) modified, fortifxed LP 

with vitamins and minerals (as in group 2) and zinc (m. 
Assess and compare the effects of the three treatments on: a) immune cornpetence; and b) 

morbidity of non-oedematous and oedematous malnourished children. 

Assess and compare the effects of the three treatments on: a) ponderal and h e a r  growth and 

body composition of the children; b) energy intake and rate of weight gain; and c) 

biochernical indices of zinc, iron and protein status of non-oedematous and oedematous 

malnourished children. 

1.5 Collaboration 

The collaborative study involved scientists from three Universities: the University of 

Malawi (Professor T Cullinan), the University of Otago (Professor RS Gibson), and the 

University of GueIph (Professor WJ Bettger). In addition, the industrial collaborators, a 

Malawian-based food processing company (RAB Processing Ltd.) and Canadian-based industry 

CE Jarnieson & Company Ltd (providing the micronutnents for f ~ ~ c a t i o n ) ,  the Mangochi 

District Hospital staff and children, and the World Food Programme (provision of unmodified, 

unfortified LP) were al1 essential to carrying out this study. 
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Chapter 2 Definition of malnutrition 

2.1 Introduction 

In this study we used the term "malnutrition" in place of the terms "undernutrition" and 

"protein-energy malnutrition" (PEM) to ernphasise the problem of deficiencies andlor poor 

bioavailabilig of energy and nutrients and the problem of multiple nutrient deficiencies (not only 

protein and energy). MaInutrition here referred to the syndrome that results fiom the interaction 

between poor diet and disease and leads to most of the anthropometnc deficits observed among 

children in the world's less developed areas 

To some, "malnutrition" implies only the severe forms of malnutrition charactensed by 

the clinical conditions of marasmus andor kwashiorkor. These clinical conditions have been 

included in our classification of malnutrition. However, the term also encompasses milder forrns 

of malnutrition, charactensed by a significant deficit in one or more of the anthropometric 

indices based on anthropometric measurements (e.g., weight, length/height, skin fold). In this 

study we were also concerned with a spectnim of malnutrition and so included degrees of 

wasting, stunting and underweight, based on quantitative measurements. Hence, we have used a 

modified combination of the Wellcome and Waterlow classifications of types of malnutrition to 

describe our study population. 

2.2 Qualitative determinants of malnutrition 

In order to distinguish those children who had or who were recovering fiom kwashiorkor 

fiom other types of malnutrition, we used the presence of oedema, as recommended in the 

Wellcome classification. Presence of oedema is the single clinicd characteristic agreed by a 

symposium in Jarnaica in 1969 as being necessary for the diagnosis of kwashiorkor (Waterlow, 

1992). In this study, we used the tenn 'oederna' rather than kwashiorkor because the children 

included in the study were those who were recovering fiom kwashiorkor (clinical oedema in the 



seven days previous to and including the day of the study). Two of the inclusion criteria were: 

1) absence of pitting oedema; and 2) maintenance andfor weight gain over a penod of 3 to 5 

days. Thus, at the time of the study, most children did not have clinical oedema but were 

somewhere on the continuum of recovery fiom kwashiorkor. 

2.3 Quantitative determinants of malnutrition 
23.1 Anthropometric indicators 

Three commonly used anthropometric indices were denved fÏom measurements of 

lengthheight and weight: height or lengîh for age (LA), weight for age (TVA), and weight for 

Iength or height (WL), each of which was interpreted with one or more reference Iirnits drawn 

fiom the fiequency distribution of an appropriate set of reference growth data. Indices were 

defined as combinations of measurements necessary for their interpretation. For example, a 

value for weight alone has no meaning unless it is related to age or height (WHO, 1995). The 

1969 Jamaica symposium agreed on a weight deficit in addition to oedema for defining 

kwashiorkor, leading to the Wellcorne classification outlined in Table 2.1 (Waterlow, 1992). 

The weight deficit cut-off point was taken as 60 per cent of the expected median weight for age 

(WAM) based on the Harvard reference data. Marasmus was defined as less than 60 per cent of 

the expected WAM, with no oedema. AIthough the simplicity of the defuiition is advantageous, 

it has some disadvantages. Body weight is distorted by the presence of oedema, although this 

can be allowed for by using the minimum weight after oedema is lost. More serious is the fact 

that weight for age does not take into account length or height. As a result, a child could be less 

than 60 percent of weight for age either because he is wasted or because he is stunted (short). 

The two conditions are quite different, and this arnbiguity about the definition leads to much 

confusion. 

Thus, the anthropometric indicator used for defining marasmus in this study were W L  

which reflects the degree of recent or continuing current weight loss and is referred to as 



'wasting' (WHO, 1995). In the context of this report, 'indicators' related to 'the use or 

application of indices' (WHO, 1995). The cut-off points for the indicators of wasting used here 

were those adopted by the World Health Organisation (WHO) (1995). For example, less than -2 

SD of the index WL was regarded as 'wasted' and less than -3 SD of the WL, index was defined 

as 'severely wasted'. Similarly, low LA was called 'stunting' and is an indicator of long-term 

malnutrition and poor health; low WA was referred to as 'underweight' and results fiom 

conditions of stunting andlor wasting. 

Table 2.1 The Weiioome Classification 

Percent Oedema Oedema 
Expecîeà Weight for Age Present Absent 

80-60% Kwashiorkor Underweight 

~60% Marasmic-Kwashiorkor Marasmus 
Modifieci fkom Waterlow, 1992. 

2.3.2 Expression and interpretation of anthropometric indices 

We also departed fkom the Wellcome Classification because we used the 2-scores or 

standard deviation value system rather than percent of median system, because the former is the 

system preferred by WHO, especiaily for use in developing counmes m0, 1995). Z-scores 

have the advantage that they can be calculated beyond the limits of the reference data and hence, 

unlike percentiles, are usefd for detecting changes at extremes of the distributions. In addition, 

unlike percent of median, Z-scores have uniform criteria across indices and ages for cut-off 

points (WHO, 1995). 

The main disadvantage of the percent of median system is the lack of exact 

correspondence with a specific point of the distribution across age or Iengttilheight status. For 

exarnple, depending on the child's age, 80% of the median weight for age rnight be above or 

beiow -2 Z-scores; which, in terms of health, would result in a different classification of risk. In 

addition, typical cut-offs for percent of median differ according to the anthropometric index 



used. For example, to approximate a cut-off of -2 2-scores, the usual cut-off for Iow Iength for 

age is 90% whereas for low weight for age and low weight for Iength it is 80% of the median 

(WHO, 1995). Similady, to approximate a cut-off of -3 Z-scores, the usual cut-off for low 

weight for age and weight for iength is 70 percent of the median (Beaton et al, 1990). 

Thus, o u .  classification into types of malnutrition was based on a combination of the 

Wellcome and Waterlow classification, rnodified to use W L  to indicate the level of wasting as 

the cnteria for 'marasmus' rather than the level of underweight (WA), and the 2-score system 

rather than the percent of median system (Table 2.2). Wasting reflects recent nutritional defrcits 

whereas underweight reflects both chronic and recent nutrition. Thus the former more 

adequately reflects the marasmic child when there are high levels of stunting in the population 

(as is the case in Malawi). 

Table 2.2 Classification used in this study 

Weight-for-lenth Oederna No previous 
Z-score Resolved Oedema 

Wasting + 
Oedema resolved 

WOR) 

Severe wasting + 
Oedema Resolved 

wasting 
O 

Severe wasting 
(SW) 
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Chapter 3 Malnutrition in Malawi 

3.1 Introduction 

Malawi is a s m d  agriculturaIly based country in southern Afnca (population 9.8 million 

in 1996) with close to 90% of its people living in rural areas (UNICEF, 1998). It is an extremely 

poor country charactensed by a GNP per capita of USD 170 in 1995 (UNICEF, 1998), down 

fiom USD 230 in 1991 (Anonymous, 1992). Life expectancy was estimated at only 41 years in 

1996 (UNICEF, 1998), a decrease from 48 years in 1993 (Anonymous, 1992). Child rnortality 

rates are among the highest in the world (84; the under-five mortality rate is 217 deaths per 

1,000 births (üNICEF, 1998). The major causes of death are malaria and malnutrition (UNICEF, 

1993). The acquired immune deficiency syndrome (AIDS) epidemic has also become an 

important cause of death. It is estimated that about ten per cent of the adult popdation are 

human Mmunodeficiency virus infected (UNICEF, 1993). 

GeographicaiIy, access to health services in Malawi is good, because 80 percent of 

households are within 9 km of a heaith unit. Full immunisation coverage is achieved in 82 

percent of children by 12 -23 months (UNICEF, 1998). The Ministry of Health has 24 district or 

central hospitals, but health budgets are inadequate. Curative health services are under-utilised, 

possibly due to the poor quality of service, dnig shoaages and use of traditional heaiers. There is 

a severe shortage of traïned health personnel in Malawi; doctors and nurses to population ratios 

are 1 :SO,36O and 1: 1,980, respectively (Brewster, 1996). 

3.2 Protein-energy malnutrition in Malawi 

All f o m  of severe malnutrition, including marasmus, kwashiorkor and marasmic- 

kwashiorkor are prevalent in Malawi, and show marked seasonal fluctuations. Both kwashiorkor 

and marasmus peak during the pre-harvest rainy season fiom December to March. Kwashiorkor 

peaks at age 18 to 23 months; the mean prevalence of kwashiorkor in Malawian communities 



was 18 per 1,000 in 1992 to 1993 and accounted for 75 percent of malnutrition admissions to 

hospitds or Nutrition Rehabilitation Units (NRTJ') (Brewster, 1997). Prevalence of wasting 

varies fiom 1.5 percent in the post-harvest dry season to 2.8 percent in the pre-harvest rahy 

season (Ashworth & Dowler, 199 1) and is most prevalent between 6 and 24 months 

(Anonymous, 1992). In hospitalised children in 1992-3, severe malnutrition was the final 

diagnosis in 11 percent of al1 paediatric admissions in Blantyre, with a case fatality rate of 36 

percent (378/1039) (Brewster, 1997). 

In Malawi, there does not appear to be a major clifference between marasmus and 

kwashiorkor associated with seasonal fluctuations. However, marasmus begins at an earlier age, 

on average, than does kwashiorkor. The primary cause for marasmus is inadequate energy and 

nutrient intake, as indicated by the higher occurrence of wasting in the pre-harvest season, during 

famines and in severe dimheal diseases. It was initiaily assumed that kwashiorkor was caused 

by protein deficiency or a low proteidenergy ratio, but some studies have found no essential 

difference between the proteidenergy ratios in the diets of children with marasmus and those 

with kwashiorkor (Suskind & Suskind, 1990). In addition, the dietary theory ignored the 

importance of infection in precipitating kwashiorkor. Protein losses during severe infections can 

amount to as much as 2 percent of muscle protein per day (Brewster, 1997). The postulated 

mechanisms for kwashiorkor are: 1) diversion of amino acids to the production of acute phase 

proteins and globulins instead of visceral proteins (albumin and transport proteins); 2) increase 

in proteinase inhibitors which impairs muscle protein breakdown; 3) irnpaired production and 

utilisation of ketone bodies for energy leading to the use of more amino acids for 

gluconeogenesis; and 4) enhanced protein catabolism and nitrogen losses, mediated by cortisol 

and adrenaline (Brewster, 1997; Suskind & Suskind, 1990)- 

Severe or 'protein-energy* malnutrition as defined by Jelliffe (1959) includes a spectrum 

of nutritional disorders, including marasmus, kwashiorkor and marasmic-kwashiorkor. These 



three States of malnutrition are differentiated most clearly on the basis of clinical findings. 

Marasmus, which predominates in infancy, is clinically characterised by severe weight reduction, 

gross wasting of muscle and subcutaneous tissue, marked stunting, and no detectable oederna, 

Children often develop marasmus as a result of severe deprivation of protein, energy, vitamins, 

and minerais, possibly due to a significant decrease or absence of breast-feeding, presence of 

HIV or other infections. Kwashiorkor, which is predominant in oIder infants and young children, 

is charactensed by oedema, skin lesions, hair changes, apathy, anorexia, a large fatty liver and a 

decreased serum albumin (Suskind & Suskind, 1990). The child with marasmic-kwashiorkor has 

clinical fmdings of both marasmus and kwashiorkor. Characterktically, the rnarasmic- 

kwashiorkor child has oedema and gross wasting and is usually stunted. 

The aetiology of kwashiorkor remains unclear, but many hypotheses have been 

advanced: protein deficiency (Williams, 1935), dietary dysadap tation (Gopalan, l968), 

potassium deficiency (Walter et al, 1988), aflatoxin poisoning (Coulter et al, 1986) and free 

radical damage (Golden & Ramdath, 1987; Golden, 1998). Initially, protein deficiency was most 

cornmonIy cited as the cause of kwashiorkor based on low plasma protein Ievels (Golden, 1998). 

Later, Gopalan (1968) suggested that kwashiorkor was a f d u r e  of adaptation ("dysadaptation"), 

which occurred when suficient food was consumed for energy maintenance but when there was 

insufficient dietary protein available for the synthesis of visceral proteins. Amino acids were 

shuttled into the production of acute phase proteins at the expense of visceral protein synthesis. 

As a result, the production of albumin and beta-lipoproteins decreased, leading to the 

development of oedema and fatty infiltration of the b e r .  

In children with marasmus, on the other hand, where there is a lack of both energy and 

protein, adaptation has taken place, according to Gopalan's theory (1968), resulting in high 

cortisol levels and low insulin levels. Muscle provides the essential amino acids for the 

maintenance of visceral protein synthesis, leading in turn to the production of adequate amounts 



of senun albumin and beta-fipoprotein, preventing the occurrence of oedema or  fatty infiltration 

of the b e r .  

With the superimposition of infection on these two metabolic States, essential amino 

acids are diverted to the production of acute phase proteins rather than viscerd proteins, with 

cortisol and growth hormone rather than insulin being the major contributors to the metabolic 

statu of the patient. Growth hormone M e r  contributes to the amino acid deficit by virtue of 

its action in driving amino acids into the lean body mass so that they are no longer available for 

visceral protein synthesis. 

Results of studies of mahourished children in Jamaica M e r  questioned the hypothesis 

that protein deficiency led to kwashiorkor (Golden et al, 1980; Golden, 1982). Mahourished 

chïldren were found to show clinical irnprovement on lower protein diets than those pior to 

hospital admission; they lost all their oedema without any change In their serum albumin leveI 

(Golden et al, 1980) and the rate of loss of oedema was entirely independent of the protein 

content of the diet (Golden, 1982). The demonstration that kwashiorkor could be cured with a 

diet Iower in protein than the diets taken by poor children in Jamaica suggested that sorne other 

cause had to be found for kwashiorkor apart from protein deficiency (Golden, 1998). 

One such theory is that oxidative stress induced by oxygen free radicals is implicated in 

the pathogenesis of kwashiorkor, resulting from an imbdance between the production of toxic 

radicals and their safe disposal (Golden & Rarndath, 1987). Free radicals are defined as 

molecules or molecular fragments containhg a single unpaired electron, which makes them 

highiy reactive, frequently with toxic effects. Examples include superoxides, hydrogen peroxide 

or hydroxyl ions that are capable of causing damage to celI membranes. In this case, the theory 

is that kwashiorkor is precipitated by a variety of environmental insults, especially infections or 

aflatoxins, which increase the production of fÎee radicals. At the same time a whole range of 

dietary deficiencies or depletions compromise the child's protective mechanisms. 



The darnage to ceU membranes by fkee radicals may result in leakiness of ceU 

membranes leading to the oedema of kwashiorkor. Mechanisms of Ieaking ceIl membranes 

resulting in oedema have been proposed for specific sites (e.g., the rend tubde) and for the 

endothelial cel1s. Darnage to the capillary endothelial cells could Iead to increased leakage of 

albumin, as has been shown to occur in infections (Waterlow, 1992). At the same time the 

response to acute infiammation, which plays a prominent part in the free radical theory, involves 

diversion of export protein synthesis in the Iiver from albumin to acute phase proteins. 

Nutritional status of young children is also negatively affected by HIV infection in 

Malawi. The prevdence of HN infection among pregnant women in Blantyre between 199 1 and 

1994 was stable at 30% (Taha et al, 1995). The relative risk of child mortality by 30 months for 

HW-positive mothers compared to HIV-negative mothers is 5.0 (CI 3.2 to 7.8) (Taha et al, 

1995). Because the mother-to-infant transmission rate, detennined by the polymerase chah 

reaction (Pa) method, was 27 percent at birth in Blantyre, it is likely that about eleven percent 

of al l  biahs are infected in utero, intrapartum or postnataLLy through breast feeding (Brewster, 

1997). It is hardly surprishg that f.IN infection has added to the burden of malnutrition and 

transformed paediatrics wards of Malawian hospitds. 

3.3 Prevalence and aetiology of stunting in Malawi 

Malnutrition is reflected in the high levels of low Iength or height-for-age Z scores 

(HA.2). Malawi has the sixth highest ctiild stunting (HAZ < -2.00) rate in the wor1d (UNICEF, 

1994). On average, 49 percent of the children under five years of age are stunted (Anonymous, 

1992) with higher ievels among low-income urban (69%) and rural (838) groups (Quinn er al, 

1995). In contrast, the prevdence of wasting (weight-for-height 2-score below -2.00) found in 

children has been comparatively Iow, suggesting differing aetiologies of stunting and wasting 

(Victora, 1992). 



The national level of wasting was found to be 5% (Auonymous, 1992), with Iower levels 

among the high income urban (0.6%) and low income rural (0.4) than in the low-income urban 

(4%) areas (Quinn et al, 1995). The different seasons in which these surveys were carried out, 

however, decreases the comparability of the results. The high-income urban s w e y  was carried 

out in November 1990 to January 199 1; the low-incorne rural survey in September 1989. The 

low-income urban study was carried out in April 1991 during the pre-harvest period when 

shortages of food are most severe. 

Stunting begins early in life and increases until 18 months of age (Anonymous, 1992), 

reflecting a process of failing to grow. After 18 months of age, it is likely that the high rates of 

stunting reflect a state of having failed to grow (Beaton et al, 1990). The aetiology of growth 

failure during infancy and childhood in Malawi is most likely due primarily to environmental 

rather than genetic factors. In Malawi, the prevalence of stunting among children in high income 

urban areas is very low (8 percent) compared with very high levels in surveys of low income 

pre-school children, from 50 to 83 percent in rural areas (Quinn et al, 1995), emphasising the 

importance of environmental factors on growth. This large study (n=1,272) showed that at 24 

months the hi& income children were, on average, 6.6 cm taller than the low income urban 

children and 9.2 cm taller than the rural children (p<0.001). By 59 months of age these 

differences had increased to 9.6 and 1 1.1 cm, respectively. 

Deficits in energy a d o r  protein have been most fiequently implicated in stunting in 

Malawi, but do not adequately explain such a high prevalence of stunting. Some rnicronutrients 

have also been associated with growth deficits in many counmes (Allen, 1995) and zinc is s. 

likely limiting nutrient in Malawi. The high prevalence of dietary-induced zinc deficiency among 

pre-school children in Malawi (Ferguson et al, 1993) rnay be an important factor contributhg to 

growth faltering during infancy and childhood in Malawi. Iron deficiency, via its indirect impact 



on morbidity, appetite, and food intake, may be an additional contribuhg factor (Angeles et al, 

1993). 

Zinc has a critical role in growth because it is involved in nucleic acid synthesis and 

proteio metabolism. Zinc deficiency is thought to cause a block in protein and nucleic acid 

synthesis, affecting skin, gastrointestinal and immune cells and causing anorexia and a hi& 

energy cost of growth. Zinc deficiency has also been implicated in kwashiorkor, causing skin 

changes, defects in gastrointestinal penneability, stunting and cell-mediated immune dysfunction 

(Golden & Golden, 198 1; 1992). 

Important nsk factors for zinc deficiency are high dietary phytate content and persistent 

diarrhoea (Gibson, 1994; Fitzgerald et al, 1993; Castille-Duran et al, 1988). The inhibitory 

effect of phytic acid on zinc absorption can be predicted by the molar ratios of phytate-to-zinc in 

the diet. MoIar ratios greater than 15: 1 progressively inhibit zinc absorption (Gibson, 1998; 

Sandstrom & Lomerdd, 1989). A Malawian dietary study of rural 4-6 year olds showed that 

during the pre-harvest season 97 percent had a zinc: phytate ratio higher than 20: 1, falling to 92 

percent in the post-harvest season and 78 percent during the harvest (Ferguson et al, 1989). 

Although absolute mean intakes of dietary zinc in weaned MaIawian children (7.4H.9 mg/day) 

were higher than those in Papua New Guinea (4.4kû.9 mg/day) or Ghana (4.8tl. 1 mg/day) and 

more comparable to those in Canada (8.5kl.2 mdday), the hi& phytate content of the Malawian 

maize-based diet makes zinc less bioavailable (Ferguson et al, 1993). 

In addition to low bioavailability of nutrients, the nutrient stores of nual Malawian 

infants are likely to be depleted earlier than stores of infants fiom developed countries. Their 

body stores at birth, acquired during gestation, are marginal because of the poor nutritional status 

of rural Malawian mothers during pregnancy and the high prevalence of low birth weight (20%) 

(UNICEF, 1998). An inadequate supply of micronutrients fiom breast milk, arising fiom low 

breast milk volume andior possibly breast milk with an inherently low micronutrient content 



(Brown et al, 1986; Butte et al, 1992) may also contribute to early stunting among Maiawian 

children. 

The main complementary food in Malawi is a thin maize gruel, which of itself is 

inadequate to rneet the requirements of energy, protein and other nutrients. In Malawi, the 

introduction of complementary foods and other liquids, such as water, sugared water, and teas, 

takes place too early in Me. On average, 97 percent of children have liquids or solids other than 

breast m i k  introduced before 4 months of age (Anonymous, 1992). The result is that 

nutritionally inferior liquids and solids replace breast mille* in addition to decreasing breast milk 

production due to decreased suckling. Moreover, the infant's exposure to pathogens is increased, 

putting the infants at greater risk of diarrheal disease. 

T W g  the maize p e l  with water is a potential source of contamination, particularly a 

problem in Malawi, where more than one-third of households obtain water fkom an unprotected 

well and 15% more use rivers or lakes as sources. Less than one-haLf the population use a 

protected well(20%), public tap (20%) andor have water piped to thek homes (5%) 

(Anonyrnous, 1992). In addition, more than onequarter of households in Malawi have no toilet 

facilities, and among those with toilet facilities most have a traditional pit l a t ~ e  (Anonyrnous, 

1992). Such poor sanitation and water sources are associated most strongly with the hi& 

prevaience of wasting and diarrheal diseases in Malawi (Anonymous, 1992). 

High rates of morbidity that increase nutrient requirements through fever, vomiting, 

malabsorption, or increased catabolism (Butte et al, 1992), may be partially responsible for early 

growth faiiue. Prevalence of fever (51 %) and cough or rapid breathing (5 1%) among children 

age one to 24 months in Malawi are among the highest of 17 sub-Saharan countries surveyed 

@HS 1986 to 1993) (USAD, 1994). 

In conclusion, the high rates of malnutrition in Malawi, particulady stunting in the 

presence of low rates of wasting and in combination with diets hi& in phytate and low in readily 



available zinc, suggest the need for research on zinc in the treatment of severely maluourished 

Malawian chilcirea. 
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Chapter 4 Hospital treatment of severely rnalnourished children 

4.1 Introduction 

Recovery fiom severe malnutrition is often a long process, and Mproved nutritional 

support could shorten the hospital stay and reduce costs. The mainutrition treatment protocol in 

Malawi includes both medications and nutrition treatrnents, following some, but not all, 

international guidelines (Waterlow, 1992; WHO, 1999). The nutritional rehabilitation includes 

an acute phase (Phase I) and a subsequent rehabilitation phase (phase II). The acute phase 

includes therapies designed to correct problems with dehydration, infection, and electrolyte 

imbalances. Once the patient is rehydrated and stabilised, the rehabilitation phase begins. The 

goal of nutritional rehabilitation is to induce sufficient catch-up growth to correct deficits in 

physical size. 

Throughout all phases, mothers are encouraged to continue breast feeding their children 

as often as possible, if they have not yet been weaned. In addition, as children recuperate, 

caregivers begin giving them family foods when available. Al1 cfiildren are fed from a cup and 

spoon; feeding bottles are never used, even in very young infants. 

4.2 Medical management of malnourished children 

AU children adrnitted to the nutrition ward of Mangochi District Hospital are routinely 

treated with an anthelminthic drug, Albendazol(42 years of age, 200 mg; >2 years, 400 mg 

once). This is due to the high prevalence of nichuriasis (whipworm), ascariasis (roundworm) 

and anchylostomiasis (hookworm) in this region of Malawi. Whipworm can cause dysentery and 

anaernia whereas hookworm can cause severe anaemia (WHO, 1999). 

Nearly all severely malnourished children have bacterial infections when fmt  admitted 

to hospital. Many have severai Sections caused by different organisms. Infection of the lower 

respiratory tract is especially cornmon. Early treatment of bactenal infections with effective 



antimicrobials improves the nuiritional response to feeding, prevents shock and reduces mortality 

(WHO, 1999). All children with severe malnutrition routinely receive broad-spectrurn 

antimicrobial treatment, CO-trimoxazole (240mg, 2x/day for five days; or for 14 days with severe 

kwashiorkor), because infections are so cornmon and also difficult to detect. A chest infection is 

treated with crystalline penicillin (50,000 u/kg 1.6-hourly) or penicillin s p p  or tablets, 

followed by CO-trimoxazole. If penicillin and CO-trimoxazole are not effective, then 

chloramphenicai (20 mg/kg 6-howly IM initially, then orally) is added. 

Treatment is given for specific infections such as candidiasis, malaria or tuberculosis. 

Malaria (Plasmodiwn falciparum) is treated with Fansidar (sulfadoxine-pyrimethamine) upon 

diagnosis fiom examination of a blood smear for malarial parasites. Fever is treated with 

paracetamol. Oral thnish is treated with oral mycostatin. The standard tuberculosis (TB) 

treatment is 30 days of streptomycin (15 mgkg, IM) and thiacetazone tablets for seven months. 

Tuberculosis is diagnosed on the basis of non-response to standard treatment (routine medical 

and nutritional) and chest X-ray. If there is pleural effusion (fl uid on the lungs and positive 

sputum) then TB is treated with pyrazinamide, nfampicin-isoniazid and streptomycin for two 

months. 

4.3 Treatment of acute phase (Phase I) of malnutrition 

Phase 1 treatment is for all chikiren with any oedema or significant diarrhoea on 

admission, as well as those with a possible underlying infection. This includes nearly al1 

admissions to a nutrition ward in a hospital. Phase I treatment lasts for about one week, until the 

oedema and diarrho~a are improving or infection is responding to medication. 

Upon admission to the nutrition ward at Mangochi District Hospital, all chikiren are 

given iron, folate and vitamin A supplements. Iron is in the form of ferrous sulphate (100 

rnglday), equivalent to 30 mg per day of elementai iron (3 mg!kg/day). folk acid (lmg/day) and 



vitamin A (200,000 IU or  60,000 pg retinol equivalents on days 1.2 and 8; 1/2 doses for infants 

under twelve months). 

The foods for nutritional rehabilitation of severely mahourished, hospitalised children 

include both high-energy mi& (HEM) and Likuni Phala (LP). The ingredients for both HEM 

(milk powder, sugar and oil) and LP (uarefmed maize and soy flour) are supplied by the World 

Food Programme (WFP). The LE' is produced locaUy by a food processing Company, purchased 

by WFP and then distributed to hospitals and health centres throughout Malawi by the Ministry 

of Health (MOH). The LP is promoted as a therapeutic diet for malnourished children, and was 

prepared and fed to malnourished children on paediatric wards in hospitals, as well as distributed 

fkom health centres to caregivers of malnourished children as take-home, dry rations throughout 

the country at the time of the study. In addition, LP is promoted nationally as a 'nutritious' and 

affordable complementary food. Families are encouraged to plant soybeans and use unrefined 

maize f l o u  in the preparation of nutritious complementary foods for the optimal growth and 

health of their chüdren, Likuni Phala is prepared and fed to mainourished children without any 

additional modification or fortification, primarily since the fortification of LP is considered to be 

an 'unsustainable' strategy by WFP. In addition, during the time of this study, WFP and the 

MOH of Malawi appeared to consider that the fortification of LP with vitamins and minerds was 

not justified (in contrast with WHO recomrnendations). 

The Phase I diet is sunilar to half-strength milk with extra sugar and oil, bringing the 

energy density up to the equivdent of breast milk. This is necessary because malnourished 

children (particularly kwashiorkor cases) will not tolerate diets high in protein, fat and salt. They 

also do not tolerate high volumes of fluid, so IV infusions are avoided unless absolutely 

necessary and discontinued as soon as possible. The Phase 1 diet is given in srnail frequent feeds 

(15 mUkg in seven feeddday) from 0600 to 2200 hours at the Mangochi District Hospital. 

Although the children should be given 10 mVkg every three hours (8-9 feeds per day and 



ùiroughout the night), there was not enough staff to rnonïtor night feeds. A Eew hospitds in 

Malawi (eg., Blantyre) have feeding during the night, which is important, sinice overnight fasting 

is a risk factor for hypoglycaernia and hypothermia (Ashworth et al, 1996). 

It is very important to overcorne the anorexia of malnourished chilclrem during the initial 

phase of treatrnent, as they may die because they refuse to drink the milk diet,. Although tube 

feeding can overcome anorexia in cases of severe malnutrition, there is much xesistance to the 

use of nasogastnc tubes by both nurses and caregivers. The reluctance on the part of the 

caregivers cornes £kom their perception that the nasogastric tube causes death in children - due to 

a hîgh proportion of children who die when they are using a nasogastric tube. In the Mangochi 

District Hospital' nasogastric tubes are rarely used. Most often anorexic childaen are force fed by 

holding a hand-full of milk to the mouth while bIocking the nose of the child. This is a difficdt 

but effective method for force-feeding anorexic children. 

During Phase 1, a volume of L2Oml/kg body weight/24 hou. period is a v e n  to the 

children which provides 100 kcal and 1.5 g protein /kg body weightl24 hours. This regimen is 

based on the view that early dietary management of severely rnalnourïshed chaldren should 

involve restricted intakes of protein and energy (King & Burgess, 1992; Watenlow, 1992). The 

diIute HEM is made prier to each feeding fiom milk powder (either whole or skimmed), sugar 

and oil. During the study, potassium and rnagnesiurn were added to the milk iai their chloride 

fonns to provide 1 18 mg K/kg/day and 12 mg Mg/kg/day (Savage King & Burgess, 1992). 

4.4 Nutritional rehabilitation (Phase II) 

The principIe of phase II is rapid catch-up growth, using an energy-dense diet. The 

volume of liquids (HEM) and semi-solids (LP) given to the children is increased progressively 

from the 120 rnl/kg/day of Phase 1 to 150 to 200 ml/kg/day of Phase II, as the child tolerates the 

energydense diet. The feeds during Phase II are divided into four feeds of HEM and three feeds 



of LP. In Phase II, the energy- and nutrient-density of these foods is d s o  increased to provide 

about 135 kcal and 3.0-3.3 g protein/100 ml. The HEM provides 135 kcal and 3 g protein / 100 

ml of HEM and the L.P with added sugar (5g/100 g) provides about 1 10 kcal and 3.0 g 

proteid100 g. The nutrient composition of LP, as prepared for feeding in nutrition wards, is 

outlined in Table 4.1. 

Table 4.1 Calculated energy and nutrient content (per lOOg as eaten) of Likuni PhaIa 
Likuni Phala 

Unrefined maize flour: soy flour : water (16:4:80) 
Energy (kcal) 76 
Protein (g) 3 .O 
Fat (g) 1.6 
Carbohydrate (g) 12.4 
Thiamine (mg) 0.08 
Riboflavin (mg) 0.04 
Niacin (NE) 0.66 
Calcium (mg) 10 
bon (mg> 0.6 
Phosphorous (mg) 88 
Zinc (mg) 0.6 
Copper (mg) 0.14 
Dietary Fibre (g) 1.6 
Phytate (mg) 154 
Phytate]/[Zinc] 30.4 

4.5 Limitation of dietary management of severely malnourished children of 
Mangochi District Hospital 

The major limitation of the dietary management of severely malnourished children at the 

Mangochi District Hospital is the lack of supplementation of the diet with potassium, zinc, 

magnesium, selenium, iodme, copper or multivitamins (except vitamin A). The absolute 

requirement for supplementing the diets with potassium, magnesium, zinc, copper, selenium and 

iodine has k e n  stressed @riend & Golden, 1993). It also has been acknowledged that the 

optimum concentrations of these minerals would Vary according to the underlying nutrition 

deficiencies that may give rise to geographical differences and were not known at present. More 

work is needed in defining the optimum concentrations. However, until M e r  data are 



available, the concentrations given in Table 4.2 and derived fiom practice in Jamaica, are 

recommended. 

Table 4.2. Concentration of minerals for a minera1 mix to add to diets and oral rehydration 
solutions used for treatment of severely malnourished childrena 
Mineral Recommended Concentration per litre of feed 
Potassium 30 mm01 (1 173 mg) 
Magnesium 3 mm01 (72.9 mg) 
Zinc 300 poI (19 .5  mg) 
Copper 45 po l (2 .9  mg) 
Selenium 0.6 m o l  (47 pg) 
Iodine 0.6 m o l  (76 pg) 
" Bnend & Golden, 1993 

The lack of zinc fortification of therapeutic foods for severely malnourished children is 

of particula. concern in Malawi where there is evidence of widespread dietary-induced Zn 

deficiency (Ferguson et al, 1993). The ability of children with severe malnutrition to recover 

lean body mass or adequate immune function may be limited by nutrients such as zinc. in 

Jarnaica, re-feeding of severely undemourished children resulted in significant fat deposition but 

poor recovery of Iean body mass which was reported to be improved with addition of zinc (5 and 

10 mg m g  feed) to the feeding regime. Although actual intakes of zinc were not reported and 

there was no significant difference in the rate of weight gain between the zinc supplemented and 

unsupplernented groups, the increased net intestinal absorption of nitrogen suggested an 

improved recovery of lean body mass (Golden & Golden, 1992). 

The optimal level of zinc for severely malnourished children is still not clear. Recent 

s tudies in Bolivia (Chevalier et al, 1996) and Ecuador (Sempertegui et al, 1996) have shown that 

rehabilitation of severely undemourished children with 1 to 2 mg Zn/kg/day for 60 days, resulted 

in simcantly improved immune recovery, but no difference in growth. In addition, zinc 

supplementation of 1 to 2 rngkdday for 3 to 6 months, was reported to reduce acute diarrhoea in 

India (Sazawal et al, 1997), and the incidence of infections in malnourished Chilean infants 

(Castille-Duran et al, 1987) and mildly mahourished Vietnamese children (Ninh er al, 1996). 



In contrast to the above results, a study in Chile reported a decrease in immune function of 

severely malnourished children at levels of 2 mg Zn/kg/day for 105 days (Schlesinger et al, 

1993). Higher-dose zinc supplementation of 6.0 mg Zn/kg/day for 25 or 30 days, were 

associated with increased mortality rates among severely malnourished children (Doherty et al, 

1998). 

Recommended levels for zinc in the therapeutic diet of malnourished children are higher 

than most studies which have found improvements in immune function and growth noted above; 

20 mg Znnitre of feed or 4.0 mg Zdkglday for the rapid weight gain phase (Briend & Golden, 

1993). 

Because anaemia hquently accompanies severe malnutrition, iron supplements are part 

of the standard treatment- A study of iron supplementation in Jamaica (Smith et al, 1989) 

resulted in two deaths in 16 non-supplemented or late-supplemented children compared to ten 

deaths in 21 early supplemented cases. Consequently, Smith et al recommended that iron 

therapy should not be commenced druiing the f m t  week of treatment. It is possible that the low 

se- transferrin with increased free circulating iron encourages the growth of iron-requiring 

pathogenic bacteria and generates fiee radicals causing cellular damage. Thus, it is 

recommended îhat iron should be given only durhg the rapid weight gain phase of treatment 

(Briend & Golden, 1993). 

At Mangochi District Hospital, high dose iron supplements were routinely given to 

children upon admission. However, during the present study, iron supplements were given only 

after the first week of treatment at levels recommended by Savage King & Burgess (1992) (3 

mg/kglday). 

Multiple nutrïents can be obtained in a pre-packaged form (NUTRISET), formulated 

specifically for the child recovering from malnutrition, but the only known hospital in Malawi 

using NUTRISET was the Queen Elizabeth in Blantyre. Use of NUTRISET was not the regular 



protocol followed in Malawi. Furuier limitations of the diet include the composition of the 

Likuni Phala used in rehabilitation of malnourished children in Malawi and will be discussed in 

the following section. 

Other limitations of the hospital treatment of mahourished children at the Mangochi 

District Hospital were sirniIar to those cited for hospitals in developing countries world-wide 

(Schofield & Ashworth, 1996). Inappropriate diets high in protein and energy but low in 

micronutrients are often given to acuteiy ill childiten, Prior to the initiation of the present study, 

there were no Phase 1 and II components to the dietary management of severely malnourished 

children, nor were milk powder, sugar and oil measured for the single preparation of HEM given 

to al l  under-nourished children. The possible resulting high protein and energy levels may be 

particularly dangerous in the fust few days of treatment, since metabolic activity is reduced in 

severely malnourished children, as judged by the Iow basal metabolic rates (BMR) and low rate 

of protein turnover. It is distorted in other ways dso; the reduction in capacity for urea 

formation, and the changes in the metabolism of amino acids. If feeding is too vigorous, death 

may occur in the first week, often with signs of heart failure (Waterlow, 1992). Nevertheless, no 

special preparations involving restricted protein and energy were made for the early dietary 

management of the severely malnourished children in Mangochi District Hospital. 

This is not unlike the situation globally, where over 50% of institutions sweyed  

recently (Schofield & Ashworth, 1996), failed to administer arnounts of protein and energy 

within the ideal ranges. f i c m  institutions, however, showed consistently poorer practices than 

Latin Amerka. In discussions with Mangochi hospital staff, the 'protein dogrna' of the past is 

still influentid (Le., a belief in the need for a hi& protein diet) with no apparent howledge of 

more recent findings. 

In addition, prior to the present study, neither potassium nor magnesium was routinely 

added to the HEM or LP at the Mangochi District Hospital. Al1 severely mahourished children 



have potassium and magnesium deficiencies that adversely affect several metabolic functions, 

including fluid and electrolyte balance (Briend & Golden, 1993; Schofield & Ashworth, 1996). 

In the absence of magnesium, potassium repletion is impaired and therefore it is recommended 

that supplements of both potassium and rnagnesiurn be given routinely. Recent work 

emphasising the importance of potassium in the recovery of children fkom malnutrition found 

that levels of 8 mmoU'kg/day are optimal Mannery & Brewster, 1998). 

The situation in Malawi is similar to that in developing countries world-wide (Table 43) 

where Iess than half of the centres surveyed gave potassium supplements and only 26 percent 

gave magnesium. 

Table 43: Distribution of institutions that gave dietary supplements, by regiona 
% of institutions in: 

All Latin 
Supplements Regions Asia Afika America 

(-79) (11-23) (n=23) (n= 1 8) 
Potassium 48 35 47 61 
Magnesium 26 22 18 44 
Copper 14 9 3 44 
Zinc 25 30 5 56 
Mu1 tivi t amin 79 74 74 89 
Folic acid 60 52 61 61 
Vitamin A 66 83 53 67 
Iron: week 1 31 30 39 11 
Iron: week 2 49 52 37 67 
" Schofield & Ashworth, 1996- 

Oral rehydration solution (ORS) is not usually necessary unless the child is definitely 

dehydrated, when it is alternated with Phase 1 milk. Generally it is preferable to start 

mahourished children with diarrhoea on Phase 1 milk immediately, rather than ORS. The high 

salt content of ORS could result in hem failure if too much is given. 

The ORS solution used in Mangochi District Hospital for severely mahourished cfiildren 

was the World Health Organisation (WHO) ORS, which has recently been criticised (Briend & 

Golden, 1993). The sodium content of the WHO ORS is sufficiently high to induce heart failure 



in severe malnutrition, particularly the oedematous fonns of malnutrition. The potassium 

concentration is too low; higher concentrations are needed to prevent hypokalaemia that is, itself, 

a M e r  risk factor for heart fdure. Other minerals and trace minerais, aiso known to be 

deficient in severe malnutrition and which probably contribute to both the malnutrition and the 

diarrhoea, are not present in the WHO ORS (i.e., magnesium, zinc and copper). Likewise, the 

minerals and trace minerals are not present in sufficient amounts in the milk or LP used in the 

rehabilitation diets of Mangochi District Hospital. 

The deficiencies in the approaches used for treating mahourished hospitalised children 

in Malawi are evidenced by the high case-fataiity rates. A review of hospitd admission over 

twelve months in Blantyre in 1992-3 revealed that severe malnutrition was the principal 

diagnosis in eIeven percent of al1 paediatric admissions, and had a 36 percent case fatality rate 

(378/1029) (Brewster et al, 1997). This mortality rate is similar to in-patient mortality rates for 

severe malnutrition in other countries recently reviewed (Table 4.4). This extensive review 

included 64 sets of data that appeared in the literature over the past 50 years and three 

unpublished data sets, providing case-fatality data from 67 hospitals and rehabiiitation units 

treating children with severe PEM (Schofield & Ashworth, 1996). 

Table 4.4: Median case fatality and mortality range among children treated for severe protein- 
energy malnutrition, by decadea 

Decade Number of snidies Median case fatality (96) 
1950s 7 20.0 (4.3-50.0)~ 
1960s 24 25.7 (1 1 .O-52.5) 
1970s 6 24.5 (1 6.0-37.0) 
1980s 20 13.7 (3.3-51.0) 
1990s 10 23 -5 (4.4-49.0) 
1992-3 1 (Malawi)' 36.0 
a Source: Schoficld and Ashworth, 1996. 
Figures in parentheses are the range. 
Source: Brewster, 1996. 



The official case-fatality rate of children with severe maInutrition in the Mangochi 

District Hospital is not known, However, fiom review of nutrition ward records from 1992 to 

1996, total deaths of children (Le., not only those children severely mahourished) indicate a 

similar trend. There was an increasing moaality rate fiom 5% (28/58 1) in 1992,6% (43/663) in 

1993, 13% (73/544) in 1994, 17% (109/650) in 1995, to 20% (78/393) in 1996. The percentage 

of children admitted with severe malnutrition as defined by marasmus (24%) and kwashiorkor 

(including marasmic-kwashiorkor) (37%) remained stable over this period. 

It appears that the deficiencies in the approaches used for trzating hospitalised patients in 

many developing countries not only continue, but are actuaily increasing. In addition to 

deficiencies in medical treatments and supplies, dietary treatments continue to be inadequate. 

The HEM and Li? do not provide the adequate nutrients beyond energy and protein required for 

recovery from severe malnutrition. This will be discussed in the following section. In spite of 

knowledge that we have gained, "mortality rates in hospitals of developing nations remain 

unacceptably hi&, and the challenge now is to disseminate that knowledge" (Waterlow, 1994). 

Although education is imperative for change to occur, nevertheless lmowledge may be 

less of a c0nstra.int than supplies and motivation of health workers, which is in part, affected by 

remuneration of health workers. Shortage or lack of supplies result in various problerns. 

Shortage of supplies (e-g., lack of fuel, transportation, central stocks) c m  result in absence of any 

one or more of the ingredients for varying periods of time at the hospital (e.g., lack of oil for 

making HEM). The recipe is then changed, possibly by increasing the amounts of mik powder 

to account for Iess oil, andor lack of adequate measuring tools resuiting in very hi& levels of 

protein. Lack of nutrition education (e.g., how to prepare the HEM formulas), as weil as 

inadequate training, feedback and supervision are certaùily constraints to improving the 

treatment of hospitalised patients. 



Low motivation of health workers (possibly due to inadequate salaries, inadequate 

supplies as noted above, poor supervision) may result in Iate ordering of supplies, lack of 

supervision of stocks, steaLing of ingredients, ail of which resuIt in inferïor preparations of the 

HEM. Nurses may fail to supervise the caregivers during each daily food preparation. As a 

result, ingredients may be lost and/or the final product very concentrated. The latter rnay arise 

Tom evaporation if the HEM is boiled in large pots over fires for a long period of t h e .  

In conclusion, current knowledge about the optimal quantities and combinations of 

nutrients required for recovery from severe malnutrition is far fkom complete for Malawi. 

Although the present treatment of the severely mahourished child provides appropnate and 

adequate levels of energy, protein, iron, folic acid and vitamin A, the diet is inadequate and 

inappropriate with respect to several other micronutrients including zinc, copper, selenium and 

possibly iodine. With the evidence of general dietary-induced zinc deficiency and increasing 

case-fatality rates of severe malnutrition in hospitals, there is need for trials within the local 

hospitd settings to establish levels of micronutrients, especially zinc, for optimum rehabilitation 

from severe malnutrition. 
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Chapter 5 Therapeutic foods for malnourished children; cereal mixes 
versus milk-based diets. 

5.1 Introduction 

The need of a locally available energy- and protein-dense complementary food for 

mahourished children in Malawi prompted the developmeniof ~ikuni  Phala (LP), a mixture of 

maize and soy flour in a ratio of 80:20 by weight- Although the energy and protein density of 

this mixture is greater than the locally prepared Malawian rnaize grue1 and meets the 

corresponding Royal Tropical Institute, Amsterdam (1987) standards, its content and 

bioavailability of certain minerals (e-g., calcium) and trace minerals, specificdy iron and zinc 

are inadequate for both heaithy and mahourished chiIdren because of the high phytate and low 

mineral content of LP (Gibson et al, 1998). 

5.2 Bioavailability of minerals and trace minerals in cereal-legume mixes 

The Likuni Phala for therapeutic feedings is prepared in a waterflow volume ratio of 

80:20. Although the prepared food provides approximately 80 kcal and 3.0 g protein per lOOg 

of cooked porridge, the phytatezinc molar ratio of 30 is very high and the corresponding 

concentrations of zinc (0.5 mg) and iron (0.6 mg) per 100 g cooked porridge relatively low 

(Gibson et al, 1998). Consequently the bioavailability of zinc and iron will be very low - and 

these trace minerals will be i n ~ ~ c i e n t  to meet the requirements of the malnourished child. If a 

malnourished child of 10 kg were to meet the recomrnendations of zinc intake for the rapid 

growth phase (40 mg Zdday) (Briend & Golden, 1993), the child would need to consume 8.0 kg 

of porridge. Taking into consideration the potent inhibitory effect of the high phytate in the LP, 

the child would need to consume an additional amount. Either the therapeutic food is 

inappropriate for rehabilitating severely malnourished chWren ancl/or the level of zinc 

recommended for malnourished children is unnecessarily high. 



hcreasing the energy- and nuûientdensity of complementary foods will not necessarily 

ensure adequate nutrients to the malnourished child udess the high phytic acid content is 

concomitantly decreased- Zinc deficiency is a particular concern for cereai-Iegume based diets 

such as those based on LP and used in treating mahourished children in Malawi, due to the high 

phytate content. The phytic acid intake of a child consuming three meals of LP per day (750 ,o of 

20% by volume flour), would be 1,168 mg whiie the LP wodd provide only 3.8 mg Zn and 5.0 

mg Fe (Gibson et al, 1998). 

Even in the case of healthy children, the LP does not provide aàequate zinc to meet their 

requirements. Brown et al (1997) have estimated energy and nutrient needs of healthy children 

fiom complementary foods while taking into consideration the energy and nutrient contribution 

fiom breast rnik. A child of 9 to 11 months of age is estimated to require 450 kcal energy, 3.1 g 

protein, 5.5 mg zinc and 10.8 mg iron per day fYom complementary foods. That is, as much as 

98% of the iron and zinc must be provided f3om complementary foods even when rnoderate 

bioavailability is assumed (Gibson et al, 1998). 

When the iron and zinc content of complementary foods are of low bioavailability, as in 

the case of LP, the requirements for zinc and iron are much higher. For example, the normative 

zinc requirements for heaIthy children 6 to 1 1 months of age increase from 5.6 to 1 1.1 mg Zn per 

day for diets with 'moderate' to 'low' availability, respectively (WHO, 1996). 

It is evident that the three meals of LP providing 3.8 mg Zn wiU not meet the 

requirements for zinc (1 1.1 mg) for a hedthy chiId, although the LP provides excess energy (570 

kcal) and protein (22 g). In addition to faiiing to meet the desirable levels for iron and zinc, LP 

does not meet the calcium and copper levels. Despite these inadequacies, LP is promoted as a 

nutritious complementary food for Malawian children. 

Such deficiencies are magnified when LP is used as a therapeutic food for severely 

malnourished children. For example, the zinc requirement for malnourished children is 



estimated to be between 2 to 4 mgkdday, depending on volume of food intake and rate of 

growth (Briend & Golden, 1993). These Wnc requirements are higher than those of healthy 

children (1.2 mg zin-day) (WHO, 1996) consuming a diet of low zinc bioavailability because 

of the need for zinc in tissue synthesis and repair, problerns of maiabsorption due to changes in 

the intestinal tract, and increased Iosses due to diarrhoea. The WHO recommendations for 

normal healthy children (six to 12 rnonths) is about 1.2 mg Zn/kg/day consuming a low zinc 

bioavailable diet (average weight of 9 kg and average requirement of 1 1.1 mg Wday). Children 

recovering fkom malnutrition and persistent diarrhoea require at l e m  twice the amount of zinc 

required by healthy children (WHO, 1996). In addition, the high phytatezinc moiar ratio (30.5) 

of the LP will likely have an inhibitory effect on the zinc fkom other d i e t q  sources (e.g., HEM, 

breast rnilk) if consumed in the same meal (Bell et al, 1987). Cow's milk contains about only 3.5 

mg Zn/L, which is poorly absorbed, attributed in part to the high casein content of cow's milk 

(Lonnerdal et al, 1989). 

The high phytic acid content in the LP can be attributed to the unrefmed maize flour 

(mgaiwaya) as weil as the soy fiour. Since most of the phytic acid (ie 90%) is locaiised in the 

germ in maize (Gibson, 2998), degerming maize fiour removes most of the phytic acid (Le., from 

800 mg/100g to 234 mg/iûûg). However, it also removes some of the essential nutrients (e-g., 

iron content of whole versus degemed flour decreases fiom 3 rng/lOOg to 1 mg/ 100g) and for this 

reason, is not the recommended practice for improving the nutrient quality of complementary 

foods. Soya beans also contain a hi& level of phytic acid. As a result, the complementary food 

of Malawi, LP, has the highest phytic acid content of some 22 complementary foods used in 

developing countries, recently reviewed by Gibson et al (1998). Complementary foods based on 

starchy roots, tubers and sago with no added legurnes have a much lower phytic acid content. 

although their content of iron and zinc is concornitantly lower. 



The phytatezinc ratio of LP (30), is higher than that of the normal mixed Malawian 

predorninately plant-based diet (25) and rnost other diets of children in the developing world for 

example, Papua New Guinea (12), Ghana (t3), Egypt (19, Kenya (28), Guatemala (1 I), with the 

exception of Mexican children (30) (Gibson, 1994a). In developed countries, such as Canada, 

the phytate to zinc ratio of children consuming omnivorous diets is much lower (3, suggesting a 

higher bioavailability of zinc and iron (Gibson, 1994a). 

Other dietary factors that compromise absorption of some trace elements are a hi& 

content of calcium, possibly dietary fibre and polyphenols and a low content of flesh foods; and 

the existence of cornpetitive antagonistic mineral-mineral interactions such as zinc-iron and zinc- 

copper, if high doses of fortificants are used (Gibson, 1994b). Polyphenols are potent 

absorption inhibitors of non-haern iron, but not zinc. High levels of calcium are also said to 

inhibit the absorption of haem- and non-haem iron, as well as zinc,'although individuds may 

have the capacity to adapt to high calcium levels. Ceaainly, a recent study found no effect of 

calcium on non-haem iron absorption (Reddy & Cook, 1997). Cdcium interacts with zinc to 

decrease zinc absorption only in the presence of hi& phytate diets. Because therapeutic diets of 

mahourished children include hi& quantities of mi& as weU as high phytate, calcium rnay have 

a detrimental effect on iron and zinc absorption. When HEM is included in the therapeutic diet 

of mahourished children, the phytatezinc millimolar ratio decreases to about 15 - a level that is 

still associated with lower zinc bioavailability to some degree. If calcium M e r  decreases the 

absorption of zinc and iron, the use of LP in combination with HEM as a therapeutic 

complementary food may be disadvantageous in terms of the zinc and iron status. 

5.3 Energy density of Likuni Phala 

An additional probIem with the use of LP is the high viscosity leading to decreased 

palatability that results when the energy density is increased by using a watecflour ratio of 



80:20, hstead of the usual90: 10. A study in Jamaica (Stephenson et al, 1994) compared the ad 

lib energy intake of 15 children recovering from malnutrition, consuming a traditional low- 

density thin pomdge (2.15 kUg) to a highdensity thick pomdge (4.09 Wg). The porridge was 

composed of maize (26 or 52 g/L), skun ma, sugar, vanilla and vegetable oil, with the viscosity- 

lowering agent a-amylase added to the energydense porridge. The results were inconclusive, 

because although the a-amylase greatly lowered the viscosity and increased intakes of the 

'thinned' hi&-energy pomdge, the increase was not significant. This may be due to the small 

sample size (15 cbildren). In addition, the mean feeding time, although not signifïcant, decreased 

fiom 13 to 6 minutes, which could lead to greater differences in intake in settings where feeds are 

less well supervised. 

Gerrninated wheat, sorghum andor millet nour has been used as a source of amylase to 

liquefy and reduce the viscosity of thick porridges, m a h g  îhem more digestible and acceptable 

to the child. The arnyoloytic enzymes hydrolyse amylose and arnylopectin to dextrins and 

maltose during germination of cereals. Other studies of infants recovering fiom diarrhoea or 

malnutrition have found that addition of some germinated cereal (at 5% level) increased the 

intake of pomdge by 40 percent and the energy intake by 33 percent (Mahalmabis et al, 1993; 

Rahman et al, 1994). In Malawi, a traditional non-alcoholic drink is liquefied by the addition of 

germinated millet or sorghum, a practice also used in some areas of Malawi to liquefy gruels for 

cMd feeding. More research is required to establish whether the addition of some germinated 

f l ou  to LP in MaIawi would improve energy and nutrient intakes of mahourished children. 

5.4 Use of milk-based dïefs 

The use of cereal-legume mixes exclusively for the dietary treatment of severe 

malnutrition has proven to be inferior to milk-based diets in tenns of plasma zinc, weight gain, 

and lean tissue deposition (Golden & Golden, 198 l), despite concerns about lactose intolerance 



and milk allergies in the mi&-based diets. A milk-based diet has been used to treat severely 

mahourished children since the 1950s (Waterlow, 1992) and is still the recommended treatment 

by the World Health Organisation (WHO, 1999). Inibally, high protein diets of skim milk were 

used, but when lower protein intakes were shown to gïve better results, protein requirements 

were reduced in 1973 ('WHO, 1985). Later, South African studies documented the importance 

of lactose intolerance in kwashiorkor with a threshold effect, but still concluded that milk was 

adequate treatment without the need for a lactose-fiee formula (Prinsloo et al, 1969; Prinsloo et 

al, 1971). AUergy to cow's milk has been another but less frequent concem about the use of 

milk in nutritional rehabilitation for cwdren with diarrhoea (Brewster, 1 996). 

A Jamaican study compared identical protein and energy density diets of cow's milk and 

soy formula in the rehabilitation of mahourished children (Golden & Golden, 198 1). No 

difference was seen between the two diets in the ad libitum dietary intakes (774395 for milk vs 

74050 kJ/kg/day for soy), yet weight gain was simcantly greater for the miik group, 

especially during the intermediate recovery phase 3-6 weeks after admission. Zinc content of the 

cow's milk (4.48 m a )  was higher than that of soy milk (3.38 m a ) .  In addition, the children 

on soy formula had lower plasma zinc values for comparable growth rates and a higher 

proportion of body fat than the milk group. The mean energy intake per gram of weight gain 

(energy cost of growth) was 21 W g  for rnilk and 28 kJ/g for soy, rising to 35 and 32 respectively 

later in the recovery. The energy cost of adipose tissue is about 33 W g  and for lem tissue only 

about 5 kJ/g (Jackson et al, 1977). The high energy diet with its relatively low protein and zinc 

content led to excess deposition of adipose tissue, exacerbated by zinc deficiency which limited 

lean tissue synthesis for catch-up growth. 

In conclusion, fortification of cereal-based mixes such as LP is essential in order to 

provide adequate zinc to malnourished children, if this food is used therapeutically. Indeed 

Gibson et al (1998) concluded that fortification of maizdsoya complementary foods is the only 



way to overcome their deficits for calcium, iron and zinc even for healthy children. In view of 

the disadvantages of cow's milk in terms of cost, allergy and lack of local production, studies are 

needed to investigate appropriate alternatives to complement mi&-based therapeutic diets. 

Indeed, such studies are a priority in view of the decision by some donors recently to stop 

supplying milk powder for the treatment of malnutrition in Afnca. 

New studies are needed to develop ways of decreasing the effects of phytate and 

increasing the palatability of cereal-legume based die& for malnourished children to ensure an 

adequate intake of readily available sources of micronutrients such as zinc, iron and vitamin A, 

Possible strategies include increasing the content of micronutrients by fortifkation and 

rnanipulating the content of absorption enhancers (e-g., vitamin C for non-haem iron) as well as 

reducing the content of absorption inhibitors (cg., phytate, polyphenols). Studies should then be 

conducted to compare the impact of feeding malnourished children with adequately fortifxed 

cereal-based and miUc diets and unfortified cered and milk diets on functionai outcomes such as 

weight gain, lean tissue synthesis, immune competence, rnorbidity and rnortality. Such studies 

are urgently required. 
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Chapter 6 Nutritional status and immune function of severely 
malnourished oedematous and nonwoedematous hospitalised children in 
Southern Malawi. 

The severity of malnutrition among children in some countries in Africa is worsening 

(UNICEF, 1998). This may be due to increased poverty, deteriorating quality of health care 

services, increasing burden of disease (including HIV infections) and decreased accessibility 

W o r  availability of quality food, In Malawi, the nutritional status of children has deteriorated 

over this decade. In 1992 the Malawi Demographic and Health Survey (MDHS) (Anonymous, 

1994) reported rates of underweight, wasting and stunting to be 27,s and 49 percent, 

respectively. In more recent surveys, underweight and wasting have increased to 30 and 7 

percent, respectively (UNICEF, 1998). Eaxly childhood mortality rates b e r  1 0 )  rem& hl& 

at 134-142 for infants and 223-234 for children under f i e  years of age. Malawi has the 8h 

highest under-five mortality rate in the world with an average life expectancy of only 41 years 

(UNICEF, 1998). 

The major causes of under-five mortality in 1990 were malaria (19%), malnutrition 

(17%), anaemia (13%), pneumonia (13%) and measles (1 f %) and diarrhoea (8%) (GOM, 1993). 

It is unacceptable that preventable deaths fiom malaria, anaemia, and nutritional disorders have 

been on the increase since the 1980s. Due to the increase in ATDS, there is a rise in both the 

number of children under five dying from AlDS and orphans as parents die of AIDS. The 

number of AIDS orphans was estimated at about 25,000 in 1990 and is projected to nse to 

300,000 by the year 2000 (GOM, 1993). 

Micronutrient deficiencies are aIso of serious concern in Malawi. Iron deficiency 

anaemia is the most commonly reported nutritional problem among women and children (GOM, 

1993). A startling 71 to 90 percent of children under five are anaernic (haemoglobin < 11 a); 



50 to 64 percent presenting with moderate to severe anaemia (haemoglobin < 10 g /dL) (Malawi 

MOH&P, 1998). The major cause of anaemia is thought to be iron deficiency; folic acid 

deficiency may also be a contributing factor, in combination with malaria, hookworms and 

schistosomiasis (Malawi MO-, 1998). Zinc deficiency has also been implicated as a 

significant micronutrient deficiency in Malawi based on low dietary intake of animal protein, 

high phytate diets, and high levels of stunting (Ferguson et al, 1993). Iodine deficiency is a 

severe public health problem in several himand districts; however Mangochi District is 

classified as moderate risk for iodine deficiency (GOM, 1993). 

Despite declining nutritional status in the commety,  there has been littie evaluation of 

the changes in nutrition and health status of chiIdren presenting at rural hospitals and little 

change in nutrition interventions for these children. With grossly inadequate health care budgets, 

it is important to know the extent and type of malnutrition, in order that money can be docated 

appropriately within the actual context and constraints faced by most intervention systems. The 

constraints include overburdened health-care facilities, highly infectious environment (crowding 

of many diseased children in limited ward space), extremeiy limited sanitation and diagnostic 

facilities, number of professionals for education, diagnosis and care, food and medicines, 

combined with lack of parental caregivers, and a relatively shoa time period (4 weeks on 

average) that caregivers c m  stay at health facilities. 

Although it is difficdt to overcome many of these constraints, it is possible to intervene 

in the composition of the food distributed by donor agencies to the hospitals, andor in the 

preparation of the food by the hospital staff. The effectiveness of such interventions c m  only be 

optimised when the nuiritional status of the children presenting at the hospital is known. 

Consequently, in this snidy, the nutritional status of children admitted to the Mangochi 

District Hospital, m a l  Southern Malawi, was assessed during the period of August 1994 to May 

1995. Children were classified into four types of malnutrition, based on the severity of wasting 



and oedema, The protein, iron, zinc, immune h c t i o n  and HIV status of each group were 

compared using a combination of anthropometric, laboratory and clinical indices in an effort to 

establish whether the treatment should vary among the four groups. 

6.2 Subjects and methads 

Subjects of this study were 121 malnourished children between the ages of 6 and 61 

months (mean age 24k11 months; 67 fernales and 54 males), admitted to the nutrition ward of the 

Mangochi District Hospital in southem Malawi. This study was camed out in coilaboration with 

the Department of Comrnunity Health, Medical College, University of Malawi and the Division 

of Applied Human Nutrition, University of Guelph. 

The study protocol was approved by the Health Sciences Research Committee, 

University of Malawi and by the Human Ethics Committee of the University of Guelph, Canada. 

Verbal consent was obtained from the al1 caregivers of the participants in the study, after the 

nature of the study had k e n  f d l y  explained to them. All subjects were studied over a four-week 

period during August 1994 to April 1995. This chapter describes the charactexistics of the 

sampre at baseline. 

Chddren were included in the study if they met al1 of the following criteria: 1) were 

either maintainhg or gaining weight over a period of 3 to 5 days; 2) were in the rapid catch-up 

growth phase, toIerating energydense diets; 3) had no pitting oedema or severe dehydration; 4) 

had no syrnptoms of TE3 or were being treated for TB; and 5) had agreement by caregivers to a 

comprehensive nutritional assessrnent and HN testing. 

6.2.1 Nutritional treatments 

Children with oedema or simcant diarrhoea on admission to the hospital were given 

Phase 1 dietary treatment. Phase 1 nutritional treatment was dilute high energy mi& (HEM) 

feeds, given 7 times per day (as there were no staff available for a night time feed). Phase 1 diet 



is similar to half-smngth rnilk with extra sugar and oil, which b ~ g s  the energy density up to the 

equivalent of breast milk. A volume of 120ml/kg body weightl24 hour period was given, 

providing 100 kcal and 1.5 g protein /kg body weigW24 hours. The dilute KEM was made prior 

to each feeding fiom mi.& powder (either whole or skimmed), sugar and oil. Potassium and 

magnesiurn were added to the milk in their chioride f o m  to provide 1 18 rngfkglday and 12 

mgkgday, respectively. Phase 1 lasts for about four days until the oedema and diarrhoea are 

improving or infection is responding to treatment, at which t h e  the children receive phase 11 

dietary treatrnent. 

The principle of phase II is rapid catch-up growth, using an energydense diet. The 

children were given four feeds of HEM and three feeds of porrîdge called 'Likuni Phala' (LP) 

. daily. Likuni Phala was a mixture of maize and soya flour in a 80:20 ratio on a weight basis. 

The HEM provided 120 kcaI and 3 g protein /IO0 ml of HEM and the Likuni PhaIa provided 

approximately 80 kcal and 3.0 g protein/lOOg of cooked porridge daily. This was prepared on a 

per kg per child basis and fed ad libitum. 

6.2.2 Meàical treatments 

Al1 children were routinely treated with albendazole (4 years of age, 200 mg; 2 2  years 

400 mg), ferrous sulphate (100mg/day), folic acid (1 mg/day) and vitamin A (60,000 retinol 

equivalents on days 1,2 and 8). All children with kwashiorkor symptorns (oedema and wasting) 

were treated with CO-trimoxazole (240mg, twicdday for five days) or for 14 days for those with 

severe kwashiorkor. MaIaria was treated with fansidar. Fever was treated with paracetamol 

symp or panadol (aspirin). Oral thnish was treated with mycostatin drops. A chest infection was 

treated with crystalline peniciliin (injections) or penicillin syrup or tables, followed by co- 

trimoxazoIe . If peniciULn and co-trimoxazole were not effective, then the chiIdren were treated 

with the antibiotic chloramphenical. The standard tuberculosis (TB) treatment was 30 days of 



streptomycin and thiacetazone tablets for 7 months. Tuberculosis was diagnosed on the bais  of 

non-response to standard treatment (routine medicd and nutritional) and chest X-ray. If there 

was pleural efîusion (fluid on the lungs and positive sputum) then TB was treated with 

pyrazinamide, rifampich-isoniazid and streptomycin for two months. 

6.23 Anthropometric assessrnent 

Anthropometric measurements of weight, length, head circumference, arm 

circumference, and triceps and subscapular skinfolds were performed by two trained research 

assistants. Each research assistant took the same measurements on aII children to reduce inter- 

examiner error. The rneasurements were done in triplicate to reduce measurement error, using 

standardized techniques and equipment (L,ohman et al, 1988). AH measurements were taken in 

the morning before the first feeding, with no clothing and shoes. Length was measured with an 

infantometer (Mode1 98-702, Caristadt, New Jersey) to the nearest 0.2 cm- Length rather than 

height was measured in ail chikiren, because changes in recumbent length could be more 

precisely monitored than changes in standing height in this severely mahourished population. 

Since recumbent length is on average 0.5 cm greater than standing height, a correction was made 

by subtracting 0.5 cm for al l  children over 24 months of age for the calcuiation of LAZ scores 

(WHO, 1999). Length is measured for children below 85 cm in order to determine WLZ (WHO, 

1999). Since almost ail (96%) children were Iess than 85 cm in length, no correction was made 

for calculahon of WLZ. Weight was determined to the nearest 0.01 kg with a portable, battery- 

operated pediatric scale, fitted with a removable pan (Soehne, Germany) levelled and calibrated 

weekly. Mid-upper-arm circumference (MUAC) was detennined at the midpoint of the upper 

left arm with a fiber glas  insertion tape (Ross Lab, Columbus, OH). Triceps skinfold thickness 

(TSF) and subscapular skhfold thickness (SSF) were measured on the left side of the body by 

using a precision caliper (Lange, Cambridge Scientific, Maryland) and standardized techniques 

Gohmari. et al, 1988). 



Length for age (LA), weight for age ( W )  and weight for Iength (WL) Z scores were 

calculated by using the Epi Info software prograxm, NutritionaI Anthropometry subroutine from 

Centre for Disease Control (CDC), Atlanta GA. Mid-arm-fat area (MA) and mid-arrn-muscle 

area (AMA) were derived from MUAC and TSF thiclmess measurements by using standard 

formulas (Frisancho, 1990). 

Children were classified into four types af malnutrition based on a modification of the 

Welcome Classification. They were: 1) wasted (-3.0 < WLZ c -0.4) ; 2) severely wasted (WLZ 

< -3.0); 3) wasted (-3.0 I WLZ < -0.2) with oedema in previous seven days; and 4) severely 

wasted ~ Z C  -3.0) with oedema in the previous seven days. 

6.2.4 Biochemical assessrnent 

Non-fasting, venipuncture blood sampIes (5 ml) were taken prior to the first rnorning 

feed between O600 and 0800 into trace elernent-free lithium heparinized tubes (Monovette 

Sarstedt, PQ), with subjects in the sitting positioni, Aliquots were taken for hemoglobin, 

haematocrit, free erythrocyte protoporphyrin, madaria slides, and white blood ceil count. The 

remaining blood was centrifuged for 10 minutes and the plasma separated into trace element-fkee 

polypropylene vials, frozen imrnediately at -20C for later analysis. Samples were air freighted on 

dry ice from Malawi to Canada for analysis of plasma albumin, transthyretin, zinc and H W  status 

due to lack of appropriate facilities in Malawi. 

Plasma albumin was assessed by using the bromocresol green rnethod (Sigma 

Diagnostics) rnodified by Doumas (1971). Accunacy was assessed using a control (Sigma 

Accutrol, #73H-6174); mean (Ir: SD) of nine deterininations was 3.86H.24g/dL compared to the 

asssigned vaiue of 3.80 g/dL (range 3.2 to 4.4 g/dL).  Precision was determined by repeated 

andysis (n=10) of pooled serum; the mean value was 5.lf0.2 g/dL (CV = 4%). Plasma 

transthyretin was assessed using an enzyme-linked immunosorbant assay (ELISA) method. 



PIasma for zinc analysis was weighed into glass ignition tubes (Pyrex Comïng 

1Ox70mm), fiozen, and then fkeze dried for 24 hours (Dura Dry Freeze Dryer MP). Samples 

were heated by ramping to 480°C, shed oveniight in a mume furnace (Lindger 5/8ûû Box 

Furnace), and reconstituted with 1.25 N nitric acid (Ultrex II Ultrapure, JT Baker Chernical Co, 

Phillipsburg, NJ, USA). After diluting samples 1 5  with distiUed de-ionised water, they were 

analysed by flame atomic absorption spectrophotometry (mode1 SpectrAA 30, Varian Techtron 

Ltd, Georgetown, Ontario) using a modified method of Veillon et al (1985). 

The accuracy of the plasma zinc analfical method was assessed by daiiy assay of a 

bovine semm standard reference material (National Institute of Standards and Technology, 

Gaithersbug, MD, S td Ref material 1598), certified for zinc content. The mean ( S D )  for 

fourteen samples was 14.0 ( e . 5 )  p o V L  (CV, 18%) compared to the certifïed value of 13.6 

(M.9) pmoVL. Pooled serurn samples (II-8) were assayed to assess precision of the method 

between assays. The mean (HD, CV%) value was 14.6 (21.3,9%) POIL. The CV of 

duplicate samples (-29) used to assess within-run precision was 11%. 

Hemoglobin, haematocrit and erthyrocyte protoporphyrin (EP) were assessed in 

duplicate on whole blood. Hemoglobin was determined using a portable haernoglobinometer 

(Hemocue AB, Sweden). The control values were within nomal limits. Haematocrits were 

determined by centrifuging two capillary tubes of whole blood and reading with a haematocrit 

reader the volume percent. Erythrocyte protoporphyrin was determined by a portable 

haematofluorometer (AVIV B iomedical, Lakewood, NJ) . Low, medium and high controls were 

within normal limits. 

Hair samples were coilected from the occipital portion of the scalp with stainless steel 

scissors. Samples were cleaned of nits and lice, and washed in a non-ionic detergent (Actinox) 

using a standard procedure (Gibson & DeWolfe, 1979). After dryhg the washed hair samples, 

they were packaged in weighed, polyethylene bags, sealed and reweighed. Hair samples were 



irradiated for four hours in the McMaster University nuclear reactor, and zinc concentrations 

were detennined by instrumental neutron activation analysis (INAA) (Gibson & DeWolfe, 1979). 

A pooled hair sarnple was used to assess inter-assay precision. Mean (ItSD, CV%) zinc 

concentration of six assays was 1.40 (33.21, 15%) pmoVL. The CV for the repeated analysis of 

the same sarnple (n=15) was 14%. 

6.2.5 Immune function 

Cell-mediated immunity was determined via a delayed cutaneous hypersensitivity @HS) 

test. The Multi-test Cell Mediated Tmmiinity (CMI) Delayed Hypersensitivity Skin Test Kit was 

provided by Pasteur-Merieux Laboxatories @%ris, France). This kit eliminates the 

methodological problerns such as varied dilution of the antigens and variable amounts injected. 

It consists of a sterile, disposable plastic multipuncture applicator consisting of eight test heads 

preloaded with standardized doses of seven antigens (tetanus toxoid, diphthena toxoid, 

Streptococcus, proteus, tuberculin, trichophyton and Candida albicans) in glycerine solution and 

a glycerine as a negative control. Of the 106 children tested, four (3.8%) reacted to the negative 

control; their results were not included in the analysis. Al1 applications and readings of the DHS 

responses were done by one trained, registered nurse to eliminate inter-observer error. The 

reaction was considered positive when the mean value for the vertical and horizontal diameters 

was 2 2 mm. 

The Merieux Technical Recommendations were followed when applyùlg and reading the 

test: cleaning the puncture area, t h e  and pressure needed, post-application care, and reading 

indurations 48 hours after the test application. The multitest was initially applied to the thigh of 

the children rather than the inner ann, due to the age and small size of the children (Douchet et 

al, 1985). Later the multitest was applied to the dorsal area between the left scapula and the 

spinal column, given that this area was thought to be more sensitive (B Woodward, personal 

communication, 1994). 



White blood celi counts (Wl3CC) as an index of infection, were performed manuaily by 

one trained technician from the Mangochi District Hospital on anti-coagulated whole blood using 

the Unopette collection system (Becton-Dickinson, NJ) and a Neubauer counting chamber. 

6.2.6 Malarial parasites and human imrnunodeficiency virus (Hn3 infections 

Thick blood smears for malarial screening were prepared with one drop of whole anti- 

coagulated blood, allowed to dry, and then stained with 4% Giemsa stain. Slides were examined 

at lOOX magnification by one trained technician from the Mangochi District Hospital and 

parasite densities were detennined as a ratio of parasites to white bIood ceus [i.e., (parasite slide 

countlwhite cell slide count) x white blood cell count]. 

In Malawi, screening for the HIV antibody was camed out by one of two methods, 

depending on availability of laboratory tests; enzyme linked immun0 sorbant assay (ELISA) 

(Serodia or h u n o c o m )  or rapid immunochromatographic screening test (HTV fi STAT-PAK, 

Chembio Diagnostic Systems, Medford, NY). Due to the potential false positives fiom both the 

test methods and the fact that children under 24 months may show HIV antibodies, but not be 

KIV positive thernselves, al1 samples were re-tested in Canada, The results using the latest 

available testing methods in Canada for HIV status were üsed in the present analysis. 

The HIV laboratory, Ontario Ministry of Health (Toronto, ON) kindly screened aIl 

samples with ELISA and confkmed ail repeat positives with Western Blot on whole dried blood 

spots. AI1 infants under 24 months with positive antibodies to HW from the first ELISA were 

confïied by viral RNA rtssay on plasma samples (CassoI et al, 1994). These assays were 

carried out by the Research Institute, Ottawa General Hospital (OGHFU, ON). 



6.2.7 Statisticai analysis 

All data were tested for normality. The results are expressed as mean k SD and also as 

the proportion below a defined cut-off value, where appropnate. Ln the cases where data was 

transformed, the mean and 95% confidence intervds were reported, rather than SD (these 

confidence intervals were not used to detennine signficant differences between one or more 

groups). Mean values of continuous variables (mean age, HAZ, WAZ, MUAC, AMA, AFA, 

SSF, plasma aibumin, transthyretin, zinc, albu&zinc ratio, hair zinc, haemoglobin, hematocrit, 

EP, MCHC, WBCC and DHS test results) were compared between groups using analysis of 

covariance (ANCOVA). The degree of wasting (WLZ) was used as a covariate and previous 

oedema (presence or absence) as the 'treatment' variable. The proportions of those breast 

feeding, with HIV, TB, andor malaria were compared in each group of malnutrition using Chi- 

square analysis. A level of pc0.05 was accepted as a significant value. Since there were a lot of 

tests done, there is a chance of false positives. 

Tmmune function was assessed from the CMI as the sum of the indurations of the 

positive reactions for each child from which a mean + SD was cdculated for each group. In 

addition, the percent of children anergic in each group was compared. 

6.3 Results 

6.3.1 Characteristics of children 

More than one-half of the children (56 percent) were adrnitted to the study with oedema 

andlor having had oedema within the previous seven days. For the sake of brevity, these children 

will be referred to as those with oedema and have been classified as either 'wasted with oedema' 

(WO) or 'severely wasted with oedema' (SWO) (Table 6.1). The remaining 44 percent (n=53) 

were either 'severely wasted' (Sm or moderately wasted (W). 



There were slightly more female (55 percent) than male children admitted to the study. 

However, there was no relationship between gender and type of malnutrition (Table 6.1), 

suggesting that boys and girls are fed and cared for equally in this sample of children. There 

was, however, a simiificant relationship between type of malnutrition and age; the children with 

oedema were significantly oIder than the wasted oniy children. In addition, the children without 

oedema were in the hospital for a longer period of time pnor to the study than were the children 

with oedema. This was primarily due to the hospital diagnosis for TB, and because more 

children had TB in the wasted group. The TB children took a longer t h e  to respond to treatment 

because they were diagnosed with TB only on failure to respond by weight gain to all other 

treatments. Only 28 percent of children were s a  king breast fed upon admission to the study; 

they were significantly younger and were less likely to have oedema than those no longer being 

breast fed (Table 6.1). 

A total of 20 percent of the sample were HIV positive and 26 percent were diagnosed 

with TB; ten children (8%) were both HrV and TB positive. It is likely that a small percentage 

of the children were undiagnosed with TB, as there was a four week penod in which a physician 

did not do rounds on the ward. Hence children with TB in that penod would not have been 

diagnosed. Although only 8% of the sample in this study were both HIV and TB positive, it is 

likely that most of the children in this age group with these two conditions had already died. 

Malaria, endemic in this region of Malawi, tested positive fkom a single blood smear in only four 

percent of the sample. 

Using the results of the Canadian testing as the reference method, a total of 15 (22%) of 

false positives and one (0.8%) false negative were found fiom the Malawian results. Of the 

results of the children under 24 months of age, only one out of 16 was found to be a false 

positive. Thus, the majority of false positives and the one false negative were found in the 

children over 24 months of age. 



Table 6.1 Cornparison of gender, age and heaith characteristics in children with different types 
of malnutrition 

Type of malnutrition Differences 
(n) between types of 

malnutrition 
No oedemak OedemaZ Chi- 

wu- D 
K 

wastin? Severe wastind Severe ~ l l  value 
(42) wasting4 (50) wasting4 

F valut 

(1 11 
(12') ANOVA 

(18) 
Percentage of children 

34.7 9.1 41 -3 14.9 100 
Gender 
(9% maldfemale) 40160 64/36 44/56 44/56 45155 2.6 NS 
Age (months) 
meanfSD 1 7 . 4 ~ ~  25.27- 28.653 lB 26.411e 24H 1 1 O 0.60 1 
Tune in hospital pnor to 
study (days) 13.4k9.3~~ 17.8f15.7* 9 . 4 ~ . 2 ~  12.318.3~~ 12.M8.8 2.7 0.03 
Percent 
breas t feeding 571 18 14 6 28 20.0 0.001 
Percent 
MV positive 24 64t 12 6 20 18 0,0001 
Percent 
TB positive 26 54 4t 671 26 3 3 0.00 1 
Percent 
Malaria positive 7 O 4 O 4 2 NS* 

' No oederna - no oedema present at time of smdy or 7 days previous to study. 
2 Oedema = oedema present in the 7 days previous to the study; pitting oedema resolved at tirne of study. 

Wasting Oess severe): WLZ > -3.0 md WLZ < -0.41. 
Severe Wasting: WLZ < -3.0. 

t Ce11 frequency is significantly different than expected (Chi-square; p4.05) 
A B  ': Means with the sarne or no letter are not significantly different (Tukey's Studentized Range Test). 

The presence of HIV and TB was associated with type of malnutrition (Table 6.1). The 

number of HN positive chüdren who were severely wasted was greater than expected whereas 

the number with oedema was less than expected. Among the children with TB, there were a 

higher percentage (32%) of children with TB in the group with no oedema than the group with 

oedema (20%), and in the oedema group there were more than expected in the severely wasted 

group (Table 6.1). 

There was no significant relationship between malaria positive blood smears and type of 

malnutrition. The overall incidence of rnaIaria as defined by a single blood smear, was found to 

be very low (four percent) in this population (Table 6.1). 



63.2 Anthropometric assessrnent 

The children were found to be both chronicdy and acutely severely mahourished on 

average, based on the anthropometric indices (Tables 6.2 and 63). The extent of individual 

wasting, stunting and underweight were detennined by comparing the children's weights and 

heights to international reference data (NCHS data) in terms of standard deviation scores. The 

degree of acute (i.e., wasting) malnutrition is reflected by the mean (SD) WLZ scores (Le., - 

2.311.0) and MUAC (i.e., 11.6k1.7 cm). Chronic (Le., stunting) malnutriî.ion is reflected by the 

mean (BD) LAZ scores (Le., -3.4f1.5). The W U  score refiects a combination of both acute 

and chronic malnutrition (-3.7H .O) (Table 6.2). 

The majority of children were suffering from acute malnutrition, with 58 % wasted (Le., 

w&-2) and 25 % severely wasted (Le., WLZc-3) (Table 6.3). Using MUAC. 73% of children 

were classified as moderately wasted (Le., MUACc12.5 cm) and 58% as severely wasted (Le., 

MUACcl1 Scm). More children were classified as severely wasted based on MUAC than using 

WLZ. 

The mean values for both WAZ and MUAC were significantly different among types of 

malnutrition. This is to be expected, as WLZ was one of the variables that were used to 

distinguish the types of malnutrition. Because weight affects WAZ and MUAC. they are not 

independent of WLZ. The degree of wasting significantly affects the degree of underweight and 

the MUAC. In fact, WLZ was siacantly correlated with both WAZ and MUAC (A0.26; 

r2=0.28, respectively). Mid-upper-arm circurnference and WAZ were also highly correlated 

(r2=0.5o). 



Table 6.2 Cornparison of means (1SD) for wasMg (weight for length, mid-upper-arm 
circufllference (MUAC)), stunting (Iength for age) and underweight (weight for age) in children 
with different types of malnutrition (mean,+SD) 

Type of malnutrition 
(n) 

No ocderna' OedemaZ 

MUAC' 1 1.M1.4 10.1k1. 1 1 S.8I1.3 10.3I0.9 1 1.6k1.7 ' No oedema - no oederna present at lime of soldy or 7 days previous to study. 
Oedema - oedema present in the 7 days previous to the study; pieting oedema resolved at time of snidy. 
Wasting (Iess severe): WLZ > -3.0 and WLZ 5 -0.41. 
Severe Wasting: WLZ < -3.0. 
Mean (ISD) weight for age Z-scores 
Mean (ISD) Iength forage Z-scores (corrected for children > 24 rnonths of age by subtracting OScm from length) 
' Mean (ISD) weight for length 2-scores 
' Mean (ISD) rnid-upper-arm circumference (cm) 

Table 6.3 Percentage of children with chronic and acute rnahutrition by types of malnutrition. 
Type of malnutrition 

(4 
No oedemal 0edema2 

wastin2 Severe wasting4 wasting3 Severe wasting4 AI1 
(42) (1 1) (50) (18) (121) 

Stunted 
(% with LAZS < -3.0) 7 1 73 52 56 6 1 
Underweight 
(8 with W& < -3.0 ) 8 1 100 62 94 77 
MUAC~ 
(% with MUAC c 1 1.5 cm) 64 9 1 14 94 50 

f No oedema - no oedema present at thne of study or 7 days previous to study. 
Oedema = oedema present in the 7 days previous to the study; pitting oedema resolved at tirne of study. 
Wasting (less severe): WLZ > -3.0 and WLZ 5 -0.41. 
Severe wasting: WLZ < -3.0. 
LAZ - length for age standard deviation score (corrected for children over 24 mo by subtracting 0.5 cm from Iength). 

ci WAZ - weight for age standard deviation score. 
MUAC = mid-upper-am circumference. 



Table 6.4 Comparison of anthropometric indices of body composition in children with different 
types of malnutrition (me&SD) 

Type of malnutrition 
(n) 

wastin2 Severe wasting4 wasting3 Severe wasting4 All 
(42) (1 1) (50) (18) (121) 

A m  muscle are$ 
(mm2) 785k192 658I155 987f174 667f103 8323316 
Arm fat area6 
(mm2) 221390 165348 3285135 175955 2535~123 
Subscapular skuifold7 
(mm) 3.86kI.43 2.68I0.40 4.20I1.5 1 2.4510.5 1 3.6821-46 ' No oedema - no d e m a  present at tune of study or 7 days p ~ v i o u s  to study. 
Oedema = oedema present in the 7 days previous to the study; pittuig oedema resolved at tirne of study- 
Wasting (less severe): WLZ > -3.0 and WLZ S -0.41. 
Severe wasting: WLZ < -3.0. 
AMA is defineci as mid-upper a m  muscle are% AMA-CC-(z x TSK)]~/~Z, where C = mid-upper-arm circumference 

(mm); TSK - triceps skinfold thickness (mm). 
AFA is defineci as mid-upper arm fat area (mm2). AFA-(TSK x C/2) - (n x TSK~/~) ,  where TSK - triceps skinfoId 

thÏckness (mm), C = mid-upper-am circumference (mm). 
SubscapuIar skinfold thickness (mm). 

When WLZ was controlled, W,  WAZ and MUAC varied signiflcantly with 

oedematous state. Those children with oedema had higher WAZ and MUAC levels than those 

without, ateributed to an increase in total body water arising fiom oedema and higher levels of 

fat. T ' o se  children with oedema also had a higher mean LAZ score, reflecting the fact that these 

children were less stunted, on average, than children without oedema. 

Anthropometric indices of body composition indicate severe depletion of both muscle 

and subcutaneous fat for dl four groups (Table 6.4). For example, both the mean AMA and 

AFA values for al l  four groups fell well below the 25" percentile of NCHS reference data for 

hedthy children under five years of age indicating severe depletion (Haider & Haider, 1984). In 

fact, only in the WO group do AMA and SSF mean values exceed the ~"~ercenti le values. For 

aLl other groups, values fidl below the 5& percentile for a l l  three indices (AMA; AFA; SSF). 

Both muscle and fat tissue were related to the type of malnutrition; the WO group had 

significantly higher levels than the other three groups, with the SW group having the Iowest 

level. Ail three indices, AMA, AFA and SSF were significantly and positively related to WLZ. 



This would be expected, as both AMA and AFA are estimated using the MUAC, which is 

significantly affected by WLZ. 

6.3.3 Plasma proteins: albumin and transthyretin 

The average plasma albumin was 476k143 poles/L; with the wasted children (W, SW) 

having ~ i ~ c a n t l y  higher levels than the chiIdren with oedema (Table 6.5). Forty six percent 

of the children had low plasma albumin values ( ~ 3 9 1  po les /L  for children < 12 months of age; 

~ 4 7 8  p m o K  for children 12 rnonths and older) (Table 6.6). There was a higher percentage of 

children with low plasma albumin values (88%) than expected in the SWO group, and a lower 

percent (8%) than expected in the W group. The low values were calculated by comparing the 

normal adult range fkom the analytical rnethod used in this study (565.1 to 739 pmoles/L) with 

the adult range of standard guidelines (Gibson, 1990) and adjusted accordingly for age. The 

average plasma transthyretin was also low (Table 6.5) and 20 percent of the children had levels 

indicating a severe protein deficit (<O.OS glL) (Table 6.6) (Gibson, 1990). 



Table 6.5 Cornparison of biochernical indices of protein and zinc status in children with 
different types of malnutrition ( m e a d D )  

Type of malnutrition Differences between 
types of malnutrition 

No oedema' 0edema2 
WLZ Oedema 

wasting? Severe wastin? Severe A.ll P 
wasthg4 wasting4 (n) value5 vdue s 

Plasma albumin 

PIasma zinc 
w o n  
(means, 95% 
confidence inter~al)~ 

Albumin zinc ratio 

(40) (9) (45) (15) (109) ' No d e m a  = no oedema present at rime of study or 7 days previous to study. 
Oedema - oedema present in the 7 days previous to the study; pitting oederna resolved at tirne of study. 
Wasting (iess severe): WLZ > -3.0 and WLZ S -0.41. 
Severe wasting: WLZ c -3 .O. ' p values are for ANCOVA mode1 with WLZ as the covarïate and oedema (yedno) as the independent variable. 
Data log transformeci to achieve normality. 



Table 6.6 Cornparison of proportion of children (as percent) with different types of malnutrition 
with biochemicd indices of protein and zinc status below cut-off values. 

Type of malnutrition 
(n) 

No oedema' &demaZ 

wasting3 Severe wasting4 wastin$ Severe wasting4 All 
(n) 

Low plasma aIbumuis 7.9* 50.0 59.2 88.2* 45.6 
(33) (10) (49) (17) (1 14) 

Low transthyretin6 12.9 O 24.4 3 1.2 20.4 
(3 1) (5)  (41) (16) (93) 

Low plasma zinc7 5.4* 20.0 36.7 38.4 24.8 
(37) (10) (49) (13) (109) 

Low aIbumin zinc ratios 91.7 100.0 8 1.2 100 88-7 
(36) (9) (48) (13) (106) 

Low hair zincg 17.5 11.1 28.9 13.3 21.1 
(40) (9) (45) (15) (109) ' No d e m a  - no oedcma pment at lime of study or 7 days previous to study. 

Oedema - oederna present in the 7 days previous to the study; pitting oedema resolved at tirne of-study. 
. - : Wasting ( las  revei): WLZ > -3.0 and WLZ 5 -0.41. 

Severe wasting: WLZ < -3.0. 
Low plasma dburnin - <391.2 pmoVL for < 12 months of age; ~478.2 pol& for 2 12 months 
Low transthyretin = < 0.05 6 
Low plasma zinc = 4 - 9 4  pmoVL for non-fasting (NHANES D[) 
Low albumidzinc - 47.61 
Low hair zinc = 4.07 pmoi/g 

* CeU frequency is ~ i g ~ c a n t l y  different than expected (Chi-square; p4.05) 

Plasma albumin was related to degree of wasting; as wasting increased the plasma 

alburnin decreased. Plasma albumin was dso significanùy Iower in children with oedema than 

those without, when degree of wasting was controlled (Table 6.5). The children with oedema 

and lower plasma albumins were older and less lrkely to be breast fed than wasted children 

without oedema. There was a weak negative correlation between age and plasma alburnin, and 

14 percent of the variation (3=.14) in albumin c m  be explained by variation in age. 

Plasma transthyretin was not associated with degree of wasting or oedema. There was a 

weak correlation between albumin and transthyretin (h.06) .  



63.4 Assesment of biochemical zinc indices 

The average plasma zinc level was 1325 .4  p o V L  (Table 6.5), with 35 percent 

classified with low plasma zinc (~9.94 p o V L ,  non-fasting, NHANES Il) (Table 6.6). There 

were no differences in plasma zinc levels between the four groups, but the percent of children 

with iow plasma zinc in the W group (5) was significantly lower than expected. However, 

plasma zinc was significantly lower in the combined oedema (1 1.8 p o V L ;  95% CI lO.6,13.2) 

than non-oedema (15.2 pnoVL; 95% CI 13.3, 17.5) groups. Similarly, the percent of 

oedematous children with low plasma zinc was significantly (Chi-square; p<0.01) higher than 

that of children without oedema (37% vs, 8%). The mean hair zinc value for the total group was 

1.4kû.5 jmoVg (Table 6.5); 21 percent of the children were classified as zinc deficient on the 

basis of low hair zinc values (4 .07  p o Y g )  (Table 6.6). There was no correlation between 

plasma zinc and hair zinc. Haïr zinc levels were not associated with oedema or level of wasting 

(Table 6.5), and hair zinc did not correlate with any of the measured anthropometric variables. 

Plasma zinc was weakly, but significantly positively correlated with plasma albumin 

(r2=0.07; peO.006) in the group as a whole. However, only 7 percent of the variance in plasma 

zinc was explained by albumin, suggesting that there are other variables affecthg plasma zinc. 

Plasma zinc did not correlate with W C C ,  nor were there Merences in the percent of children 

with low plasma zinc between HIV positive and negative children, or between TB positive and 

negative children. 

Plasma zinc was also negatively correlated with ami muscle area (r2 = 0.07; p-0.007). 

As there was no significant relationship between WLZ and plasma zinc, it appears that plasma 

zinc in this study was not related to the severity of wasting. 

There were no significant differences in albumin to zinc ratios according to types of 

malnutrition (Table 6 3). 



6.3 J Assessrnent of biochemical iron status 

The average haemoglobin and mean cell haemoglobin concentration (MCHC) were very 

low (84i19 g/L and 2.5M.8 g/L, respectively) (Table 6.7) resulting in almost ali children being 

classified as anaemic (92 and 94 percent, respectively) (Table 6.8). In contrat, the average 

haematocrit was almost normal ( 3 4 s  volume %) with only 46 percent of the children anaemic 

by low haematocrit. 

Table 6.7 Cornparison of biochemical indices of iron status in children with different types of 
malnutrition (mean,+SD) 

Type of malnutrition Differences between 
types of rnahutrition 

No oedema' 0edema2 
WLZ Oedema 

was tin$ Severe wastin$ Severe A11 P P 
(42) wasting4 (49) wasting4 (1 20) valueS value5 

(1 1)- (18) - 
Haemoglobin6 
(@) 89.1i19.8 81.0f21.5 82.3f 16.4 78.1fi0.2 83.9kt8.9 0.002 0.06 
~aematocrit' 
(volume %) 34.8I9.8 33.M4.9 34.8f 8.8 32.9I8.2 34.3I8.8 NS NS 
EP8 
  PO^ 4.10rt5.62 2.0410.93 3.6532.82 3.39S.32 3.61I4.00 NS NS 
MCHC' 
(g/L) 2.75I1. 15 2.49I0.87 2.41kO.53 2.40f0.32 2.53I0.82 NS NS ' No oedema = no oedema present at chne of smdy or 7 days previous to study. 

Oedema = oedema present in the 7 days previous to the study; pitting oedema resolved at tirne of study. 
Wasting (Iess severe): WLZ > -3.0 and WLZ I -0.41. 
Severe wasting: WLZ < -3.0. 
p values are for ANCOVA mode1 with UrHZ as the covariate and oedema &esho) as the independent variable. 
Haemoglobin is in g/L ' Haematocrit is in volume percent 

13 EP - erythrocyte protoporphyrin in red blood cells (pmoi/L) 
MCHC - mean ce11 haemoglobin concentration (a) 



Table 6.8 Percent of children with low biochemical iron statu by types of malnutrition 
Type of malnutrition 

Low haemoglobin6 88.1 8 1.8 95.9 94.4 91.7 

Low haematocrit7 40.5 50.0 46.9 55.6 46.2 

High EP8 8 1.0 60.0 75.6 82.3 77.2 

Low MCHC' 88-1 90.0 97.9 100.0 94.1 
No oedema - no oedema present at rime of smdy or  7 days previous to smdy. 
Oedema = oedema present in the 7 days previous to the study; pitting oedema resolved at t h e  of study. 
Wasting ( les  severe): WLZ > -3.0 and WLZ S -0.41. 
severe wasting: WLZ < -3.0. 
Low plasma albumin - 491.2 pmol/L and < 12 months (rnos) of age; ~478.2 pnoVL and 2 12 mos. 
Low haemogiobin (Hb) is defmed as Hb cl 1 .O g/dL. 
Low haematocrit (Hct) is defked as Hct 4 3  % for 6 - 24 mos; Hct < 34% for 1 24 mos. 
EP - erythrocyte protoporphyrin in red blood ceils (pnoYL). High EP: > 1.42 for 6 - 24 mos; EP > 1.32 for 24 - 48 

mos; EP > 1 .S4 for over 48 rnos. 
MCHC - mean ceii haemoglobin concentration (g/L); low MCHC is 4 - 3 3  for 6 4  rnos and ~ 3 . 2 3  for 2 24 rnos. 

The average EP values (3.6k4.0 p o V L )  with 77 percent high suggests that iron 

deficiency may be a major contributing factor to the extremely high levels of anaemia. However, 

the hi& EP may dso be due to concurrent infections in the children. Both haemoglobin and 

haematocrit were signifïcantly negatively correlated with EP (r2= 0.14 and r2 = 0.12, 

respectively; pe0.05). Haemoglobin was also significantly positively correlated with plasma zinc 

(r2= 0.08; pcO.05), but m t  with albumin. 

Haemoglobin was related to WLZ, increasing with increased WLZ scores (Table 6.7). 

When wasting is controlled for, haemogiobin levels are Iower in the oedema groups than those 

without oedema, but not simcantiy (p-0.06). Haematocrit, EP and MCHC were not 

associated with wasting or oedema. 

Assessment of HIV status in Malawi by the ELISA methodology, resulted in 12 

percent false positives and only 1 percent fdse  negative, using the results of the Canadian testing 



(ELISA and Weston blot for confurnation) as the reference methods. The majority of false 

positives and the one false negative were found in the children over 24 months of age. 

63.6 Assessrnent of immune function 

There was no relationship between the type of malnutrition and the DHS tests. More 

than one half of the chiidren were anergic (52%) and the average sum of diameters of response 

was 1.9 mm (Table 6.9). The DHS test did not correlate signifîcantIy with any of the measured 

parameters of nutritional status. 

Table 6.9 Cornparison of white blood celI counts (WBCC) and delayed cutaneous 
hypersensitivity @HS) tests in children with difïerent types of malnutrition (mean+SD) 

Type of malnutrition Dflerences between 
(n) types of * 

malnutrition 
No oedemaL 0edema2 

WLZ Oederna 
wasting3 Severe Wastin$ Severe Ali P P 
(42) wasting4 (49) wasting4 (1 19) value5 value5 

WBCC 6701I3322 785W047 6864f2150 566932422 6709I2667 NS NS 
(ceiis/mm3) (42) (10) (49) (18) (1 19) 
DHS test 
(Sum of r e ~ ~ o n s e ) ~  2.1H.4 2.732.8 1.7e.6 1.4E2.8 1 -92.5 NS NS 

(37) (9) (40) (16) (102) 
DHS test 
(proportion 0.4634.51 0.3339.50 0.35kO.50 0.69M.48 0.52I0.50 NS NS 
anergic17 (37) (9) (40) (16) (102) 

' No oedema - no oedema pnsent at time of study or  7 days previous to study. 
Oedema = oedema present in the 7 days previous to the study. pitting oedema resolved at tirne of study. 
Wasting (iess severe): WLZ > -3.0 and WLZ I -0.41. 
Severe wasting: W U  c -3.0. 
p values are for ANCOVA mode1 with 'UFLS as the covariate and oederna @&no) as the independent variable. 
Sum of the average of the vertical and horizontal diameters of ail six responses was calculateci for each subject and 

averaged for the group. The children with positive responses to the negative control were not included in this 
calculation. 
'A positive response was when the mean vertical and horizontal diameters of the response was 2 2 mm. If one of the 
six antigens was positive for an individual, then the child was groupeci in 'not anergic'. if none of the six antigens was 
positive, then the child was 'anergic'. Children with positive responses to control were also excludeci. 



6.4 Discussion 

6.4.1 Introduction 

Most hospitals and nutrition rehabilitation units (NRU) in developing countries treat 

malnouished children as one, apparently homogeneous group. We found however, that the 

malnourished children presenting at Mangochi District Hospital manifested a wide spectrurn of 

types and severity of malnutrition, mostly in the presence of concurrent infections, that may 

require specific nutritional treatments. 

h this study for example, over one half of the sarnple (56%) of the mahourished 

children would be referred to as having kwashiorkor (WO) and marasmic-kwashiorkor (WSO), 

respectively. Of the rernaining 44 percent (n=53), twenty-one percent (n=l 1) would be 

considered marasmic (SW) and seventy nine percent (n-42) underweight (W) according to this 

classification. These proportions of kwashiorkor and marasmic children are not unexpected, 

because in Malawi kwashiorkor accounts for 75 percent of malnutrition admissions to hospitals 

or Nutrition Rehabilitation Units @RU) and wasting for the remaining 25 percent (Brewster, 

1996). 

6.4.2 Nutritional status and immune function of oedematous and non-oedematous wasted 
children 

6.4.2.1 Anthropometric status 

The oedematous wasted malnourished children (WO, SWO) in this study were o1der than 

the wasted children with no previous oedema, on average, and had ~ i ~ c a n t l y  lower rates of 

breast feeding. This was not unexpected because in Malawi wasting in the absence of oedema is 

most prevaient at younger ages (between 6 and 24 months), whereas wasting in the presence of 

oederna (i.e., kwashiorkor) peaks in older age groups (18 to 24 rnonths) (Brewster, 1996). It is 

likely that most of the younger wasted children were expenencing the critical penod when 



complementary foods are introduced in addition to breast milk. The energy and nutrient levels in 

the cornplementary foods were probably hadequate to meet the high demands for optimal health 

and catch-up growth of these children. Most of the older oedematous children were 

experiencing the cessation of breast milk with it's protective effect against infections, as well as 

the introduction of complementary foods which exacerbates nsk of pathogens causing increased 

incidence of illnesses and infections. The latter can adversely affect the chiId's nutritional status, 

leading to wasting in the presence of oedema (i.e., kwashiorkor). Complete cessation of breast 

feeding aIso results in the lack of adequate animal protein and energy if the foods are of low 

nutrient- and energy-density, as occurs with semi-liquid plant-based complementary foods. 

Unexpectedly, the prevalence of stunting indicative of chronic malnutrition was lower 

among the older children with oederna (53%) than the younger ones without oedema (72%) 

(Table 6.3). In Malawi, higher rates of stunthg are generally found in older children (Afnca 

Regional DHS, 1994). Differences in anthropometric indices of body composition also occurred 

and were consistent with those reported for children with kwashiorkor or marasmus. Depletion 

of fat and skeletal muscle was much greater among the non-oedematous compared to the 

oedematous children (Table 6.4). 

Body composition measurements and indices also differed for wasted children with and 

without oedema (Table 6.4) and were consistent with reported differences for kwashiorkor and 

marasmus; children with oedema had much less severely depleted fat and skeIetal muscle 

deposits, as indicated by AFA and AMA than the children without oedema (Table 6.4). These 

differences in body composition indices persisted, even after controlling for wasting in the 

statistical analyses. 

Higher levels of body fat and skeletal muscle are characteristic of children with 

kwashiorkor in whom subcutaneous fat is rnaintained despite some wasting of skeletal muscle 

(Haider & Haider, 1984)- By contrast, in wasting in the absence of oedema (i.e., marasmus), 



there is wasting of both skeletal muscles as well as fat depots (Haider & Haider, t 984). Adipose 

tissue constitutes the primary energy reserve of the body, providing energy by lipolysis during 

periods of starvation or depletion. Tissue protein reserves provide energy by conversion to 

glucose via gluconeogenesis. Skeletal muscle makes up about two-thirds of the total body protein 

and provides an indicator of the seventy of protein-energy malnutrition, irrespective of the cause 

of the underlying negative nitrogen b a h c e  (Haider & Haider, 1984). Mid-upper-am muscles 

area is preferable to circumference, because it more adequately reflects the true magnitude of 

skeletal muscle, thus estimating protein reserves of the body and hence protein nutritional status 

(Gibson, 1990). 

The negative correlation found in our study between plasma zinc and arm muscle area 

(AMA) but not AFA or SSF in the non-oedematous groups, may be due to increased uptake of 

zinc to rebuild muscle tissue - indicating insufficient dietary zinc to maintain both tissue 

synthesis and plasma zinc levels. This correlation was only evident in those non-oedematous 

children, classified as mild to moderately wasted (Le., those most likely to be rebuilding muscle) 

and was consistent with the findings of Golden and Golden (198 1) in their study of Jarnaican 

children recovering from malnutrition. 

6.4.2.2 Biochemical protein status 

Both the children of this study classified as oedematous and non-oedernatous appear to 

be severely protein depleted based on the anthropometric indices estirnating somatic protein 

status (i.e., MUAC and AMA). The biochemical indices of visceral protein status support this 

finding; 46% were classified as protein deficient based on low plasma albumin and 20% based 

on low plasma transthyretin (Table 6.6). Nevertheless, children with oedema had a sipXcantIy 

lower plasma albumin than those without oedema (Table 6S), consistent with previous reports 



(Suskind & Suskind, 1990). This trend may be due to low dietary protein ancilor infections. 

Early studies of children with kwashiorkor or those fed a low protein diet have reported a 

reduced rate of albumin synthesis (Waterlow, 1992). Other dietary factors, such as zinc intake 

may also affect plasma albumin levels. For example, supplementing patients with zinc resulted 

in an increase in the serum albumin concentration (Walhlqvist et al, 198 1). Wection may also 

have contributed to the hypoalbuminemia because 20 percent of the group were HIV positive and 

26 percent had tubercdosis (TB). In addition, pneumonia and contaminated bowel syndrome, 

both almost universal in malnutrition; trauma and hepatic diseases of all types result in Iow 

plasma albumin concentrations (Golden, 1982a). 

The fall in plasma albumin during infection may be partiy associated with the increased 

production of the acute phase proteins, which may divert amino acids away fiom albumin 

synthesis (Liao et al, 1986). Another possible rnechanism of hypoalbuminaemia is an increased 

loss of albumin from the capillaries, arising from increased capillary permeability as a result of 

infection (Fleck et al, 1985). A M e r  route of loss is through the gut, especially in the presence 

of diarrhoea (Cohen et al, 1962; Dossetor & Whittle, 1975). 

Plasma albumin concentrations were inversely related to age in this study, a trend likely 

due to the older chiIdren manifesthg kwashiorkor (since the correlation is only significant in the 

oedematous children when the sample is andysed separately) coupled with the significantly 

Iower incidence of breast feeding arnong this group. Cessation of breast feeding will result in 

inadequate intakes of protein (both quality and quantity), infections, anorexia, andior unbdanced 

diets. The latter may have resulted in low plasma albumin concentrations in the older children 

due to reduced protein synthesis arising from inadequacies in energy, electrolytes, certain 

vitamin andior minerais, pdcular ly  those micronutrients associated with protein in foods (e.g., 

zinc and iron). Certainly, plasma albumin was also related to the degree of wasting (Le., as 

wasting increased, plasma albumin decreased). 



Because only 20% of children had low transthyretin levels, the transthyretin levels rnay 

have aheady increased in response to the hospital diet received for 12 (B) days on average, 

before beginning the study. Transthyretin responds rapidly to refeeding - in as Little as three 

days (Haider & Haider, 1984) - due to its short haif-life and smali body pool. Nevertheless, 

transthyretin rnay not necessarily reflect protein statu; energy restriction appears to have a much 

more profound effect upon the rapidly tuming over proteins such as transthyretin than protein 

deficiency (Shetty et al, 1979). Transthyretin is also depressed by iron restriction, Liver disease 

and minor stresses and inflammation, and markedly elevated in rend disease (Golden, 1982a), al1 

conditions which rnay have confounded our results. Indeed, stress rnay have been an important 

determinant in this study because pIasma transthyretin concentrations were not related to the 

degree of wasting or to oedema. 

6.4.2.3 Biochemical iron statur 

Almost all of the children studied here irrespective of type of malnutrition were anaemic 

(92%) (Table 6.8) with 50% with haemoglobin concentrations below the level(80 to 100 g/L ) 

typical of the moderate anaemia of PEM (Waterlow, 1992). Such severe anaemia may be 

associated with a low dietary intake of poorly available iron in the Malawian diet, compounded 

by malaria and parasites such as hookworm (Stoltzfis et al, 1996; Crompton & Whitehead, 1993) 

and schistosomiasis (Stephenson, 1993), al1 of which are endemic in Malawi. 

Additional dietary factors that rnay limit haemopoiesis are protein, certain vitamins (e.g., 

folic acid and vitamin A), and copper. In addition, decreased Me-span of red ceus in PEM, 

anaor suppression of erythropoiesis by chronic infection rnay also result in anaemia (Waterlow, 

1992). Although only four percent of o u  study children tested positive for malaria, it is Wely 

that previous infections with malaria contributed to the high rates of anaemia by decreases in 



haemopoiesis as weli as increases in the haemolysis of erythrocytes. It is aIso probable that 

children who had malaria and very low haemoglobin levels had already died. Aiso, the chronic 

infection of tuberculosis in 26 percent of the children contributes to anaemia (Waterlow, 1992). 

Unexpectedly, haemoglobin values were found to be lower in the children with oedema 

than those without. It may have been simply that the selection criteria excluded those non- 

oedematous children who were both wasted and severely anaemic, as they may have k e n  too 

sick to meet the admission criteria. Alternatively, the higher rates of anaemia among oedematous 

children may be associated with greater losses of iron arising from a higher incidence of 

infections (or parasites, e.g., maIaria) than in the wasted groups and/or to lower breast feeding 

rates and thus intakes of lower animal protein and readily bioavailable iron. Some researchers 

have suggested that there is 'misplaced' iron in kwashiorkor (Le., unbound bon that is available 

to promote bacterial overgrowth or fkee radical formation) (Dempster et al, 1994). 

Nthough almost alI chiIdren had Zow haernoglobin (92%) and mean cell haemoglobin 

concentrations (MCHC) (94%), less than one half (46%) were identified as anaemic based on 

haematocrit values. Such a discrepancy is lïkely a reflection of a decrease in plasma volume 

often seen during protein-energy malnutrition. Plasma volume decreases in PEM by about 10 

percent in both oedematous and non-oedernatous children, but can recover rapidly with a 

vigorous treatment (Waterlow, 1992). A lower plasma volume would resuit in a higher 

percentage of packed red blood cells per volume plasma. The results of the MCHC (94% low) 

and erthyrocyte protoporphyrin (EP) (77% high) suggest that this is indeed the case. The routine 

diagnosis of anaemia at the Mangochi District Hospital is by haematocrit, undoubtedly resulting 

in under-diagnosis of anaemia (Le., an extremely high rate of false negatives). Results of this 

study emphasize the importance of diagnosing anaemia in malnourished children on the basis of 

haernoglobin rather than haematocrit. 



Whatever the causes, the potential negative impact of anaemia on growth, immune 

fimction and mental development in these senously malnourished children are cIearly serious 

problems. Thus, the diagnosis and treatrnent of anaemia is critical - especially in malnourished 

children. 

6.4.2.4 Biochemical zinc status 

Assessrnent of zinc status is especially difflcult in malnourished children. Oedematous 

children, as noted here, are lcnown to have lower plasma zinc concentrations than marasrnic 

children (Golden and Golden, 1979) pobably because zinc is released into the plasma as a result 

of the higher rate of muscle catabolism that occm in marasmus. It is unlikely that the plasma 

zinc levels in the children were elevated as a result of diminished plasma volume arising fkorn 

dehydration. Severely dehydrated children were excluded from this study and oral rehydration 

salts were administered when children experienced dehydrating diarrhoea or had clinical 

symptorns of dehydration. Another reason for the unexpectedly higher levels of plasma zinc 

(only 32 percent with low plasma zinc) may have been due to the time elapsed between the 

taking of blood and separation of plasma (between one and three hours). There may have been 

loss of zinc from the fragile red blood ceIls of the malnourished children before the plasma was 

separated (English et al, 1988). 

The weak positive correlation between plasma zinc and albumin (r2=0.07; p<O.01) in the 

combined groups of oedematous and non-oedematous children arose fkom the correlation 

behueen plasma zinc and albumin in children with oedema (r2=0.08; p<0.01). No correlation 

existed between plasma zinc and albumin in the children without oedema. In apparently healthy 

subjects, plasma zinc and albumin are more highly correlated (Cavan et al, 1993 where r2=0.09, 

p<0.00 1; McMillan & Rowe, 1982, where r2=0.12, p<0.001), as zinc is normally transported in 

the plasma bound principdly to albumin. 



Plasma zinc is unlikely to be a specific or sensitive indicator of zinc status in the severely 

mahourished children studied here. Plasma zinc is h o w n  to be reduced by infections such as 

HIV and TB noted here (Table 6.1) as part of the acute phase response (Falchuk, 1977) as well 

as by oedema discussed above (Golden and Golden, 1979). The redistribution of zinc fiom 

plasma to the liver during acute infection or inflammation, is mediated by Ieukocytic endogenous 

mediator that is Liberated by phagocytizing cells during acute-phase response (Cousins & Leinart, 

1988; Van der Poil & Suaerwein, 1993). 

It is possible that low plasma zinc concentrations may be an adaptive response to severe 

protein malnutrition because in animal studies, low plasma zinc was reported in severe protein 

deficiency even in the presence of adequate and high levels of dietary zinc (Filteau & 

Woodward, 1982). Finally, low plasma zinc may be a result of a shïfl in Wic fiom plasma to 

rebuilding of tissue during recovery fiom malnutrition, as we found a negative correlation 

between plasma zinc and A M , ,  consistent with previous reports (Golden & Golden, 198 1). 

The plasma albumin to zinc ratio was not related to wasting (WLZ), or to oedema in this 

study. If plasma zinc was related to albumin in malnutrition, then one would expect that talcing 

into account albumin in the analysis would elirninate the effects of hypoalbuminemia. However, 

the reliability of albumin to Wnc ratio to reflect zinc status is uncertain in this study because zinc 

and albumin were not correlated in al l  the mainourished groups of children. 

The absence of any relationship observed here between hair zinc concentration and 

length for age z score was not unexpected and may be due to the confounding effects a reduction 

in hair growth in severe malnutrition. Also, the children in this study were severely stunted such 

that there was not a large enough range in LAZ scores to observe correleations. Zn addition, there 

was no correlation found between hair zinc and age of the children. It is of interest, though that 

the younger wasted children without oedema were more stunted than the older wasted children 

with oedema, even though length for age z score was negatively correlated with age (r2=0.06; 



p<0.01). It may be that the younger children were aIso zinc deficient, as stunting is characteristic 

of zinc deficiency and zinc deficiency has been implicated in Maiawian preschoolers (Ferguson 

et al, 1993). 

6.4.2.5 Immune finction 

The level of immunocompetence as measured by DHS test was very low in this group - 

over one haif of the children (52%) were anergic, M e r  indicating their compromised 

nutritionai status. Ln healthy children the DHS test is age-dependent, with older children 

showing a greater response. However, in the case of these childi-ien, there was no correlation 

between age and DHS (for either sum of diameter of responses o r  proportion anergic) indicating 

that the older children with oedema were likely more immunosuppressed than the younger 

children without oedema. For the older, more acutely rna1nouris;hed children (according to 

WAZ and WHZ), a lower response was observed obscuring any relationship between DHS tests 

and age. 

Imniuno-suppression due to virai diseases may have been an additionai confounding 

factor. A total of 38 percent of the children were diagnosed as having HTV, TB or both 

infections. Recent or overwhelming infection with M. tuberculosis; or infections (viral, such as 

HN, bacterial, e.g., typhoid fever) are potentid causes of fdse-negative tuberculin skin-test 

reactions (Huebner et al, 1993) and 26 percent of the children had TB. Other viral diseases (e-g., 

undiagnosed TB, mumps) may have been present but were not clinically diagnosed. 

An additionai factor responsible for the average low respanses, may have been the initial 

site used for application of the DHS tests. The thigh rather than Che ann was used as the site of 

application of the DHS tests for the first 48 percent of the childrem tested for DHS (n=102), given 

the ages and size of the children involved in the study, consistent with the site chosen in a study 

of immune response in PEM children between one and three years of age in the Ivory Coast with 



the same Multitest DHS Kits (Douchet et al, 1985). However, the skin may be tbicker on the 

thigh than on the inner fore-. 

As a result of the very high percentage of anergic responses, the site of application was 

changed to the back during the study in an effort to enhance sensitivity. Hence, for 52 percent 

of children, the multitest was applied in the dorsal area between the left scapula and the spinal 

column in view of the greater similarities of the skin with that of the forearm (e.g., thickness). 

The tests were significantIy (t test pc0.05) more sensitive on the back than the thigh area (mean + 
SD sum of responses of back and thigh areas were 1.3W.27 and 0.3 lirl -10 mm, respectively). 

However, there were no correlations with age or any other variables on either the thigh or the 

back area. 

Seventeen percent of children had WBCC lower than the normal range (~4000 

cells/mm3), indicating a poor immune response. Total white blood cell count, however, provides 

limited information regarding the immune status of children. The total WBC is composed 

rnainly of neutrophils (average 5400 cells/&; range 3000 to 6000) and lymphocytes (average 

2750; range 1500 to 4000 cewmm3). m a t  is, neutrophils normally compose 50-70% of the WBC 

and lymphocytes compose 20-40%, with eosinophils, basophiIs and monocytes making up the 

rest. Since the average WBCC is 6704 cells/mm3, it is unlikely that these children were either 

lyrnphopenic or neutropenic. If the cbildren were lymphopenic (Le., lymphocytes < 1500 

c e W d ) ,  as is the case in zinc deficiency, then the neutrophils wouId have to be > 5200 - 

consisting of alrnost 80% of total WBC - which is not Likely. 

Recognising the limitations of such extrapolation, it appears that the low level of DHS 

test in both the oedematous and non-oedematous groups was probably not due to lymphopenia, 

because the total WBC counts were too high. Either the lymphocytes are not fûnctioning in the 

normal response to DHS test and/or they are king suppressed by other factors. 



6.4.3 Etiology of oedmatous and non-oedematous malnutrition 

The lower prevalence of stunting among the older children with oedema than the 

younger ones without oedema, may hdicate that the malnutrition in the oedematous children of 

. this study was more recent, and not associated with a history of chronic malnutrition, and thus 

probably of different aetiology than that of the children without oedema. 

The reasons why some children develop oedema with wasting (kwashiorkor) and some 

develop oniy a wasted condition (marasmus) are not clear. The classical theones for the 

developrnent of kwashiorkor and marasmus are very simple: 1) oedema is caused by low plasma 

albumin; and 2) hypoalbuminaemia results from an inadequate protein intake whereas marasmus 

is caused 5y a deficient energy intake (Waterlow, 1984). The classicd theory of kwashiorkor as 

a syndrome of protein deficiency fell into disrepute when dietary surveys in many countries 

showed that virtually aU cmdren were getting more than their protein requirement, as estimated 

by FAO/WHO (1973) but not enough energy (Waterlow, 1984). To date, the cause of 

hypoalbuminaemia is not clear; whether it is the result of or the cause of kwashiorkor is not yet 

established. Other dietary factors could also be responsible for lower plasma albumin. For 

exarnple, when patients with adequate dietary intakes of protein and energy (but clearly zinc 

deficient) were supplemented with zinc, there was an increase in the s e m  albumin 

concentration, indicatuig that zinc depletion was responsibie for the hypoalbuminemia and not 

the reverse (Bates & McClain, 198 1). Golden (1982b) suggests that it is probably impossible to 

have a protein deficiency without an even more profound zinc deficiency, and considers zinc 

deficiency to be at least as plausible an explanation for an observed low plasma albumin as 

protein deficiency. 

The development of kwashiorkor may be less related to quantity of protein than to the 

quality of protein, combined with the effect of infections and lack of protective factors from 

breast milk. The results presented here indicate that children who were receiving animal protein 



fiom breast milk had a tendency to develop marasmus whereas the older children who were less 

Iikely to be breast feeding, had kwashiorkor, possibly induced by insufficient intakes of energy 

and animal protein (Ferguson et al, 1993) despite an adequate intake of vegetable protein. The 

lack of animal protein coupled with the likelihood of higher rates of infection, may have led to 

the hypoalbuminemia, fatty liver and oedema of kwashiorkor. The treatment of all children with 

adequate animal protein through cow's milk, with additional energy levels (via oil and sugar) 

was likely to meet the needs of the children for energy as well as both quantity and quality of 

protein. 

6.4.4 Implications for treatment of non-oedematous and oedematous malnourished 
children 

The high rates of chronic malnutrition (stunting) especidy among the younger children 

without oedema, emphasize the importance of providing non-oedematous children with adequate 

intakes of those nutrients associated with stunting such as calcium, zinc, iron, folic acid and 

vitamin A. 

Unfortunately at the time of the study, both the kwashiorkor and marasmic children were 

given the same nutritional treatment when admitted to hospital in Malawi. The therapeutic diet 

consisted of high energy milk (HEM) and Likuni Phala (unrefmed maize and soy mixture), and, 

as a result was adequate in energy, protein and calcium but high in phytate and low in readily 

available zinc. Daily supplements of iron, in the form of ferrous sdphate (3 mg elemental 

iron/kg/day), folk acid (1 W d a y )  and vitamin A (60,000 RE on days I ,  2 and 8) provided an 

additional supply of these nutrients. Nevertheless, no supplemental zinc was provided, despite 

the high possibility that the wasted children of this study were also deficient in zinc. Therefore, 

zinc appeared to be an important limiting nutrient that should be included in the therapeutic diets 

of these children, especially for the wasted children. 



Results of anthropornetric indices of body composition, confirnied these fmdings, that 

the children without oedema also required higher levels of certain nutrients such as zinc, that are 

essential for rebuilding of both lean and fat tissue, than the oedematous children. Ceaainly some 

studies (Golden & Golden, 198 la; Simmer et al, 1988; Castillo-Duran et al, 1987; Walravens et 

al, 1988; Shivastava et al, 1993) but not aU (Golden & Golden, 1992; Hernalatha et al, 1993; 

Chevalier et al., 1996; Sempertegui et al, 1996; Doherty et al, 1998)- have found that 

mahourished children deposit more muscle tissue and weight when adequate zinc is available 

during the recovery period. 

The higher rates of anaemia in the group as a whole, and especially in the oedematous 

chiIdren, imply that the current treatment for anaemia was ineffective, despite the strong 

emphasis on treatment of anaemia in mahourished children in Malawi involving albendazole 

upon admission to the hospital, and iron in the form of ferrous sulphate (3 mg elemental 

ironlkglday), folk acid (1 mglday) and vitamh A (60,000 RE on days 1 ,2  and 8). Consequently, 

additional recommendations could include methods to decrease the level of phytate, a potent 

inhibitor of non-haem iron absorption, by using refined maize flour andor an exogenous source 

of phytase enzyme in the therapeutic food (Likuni Phala), and administering copper as a 

supplement. 

6.5 Conclusions 

The Mdawian children of this study were more severely mahourished on average, as 

indicated by very IOW mean (ItSD) weight for length (WLZ), length for age GAZ), weight for 

age (WAZ) z scores than those reported in earlier studies of mahourished children in developing 

countries (Castille-Duran et al, 1987; Chevalier et al, 1996; Golden & Golden, 198 1; Hemalatha 

et al, 1993; Sempertegui et al, 1996). As well, their skeletal muscIe and fat tissue were also 



severely depleted as indicated by anthropometric indices of body composition. Almost al l  

children were anaemic; one-half of the children were so immuno-suppressed that they were 

anergic and twenty percent were HIV positive. The children of this study represented the best 

twenty-one percent (121/613) of the malnourished children admitted to Mangochi Dismct 

Hospital during the study period; the remainder did not qu- for entry into the study on the 

basis of their lack of weight maintenance or gain over three to five days in the f m t  several weeks 

of hospital admission. Therefore this sample of children did not represent the average child 

admitted to the nutrition ward of the hospital in Mangochi District, rural southem Malawi. Thus 

the conclusions are not generalisable to children with severe kwashiorkor (e-g., with pitting 

oedema) nor to those children who did not meet the other criteria for admission to the study. 

The observed differences in the incidence of stunting (Lm, depletion of muscle mass 

and fat stores (AMA and AFA), and iron deficiencies of children with and without oedema Iikely 

reflected different aetiologies of these types of malnutrition and therefore the need for different 

treatment protocols. T ' o s e  children without oedema were younger, more likely to be stunted, 

had lower levels of skeletal muscle and fat tissue, and had been in the hospital for a longer penod 

of time, consurning a hi& phytate to zinc ratio of therapeutic food and receiving fiigh iron 

supplements. It may be that the younger children who were more stunted were in fact, also zinc 

deficient, as stuntuig is characteristic of zinc deficiency and zinc deficiency has been implicated 

in Malawian preschoolers (Ferguson et al, 1993). Further study needs to be carried out to 

determine the role of zinc in wasted children in recovery fkom severe malnutrition - both those 

with and without oedema. 

The results of this study indicated that haemoglobin rather than haematocnt was a more 

reliable assessrnent of anaemia in this malnourished population; that MUAC was a more specific 

indicator of acute wastkg than WAZ; and that the DHS multitest was more sensitive on the back 

area than on the thigh area. Caution should be used in interpreting plasma zinc and haïr zinc 



results as indicators of zinc status and plasma albumin and transthyretin as indicators of viscerai 

protein status of severely malnourished children. 

Further study is required to identify aetiology, distinguish the characteristics of both 

kwashiorkor and marasmic-type of malnutrition and to determine appropriate tests for monitoring 

nutritional deficiencies of such malnourished children. Moreover, M e r  research is required to 

test and define appropriate nutrient levels and compositions for therapeutic diets to promote 

optimal recovery of growth and imxnune function of those children recovering fkom malnutrition 

with associated oederna and those mahourished without oederna. 
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Chapter 7 Therapeutic effects of zinc fortification on immune function and 
morbidity in recovery from severe malnutrition in Malawian children. 

Zinc is involved in many functions of the immune system, fjrorn the barrier of the skin to 

gene regdation within lymphocytes (Shaakar & Prasad, 1998). Zinc is crucial for normal 

development and function of cells mediating nonspecific irnmunity such as neutrophils and 

natural killer ceiis. Zinc deficiency also affects development of acquired immiinity, through 

decreasing the proMeration and function of T lymphocytes. T lymphocyte responses such as 

delayed hypersensitivity and cytotoxic activity are suppressed during zinc deficiency and 

reversed by zinc supplementation (Pekaraek et al, 1979). Likewise, B lymphocyte development 

and antibody production, particularly irnmunoglobulin G, is compromised (Shankar & Prasad, 

1998). 

Several studies of rnalnourished children have s h o w  zinc supplementation (1 to 2 mg/kg 

body weight/day) during rehabilitation to restore suppressed delayed hypersensitivity responses 

(Golden et al, 1977; Golden et al, 1978; CastiUo-Duran et al, 1987; Schlesinger et al, 1992; 

Sernpertegui et al, 1996; Chevalier et al, 1996). In Chile, a placebo-controlled, randornised trial 

found a significantly higher percentage of infants receiving a zinc supplement for three rnonths to 

show an improved cutaneous delayed hypersensitivity @HS) response compared to  the placebo 

group (Castiilo-Duran et al, 1987). Similarly in Ecuador, a sixty day placebo-controlled zinc 

supplementation trial of rnoderately mahourished children resuited in an improvernent of DHS 

responses in zinc supplemented cornpared to placebo group (Sempertegui et al, 1996). in 

Bolivia, rehabilitation of severely rnalnourished children in a case-historicaily matched cohoa 

study reported zinc supplemented children had faster thymic mass recovery than the control 

children (Chevalier et al, 1996). 



In apparent contradiction to the above results, the effects of zinc on children recovering 

fiom maInutrition appear to be detrimental to some immune fimctions. In Chile, the nutritional 

rehabilitation of marasmic children with a higher dose zinc supplementation (2.0 mg Znkg body 

weightlday) resdted in significantly lower percentage of monocytes exhibithg phagocytic 

activity, and a simcantly higher number and duration of impetigo episodes than among infants 

receiving lower doses of zinc (0.4 mg Zn/kg body weightlday) (Schlesinger et al, 1993). 

Moreover, a recent study in Bangladesh found that hi&-dose zinc (6.0 mg/kg/day) significantIy 

increased mortality over low-dose zinc supplementation (1.5 mg/kg/day) in malnourished 

children (Doherty et al, 1998). The effect of zinc on various aspects of the immune system in 

children recovering from severe malnutrition is unclear, as is the optimal level of zinc for 

children under these conditions. 

The therapeutic effects of zinc supplementation on morbidity of children recovering fiom 

malnutrition have been varied. Four studies found a reduction in diarrheal severity (as measured 

by stool frequency) (Sachdev et al, 1988; Sazawd er al, 1995; ICDDR, 1995; Roy et al, 1997); 

three of which aiso found a reduction in duration of diarrhoea (Sazawal et al, 1995; ICDDR, 

1995; Roy et al, 1997). In contrast, one study of the therapeutic effects of zinc in severely 

malnourished children found no effect on episodes of diarrhoea (CasMo-Duran et al, 1987) 

whereas another found a higher number of diarrhea episodes in the zinc supplemented cornpared 

to the placebo group of malnourished infants (Schlesinger et al, 1992). 

Results evaluating the preventive effects of zinc on diarrheal diseases in larger 

community-based morbidity studies have been more consistent. Four studies have found zinc to 

reduce diarrheal incidence (Sazawd et al, 1997; N i  et al, 1996; Rosado et al, 1997; Rue1 et al, 

1997) at levels of 10 to 20 mg/day for 5 to 12 months and one failed to find an effect of zinc 

supplernentation on diarrhea (Bates et al, 1993). The levels used in these studies correspond to 

between 1.0 and 2.0 mg Zn/kg/day. 



Various other therapeutic effects of zinc supplementation have been reported in children 

recovering fiom malnutrition. In Ecuador, the zinc supplemented children had a significantly 

lower incidence of fever, cou& and upper respiratory tract infections than the placebo group 

over a sixty day intervention period. However, other studies have reported no changes in 

respiratory infections (Schlesinger et al, 1992; CasilIo-Duran et al, 1987)- 

The present study was conducted to examine and compare the therapeutic effects of a 

complementary food with reduced phytate content, fortified with micronutrients with and without 

zinc on immune function, as assessed by delayed hypersensitivity tests and morbidity, in children 

r e c o v e ~ g  fiom severe malnutrition. In addition, the effects of zinc fortification on immune 

function and morbidity were examined in the malnourished children classified into those with 

and without oedema. 

7.2 Methods 

Subjects for this study were recruited fiom those children between the ages of six and 61 

months admitted to the nutrition ward of the Mangochi District Hospital, southem Malawi. 

Children were included in the study if they met the following critena: 1) were either maintaining 

or gaining weight over a penad of three to five days; 2) tolerated the phase II diets (Likuni Phala 

and high energy rnilk feeds); 3) had no obvious pitting oedema or severe dehydration; 4) had no 

syrnptorns of tuberculosis (TB) or were king  treated for TB; and 5) their caregivers had agreed 

to comprehensive nutritional assessrnent and HIV testing. Verbal consent was obtained fiom al1 

the caregivers (e.g., parents) of the participants in the study, after the nature of the sntdy had 

been fXly explained to them. The protocol was approved by the Human Ethics Conmittee of the 

Health Sciences Research Committee, University of Malawi and by the Human Ethics 

Committee of the University of Guelph, Canada. 



AU eligible children were stratified according to HIV status (positive or negative), 

gender (male or fernale), age (6 to 24 months or > 24 months), and nutritional status W C - 2  or 

WLZ2 -2) and then randomly assignai to one of the three treatrnents, The randomisation was 

done by using a Latin square to randody order the three groups and then repeating these orders 

under each treatment blocks. The major investigator, ail research assistants and aU those 

participating in the study were blind to which children received the zinc foaified treatment. 

However, the three treamient groups were colour coded such that aLl involved knew which colour 

group they were part of, but were blind to which of the colours corresponded to the zinc fortif~ed 

treatment. The three treatments were: 1) unmodified, unfortified LP 0 , 2 )  modified LP, 

fortSed with micronutrïents with no added zinc (F), or 3) modified LP, fortified with 

rnicronuîrients and added zinc (ZF). 

7.2.1 Treatment groups 

In this study we modified the local Malawian complementary food, L W  Phala (LP) 

that was used for the treatment of malnutrition in Malawi. Likuni Phala is based on a mixture of 

unrefined maize and soy f l o u  (in a maize:soy weight ratio of 80:20) and is prepared in a 

watecflour volume ratio of about 80:20 for therapeutic feedings. The prepared food provided 

approximately 80 kcal and 3.0 g protein per lOOg of cooked pomdge. However, the phytatezinc 

molar ratio of the cooked food was very high (i.e., 31) whereas the corresponding concentrations 

of zinc (0.7 mg) and iron (1.0 mg) per 100 g cooked pomdge were relatively low (Gibson et al, 

1998). The LP was modified by using refined maize flour, which decreased the amount of 

phytate fiom 800 mg/100g to 234 mg/100g dry weight in the maize flour, thereby decreasing the 

phytatezinc molar ratio from 3 1 to 22 in the LP. The decrease in phytic acid content from 8 16 

mg to 363 mg/lûû g dry weight LP, will increase absorption of zinc and iron fiom other food 



sources, such as milk. The LP was M e r  modified by fo-g it with zinc as an amino acid 

chelate and other micronutrients (see below). 

The LP was prepared and fed to the study children under the supervision of research 

assistants, three tirnes daily for a penod of four weeks, in addition to their four times daily high 

energy milk (HEM) feeds. Study children were recniited over 9 months (fiom Aug 1994 to May 

1995). The cornpliance of study children consuming the LP was 100 percent and ai l  LP intake 

was weighed daily over the entire four week period for each child, 

7.2.2 Fortification levels 

The level of zinc fortXcation (50 mg zinc /IO0 g LP) was based on: (a) the 

recommendations by WHO (1999) and Briend & Golden (1993) for malnourished children (2-4 

mgkglday); and (6) the assumption that only 20 to 30% of the zinc would be absorbed because 

of poor bioavailability of the plant-based diet. The fortification levels were calculated based on a 

pilot study of the amount of LP consumed by severely malnourished children (n=10) between 6 

and 36 months of age recuperating at the Mangochi District Hospital. These malnourished 

children consumed 1 4 to 21 g LPIkg body weight/day or an average 150g dry flour LP/day in 

addition to HEM. Therefore, the LP was foaified to 50 mg/100 g, providing a ctiild with 7 to 10 

mg zinc/kg/day, and assuming a 20% absorption rate, 1.4 to 2 mg/kg/day. 

For most nutrieats, the LP was fortified to levels that would nieet the recommended 

composition of a third world compIementary food (Walker, 1990) as well as the daily 

requirements for a heaIthy child of 12 to 36 rnonths of age for niacin, riboflavin, thiamin, 

pyrodoxine HC1 (B6), and folk acid (Passmore et al, 1974; FAO, 1988). The energy and nutrient 

requirements for mainourished children in the recovery phase are higher than in healthy chiidren 

due to the need for tissue synthesis and repair, problems of malabsorption due to changes in 

intestinal tract, and greater losses due to diarrhoea (Suskind & Suskind, 1990; Briend & Golden, 

1993). Likuni Phala, high energy mi.& and in sorne cases, breast milk, are the sole foods which 



must provide these mahourished children a l l  necessary energy and nutrients, during the recovery 

from malnutrition at the hospital. Therefore, the LP was foaifled with 6 mg niacin / 100 g LP, a 

level which would provide a 6.9 kg child, consuming 150 g LP with 9 mg niacin meeting the 

child' s daily niacin requirement through LP alone. Fortification Ievels were also based on the 

recommended intakes for riboflavin (0.8 mgld), thiamin (0.5 rngld), pyridoxine HCl(2 mg/d), 

and folk acid (40 Md).  Vitamin C fortification levels were higher (35 mg/100g) than the 

recornmended levels (13 mg/100 g) to enhance non-haem iron absorption (Cook & Bothwell, 

1984) and based on reported Ievels given to severely malnourished children of 50 mg ascorbic 

acid/day (Castille-Duran et al, 1987). Vitamin E fortification levels (6 TC1/100g), in the form of 

tocopheryl succinate, were based on levels used for successfully treating malnourished children 

with cow's milk (6 IIJ/L milk) (Schlesinger et al, 1992). The LP was not fortified with either 

vitamin A or D. Vitamin A (60,000 pg retinol equivalents (RE)) is routinely given to al l  children 

upon admission to the nutrition ward at Mangochi District Hospital. As weLl, there is a national 

vitamin A supplementation program whereby children are given the same high dose of vitamin A 

every 6 months, The human skin can synthesise a vitamin D precusor fÏom ultraviolet light that 

is absorbed directly into the blood. Because the children on the nutrition ward spend many hours 

in the sunshine outside the ward, with few or no clothes on, it was deemed unnecessary to fort* 

the LP with vitamin D. 

Mineral Ievels were determined on the basis of recommended requirements for 

mahourished children, previous studies of malnourished children, the local diet and conditions. 

Ferrous fumarate was selected for the iron fortificant because it is a highly avdable iron source 

for humans and can be used to fort* infant cereals without causing fat oxidation, discoloration, 

or storage problems (Hurrell et al, 1989). Likuni Phala was fortified with 50 mg Fe/l OOg, 

providing about 8 to 10 mg FeAcgiday, a level which resulted in a 1: 1 Fe:Zn ratio to avoid any 

antagonistic interaction between Fe and Zn (Solornons et al, 1983). This is higher than other 



studies in which supplementation levels were between 1 to 2 rng/kg/d (Castille-Duran et al, 

1987; Hemalatha et al, 1993; Schlesinger et al, 1992) and recommended iron requirements for 

malnourished children of 2 to 4 rngkgday, after the first week of treatment (Savage King & 

Burgess, 1992; Briend & Golden, 1993; WHO, 1999). The level of copper fortification was 

cdculated on the basis of 80 pg Cukg body weight/day based on previous studies of copper 

supplementation of malnourished children (Castille-Duran et al, 1987; Castille-Duran et al, 

1988). This wodd correspond to 3 15 pg Cu/100 g LP flour. However, because our levels of 

iron and zinc were much higher, this level was doubled to 630 pg Cu/100 g LP flour, resulting in 

a iron or zinc:copper ratio of 80: 1, which is higher than the recomrnended ratio of 10: 1 (Smith & 

Bidlack, 1980; Seely et al, 1972; Salmenpera et al, 1994). Calcium was added as caIcium 

carbonate to 50 mg/lûO g LP, based on the recommendations of the Royal Tropical Institute, 

Amsterdam for a complementary food (Walker, 1990). ïodine was added based on a 

recommended level of 50 Mday (WHO/UNICEF/ICCIDD, 1993). 

Magnesium (as magnesium chloride) was added to the HEM at concentrations to provide 

12 mg/kg/day, as was potassium (as potassium chloride) to provide 118.5 mg potassiurn/kg/day. 

Potassium and magnesium were added to the HEM, as it was felt that it was not ethicd to with- 

hold potassium fkom severely malnourished children; and the magnesium chloride was 

unavailable at the time of fortifkation of LP. 

The fortification and modification of LP was carried out by Rab Processing Ltd, PO Box 

5338, Limbe, Malawi. Rab Processing Ltd routinely manufactured LP for the World Food 

Program (WFP) which was distributed to malnourished infants and children attending nutrition 

clinics held weekly in health centres and to hospitals for therapeutic feeding on the nutrition 

wards. The LP was supplied at no cost to mothers by the WFP. The LP was donated by WFP for 

the purposes of the research, and was modified and fortifïed by Rab Processors Ltd, also at no 

extra cost. The LP was made in three batches over the nine months of research in order to 



maintain a good shelf life. The modified and fortified mixtures were transported from Blantyre 

to Mangochi by the research coordinator (ACM), in order to ensure tirnely deliveqr of the food 

and to avoid mixes with the regular LP shipments. The fortificants were donated by Jameison & 

Company Ltd, 2051 Ambassador Dr., Windsor, Ontario N9C 3R5 for the purposes of the 

research. Rab Processing Ltd estimated that the additional cost (1994) incurred by f o r t m g  LP 

with micronutrients would be US $50-100 per metric ton (MT) (P Mahnot, personal 

communication, 1994); the 1994 cost of unfortified LP was US $400 per MT. 

7.2.3 Nutritional treatments 

Chiidren with oedema or signif~cant diarrhoea on admission to the hospital were given 

Phase 1 dietary treatment. Phase 1 nutritional treatment was dilute high energy milk (HEM) 

feeds, given 7 times per day (as there were no staff available for a night tirne feed). Phase 1 diet 

is similar to half-strength milk with extra sugar and oil, which brings the energy density up to the 

equivalent of breast milk. A volume of 120mVkg body weigW24 hour penod was given, 

providing 100 kcal and 1.5 g protein k g  body weighti24 hours. The dilute HEM was made prior 

to each feeding fiom milk powder (either whole or skunmed), sugar and oil. Potassium and 

magnesium were added to the milk in their chlonde forrns to provide 118 mg/kg/day and 12 

rngkdday, respectively. Phase 1 Iasts for about four days until the oedema and diarrhoea are 

improving or infection is responding to treatment, at which time the children receive phase I I  

dietary treatment. 

The principle of phase II is rapid catch-up growth, using an energydense diet. The 

children were given four feeds of HEM and three feeds of porridge CP) daily. The HEM 

provided 120 kcal and 3 g protein /100 ml of HEM and the LP provided approximately 80 kcal 

and 3.0 g protein/IOOg of cooked porridge daïiy. The amount of feeds were calculated on a per 

kgchild basis and fed ad libitum. 



7.2.4 Medical treatments 

AU children were routinely treated with albendazole (42 years of age, 200 mg; 22 years 

400 mg), ferrous sulphate (lûûmg/day), folic acid (1 mg/day) and vitamin A (60,000 RE on days 

1,2 and 8; one-half doses for children under 12 months). AU children with kwashiorkor 

symptoms (oedema and wastîng) were treated with CO-trimoxazole (240rng, twicdday for five 

days) or for 14 days for those with severe kwashiorkor. Malaria was treated with fansidar. Fever 

was treated with paracetamol synip or panado1 (aspirin). Oral thrush was treated with mycostatin 

drops. A chest infection was treated with crystiluie penicillin (injections) or penicillin symp or 

tablets, foIlowed by CO-trimoxazole. If penicillin and CO-trimoxazole were not effective, then the 

children were treated with the antibiotic chloramphenical. The standard tuberculosis (TB) 

treatment was 30 days of streptomycin and thiacetazone tablets for 7 months. Tuberculosis was 

diagnosed on the basis on non-response to standard treatment (routine medical and nutritionai) 

and chest X-ray. If there was pleural effusion (fluid on the lungs and positive sputum) then TB 

was treated with pyrazinamide, rifampicin-isoniazid and streptomycin for two months. 

7.2.5 Data collection 

Ail children entering the ward were monitored daily for oedema, body weight, 

dehydration, diarrhoea, fever, medications and vitaminlmineral treatments (Appendix A). When 

children fulfilled the eligibility criteria, they were enroIIed in the study. AU children who were 

recovering fiom kwashiorkor (which included both kwashiorkor and marasmic-kwashiorkor) as 

charactensed by the presence of clinical oedema during any of the seven days previous to the 

study, were cIassified as  oedematous, upon enrollment in the study. A questionnaire covering 

socio-economic data, matemal education, diet history, and breast feeding practices was 

adrninistered at the commencement of the study (Appendix B). 



Baseline and four-week data were collected on delayed hypersensitivity @HS) tests to 

assess level of immune function (AppendUr C). In addition, weight, length, mid-upper a m  

circumference (MUAC), and triceps and subscapular skbfolds (Appendix D) were detennined, 

and blood sarnples taken for the determination of plasma zinc, plasma albumin, transthyretin, 

haemoglo bin, haernatocrit, erythrocyte protoporphyrin (EP), malaria slides, and HTV status 

(Appendix E). 

Morbidity was monitored daily by clinical assessrnent and recording of diarrhoea, fever, 

upper respiratory tract infection, lower respiratory tract infection and other symptoms of diseases 

or illnesses (Appendix F). 

Upon entry to the study, children were randomly assigned to one of the UF, F or ZF 

groups and were given a coloured plate and cup and bracelet, which corresponded to the colour- 

code of the treatment group. In this way, children could be disthguished for their daily meals of 

LP. For each med, aU LP f l o u  quantities were calcuIated on the basis of number of children in 

each treatment group for that med. The appropriate quantities of LP and s d t  were then weighed, 

and the correspondhg measured quantity of water was added. The porridge was prepared in 

large pots over traditiond open fires outside the hospital, by boiling the water and flour und  

thick. The caregivers were responsible for providing the wood, cooking the LP and cleaning the 

pots under the supervision of dietary monitors. The dietary monitors were hired and trained by 

the research manager, to supervise and monitor food intake and to support the ward nurses and 

staff. The food was prepared for each rneal and was not kept until the following meal to avoid 

contamination. Food intake was supervised, weighed and recorded for each study participant 

fiom 7:00 am to 10:OO pm daily by the dietary monitors for each study child during the 4 week 

intervention penod (Appendix G). 

Six full-time and four part-time employees were hired and trained for their 

responsibilities in the 9 month intervention study. During the study, the chüdren were provided 



with extra locally available snacks (e.g., seasonal fruits and vegetables), toys with which to play, 

and clothes. Qualified 'homecraft' workers gave instructions to the caregivers in nutrition 

education, sewing and knittiag. 

7.2.6 Immune function 

Cell-mediated immunity was determined via a delayed cutaneous hypersensitivity @HS) 

test. The Multi-test Cell Mediated h u n i t y  (CMI) DeIayed Hypersensitivity Skin Test Kit was 

provided by Pasteur-Merieux Laboratories (Paris, France). This kit eliminates the 

methodological problems such as varied dilution of the antigens and variable amounts injected. 

It consists of a steriie, disposable plastic multipuncture applicator consisting of eight test heads 

preloaded with standardized doses of seven antigens (tetanus toxoid, diphtheria toxoid, 

Streptococcus, proteus, tuberculin, trichophyton and Candida albicans) in glycerine solution and 

a glycerine as a negative control. Four (3.8%) children in the initial testing and six children 

(6.8%) in the fmal testing reacted to the negative control; their results were not included in the 

analysis. The kits were mavailable during the fourth and f f i  month of the study, and hence 14 

children were not tested for the initial DHS and 26 children were not tested for the final DHS. 

AU applications and readings of the DHS responses were done by one trained, registered nurse to 

elhinate inter observer error. The reaction was considered positive when the mean value for the 

vertical and horizontal diameters was 1 2 mm. 

The Merieux Rechnical Recommendations were followed when applying and reading the 

test: cleaning the puncture area, t h e  and pressure needed, post-application care, and reading 

indurations 48 hours after the test application. The multitest was initially applied to the thigh of 

the children rather than the ïnner ami, due to the age and small size of the children (Douchet er 

al, 1985). Later the rnultitest was applied to the dorsal area between the left scapula and the 



spinal colurnn, given that uiis area was thought to be more sensitive (W Woodward, personal 

communication). 

White blood celi counts (WBCC) were perfonned manually by one trained technician 

from the Mangochi District Hospital on anti-coagulated whole blood using the Unopette 

collection system (Becton-Dickinson, Nn and a Neubauer counting chamber. 

7.2.7 Morbidity 

Morbidity information was monitored daily throughout the study period by a registered 

nurse for clinical symptoms of oedema, dehydration, diarrhoea, fever, respiratory infection and 

other infections (Appendix F). Diarrhoea was defined as three or  more watery stools per day, as 

reported daily by the care giver. Fever was confirmed by under ami temperature (>36.5 CeIsius). 

Upper respiratory tract infection (URTI) was defined as common cold, nasal discharge, cough, 

andor oral inflammation. Lower respiratory tract infection (LRTI) was defined as cou& and 

breathlessness (fast breathing or shortness of breath, as estimated by a qualified registered 

nurse). Other symptoms such as oral thnish, ear discharge, skin rash, eye infections and scabies 

were noted. Children were also seen weeldy by a physician or clinical offker for diagnosis and 

treatment. The children were treated foIlowing the hospital's routine nutrition and medicd 

protocol. 

Morbidity data were analysed based on p r i m q  diagnosis. Lower respiratory tract 

infection was used as a primary diagnosis. An episode of LRTI was defined as a sequence of 

days, separated by 14 or more days free of LRTI (Barreto et al, 1994). Upper respiratory tract 

infection was defined as a primary diagnosis if it occurred before or after LRTI. Fever of 

unknown origin was considered the prirnary diagnosis if the fever was separated fiom LRTI by 

14 days andor fiom diarrhoea by three days. Diarrhoea was considered a primary diagnosis 

whether or not it occurred with LRTI, URTI or fever. An episode of diarrhoea was defined as 



two or more days with diarrhoea, and was considered terminated on the last day of diarrhoea that 

was folIowed by a 72-hour diarrhoea-free period (Sazawal et al, 1995). 

7.2.8 SampIe size 

We hypothesised that the addition of zinc would increase the probability of a positive 

immune response by 0.25 over those children without zinc, and a standardised effect size of 0.8. 

Therefore, for a two-tailed a at 0.05 and B =  0.10,33 subjects would be required in each group 

(Hulley & Cummings, 1988). On the basis of meeting the inclusion criteria, 181 children were 

selected for inclusion into the nutrition intervention study. The attrition rate was estimated to be 

thirty percent. 

7.2.9 Data analysis 

Analysis of covariance was used to assess differences among the three treatment groups 

on the final values for al l  continuous dependent variables (sum of DHS tests, morbidity, 

anthropometric). Logistic regression was used for analysis of dependent variables with binary 

variation (e-g., positivdnegative response to DHS test) (Collett, 1991). Because about forty tests 

were evaluated, it is probable that there was a chance of false positives (two). 

All models included treatment group, oedema, gender, breast feeding, TB and HIV status 

(as class variables) and initial values of each final variable (e.g., DHS tests), initial WLZ score 

(as nutritional status) and entry age as a covariates (Snedecor & Cochran, 1989). Each 

functional, anthropornetric and biochemical index and,or indicator was tested separately. Al1 

modeIs were examined for the assumptions of ANCOVA , Generd Linear ModeI, (1. constant 

variance, 2. Residuals plotted against covariates or independent variables; 3. norrnality of 

residuals, assessed by w-statistic). When the assumptions were violated, the data were 

transformed and 95% confidence intervals were reported for these data. In a very few cases, 



outliers were eiiminated when the assumptions were violated. In addition, all biologically 

plausible two-way interaction effects for each mode1 were assessed for significance. Type three 

sums of squares were calculated to assess F values and partial R squares ushg the Statistical 

Analysis System (SAS) (198 8). 

For non-continuous variables, the Chi-square was used to assess the differences in 

proportions among treatments. The Fisher's exact test (2-tail) was used because some cells had 

less than accepted counts for the Chi-square test. A levei of ~ ~ 0 . 0 5  was accepted as a significant 

value and a level of pe0.10 was considered a trend. 
- 

7.3 Results 

7.3.1 Outcome and mortality 

One hundred and eighty one subjects were recruited to the study over a 9 month period; 

seventy nine non-oedematous and 102 oedematous children (Tables 7.1 and 7.2). Two of the 

non-oedematous children were transferred fiom the Mangochi District Hospital to other hospitals 

at the caregiver's requests. Forty-four (24%) of the children were taken fkom the hospital by 

their caregivers prior to discharge, 19% of the non-oedematous and 26% of the oedematous 

chlldren. A number of reasons were given for self discharge, the most common k ing  pressure 

from the caregiver's family to retum home in order to care for the rest of the family. Secondary 

reasons were due to poor care at the hospitd, the caregiver's fears that the child would die at the 

hospitd, and to seek traditional healing. Sixteen (9%) children died before cornpleting the 

study; eleven percent of non-oedematous (Table 7.1) and seven percent of oedematous children 

(Table 7.2). There was no simcant difference in the death rates or in self-discharge ktween 

the two oedematous groups or among the treatment groups. Although not si@cant, there was a 

higher death rate in the UF and ZF groups than in the F group in both the non-oedematous (14 



and 12% versus 8%; p=0.91) and oedematous children (7 and 11% versus 3%; p=0.33), during 

the 28 days over which the children were followed as inpatients. It was not possible to fouow up 

the children once they were discharged fiom the hospitd, due to insufficient resources, although 

some of the children died upon leaving the hospital. When the non-oedematous and oedematous 

groups were combined, the Fischer's Exact test (2-tail) of the risk of death among the three 

groups was not statistically significant (p=0.39). 

Table 7.1 Outcome and mortality rates in the three treatment groups of non-oedematous children. 
Tmtment Groups Fisher's exact 

Outcome AU test (2-tail) 
P vdue 

Unfortifid Fortifieci Zinc Fortif~ed 
m O (ZF) 

Completed protocol 21 (72) 15 (60) 17 (68) 53 (67) 0.63 

Transfer to another O 1 (4) 1 (4) 2 (2) 0.53 
hospital 
All 29 (36) 25 (32) 25 (32) 79 (100) 

( ) percent 

Table 7.2 Outcome and morrality rates in the three treatment groups of oedematous children. 
Treaûnent Groups 

Outcome Fisher's exact 
AU test (2-tail) 

Unfortifieci Fortifïed Zinc Fortüïed P value 
0 O 

Completed protocol 20 (71) 26 (68) 22 (61) 68 (67) 0.67 

Inpatient death 2 (7) 1 (3) 4 (1 1) 7 (7) 0.33 

Self discharge 6 (21) 11  (29) 10 (28) 27 (26) 0.82 

Transfer to another O O O O N/A 
hospital 
Al1 28 (27) 38 (37) 36 (35) 102(100) 

( ) percent 

There was no si-cant ciifference in the initial age or anthropometric measurements 

(WLZ, WAZ, LAZ) between those children who completed the study and those who did not. Of 



the 53 non-oedematous and 68 oedematous children who completed the protocol, baseline 

charac teris tics were not signifîcantly different among treatment groups, with the exception of 

significantly lower percent breast feeding in the non-oedematous UF group (Tables 73 and 7.4)- 

There was a significantly higher percent of children who were stU breast feeding and 

were HIV positive in the non-oedematous (50% and 32%, respectively) than in the oedematous 

(12% and 1096, respectively) group. Among treatments, the differences in HIV positive children 

between oedema groups were significant in the F treatment group (Tables 73  and 7.4). For 

breast feeding, there were a signif'cantly higher percent of children king breast fed in the F and 

ZF non-oedematous (66 and 65%, respectively) than in the F and ZF oedematous group (8 and 

14% respectively). In addition, there was a trend (p-0.05) among a l l  treatment groups for a 

higher percentage of positive responders to the DHS test in the non-oedematous children than the 

oedematous. 

The average age at recruitment was 24.0 months and the non-oedematous children were 

significantly younger on average (19.W.4 months) than the oedematous children (28f 10.8 

months). Subjects were both severely wasted and stunted (with a mean weight for height z score 

of -2.3, weight for age z score of -3.75 and height for age z score of -3.75). There were no 

significant differences in wasting either between oedematous and non-oedematous groups or 

among treatments. Non-oedematous children in the F group were more stunted than were the 

oedematous cMdren of the F group. 



Table 7 3  Characteristics of non-oedematous children in the three treatment groups on admission 
Treatment Dinerences 

(n) Among 
Treatments 

Characteristics 
Fisher's exact test 

Unfortifieci Fortifïed Zinc Fortified (2 
m (21) O (15) (ZF) (17) P valud 

ANCOVA 
P value 

Gender 
(Percent MaleEemde) 
Age 
(monthsfS D) 
Weight for length (2 
score)' 
Length forage (2 score) 

Percent breast feeding 
Percent H W  Positive 
Percent with TB 
Percent HZV & TB 
Percent Malaria Positive 
Odds ratio of positive 
response to DHS test2 
Average sum of diameters 
of response to DHS test 
(mm) 
WBCC 
(cells/mm3) (6276.8564) (6137,8735) (4693,7127) 0.18 ' Z-scom cdculated using the WHO/NCHS/CDC refennce data (WHO 1979). 

'Odds ratio for positive ksponse to DHS test estimatecl by using logisticai regression model. with corrected 95% Cr in 
parentheses, arnong HIV positive, fernale chiidren with DHS test site on the back 
* Percent between non-oedematous and oedernatous groups are significantly different within rreatment intervention 
(Chi Square, Fischer's exact test, 2-tailed, p4.05). Means between non-oedernatous and oedematous are significantIy 
different within marnent intervention (Tukey's two mean comparisons)- 
** Trend for difference between non-oedematous and oedematous using logistical regression model (chi square - 3.8; 
~-0.05). 



Table 7.4 Characteristics of oedematous children in the three treatment groups on admission 
Treatmen t DEerences 

Among 
Treatments 

Characteristics 

Gender 
(Percent Malfiemale) 
Age 
(rnonthshSD) 
Weight for length (Z score)' 

Length for age (Z score) 

Percent breast feedùig 
Percent HN Positive 
Percent with TB 
Percent W N  & TB 
Percent Malaria Positive 
Odds ratio of positive 
response to DHS test? 
Average sum of diameters of 
response to DHS test (mm) 
WBCC 
(ceiis/mm3) (5265,7547) (6230,8368) (5903.8 1 12) 0.18 ' Z-scores caiculated using the WHO/NCHS/CDC reference data (WHO 1979). 

'Odds ratio for positive response to DHS test estimateci by using IogisticaI regression rnodel. with correcteci 95% CI in 
parentheses, among EIN positive, femaie children with DHS test site on the back. 
* Percent between non-oedematous and oedernatous groups are significantiy different within treatment intervention 
(Chi Square, Fischer's exact test, 2-tailed, p4.05). Means between non-oedernatous and oedernatous are significmtly 
different within treatment intervention (Tukey's two mean cornparisons). 
** trend to difference between non-oedematous and oedernatous logistical regression rnodel (chi square = 3.8, p-0.05). 

7.3.2 Delayed hypersensitivity 

The total number of positive responses to each of the seven antigens, and the surn of the 

diameters of the responses were determined by delayed cutaneous hypersensitivity (DHS) tests 

upon admission to the study and after four weeks of treatment. The children who responded 

positively to the control antigen were excluded fÏom the analyses. 

There was a significant treatment effect on the positive responses to the DHS tests in 

both non-oedematous and oedematous children. Table 7.5 presents results from the logistical 

regression mode1 for the effects of treatment on final positive response by children to the 



antigens and fiom ANCOVA on the sum of diameters of response. Both models were adjusted 

for potential confounding variables (site of test, gender, breast feeding, HTV status, TB status, 

oedema, initial values of the dependent variable, WHZ and age) and treatment effects were found 

after these adjustments. There was no significant difference between non-oedematous and 

oedematous children and there was no treatment by oedema interaction. 

Table 7.5 Logistical regression and ANCOVA models of treatment and interactions on final 
response to antigens and sum of diameters of responses, adjusting for covariates and potential 
confounding variables. 

Dependent Variable Positive response to antigens Sum of responses to 7 antigens 

Chi Square ANCOVA 
Independent Variables P P 
Mode1 4.001 ~0.001 
~reatmene 
Initial response to antigen 
OedemaS 
Age (months) 
WHZ (initial) 
HIV statusC 
Gender (maldfemaie) 
mD 
Site of test 
B mst feedingF 
Treatment x Oedema 
Treamient x entry age 
Treament x gender 
Treatrnent x breast feedimg 
Number of observations 
Mean Square of Error 

0.02 1 
0.033 
0.806 

NS 
NS 

4.001 
0.0 19 

NS 
4.00 1 

NS 
NS 
NS 
NS 
NS 
8 1 

NIA* 
Adjusted R-squared NIA 0.48 
A Treatments: UnforMed, Iow zinc fortified, high zinc fortifieci. 

Oedema - 1; No oedema - 0. 
HN positive - 1; HN negative - 0. 
TB positive - 1; TB negative - 0. 
Back or upper thigh. 
Breast feeding - 1; not breast feeding - 0. 

* Transformeci to achieve normality. 

There was a significantly higher final relative risk (RR) for a positive response to the 

DHS test by the children in the F group than those in the ZF group in both the non-oedematous 

(Table 7.6) and oedematous (Table 7.7) children. In addition, there was a trend to higher final 

response to the DHS test by children in the UF group compared to the ZF group (Tables 7.6 and 

7.7). The results are presented for both non-oedematous and oedematous children when they are 



male, HIV negative, have the DHS test site on the back and at average initial DHS response. The 

results for all combinations are presented in Appendix H. 

Non-oedematous children in the F group were 1.8 t h e s  more Iikely to respond positively 

to the DHS test than the cbildren in the ZF group (Table 7.6), indicating a better immune 

response in the F group than the ZF group. Similady, oedematous children in the F group were 

1.75 times more likely to respond to the DHS test than the chiidren in the ZF group (Table 7.7). 

The UF group were 1.50 and 1-46 times more likely to respond than the ZF gxoup. in the non- 

oedematous and oedematous groups, respectively. 

Table 7.6 Effect of twenty eight days of treatrnent on the fmal positive response to delayed 
hypersensitivity @HS) tests in non-oedematous. male. HIY-negative childrenl. 
Treatrnent group Probability of Relative Risa Chi Square 

responseL P value 
Unfortifleci 0 0.39 NIA NIA 

Zinc fortined (ZF) 

Ratio: 
F to a: 

Ratio: 
UF to ZF 

Ratio: 

(0.23.0.58) 
0.47 N/ A 

(0.29.0-66) 
0.26 NIA 

(O. 1 4.0.44) 

N/A 1.8 1 

N/A 1.50 

NIA 

NIA 

4 - 0 5  

CO. 10 

FtoUF N/ A 1.20 NS 
Probability and relative risk of a positive response to DHS test is taken with the test results on the back and at the 

average initial response to DHS test. 
* Probability of positive response to DHS test estirnatexi by using logistical regression modei, with corrected 95% CI in 

aren theses. ' Relative risk for positive response to DHS test using logisticai regression model. 



Table 7.7 Effect of twenty eight days of treatment on the h a 1  positive response to delayed 
hypersensitivity @HS) tests in oedematous, male, HIV-negative chddrenL. 
Treatment group Probabiiity of Relative ~ i s l ?  Chi Square 

response2 P value 
Unfortifieci (UF) 0.41 NIA NIA 

Zinc fortifieci (ZF) 

Ratio: 
F to ZF 

Ratio: 
UF to ZF 

Ratio: 

(0.28.0.55) 
0.49 NIA 

(0.36.0.63) 
0.28 NIA 

(0.18.0.41) 

NIA 1-75 

NIA 1.46 

NIA 

NIA 

co.05 

4-10 

F to UF NIA 1.20 NS 
' Probabiliv and relative risk of a positive response to DHS test is taken with the test results on the back and at the 

average initial response to DHS test. 
Probability of positive response to DHS test estimated by using logistical regression model, with corrected 95% CI in 
arentheses. ' Relative N k  for positive response to DHS test, using Logistical  gre es si on modcl. 

In addition to the effect of treatment on the DHS test, HIV status had the largest effect on 

whether or not the children were able to respond to the DHS tests; the chance of a positive 

response to DHS in any one of the antigens was about three tirnes p a t e r  for HiV negative than 

HIV positive chilchen, irrespective of treatment and oedematous state (Tables 7.8 and 7.9). The 

site of test also affected the results; if the site was on the back, there was a significantly higher 

chance of responding to any of the antigens than if the site was on the leg, irrespective of the 

treatment and oedematous state (Table 7.8 and 7.9). In addition, the boys had a higher chance of 

responding to the antigen than the girls, irrespective of oedematous state or treatment (Table 7.8 

and 7.9). Lastly, the chance of a positive response to one or more antigens was si@icantly and 

positively related to the initial response, irrespective of treatment or oedematous state (Table 



Table 7.8 Effect of HTV status, location of delayed hypersensitivity @HS) test and gender of 
non-oedematous children on final response to DHS after twenty eight days of treatment. 

Subgroup Probability of response to DHS test' Relative ~ i s k '  

HW statu3 
Negative 

Positive 

Relative Risk: 
Negative to positive 

Site oftest4 
Back 

Relative Risk 
Back to leg 

Gender of childS 
Male 

Female 

Unfortined Fortified Zinc Unfortified Fortified Zinc 
(vF) 0 Fortifieci CuF) 0 Forufied 

Relative Risk 
male to fernale 1.50 1.47 1.62 ' Probability of a positive response to DHS test was estimateci by ushg logistical regression model, with correctcd 95% 

CI in parentheses, controlIing for HIV and TB status, site of test, gender, oedema, initial DHS response, initial WLZ 
score and age. 

Relative risk for positive response to DHS test, using logistical regression model and calculateci fiom probabilities. 
HIV status when site of DHS test is back, child is male and at average initial DHS response. 
Site of test when HIV status is positive, child is male and at average initia1 DHS response. 
Gender of child when HIV status is positive, site of DHS test is back and at average initial DHS response, 



Table 7.9 Effect of HIV status, location of delayed hypersensitivity (DHS) test and gender of 
oedematous children on final response to DHS after twenty eight days of rreatment. 

Subgroup Probability of response to DHS test' Relative ~ iskZ 

HIV stam3 
Negative 

Positive 

Relative Risk: 
Negative to positive 

Site of test4 
Back 

ReIative Risk: 
Back to leg 

Gender of childS 
Male 

Fernale 

Unfoaified Fortifïed Zinc Unfortif~ed Fortified Zinc 
0 0 Fortifieci (vF) Cr;) Fortified 

(rn (rn 

Relative Risk: 
male to female 1.52 1.44 1.65 ' Probabiiity of a positive response to DHS tut was estimateci by using logisticai regression model. with correcteci 95% 

CI in parentheses, conuolling for HN and TB status, site of test, gender, oedema, initial DHS response, initial WLZ 
score and age. 

Relative risk for positive response to DHS test, using logistical regression model and calculated fiom probabilities, 
HN status when site of DHS test is back chiid is male and at average initial DHS response- 
Site of test when HN status is positive. child is maIe and at average initial DHS response. 
Gender of child when HIV status is positive. site of DHS test is back and at average initial DHS response. 

There were no significant differences among treatment groups on the final sum of 

diameters in response to the DHS test in either the non-oedematous or oedematous children 

(Table 7.10). There was also no significant difference in sum of responses between non- 

oedematous and oedematous children nor was there a treatment by oedema interaction. Similar 

to the analysis by positive responses to the DHS test, the initial sum of responses simcantly 

and positively affected the fmal sum of responses. 

In addition, HIV status, site of DHS test and gender of the child significantly affected the 

final sum of responses (Table 7.5). The non-oedematous and oedematous HIV negative children 

had signïfïcantly higher final sum of responses (2.49 mm; 95% CI 1.82,3.37 and 2.59 mm; 95% 



CI 1.87,3.57, respectively) than the HIV positive children (0.39 mm; 95% CI, 0.03,O.g and 0.49 

mm, 95% CI 0.08, 1.17, respectively), Both non-oedematous and oedematous boys had a 

significantly higher sum of responses (1.61 mm; CI 0.96,2.55 and 1.7 1 mm; CI 1.01,2.75, 

respectively) than girls (0.76 mm; C10.38, 1-30 and 0.86 mm; CI 0.43, 1 .50, respectively). The 

back was more significantly more sensitive to the DHS test in non-oedematous (2.15 mm; CI 

1.32,3.35) and oedematous children (2.25 mm; CI 1.37,3.55) than the leg in non-oedematous 

(0.50 mm; CI 0.18,0.96) and oedematous (0.60 mm; CI 0.23, 1-16) children. 

Table 7.10 Average sum of diameters (mm) of the response to delayed hypersensitivity tests by 
non-oedematous and oedematous children in the three treatment jgoupsl. 

Treatment Groups (n) 
Average surn of diameters (mm) 

Oedematous State Unfortifieci Fortifiecl Zinc Fortifiecl 

Non-oedematous 

Oedematous 
(15) (16) (16) 

' Values are rneans and 95% Confidence intervals. 

7.3.3 Morbidity 

There were no significant differences in the proportion of days or number of episodes of 

diarrhoea, Iower respiratory tract infection (LRTI), upper respiratory tract infection (URTI) or 

fever experienced by the non-oedematous or oedematous children among treatment groups 

(Tables 7.11 and 7.12). There were fewer oedematous compared to non-oedematous children in 

the F group with LRTI (defmed as at least one day of rapid breathing) (42% vs. 80%) (Table 

7.12) and with at least one episode of LRTI (Le., two or more days of LRTI, separated by 13 

days) (27% vs. 80%) (Table 7.11). Among children receiving the ZF treatment, there were no 

oedematous chilàren with URTI (Table 7.12) but 24% of non-oedematous children had URTI 

morbidity (Table 7.11). 



The morbidity categories were based on primary diagnosis, which left smali numbers of 

chiIdren with URTI (n=14) and fever of unknown origin (n4 1). Because the numbers for URTI 

and fever in the non-oedematous (n=12 and n= 17, respectively) and oedematous (n-2 and n=34, 

respectively) groups were small and because there were no significant differences among 

treatment groups in any M e r  analysis of URTI and fever, the results are not presented. 

Table 7.11 Cornparison of the morbidity of non-oedematous children in the unfortif~ed, fortified 
and zinc fortified groups during the twenty-eight days of treatment. 

Differences 
Morbidity Treatmeat Group arnong 
Variable (n) treatments 

Unfoaified Fortifieci Zinc Fortifid Fisher Exact 
0 O (zF) Test (2- taiI) 
(21) ( 1 3  (17) p value 

Percent with diarrhoea' 
62 67 47 0.57 

Percent with severe diarrhoea2 
31 (413) 20 (Z10) 25 (WB) 0.87 

Percent with at least one episode 
of diarrhoea3 38 40 35 1 .O0 

Percent with lower respiratoxy 57 80* 76 0.3 1 
tract infection (L,R'I~)~ 
Percent with episode of LRTI' 57 80* 7 1 0.37 

Percent with upper res iratory if 28 
tract infection (URTI) 
Percent with episode of URTI~ 24* 
Percent with feve? 3 3 
Percent with episode of feve? 28 20 24 0.92 ' Diarrhoea - 3 or more watery stools per 24 hows. 
' ~evere  diarrhoea 2 4 watery stools per 24 hours. 
Episode of diarrhoea - 2 or more days with diarrhoea, separated by 3 days without diarrhoea 
LRn - at least one day of rapid breathing (fast breathing or shortness of breath) and cough 
Episode of LRTI - 2 or more days of LRTI. separated by 14 or more days. 
URTI = at least one day of cornmon cold, nasal discharge, cough, andor oral inflammation not associated with LRTL 
' Episode of URTI - two or more days of URTI. separateci by 3 or mon days 

Fever = fever of unknown origin. not associated with LRTi, .Ti or diarrhoea (separated from LRTi by 14 days and 
ffom dianhoea by 3 days). 

Episode of fever - 2 or more days with fever of unknown origin. separated by 3 or more days. 
* Percent between non-oedematous and oedematous groups are significantiy different within treatment intervention 
(Chi Square, Fischer's exact test, 2-taild, pcû.05). 



Table 7.12 Cornparison of the morbidity of oedematous children in the unfortiflied, fortïfied and 
zinc fortified groups during the twenty-eight days of treatment. 

Dierences 
Morbidity Treatment Group among 
Variable (n) treatmen ts 

Urifortified Fortined Zinc Fortified Fisher Exact 
0 0 ml Test (2-tail) 
(20) (261 (22) p vdue 

Percent with diar&oeal 50 54 73 0.30 
Percent with severe diarrhoeaZ 

10 (1110) 27 (4/ 1 5) 50 (8/ 16) 0.13 
Percent with at least one episode 
of diarrhoea3 25 23 36 0.59 

Percent with lower respiratory 
tract uifection (LRm4 55 
Percent with episode of LRTI 45 
Percent with upper re iratory "g 5 
tract infection (vRTI) 
Percent with episode of URTI' O* 
Percent with feve? 50 
Percent with episode of feve? 

O* NIA 
50 1 .O 

30 46 45 0.48 ' Diarrhoea - 3 or more watery stools per 24 hours. 
~evere diarrhoea 2 4 watery stools per 24 hours. 
Episode of diarrhoea - 2 or more days with diarrhoea. separated by 3 days without dianhoea 
LRTI = at Ieast one day of rapid breathing (fast breathing or shortness of breath) and cough 
Episode of LRTI - 2 or more days of LRTi, separated by 14 or more days. 
URTi = at least one day of common cold, nasa1 discharge, cough, andior oral infiammation not associated with LRTI. 
' Episode of URTI - two or more days of URTI, separated by 3 or more days 
13 Fever - fever of uniaiown ongin, not associated with LRTI, URll or diarrhoea (separated from LRTï by 14 days and 
from diarrhoea by 3 days). 

Episode of fever - 2 or more days with fever of unknown origin, separated by 3 or more days. 
* Percent between non-oedematous and oedematous groups are significantly different within treatment intervention 
(Chi Square, Fischer's exact test, 2-tailed. p4.05). 

There was a significant treatment by breast feeding interaction on the proportion of days 

with LRTI, in both the non-oedematous or oedematous children (Table 7.13). Arnong 

treatments, the F group that was not breast feeding had a signif~candy lower proportion of days 

with LRTI (0.22; CI 0.14,0.33) than did the ZF group that was not breast feeding (0.50; CI 0.36, 

0.64) (Table 7.14). Between breast feeding groups, the 2F group that was breast feeding had a 

simcantly lower proportion of days with LRTI than the ZF group that was not breast feeding, 

whereas the F group that was breast feeding had a higher proportion of days with LRTI than the 

F group that was not breast feeding (Table 7.14). In addition, both TB status and initial WLZ 

score significantly affected the proportion of days with LRTI (Table 7.13). Those children with 



TB had signif~cantiy higher proportion of days with LRTI (54.9 percent; CI 41.3.67.8) than did 

those children without TB (21.8 percent; CI 15.0,30.5). 

Table 7.13 Andaysis of Covariance (ANCOVA) models of treatment and interactions on 
diarrhoea and lower respiratory tract infection (LRTI) variables, adjusting for covariates and - 
potential confounding &ables. 
Dependent Variable Prop days  with # Episodes Duration of Proportion days 

Diarrhoea dia~hoeal28 days diadeal episode with LRTI 

independent Variables P P P P 
Mode1 0.097 0.002 O. 129 (0,001 
Treatmene 
OedemaB 
Age (months) 
WHZ (initial) 
HIV statuc 
Gender (malelfemde) 
mD 
Breast feeding 
Treatrnent x breast feeding 
Treatrnent x Oedema 
Number of observations 
Mean Square of Error 
Adjusted R-squared 0.11 0.37 O. 16 0.56 
A Treatments: Unfortified, low zinc fortified, high zinc fortified. 

Oedema - 1; No oedema - 0. 
HIV positive - 1; HIV negative = 0. 
TB positive - 1; TB negative 0. 

* Transformeci to achieve normality 

Table 7.14 Effect of treatment on proportion of days with lower respiratory tract infection 
(LRTI) among children breast fed and those not breast fed'. 

Proportion of days with lower respiratory tract infection2 
Treatment Group 

(n) 
Unfort.ed Fortif~ed Zinc Fortified 
0 (FI (zF)  

Not breast feeding 0 . 3 6 ~ ~  0.22~* 0.50B* 
(0.25,0.48) (O. 14,0.33) (0.36.0.64) 

(18) (15) (14) 
Breast feeding 0.49 0.44* 0.26* 

(0.24.0.74) (0.25,0.65) (O. 15.0.41) 
(4) (6) (9) 

' Values are rneans and 95% Confidence Intervals. 
Lower respiratory ûact infection - rapid breathing (fast breathing or shomiess of breath) and cough. 

* Means benveen breast feeding and not breast feeding are significantly different (within treatment intervention) 
(Tukey's two mean comparisons). 

Means with the same or no letter are not significantly different between interventions @<O.OS). 

Among those chiidren who had diarrhoea, there was no significant effect of treatment on 

proportion of days with diarrhoea, number of episodes of diarrhoea per 28 days, nor duration of 



the diarrheal episode, in either the non-oedernatous or oedematous children (Table 7.13). 

However, in both the non-oedematous and oedernatous children a trend (p=0.097) was observed 

in the treatment effect among those children with diarrhoea (Table 7.13). The chilcisen-with 

diarrhoea in the ZF group tended to have a higher mean number of episodes of diarrhoea during 

the 28-day intervention than the UF group, in both the non-oedematous and oedematous children 

(Tables 7.15). In addition, both oedema and gender significantly affected the number of 

episodes of diarrhoea, irres?ective of treatment. The non-oedematous children with diarrhoea 

had significantly more episodes of diarrhoea (1 -45 episodes per 28 days; CI 1.26, 1.63) than did 

the oedematous children (1.14 episodes per 28 days; CI 0.94, 1.33). The boys had si,onificantiy 

more diarrhoea (1.46 episodes per 28 days; CI 1.27, 1.66) than the girls did (1.13 episodes per 28 

days; CI 0.94, 1.3 l), irrespective of oedema and treatment. 

Table 7.15 Effect of treatment on number of episodes of diarrhoea among non-oedematous and 
oedematous childrenl. 

Number of episodes2 of diarrhoea3 per 28 days 
Oedematous S tate Treatrnent Group 

(n) 
UnfortSeci Fortifieci Zinc Fortified 
0 O (ZF) 

Non-oedernatous 1.17~* 1 .22AB* 1.4gB* 
(0.95.1.40) (0.98,1.46) (1.28, 1.71) 

(8) (0) (6) 
Oedernatous 0.86** 0.9 lAB* l.lgB* 

(0.62.1.10) (0.65,l. 16) (0.95.1.41) 
(5) (5)  (8) ' Values are means and 95% Confidence Intervals. 

' Episode of diarrhoea = 2 or more days with diarrhoea 
Diarrhoea - 3 or more watery stools per 24 hours. 

* Means between non-oedematous and oedematous children are significantly different (within treatment intervention) 
(Tukey's two mean comparisons). 
A B  CD: Means with the same or no letter are not significantly different between interventions @<O. 10). 

In non-oedematous children without diarrhoea, the ZF group had a significantiy higher 

fmal WLZ score (-1.04) than both the F group (-1.81) and the UF group (-1.66) (Table 7.16). In 

conuast, oedematous children without diarrhoea receiving the ZF treatment had a signXcantly 



lower final WLZ score (-1.79) than the F group (-1.07), and the UF group (-1-37), although the 

latter difference was not significant (Table 7.16). 

In non-oedematous children with diarrhoea, the F group had a significantly lower final 

WLZ score (-2.26) than the UF group (-1.56)- but neither of these final WLZ scores were 

significantly different from that of the ZF group (-1.94) (Table 7.17). There were no significant 

clifferences among the treatments in the oedematous children with diarrhoea (Table 7.17). 

Table 7.16 Effect of treatment on WLZ score among non-oedematous and oedematous children 
with no diarrhoea'. 

Fiai weight for length z score? 
Treatment Group 

(n) 
Unfortifieci Fortifieci Zinc Fortifieci 
0 O (m 

Non-oedematous - 1 .66A -1.81A* - 1.04~* 
(- 1.94,-1.39) (-2.14. -1.48) (-1.34, -0.74) 

(13) (9) (1 1) 
Oedematous - 1 . 3 7 ~ ~  -1.07** -1.7gB* 

(-1.63, -1.1 1) (-1.29, -0.84) (-2.06, - 1.52) 

' Values are means and 95% Confidence Intervals. 
Z-scores calculated using the WHO/NCHS/CDC reference data (WHO 1979). 
* Means between non-oedematous and oedematous are significantly different (within treatment intervention) (Tukey's 

two mean comparisons). 
CD: Means with the same or no letter are not significantiy different between interventions (p4.05). 



Table 7.17 Effect of treatment on WLZ score among non-oedematous and oedematous children 
with dianrhoeal. 

Final weight for Iength z score2 
Treatmen t Group 

(n) 
Unforcineci Fortifiecl Zinc Fortified 
0 0 (rn 

Non-oedematous -1 .56~  -2.26B* - 1 .94AB 
(-1.92,-1.21) (-2.67. -1.85) (-2.35, -1.53) 

(8) (6) (61 
Oedematous -1.56 -1.62* -1.56 

(-2.01, -1.11) (-2.03, -1.22) (-1.91. -1.20) 

Values are means and 95% Confidence intervais. 
Z-scores calculateci using the WHO/NCHS/CDC reference data (WHO 1979). 
* Means between non-oedematous and oedematous are significantly different (within erecttrnent intervention) (Tukey's 
two mean comparîsons). 
A B  CD: Means with the same or no lener are not significantIy different between interventions @<O.OS). 

7.4 Discussion 

7.4.1 Delayed hypersensitivity 

The findings in this study of a simcantly higher immune response in the children in 

the F than in the ZF group, irrespective of the presence (RR= 1.75) or absence (RR=1.8 1) of 

oedema as well as the trend for the UF to have a better immune response than the ZF group 

(RFb 1.5 and 1.46, respectively) were unexpected. This treatment effect was evident in addition 

to and independently of the effects of HIV, site of test, gender and initial level of immune 

function. Other potential confounding factors (TB, breast feeding, oedema and initial level of 

wasting) were controIled for and were not found to significantly affect the immune response. 

This study dernonstrated that zinc intake at a level of 9.0 mg Zn/kg.d (in the form of an amino 

acid chelate, for 28 days) c m  exert an inhibitory effect on the ceiI-mediated immune system of 

severely mahourished children, regardless of oedema, over the effect of zinc intake at levels of 

0.4 mg Zn/kg/d. In addition, the results suggest that increasing the bioavailability of zinc by 

decreasing phytate and fortifying with other nutrients may be more beneficial to cell mediated 

immune function than decreasing phytate and fortifying with 9.0 mg zinc/kg/day and other 



micronutrients. This is the fint report demonstrating the impairment of delayed hypersensitivity 

tests in severely malnourished children receiving a zinc fortified complementary food, and is in 

contrast to the results of previous studies in which a zinc supplement improved the DHS of 

severely malnomished children (Castille-Duran et al, 1987; Schlesinger et al, 1992; Sempertegui 

et al, 1996). 

The discrepancies in the response to DHS tests among studies may lie in the different 

levels and forrn of zinc supplementation given to the severely malnourished children. In our 

study the combination of a relatively high Ievel of zinc (9.0 mg/kg/d) in a readily available f o m  

(as amino acid chelate) in the presence of a reduced phytate level, may have been too hi& for 

optimal recovery of the immune response by malnourished children. In some earlier studies 

(Castillo-Duran et al, 1987; Sempertegui et al, 1996; Chevalier et al, 1996), levels of 1 to 2 mg 

zindkglday provided as sulphate in a syrup (Sempertegui et al, 1996), acetate in a solution 

(Castille-Duran et al, 1987) or chloride in a & formula (Schlesinger et al, 1992) have 

improved immune function in mahourished children. 

Even at levels of 2 mg zindkglday, the reported effects on immune function have not 

always been positive. A study of the rehabilitation of marasrnic infants (n-39) in Chile found 

that the zinc fortified formula (2.0 mgkg/day) exerted a significant inhibitory effect on 

phagocytic and fungicidal capacity of monocytes compared with the control formula (0.35 

mflglday), even though there was a significant irnprovement in the zinc supplemented group, 

based on the development of at least one positive cutaneous reaction (1 1% to 42%) after 105 

days of zinc supplementation compared to the controls (35% to 45%) (Schlesinger et al, 1993). 

Moreover, the zinc fortifïed group had a higher incidence and duration of impetigo episodes than 

the unfortified children, despite no demonstrated increase in plasma or cell zinc concentration 

(Schlesinger et al, 1993). 



Higher IeveIs of zinc have also been associated with impairment of certain immune 

responses in vitro (Stankova 1997; Chavpil, 1977). in animals in vitro (Chavpil, 1976), in 

animals in vivo (Filteau & Woodward, 1984) and in healthy aduits in vitro (Chandra, 1984) as 

well as with higher mortality rates in malnourished children (Dohexty et al, 1998). In eleven 

healthy adult men a high Ievel of zinc (1 50 mg zinc twice a week for 6 weeks) was associated 

with an impairment of chernotaxis and phagocytosis of bacteria by PMN leucocytes (Chandra, 

1984), a fmding similar to that observed by Schlesinger et al (1993) in malnourished children 

receiving 2.0 mg zinc/kg/day. In severely mahourished children (n= 141) in Bangladesh, levels 

of zinc supplementation of 6.0 mg Zn/kg/d (for 15 and 30 days) compared to a lower dose zinc 

treatment (1.5 mg Zn/kg/d) were associated with increased mortality rates (19% vs. 4%) 

(Doherty et al, 1998). Most of the deaths in this study were sepsis related and occurred during 

the inpatient phase of rehabilitation. Therefore, suppression of the immune system by M c  was 

implicated, although no measure of immune function was reported in this study (Doherty et al., 

1998). 

Although the zinc requirement of marasmic and kwashiorkor children during recovery 

frorn malnutrition is unclear, we decided to fort* to 50 mg/100g, providing about 9 mgkg/day, 

to compensate a therapeutic diet in which the bioavdability of zinc was presumed to be low 

because of its high phytate content. The level of zinc fortification in this study (9 mg 

zinc/kg/day) was similar to that of Simmer et al (1998) (50 mg ziudd or about 7 mg zinc/k8/day 

for two weeks; as a zinc sulphate capsule) and Hemalatha et al (1993a) (40 mg zindd or about 6 

mg zindkdday for 21 days; as zinc sulphate capsule with multi-vitamin, iron and vitamin A). 

We also tested a second diet. in which the LP was fomfed with multiple rnicronutrients and the 

bioavailabiltiy of the intrinsic zinc was enhanced by decreasing the phytate content, but no 

additionai zinc was added. 



The normative estimated requirement for zinc for healthy children 6 to 12 rnonths of age 

(9 kg) is 0.3 11 mg!kgfd for diets of moderate zinc bioavailability (WHO, 1996). The high- 

fortifïed zinc level in this study resulting in an intake of 9.5 mg/kg/day is 30 times that of the 

WHO estimated normative requirement for zinc for healthy children of a similar age, and 

represents a pharmacological dose. The F group level of zinc (0.4 mg/kg/d) intake wsts more 

similar to that of the normative requirernents for children of comparable weight. The dose that 

we used in this study was proportionately higher than that used in the human study (Chandra et 

al, 1984) in which the level of zinc was 25 times the corresponding RN1 for the age group of 

healthy men (12 mg/day). As noted previously, zinc at these Ievels resulted in a large decline in 

the proliferative capacity of perïpheral lymphocytes and impaired chernotaxis and phagocytosis 

of bactena by PMN leucocytes in vitro (Chandra et al, 1984). 

It appears that zinc is very important in the regdation of functiond activity of 

leucocytes. In the case of the children in this study, it may be that the ZF group cannot regulate 

the forrn of zinc or the plasma and tissue zinc levels, especially those children who were the most 

nutritionally vulnerable. Therefore hi& levels of Wic rnay have been detrimental to the immune 

system, as was found in an animal study (Tocco-Bradley & Kluger, 1984). The children of the 

ZF group had higher Fuial plasma zinc levels compared to those of the F group with initial WLZ 

scores I -3.0 (Figure 8.12). Moreover, it was the F group that showed a betîer cell mediated 

immune response (DHS tests) than the ZF group. It rnay be that the normal rather than higher 

plasma zinc levels in malnourished, infected children, are beneficial to the immune systern 

functioning. 

Preliminary results suggest that although the children in this study were more severely 

wasted than the subjects in most studies (Castille-Duran et al, 1987; Sempertegui et al, 1996) in 

which an improved immune function in response to zinc supplementation was reported, it is 

unlikely that the level of wasting was the reason for the suppressed immune response. The level 



of wasting was controlied in aiI analyses (i.e,, initial WHZ was included as a covariate in the 

statistical models), and the initial degree of wasting did not have a significant effect on the celi 

mediated response, as indicated by the DHS tests (Table 7.5). It may be that, as with iron, 

introduction of zinc supplementation should be delayed in the treatrnent of aL1 severely 

maInouris hed children. 

Despite the apparent detrimental effect of zinc fortification on the immune sys tem of 

both non-oedematous and oedematous children, the anthropometric status of the non-oedematous 

children without diarrhoea was not impaired, as indicated by their final WLZ scores (Table 

7.16). The suppression of the immune system did, however, appear to simcantly impair 

anthropometric status as indicated by weight gain of the oedernatous children without dimhoea 

(Table 7.16). Thus, the high zinc Ievels are of particular concem among children recovering 

from oedema. 

It is well known that zinc plays a central role in the immune system, and zinc deficiency 

is associated with poor immune function (Shankar & Prasad, 1998). Zinc affects multiple 

aspects of the immune system, fiom the bmier of the skin to gene regdation within 

lymphocytes. Zinc is essential for innate immune defenses such as normal development and 

function of cells mediating nonspecific immunity (e.g., neutrophils and natural killer cells). 

Neutrophils, which ingest and kill micro-organisms, are adversely affected by zinc deficiency, 

dom-regulating intracellula killing, cytokine production, and phagocytosis. Zinc deficiency 

also impairs the development of acquired immune defenses by preventing both the outgrowth and 

certain functions of T lymphocytes such as activation, Thl cytokine production, and B 

lymphocyte help. Likewise, B lymphocyte development and antibody production, particularly 

immunoglobulin G, is compromised. Zinc also functions as an antioxidant and can stabilise 

membranes (Shankar & Prasad, 1998). 



Nevertheless, our results indicate that supplementation with relatively high levels of zinc 

in the presence of severe malnutrition where the immune system is already compromised, rnay 

not neces sdy  be beneficid. This study suggests that higher levels of zinc cari impair the 

systemic component of the acquired defenses, which are lymphocyte-mediated and highly 

specific responses. The design of o u  study does not allow a detded discussion on the 

mechanisms of the effects of zinc on the acquired immune responses. The mechanisms may be 

decreased proliferation of T cells and peripheral lymphocytes andor function of T cells as seen 

in studies of excessive zinc intakes in humans (Chandra et al, 1984) and animals (Filteau & 

Woodward, 1984). 

7.4.2 Morbidity 

7.4.2.1 Lower respiratory tract infection 

The finding that children who were no longer breast feeding in the ZF treatment had a 

higher proportion of days with LRTI (0.50; CI 0.36.0.64) than in the F group (0.22; CI 0.14, 

0.33) (p<0.05) (Table 7.14). suggests that the Ievel of zinc supplementation in this study is 

associated with increased LRTI morbidity in non-breast feeding children. The absence of such 

differences among breast feeding children suggests that the protective effect of breast milk may 

have counteracted the impact of the zinc supplement on LRTI. The limited time during which 

LRTI morbidity was examined (28 days), prevented any assessrnent of the nurnber and duration 

of episodes, and the effects of the zinc foaificant are considered therapeutic. 

Very few studies to date have examined the effect of zinc supplernentation on lower 

respiratory infections and ali but one (Castille-Duran et al, 1987) evaluated the preventive effects 

of zinc. The results are not consistent. Two studies reported a signifcant reduction in the 

incidence of respiratory infections (Ninh et al, 1996; Sazawal et al, 1998) with zinc 

supplementation, dthough the study fiom Vietnam included predorninantly upper respiratory 



illnesses (Ninh et al, 1996). Five studies found no significant impact of zinc supplementation on 

LRTI (Castille-Duran et al, 1987; Schlesinger et al, 1992; Bates et al, 1993; Rosado et al, 1997; 

Rue1 et al, 1997), although in two of these studies the incidence and prevalence of LRTI tended 

to be higher in the zinc supplemented group (Castille-Duran et al, 1987; Ruel et al, 1997). It is 

noteworthy that al l  these studies supplemented with lower Ievel of zinc (1 to 2 mg zinc/kg body 

weightlday) compared to that used in the present study. 

It is LikeLy that zinc has a beneficial preventive effect on LRTI at an optimal intake. 

However, the therapeutic effect of zinc on LRTI remains unclear and the optimal level of zinc 

required for therapeutic purposes for the recovery of severely malnourished chiidren should be 

explored in fuaher studies over a longer penod of tirne. In this study, the level of 9 mg 

zind-gday in the micronutrient fortificant appeared to have a detrimental effect, whereas the 

levels of the micronutrients in the fortificant without zinc resulted in a lower proportion of days 

with LRTI in non-breast feeding chifdren. 

A possible mechanism for the effect of zinc supplementation on LRTI is through 

suppressed immune function, which allows infection to continue or results in an inability to clear 

the infectious agent. Schlesinger et al (1993) have shown that monocyte function was impaired 

by zinc supplementation in malnourished children. The absence of a simiificant difference in the 

proportion of days with LRTI across treatment groups among the breast feechg children, 

suggests that these children are able to absorb the protective antibodies from rnilk across the 

intestinal wall. Thus, it may be that higher leveIs of zinc suppress the immune system, not 

through the humorai responses of the mucosal surfaces (e.g., transporthg IgNIgM antibodies 

across mucosal cells), but by some other mechanism, such as decreasing the phagocytic activity 

of polymorphonuclear (PMN) leucocytes. 



7.4.2.2 Diarrhoea 

Fortification with high levels of zinc tended to increase the number of episodes of 

diarrhoea per 28 days in non-oedematous and oedematous children by 2land 27 percent (Table 

7.15), respectively, compared to that of the unfortined groups (p<0.10). The differences were 

not signif~cant probably because of the s m d  numbers of children in each group with diarrhoea 

and the limited tirne for observation (28 days). It is possible that the level of the zinc fortifkant 

in this study resulted in an increased n u m k r  of episodes of diarrhoea. Diarrhoea appeared to 

impair the rate of ponderal growth in the non-oedematous ZF children, but not in the oedematous 

ZF children (Tables 7.16 and 7.17). Conversely, diarrhoea appeared to impair the rate of 

ponderal growth in the oedematous F children, but not the non-oedematous F children. These 

results are cause for concern and emphasize the necessity for M e r  studies that have a large 

enough sample size and duration to investigate the therapeutic effects of varying levels of Wnc in 

the treatment of severely malnourished chddren. 

The results of our study for non-oedematous children are consistent with the results of 

Schlesinger et a l  (1 992) who also found a higher number of diarrhea episodes in the zinc 

supplemented malnourished infants, despite no differences in ponderal or linear growth between 

the zinc supplernented and control children. Zn contrast, Castille-Duran et al (1987), in their 

study of severely malnourished children, found no effect of zinc supplementation on episodes of 

diarrhoea. 

Unlike the results reported here, most studies of the therapeutic effects of zinc on acute 

diarrhoea (lasting less than 14 days) have observed a reduction in both the severity (as measured 

by stool frequency) (Sachdev et al, 1988; Sazawal et al, 1995; ICDDR, 1995; Roy et al, 1997) 

and duration (Sazawal et al, 1995; ICDDR, 1995; Roy et al, 1997) of diarrhoea- Two major 

factors may account for these discrepancies: (1) the level of zinc treatment and (2) the length of 

study. The doses of al1 zinc treatments used were lower than those employed in the present study 



(80 to 100 mg/day); 40 mg zindday (Sachdev et al, 1988), 20 mg zindday (Sazawal et al, 1995), 

20 mg zindday (Roy et al, 1997), 10 mg/day for 6 months (Sazawal et al, 1997). 

In larger community-based morbidity studies, the preventive effects of zinc 

supp1ementation on diarrheal diseases have been more consistent. Four studies have found Wic 

to reduce diarrheal incidence (Sazawal et al, 1997; Ninh et al, 1996; Rosado et al, 1997; Rue1 et 

al, 1997) at levels of 10 to 20 mg/day for 5 to 12 months. These levels correspond to intakes of 

between 1.0 and 2.0 mg Zn/kg!day. However, the present study did not foiiow the children for a 

long enough period of time to evaluate the preventive effects of zinc on diarrhoea, nor was the 

sample size large enough, as the study was not designed to evduate tfiis question. 

The reason for higher rates of diarrhoea in the group receiving the zinc fortifïed LP 

compared to the UF group is not clear, but may be associated with the decreased ceii mediated 

irnmunity observed in the ZF group. This, in turn, may have resulted in the reduced clearance of 

intestinal parasites due to depressed humoral response of the mucosal surfaces. 

It is known that diarrhoea may cause growth faltering in children (Rowland et al, 1977) 

by a variety of mechanisms including decreased dietary intake, malabsorption, loss of 

endogenous nutrients and altered metabolism. However, the apparent detrirnental effect of the 

ZF treatment on the oedematous children as seen in their lower final weight (WLZ scores) 

compared to the F and non-oedematous %F does not appear to be mediated by the increased 

incidence of diarrhoea alone. Even the ZF oedematous children with no diarrhoea had a 

significantly lower final WLZ score compared with the ZF non-oedematous children and the F 

oedematous group (TabIe 7.16). This suggests that the lower final WLZ score of the ZF 

treatment on the oedematous children may have been mediated through suppressed immune 

hnction or decreased sythesis of tissue, but not by increased diarrhoea. 

It is likely that the additional effect of the high ZF treatment had a more detrimental 

effect in the children in the oedematous group because they had a significantly lower weight gain 



than the aon-oedematous group. In addition, there were significantly fewer children breast 

feeding in the oedematous group, and those children not breast feeding had more days with LRTI 

than did the breast feeding children. This may indicate that the oedematous group had an 

increased susceptibility to infections because of the lack of protective effect of breast rnillc. Thus 

the detrimental effect of ZF treatment was more pronounced in the oedematous than non- 

oedematous children. 

It has also k e n  shown (in vitro) that zinc can potentiate the response to some bacteriai 

superantigens by facilitahg binding between the superantigen and molecules on antigen- 

presenting cells @riessen et al, 1995). If this effect is down regulated by an excess of zinc, the 

role of zinc in the development of toxic shock during sepsis, requires m e r  study, because most 

deaths in rnalnourished children are related to sepsis (Doherty et al, 1998). 

Again, there is cause for concern and the optimal level of zinc in therapuetic die& for children 

recovering f?om severe malnutrition needs to be detennined for both non-oedematous and 

oedematous children 

7.5 Conclusions 

Fortif~cation with rnicronutrients plus zinc (ZF group) decreased the immune response to 

DHS tests of both non-oedematous and oedematous mahourished Malawian chiIdren compared 

to that of children receiving a micronutrient fortificant, but with no zinc (p<0.05). The ZF group 

also showed a tendency to have a lower immune response than the UF group (p<0.10). In 

addition, the non-breast feeding children receiving the ZF treatment (both oedematous and non- 

oedematous) had a significantly higher proportion of days with LRTI than did those receiving the 

UF treatment (p<O.OS). The ZF group, both non-oedematous and oedematous, tended to have a 

higher number of episodes of diarrhoea than the UF group @<O. 10). 



Fially, the moaality rates over 28 days in this study in the ZF (1 1%) and the UF (10%) 

groups were higher than those of the F group (5%). Although these mortality rates were not 

significantly different, nevertheless, these results in combination with those for the DHS test and 

morbidity, emphasize that caution must be observed when using high-level zinc fortification of 

products for severely malnourished children - both non-oedematous and oedematous. The 

mortality rates presented here are consistent with the results of a recent study in which the levels 

of zinc supplementation used were close (6.0 mg zinc/kg/day) to those of the present study for a 

simiiar penod of time (30 days) (Doherty et al, 1996). 

The decreased immune response did not appear to compromise the weight gain observed 

in the non-oedematous children, although it may have attenuated the effect. In contrast, the 

suppressed immune response may have played a role in the lower weight gain found in the 

oedematous chiidren. 

For oedematous children especially, the results of this study showed detrimental effects 

of zinc f ~ ~ c a t i o n  on both anthropometric statu (WLZ) and immune fimction. Therefore, it 

appears that the Ievel of 9 mg zinc/kg/day in combination with rnicronuirients is in excess of the 

optimal level for oedematous children and that caution shouid be taken in applying this level to 

non-oedematous mainourished children. Further studies are needed to determine the appropriate 

combination of micronutrient fortificants with zinc for therapeutic diets of non-oedematous and 

oedematous malnourished children, for optimal nutritional and immune recovery. 
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Chapter 8 Effect of zinc fortification and phytate reduction in a local 
complementary food on growth and body composition of non-oedematous 
and oedematous malnourished Malawian children 

8.1 Introduction 

Kwashiorkor and marasmus are two distinct clinical conditions of malnutrition, and 

respond differentIy to indices of nutritional status (Suskind & Suskind, 1990), ernphasising for 

specific treatment for each of these conditions. Even so, nutritional treatments are generally 

identical for these two conditions, inciuding those which recommend zinc. Very few studies 

have compared the effects of zinc supplementation on the oedematous and non-oedematous 

malnourished child. 

In Malawi, both non-oedematous malnutrition (Le., marasrnus and underweight), and 

oedematous (i.e., kwashiorkor and marasmic-kwashiorkor) are prevdent and show marked 

fluctuations with season and age. Both kwashiorkor and marasmus peak during the pre-harvest 

rainy season fiom December to March. Kwashiorkor, however, peaks at age 18 to 23 months 

whereas marasrnus is most prevalent in younger children between six and 24 months 

(Anonymous, 1994). The mean prevalence of kwashiorkor in Malawian cornmunities in 1992-3 

was reportedly 18 per 1,000 and accounted for 75 percent of malnutrition admissions to hospitals 

or Nutrition Rehabilitation Units (NRLJ) (Brewster, 1996). The prevalence of wasting was 

reportedly 1.5 percent in the post harvest dry season and 2.8 percent in the pre-harvest rainy 

season in 1991 (Ashworth & Dowler, 1991). Of the paediatric admissions to the hospital in 

Blantyre in 1992-3, severe malnutrition was the final diagnosis in 11 percent, with a case fatality 

rate of 36 percent (378/1039) (Brewster, 1996). In Malawi, nutritional treatment of the two 

conditions is similar. 

To our knowledge, no studies have compared the effects of zinc on growth dunng 

recovery of oedematous and non-oedematous malnourished children. Instead, most studies have 



combined their obsewations for children with and without oedema; with inconsistent results. 

Some have found Wnc to improve weight gain and increase lean tissue synthesis (Golden & 

Golden, 198 la; Golden & Golden L981b) while others have found no significant effect of zinc on 

weight o r  length gain (Golden & Golden, 1992; Chevalier et al, 1996; Hemalatha et al, 1993) or 

on body composition indices (Doherty et al, 1998). 

In sîudies of marasmic or underweight non-oedematous children zinc supplementation 

has increased weight gain (Walravens et al, 1989) and/or linear growth (Castille-Duran et al, 

1987; Schlesinger et al, 1992) compared to unsupplemented children. By contrat, inconsistent 

results on growth recovery of zinc supplemented mahourished children have been observed for 

subjects whose oedematous state was not reported (Simmer et al, 1988; Shrivastava et al, 1993; 

Sempertegui et al, 1996; Meeks Gardner et al, 1998). In Equador (Sempertegui et al, 1996) and 

Jamaica (Meeks Gardner et al, 1998), no effect of zinc supplementation was found on either the 

weight or height gain of the mahourished children, whereas in India (Shrivastava et al, 1993) 

and Bangladesh (Simmer et al, 1988), a higher weight gain was dacumented in the zinc 

supplemented compared to the control group. 

In addition, most studies have supplemented children's zinc intake, through modifying or 

fo-g infant formulas (Golden & Golden, 1981a; Golden & Golden, 1992; Schiesinger et al, 

1992), syrups or solutions (Walravens et al, 1989; Shnvastava et al, 1993; Meeks Gardner et al, 

1998; Castille-Duran et al, 1987; Doherty et al, 2998) or capsules (Hemalatha et al, 1993). To 

our knowledge, no studies have modified and fortified a cornplementary food with zinc for 

treatment of severely mainourished children. 

In this study we have modified the local Malawian complementary food, Likuni Phaia 

CP). Likuni Phala is a mixture of unrefmed maize and soy f l o u  (with a maize:soy wieght ratio 

of 80:20) and is prepared in a watecfiour volume ratio of about 80:20 for therapeutic feedings. 

The prepared food provides approximately 80 kcal and 3.0 g protein per lOOg of cooked 



porridge. However, the phytatezinc molar ratio of the cooked food is very high (i.e., 3 1) 

whereas the comesponding concentrations of zinc (05 mg) and iron (0.6 mg) per 100 g cooked 

porridge are relatively low (Gibson et al, 1998). Phytate (rnyo-inositol hexaphosphate) is the 

most potent inhibitor of zinc absorption (Sandstrom & Lonnerdal, 1989), and to a lesser extent, 

iron absorption (Monsen, 1988). Phytate-to-zinc molar ratios in the diet exceeding 15: 1 

progressively inhibit zinc absorption (Oberleas & Harland, 198 1; Ferguson et ai, l989b). Hence, 

the use of LP could M e r  compromise the zinc statu of the already zinc-compromised 

mahourished children. This codd have serious consequences because the zinc requirements of 

mahourished children are higher than those of healthy children. Zinc is required for tissue 

synthesis and repair, to covercome potential problems of malabsorption due to changes in the 

integrity of the intestinal tract, and the increased losses due to diarrhoea. 

Therefore, the aim of this study was to rnodifv the complementary food used in the 

therapeutic diet in Malawi to enhance intake and bioavailabiiity of zinc by: a) foaifying with 

zinc; and b) improving the bioavailability of zinc by using refmed maize fiour with a reduced 

phytate content. This chapter compares the effects of the rnodified comp1ementax-y food on 

ponderal and hea r  growth and body composition assessed by anthropometry of severely 

mahourished children with and without oedema over a period of four weeks. 

There were three treatment groups: 1) children consuming the unfortified, ~ n m o d ~ e d  

(UF) Likuni Phala (LP); 2) children consuming the low phytate LP fortifed with physiologicd 

and balanced levels of micronutrients but no zinc 0; and 3) children consuming the low phytate 

LP fortified with the same micronutrients including zinc (ZF). 



8.2.1 Sample and design - 
The study was conducted at the Mangochi District Hospital in rural, southem Malawi, 

which served the town and district of Mangochi, one of 24 districts in Malawi. Diagnostic and 

sanitation facilities are limited, primarily due to inadequate health budgets which probably 

contribute to the high case fatality rates (e.g., 36% in the nutrition ward of a regional Malawian 

hospital (Blantyre) in 1992-3). Malawi's total population is estirnated to be between nine and ten 

million, and the population of Mangochi District is 700,000, with a population density of 50 to 

100 persons per square kilornetre (Govenunent of Malawi (GOM), 1993). Mangochi District 

shares the lowest level of enrolment in primary education in the country with two other districts 

and has one of the highest levels of estimated infant rnortality (150-174 deaths per 1,000 live 

binhs) (GOM, 1993). Malawi's child mortality rates are arnong the highest in the world (8&); 

the under five mortality rate is 217 per 1,000 live births, The major causes of death are malaria 

and malnutrition. Parasitic infections (malaria, hookworm, schistosomiasis) are common, as are 

viral infections (TB, AIDS). Most of the population in this district is engaged in fishing and in 

subsistence agriculture. 

Subjects for this study were recruited from a l l  children between the ages of six and 61 

months admitted to the nutrition ward of the Mangochi District Hospital. Children were included 

in the study if they met the following inclusion critena: 1) were either maintainhg or gaining 

weight over a period of three to five days; 2) tolerated the phase II: diets (Likuni Phda and high 

energy milk feeds); 3) had no obvious pitting oedema or severe dehydration; 4) had no syrnptorns 

of tuberculosis (TB) or were k i n g  treated for TB; and 5) had agreement by caregivers to a 

cornprehensive nutritional assessrnent and HN testing. Verbal consent was obtained fiom al1 the 

caregivers of the participants in the study, after the nature of the study had been fully explained 

to them. The protocol was approved by the Human Ethics Cornmittee of the Health Sciences 



Research Cornmittee, University of MaIawi and by the Human Ethics Cornmittee of the 

University of Guelph, Canada. 

AU eligible children were stratified according to HPV status (positive or negative), 

gender (male or fernale), age (6 to 24 months or > 24 months), and nutritiond status (WLZc-2 or 

WLZ1-2) and then randomly assigned to one of the three treatrnents. The randomisation was 

done by using a Latin square to randomly order the three groups-and then repeating these orders 

under each treatment blocks. The major investigator, all research assistants and alI those 

participating in the study were blind to the treatments assigned. The three treatments were: 1) 

unmodified, unfoaified Likuni Phda 0; 2) modified LP fortified with micronutrients but with 

no added zinc (F); or 3) modified LP, fortified with micronutrients and with added zinc (ZF). 

8.2.2 Treatment groups 

The unmodified, unfortified LP (UF) is a maize and soy flour mixture in a ratio of 

maize:soy 80:20 and is available nationally in Malawi for distribution to malnourished children. 

The rnaize flour is unrefmed, white maize; the soy flour is fiom soy bean not hulled. The LP is 

cleaned and blended, d e d  (hammer ma) and extruded at 150-160 degrees centigrade. The 

product is cooied, d e d  and sieved a second time to provide the finished product. 

The modified LP (F) was modified in two ways: decreasing the phytate content and 

fortifjhg the end product with multiple micronutrients. Removing the germ (de-germing or 

refining) of the maize flour resulted in removal of 90% of the phytate (i.e., from 800 mg/100g to 

234 mgIlOOg), fiom the white maize flour. Degerming the maize flour also removes some of the 

zinc (e.g., zinc content of LP made from whole versus degermed f lou  decreased fiom 0.7 

mg/ 1 ûûg to 0.4 mg1 00g dry weight eaten) (Gibson et al, 1998). Hence, the phytatezinc molar 

ratio in the LP made fiom degermed maize flour decreased from 3 1 to 22 in the LP (Gibson et al, 



1998). However, the decrease in phytic acid fiom 816 mg to 363 mg/100g dry weight, wiIl 

increase absorption of zinc and iron fiom other food sources. 

After the degerming, the refined rnaize and soy in an 80:20 ratio followed the same 

process of m W g ,  sieving and extnibg,  as the unrnodified LP. The end product was then 

fortified with the following vitamins and minerais: vitamin C (35 mg/100 g), thiamin (0.33 

mg/100g; as mononitrate), riboflavin (0.53 mg/ LOOg), niacin (6.6 mg/ 1 00g; as nicotinamide), 

pyrodoxine HCl(1.33 mg/100g), folic acid (27 pg/ 100g), vitamin E (6 IU/100g), iron (50 

mg/100g; as ferrous fumerate), calcium (50 mg/100g; as calcium carbonate), copper (630 

W100g; as copper gluconate) and iodine (50 p.g/100g; as potassium iodide). 

The modified LP fortified with micronutrients and zinc (ZF) was the same as the F 

product, except that 50 mg zinc (Zn)/100 g of flour (as amino acid chelate) was added to the 

fortification mix. The two forms of modifïed, fortified LP (F and ZF) were impossib2e to 

distinguish by sight and taste, and both the recipients and investigators were blind to the 

treatrnent allocation to the foaified LP. The unmodified, unfortified LP was slightly different In 

colour and consistency because it contained unrefined maize flour. 

The LP was prepared and fed to the study children under the supervision of research 

assistants, three times daily for a period of four weeks, in addition to their four times daily high 

energy mi& (HEM) feeds. Study children were recruited over 9 months (from Aug 1994 to May 

1995). The cornpliance of study children consuming the LP was 100 percent and al1 LP intake 

was weighed daily over the entire four week period for each child. 

8.23 Fortification levels 

The level of zinc fortification (50 mg zinc /IO0 g LP) was based on the recommendations 

by WHO (1999) and Briend & Golden (1993) for mahourished children (2-4 mg/kg/day) and the 

assumption that only 20 to 30% of the zinc would be absorbed because of poor bioavailability of 



the pIant-based diet. The fortification levels selected were calculated a s s ~ h g  an average LP 

intake of 150g dry flour/day by a mahourished child weighing about 7.0 kg and have k e n  

described in detail in chapter 7. 

For most nutrients, the LP was fortified to levels that would meet the recommended 

composition of a third world complementary food (Walker, 1990) as well as the daily 

requirements for a healthy chdd of 12 to 36 months of age for niacin, riboflavin, thiamin, 

pyrodoxine HCl (B6), and folk acid (Fkssrnore et al, 1974; FAO, 1988). The energy and nutrient 

requirements for mahourished chiIdren in the recovery phase are higher than for healthy children 

because of additional needs for tissue synthesis and repair, problems of malabsorption due to 

changes in the integrity of the intestinal tract, and greater losses due to diarrhoea (Suskind & 

Suskind, 1990; Briend & Golden, 1993). Likuni Phda, high energy milk and in some cases, 

breast milk, were the only sources of energy and nutrients for these children recovering from 

malnutrition at the hospitai. Therefore, the LP was fortified with niacin, riboflavin, pyrodioxine 

HCI and folk acid, at levels designed to meet a child's daily requirements through LP alone. 

Vitarnins A or D were not included in the fortification preaix. Vitamin A (60,000 pg 

RE) is routinely given to all children upon admission to the nutrition ward at Mangochi District 

Hospital whereas synthesis of vitamin D in the body fÏom sunlight was considered adequate as 

the children on the nutrition ward spent many hours in the sunshine outside the ward (wearing 

Little clothing), 

The fortification and modification of LP was carried out by Rab Processing Ltd, PO Box 

5338, Limbe, Malawi. 

8.2.4 Data collection 

All children entering the ward were monitored daily for oedema, weight, dehydration, 

diarrhoea, fever, medications and vitaniùi/mineral treatments (Appendix A). M e n  children 



fulfilled the eligibility criteria, and informed verbal consent was received, they were enrolled in 

the study. AU children who were r e c o v e ~ g  from kwashiorkor (which included both 

kwashiorkor and rnarasmic-kwashiorkor) as characterised by the presence of clinical oedema in 

the seven days previous to the study, were cIassified as oedematous, upon enrollment in the 

study. A questionnaire covixing socio-economic data, matemal education, diet history, and 

breast feeding practices was administered at the commencement of the study (Appendix B). 

Baseline data were collected for all 121 study chrldren on weight, length, mid-upper arm 

circumference MUAC), and triceps and subscapular skinfolds (Appendix D). In addition, blood 

sarnples for the detennination of plasma zinc, plasma albumin, transthyretin, hemoglobin, 

haematocnt, erythrocyte protoporphyrin (EP), malaria slides, and HIV status were taken 

(Appendix E). Hair samples were collected for the determinabon of hair zinc levels. 

M e r  baseline measurements, body weight was measured twice per week; height, 

MUAC, triceps and subscapular skinfolds were measured once per week, for f o u  weeks. Blood 

samples were colIected again at the end of the four week study penod. 

Upon entry to the study, children were randomly assigned to one of the three treatment 

groups: UF, F or ZF and were given a coIoured plate, cup and bracelet, each corresponding to 

the colour-code of the treatment group. In this way, children couid be disthguished for their 

daily meah of LP, but did not know which colour corresponded to the zinc treatment. For each 

meal, al1 LP f lou  quantities were calculated on the bais  of number of children in each treatment 

group for that meai. The appropriate quantities of LP and salt were then weighed, and the 

corresponding measured quantity of water was added, after which the mixture was heated until 

boiling in large pots over traditional open fires, exterior to the hospital. The caregivers were 

responsible for providing the wood, cooking the LP and cleaning the pots. The study provided 

the cooking pots and utensils as well as extra supervision, in addition to the ward nurses and 

staff. The pomdges were freshly prepared for each meal and not kept until the following rneal to 



avoid contamination. The total food intake of each study child (including high energy milk, LP 

and Iocally available snacks) was supervised, weighed and recorded daily fkom 7:00 am to 10:OO 

pm by trained dietary monitors during the four week intervention period (Appendix G). 

During the study, the children were provided with extra locally available snacks (e.g., 

seasonal miits and vegetables), toys with which to play, and clothes. During the four week study 

period, the caregivers were given materials and instruction in nutrition education, sewing and 

knitting by qualified Homecraft Workers. Six full-time and four part-time employees were hired 

and trained for their responsibilities during the 9 month penod of the study. 

Morbidity information was monitored daily throughout the study period by a registered 

nurse for cIinicai symptoms of oedema, dehydration, diarrhoea, fever, respiratory infection and 

other infections (Appendix F). ChiIdren were aIso seen weekly by a physician or clhical offrcer 

for diagnosis and treatment. The children were treated following the routine nutrition and 

medical protocol of the hospitai. 

8.2.5 Nutritional treatments 

Children with oedema or signifrcant diarrhoea on admission to the hospitai were given 

Phase 1 dietary treatment. Phase 1 nutritional treatment was dilute high energy miik (HEM) 

feeds, given seven times per day (as there were no staff available for a night time feed). Phase I 

diet is similar to half-strength milk with extra sugar and oiI, which bfings the energy density up 

to the equivalent of breast milk. A volume of 120rnllkg body weightl24 hour period was given, 

providing 100 kcal and 1.5 g protein /kg body weight/24 hours. The dilute HEM was made prior 

to each feeding from miLk powder (either whole or skimmed), sugar and oïl. Potassium and 

magnesium were added to the milk in their chloride f o m  to provide 1 18 mg/kg/day and 12 

mg/kg/day, respectively. Phase I lasts for about four days until the oedema and diarrhoea are 



improving or infection is responding to treatment, at which time the children receive phase II 

dietary treatment. 

The principle of phase II is rapid catch-up growth, using an energydense diet, The 

children were given four feeds of HEM and three feeds of LP daily. Likuni Phala was a mixture 

of maize and soya flour in a 80:20 ratio on a weight basis. The HEM provided 120 kcal and 3 g 

protein /LOO ml of HEM and the Likuni Phala provided approximately 80 kcal and 3.0 g 

proteid100g of cooked porridge daily. This was prepared on a per kg per child basis and fed ad 

libitum. 

8.2.6 Medical treatments 

Ali children were routinely treated with albendazole (4 years of age, 200 mg; 22 years 

400 mg), ferrous sulphate {100mg/day), folk acid (oncdday) and vitamin A (60,000 pg RE on 

days 1,2 and 8). AU children with kwashiorkor symptoms (oedema and wasting) were treated 

with CO-trimoxazole (240mg, 2x/day for five days) or for 14 days for those with severe 

kwashiorkor. Malaria was treated with fansidar. Fever was treated with paracetamol symp or 

panadol (aspirin). OraI thrush was treated with mycostatin drops. A chest sec t ion  was treated 

with crystiline penicillin (injections) or penicillin symp or tablets, followed by CO-trimoxazole . 

If penicillin and CO-trimoxazole were not effective, then the children were treated with the 

antibiotic chlorarnphenical. The standard tubercdosis (TB) treatment was 30 days of 

streptomycin and thiacetazone tablets for 7 months. Tuberculosis was diagnosed on the ba i s  on 

non-response to standard treatment (routine medical and nutritional) and chest X-ray. If there 

was pleural effusion (fluid on the lungs and positive sputum) then TB was treated with 

pyrazinamide, rifampicin-isoniazid and streptornycin for two mon&. 



8.2.7 Anthropometric assessment 

Each anthropometric measurement was taken by the sanie research assistant to eiiminate 

inter-examiner error. The measurernents were done in tripkate, in the moming before the fmt 

feeding, with no clothing and shoes, using standardised techniques and equipment (Lohman et al, 

1988). Length was measured by two research assistants to the nearest 0.2 cm with an 

infantometer (Mode1 98-702, Carlstadt, New Jersey). Length was measured in dl children to 

provide a precise assessment of changes in length. Weight was deterrnined to the nearest 0.01 

kg with a portable, battery-operated pediatric scale, fitted with a removable pan (Soehne, 

Germany) levelled and calibrated weekly. Mid-upper-arm circumference (MUAC) was 

determined at the midpoint of the upper left arrn with a fiber glass insertion tape (Ross Lab, 

Columbus, OH). Triceps skinfold thickness VSF) and subscapular skinfold thickness (SSF) 

were measured on the left side of the body by using a precision caliper (Lange, Cambridge 

Scientific, Maryland) and standardized techniques (Lohman et al, 1988). 

Height for age (HA), weight for age (WA) and weight-for-height (WH) Z scores were 

calculated by using the Epi Info software program, Nutritional Anthropometry subroutine from 

Centre for Disease Control (CDC), Atlanta GA. Mid-ann-fat area (AFA) and mid-am-muscle 

area (AMA) were derived from MUAC and TSF thickness measurements by using standard 

formulas (Frisancho, 1990). 

8.2.8 Biochernical assessment 

Non-fasting, venipuncture blood samples (5 ml) were taken pior to the fist  moming 

feed between 0600 and O8ûû into trace element-free lithium heparinized tubes (Monovette 

Sarstedt, PQ), with subjects in the sitting position. Aliquots were taken for hemoglobin, 

hematocrit, erythrocyte protoporphyrin, malaria slîdes, and white blood ce11 count. The 

remahhg blood was centrifuged for 10 minutes and the plasma separated into trace element-free 

polypropylene vials, frozen imrnediately at -20C for later analysis. Samples were air fieighted on 



dry ice fiom Malawi to Canada for analysis of plasma albumin, transthyretin, zinc and HIV statu 

due to lack of appropriate facilities in Malawi. 

Plasma albumin was assessed by using the bromocresol green method (Sigma 

Diagnostics) modifled by Doumas (1971). Accuracy was assessed using a control (Sigma 

Accutrol, R3H-6174); mean (k SD) of nine determinations was 3.86M.24gldL compared to the 

asssigned value of 3.80 g/dL (range 3.2 to 4.4 g/dL). Precision was determined by repeated 

analysis (n= 10) of pooled serum; the rnean value was 5.1I0.2 g/dL (CV = 4%). Plasma 

transthyretin was assessed using an ELISA method. 

Plasma for zinc analysis was weighed into glass ignition tubes (Pyrex Cornhg 

lOx70mm), frozen, and then fieeze dried for 24 hours (Dura Dry Freeze Dryer MP). Sarnples 

were heated by ramping to 480°C, ashed overnîght in a muffie h a c e  (Lindger 5/800 Box 

Furnace), and reconstituted with 1.25 N nitric acid (Ultrex II Ultrapure, JT Baker Chernical Co, 

Phillipsburg, NJ, USA). After diiuting sarnples 1 5  with distilled de-ionised water, they were 

analysed by flame-atomic-absorption specbophotornetry (mode1 SpectrAA 30, Varian Techtron 

Ltd, Georgetown, Ontario) using a modified method of Veillon et al (1985). 

The accuracy of the plasma zinc analytical method was assessed by daily assay of a 

bovine semm standard reference material (National Institute of Standards and Technology, 

Gaithersbug, MD, Std Ref material 1598), certified for zinc content. The rnean ( S D )  for 

fourteen samples was 14.0 (12.5) p o l L  (CV, 18%) compared to the certified value of 13.6 

(I0.9) pmoVL. Pooled semm samples (n=8) were assayed to assess precision of the method 

between assays. The mean (ISD, CV%) value was 14.6 (&1.3,9%) p o l / L .  The CV of 

duplicate samples (n=29) used to assess wi th-run precision was 1 1 %. 

Hemoglobin, hematocrit and erthyrocyte protoporphyrin (EP) were assessed in duplicate 

on whole blood. Hemoglobin was determined using a portable hemoglobinometer (Hernocue 

AB, Sweden). The control values were within normal limits. Hematocrits were detemiined by 



centrifuging two capillary tubes of whole blood and reading with a hematocrit reader the volume 

percent. Erythrocyte protoporphyrin was detennined by a portable hernatofluorometer (AVIV 

Biomedical, Lakewood, NJ), calibrated with manufacturers controls. Low, medium and high 

controls were within normal Limits. 

Hair samples were collected fiom the occipital portion of the scalp with stainless steel 

scissors. SampIes were cleaned of nits and lice, and washed in a non-ionic detergent (Actinox) 

using a standard procedure (Gibson & DeWolfe, 1979). After drying the washed hair samples, 

they were packaged weighed, polyethylene bags, sealed and reweighed. Hair samples were 

irradiated for four hours in the McMaster University nuclear reactor, and zinc concentrations 

were detennined by instrumental neutron activation analysis mAA) (Gibson & DeWolfe, 1979). 

A pooled hair sarnpIe was used to assess inter-assay precision. Mean (+SD, CV%) zinc 

concentration of six assays was 1.40 (H.21, 15%) p o V L .  The CV for the repeated analysis of 

the same sample (n= 15) was 14%. 

8.2.9 Malarial parasites and human immunodeficiency virus (HIV) infections 

Thick blood smears for malaria1 screening were prepared with one drop of whole anti- 

coagulated blood, allowed to dry, and then stained with 4% Giemsa stain. Slides were examùied 

at 1 OOX ma-cation by one trained technician fkom the Mangochi District Hospital and 

parasite densities were detennined as a ratio of parasites to white blood cells [Le., (parasite slide 

counthvhite ceii slide count) x white blood ce11 count]. 

In Malawi, screening for the HIV antibody was carried out by one of two methods, 

dependiig on availability of Iaboratory tests; enzyme linked immun0 sorbant assay (ELISA) 

(Serodia or Immunocorn) or rapid immunochromatographic screening test (HIV !4 STAT-PAK, 

Chembio Diagnostic Systems, Medford, N'Y) . Due to the potential false positives from both the 

test methods and the fact that chiidren under 24 months may show HN antibodies, but not be 



HIV positive themselves, dl samples were re-tested in Canada. The results using the latest 

available testing methods in Canada for HZV status were used in the present andysis. 

The Hl[V laboratory, Ontario Ministry of Health (Toronto, ON) screened al1 samples with 

ELISA and confirmed al l  repeat positives with Western Blot on whole dried blood spots. Al1 

infants under 24 months with positive antibodies to HIV from the fmt  ELISA were confirmed by 

viral W A  assay on plasma samples (Cassol et al, 1994). These assays were carried out by the 

Research Institute, Ottawa General Hospital (OGHRI, ON). 

8.2.10 Dietary assessrnent 

All food and milk consumed by the children (except breast rnilk) was weighed àfter 

serving on their plates or in their cups and again after the children finished eating, to the nearest 

1 g, on scales (Hanson Digital Kitchen Scales) calibrated weekly, and recorded by trained 

research assistants. This was carried out for each child from 7:OOam to 1O:ûûpm for each study 

day. Intakes of energy, selected nutrients, per food group, per day and per kg body weight were 

calculated from the coded dietary records using a previously compiled Malawian food 

composition table based on analysed and literature d u e s  and the University of Guelph Intake82 

computer program (Ferguson et al, 1988; Ferguson et al, 1989a). 

8.2.11 Data analysis 

Analysis of covariance was used to assess differences among the three treatment groups 

on the final values for aU continuous dependent variables (anthropometric, biochemical, 

functional). All models included treatment group, oedema, gender and HN status (as class 

variables) and initial values of each final variable (anthropometric and biochemical), initial WLZ 

score (as nutritional status) and age at entry as covariates (Snedecor & Cochran, 1989). Each 

anthropometric, biochemical and fimctional index and/or indicator was tested separately. AU 

models were examined for the assumptions of ANCOVA , General Linear Model, (1. constant 

variance, 2. Residuals plotted against covariates or independent variables; 3. norrnality of 



residuals, assessed by w-statistic). When the assumptions were violated, the data were 

transformed and mean values with 95% confidence intervals were reported. In a very few cases, 

outliers were eliminated when the assumptions were violated. In addition, al1 biologically 

plausible two-way and three-way interaction effects for each mode1 were assessed for 

significance. Type three sums of squares were calculated to assess F values and partial R squares 

using the Statistical Analysis System (SAS) (1988). For non-continuous variables, the Chi- 

square was used to assess the ciifferences in proportions among treatments. A level of pcO.05 

was accepted as a sigriificant value. However, because multiple tests (approximately 50) were 

carried out, it is likely that there will be two to three faise positive fhdings. 

8.3 Resuits 

83.1 Characteristics of the subjects 

Table 8.1 presents selected characteristics of the children at the start of the study by 

treatment group; age, gender, days present in hospital prior to starting the study, presence of 

oedema, HIV, TB, and malaria, and percent breast-feeding. The groups were very similar at 

baseline in ail variables examined; no variables were statistically significanily difierent among 

the three groups. 

Table 8.1 Characteristics of study children at baseline in the unfortified, fortifïed and zinc- 
fortified treatment groups. 

Unfortifieci Fortifïed Zinc Fortifîed 
Variables 

Age (rnonîhs) 25-21 1.3 23.6k12.2 23.4B.7 
Percent malelfernale 3916 1 4915 1 46/54 
T'me in hospital prior to study (days) 1 1.5k8.0 13.1I10.7 1 I -4k7.5 
Percent with oedema prior to smdy 49 (20) 63 (26) 56 (22) 
Percent HIV positive 29 (12) 15 (6) 1s (6) 
Percent TB positive 27 (1 1) 27 (1 1) 23 (9) 
Percent HN & TB positive 9.8 (4) 9.8 (4) 5.1 (2) 
Percent malaria positive 4.9 (2) 2.5 (1) 5.0 (2) 
Percent breast feedinp; 20 (8) 29 (12) 36 (14) ' ( ) smple  sùe. 



83.2 Anthropometric assesment 

Table 8.2 presents the resdts from the ANCOVA for the effects of treatment on selected 

anthropornetric indices at the end of the study. The models include both main effects and 

interactions, adjusting for potential confounding variables. The potential confowiders of initial 

age and levels of dependent variables were treated as covariates; while oedema, sex and H W  

status were treated as class variables. A signifïcant treatment effect was observed on final LAZ, 

MUAC, AMA and AFA, when controlling for potential confounding variables. No other main 

effects of treatment were observed on WLZ, WA.2 or SSF. A significant interaction was found 

between oedema and treatment for all anthropometric dependent variables examined, uidicating 

that the treatment effect was different for those children without and with oedema. Thus, the 

data are presented separately for those children without and with oedema. These groups wili be 

referred to as the non-oedematous and oedematous groups, respectively. 

Tables 8.3 and 8.4 present the initial anthropometric measurements and indices for the 

three treatments in non-oedematous and oedematous children, respectively. These tables show 

the degree to which the chikiren were mahourished at baseline and demonstrate the 

improvement over the four-week intervention when compared with the final values (Tables 8.5 

and 8.6). There were no significant clifferences between the treatments for any of the variables, 

in either the non-oedernatous or oedematous children at baseline. However, the non-oedematous 

children were significantly younger on average (19.0 B . 4  months) than the oedematous children 

(28210.8 months). The non-oedematous children had significantIy Iower WAZ, L M ,  MUAC, 

AMA, TSF and AFA than the oedematous children. This was most notable in the two fortified 

groups, but was also significant in the overall averages between the oedema groups. 

Tables 8.5 and 8.6 present the final anthropometric measurements and indices adjusted 

for initial dependent variable, initial WLZ score, age, HIV status and gender by treatment for 



non-oedematous and oedematous children. Three-way comparkons were made among the 

treatments in each of the oedema groups, as weLI as two-way comparisons between the 

oedematous and non-oedematous groups. Values presented are means and 95% confidence 

intervals, because several of the indices GAZ, M A C ,  AMA and AFA) were transformed to 

achieve normality. 

In the non-oedematous group, the ZF children had a ~ i ~ c a n t l y  lower TSF 

measurement than the UF. However, the ZF group had significantly higher fmal WLZ, WAZ and 

LAZ scores than the F group. The fortîfied group without zinc (F) had significanùy lower values 

for most of the antfiropornetric indices at the end of the study (WAZ, LAZ, MUAC, TSF, SSF, 

AFA) than the UF group. 



Table 8.2 Analaysis of Covariance (ANCOVA) models of treatment and interactions on final variables, adjusting for covariates and 
potential confounding variables. 
Dependent Vdablc WLZ WAZ LAZ AMA TSF S S F  AFA MUAC 

Independent Variables P P P P P P P P 
Mode1 4.00 1 4.001 ~0.001 4.001 (0.001 4.00 1 4.00 1 4.00 1 
~ r e a t m e n t ~  
0edemaB 
Age (months) 
WLZ (initial) 
HIV statusc 
Gender 
Baseline Dependent 
Treatmen t x Oedema 
Other Interactions: 

(Baseline dependentf 
Treatment x W (initial) 
LAZ (initial)* 
L M  (initial) x Treatment 
~ ~ e *  
LM' x Treatmen t 

Mean Square of Error ( ~ 1 0 ' ~ )  

0.83 
0.03 
NS 

4.00 1 
NS 
NS 

NIA 
4.001 

NS 
NS 
NIA 
NIA 
NS 
NS 

0.29 1 

0.63 
4,001 

NS 
NS 
NS 
NS 

4.001 
co.001 

NS 
NS 
NIA 
NIA 
NS 
NIA 

O. 168 

0.046 
0.25 1 
4.00 1 
0.100 
NS 
NS 

d,oa 1 
0.0 13 

NS 
NS 

<0.001 
0.007 
0.00 1 
0.004 
NIA* 

0.020 
0.181 

NS 
0.552 
0.004 

NS 
d.001 
0.007 

4.00 1 
0,002 
NIA 
NIA 
NS 
NIA 
NIA* 

0.005 
0,339 

NS 
0.439 
0.045 

NS 
4.00 1 
0.0 17 

0.008 
0.00 1 
N/A 
NIA 
NS 
NIA 

NIA* 

0.0 1 4 
0.002 

NS 
0.006 
0.048 

NS 
<0.001 
0.026 

NS 
NS 
NIA 
NIA 
NS 
NIA 

0.846 

0.1 112 
0.085 

NS 
0.054 

NS 
NS 

4.001 
0.00 1 

NS 
NS 
NIA 
NIA 
NS 
NIA 

0.726 

0.01 1 
0.001 

NS 
0.005 
0.020 

NS 
4,001 
0.004 

NS 
NS 
NIA 
NIA 
NS 
NIA 

NIA* 
~djus ted  R-squared 0.72 0.86 0.99 0.78 0.74 0.72 0.69 0,78 
A Treatments: Unfortified. fortified. zinc fortified. 

Oedema = 1; No oedema - 0. 
HIV positive - 1; HIV negative = 0. 

* Transformed to achieve normality. 



Table 8 3  Cornparison of initial anthropometric measurements and indices of children in the 
1 unfortified, fortif?ed without zinc and zinc-fortifïed groups in the non-oedematous group . 

Variables No oedema 

Age 
(monthsiSD) 
Weight 
Ocg) 
Lengùi 
(cm) 
Weight for Iength (Z score12 

Weight for age (Z score) 

Length for age (Z score) 

Mid-upper-arm circumference (cm) 

Arm muscIe area ( r n ~ n ~ ) ~  

Triceps skinfold (mm) 

Subscapular skinfold (mm) 

Arm fat area ( ~ n r n ~ ) ~  

Zinc Fortified 
(rn 
(n- 17) 

(171.246) (1 49,229) (155.232) 
' Values are means and 95% Confidence Intervals. 
Z-scores calculated using the WHO/NCHS/CDC reference data (WHO 1979). 
ALIII muscle area - [C-(x x TSK)]~/~~F, where C = mid-upper-arm circumference (mm); TSK - triceps skinfold 

thickness (mm). 
A m  fat area = (TSK x (22) - (TE x TSK*/~). where TSK - triceps skinfold thickness (mm), C - mid-upper-am 

circumference (mm). 
* Means between non-oedematous and oedematous are signif~cantly different (withùi treatment intervention) (Tukey's 
two mean comparisons). 
A B  CD: Means with the same or no letter are not significantly different between interventions (Tdcey's Studentised 
Range Test - three means). 



Table 8.4 Cornparison of initial anthropometric measurements and indices (normalised) of 
1 children in the unfortifieci, fortified without zinc and zinc-fortified groups in the oedema group . 

Variables 

Weight for length (2 score)2 

Weight for age (Z score) 

iength for age (Z score) 

Mid-upper-arm circumference (cm) 

Am muscle area 

Triceps skinfold (mm) 

Subscapular skinfold (mm) 

A m  fat area 

Zinc Fortifiecl 
(rn 

(11522) 

- - 
(21 1,309) (223,3 1 O) (232.33 1) 

l Vaiues are means and 95% Cor6dence Intervals. 
* Z-scores calculated using the WHO/NCHS/CDC reference data (WHO 1979). 

Arm muscle area = [C-(x x T S K ) ] ~ I ~ K ,  where C - rnid-upper-arm circumference (mm); TSK - triceps skinfotd 
thickness (mm). 

Arm fat area 9 (TSK x C/2) - (x x TX214). where TSK = triceps skinfoId thichess (mm), C = mid-upper-am 
circumference (mm). 
* Means between non-oedematous and oedematous are significantly different (within treatment intervention) (Tukey's 
two mean comparisons). 
ABC D: Means with the same or no letter are not simcantly different between interventions (Tukey's Studentised 
Range Test - three means) 



TabIe 8 J Cornparison of adjusted final anthropometnc measurements and indices of children in 
'l the unfortified, forfied without zinc and zinc-fortified groups in the non-oedematous group . 

Variables No oedema 

Weight for Iength (2 score)§ 

Weight for age (2 score) 

Length for age (2 score) 

Mid-upper-arm circumference (cm) 

Arm muscle area (mm2)' 

Triceps skinfold (mm) 

Subscapular skinfold (mm) 

Arm fat area (mm2)* 

Fortified Zinc Fortified 
O (ZF) 

(n= 15) (n- 17) 

(262.3 16) (19 1.248) (2 14.270) 
q Values are means and 95% Confidence Intervais, 

Z-scores caiculatcd using the WHO/NCHS/CDC reference data (WHO 1979). 
Arm muscle area - [C-(n x TSK)]*/~~, where C = mid-upper-ami circumference (mm); TSK = mceps skinfold 

thickness (mm). 
* A m  fat area - (TSK x Cl2) - (z x TSK~/~) ,  where TSK = triceps skinfold thickness (mm), C = mid-upper-arm 
circumference (mm). 
* Means between oedema and oedema resolved are significantiy different (within matment intervention) (Tukey's two 
mean cornparisons). 

Means with the same or no lemr are not significantly different between interventions (Tukey's Studentised 
Range Test 



Table 8.6 Cornparison of adjusted final anthropometric measurements and indices of children in 
the unfoaified fortified without M c  and zinc-fortified groups in the oedematous g ~ o u ~ ~ .  

Variables Oedema 

Weight for length (Z score)5 

Weight for age (Z score) 

Length for age (Z score) 
(-3.78,-3.65) 

Mid-upper-am circumference (cm) 1 1 . 9 ~  
(1 15,12.3) 

Arm muscle area (mm21t 865- 
(807,928) 

Triceps skinfold (mm) 5.23 
(4.82568) 

Subscapular skinfold (mm) 4 . 6 0 ~  
(4.22,4.98) 

Arm fat area (mm2)$ 295AB 

Zinc Fortif~ed 
(ZF) 

(n-22) 

(267,324) (283.341) (236-29 1) 
Values are means and 95% Confidence Intervals. 
2-scores calculateci using the WHO/NCHS/CDC reference data (WEI0 1979). 

tArm muscle area = [C-(n x TSK)]*I~~, where C = mid-upper-arm circumference (mm); TSK = triceps skinfold 
thichess (mm). ' Arm fat area = (TSK x C/2) - (TC x T S K ~ / ~ ) .  where TSK = triceps skinfold thiciaiess (mm), C - mid-upper-m 
circumference (mm). 
* Means between oedema and oedema resolved are significantly different (within treatment intervention) (Tukey's two 
mean comparisons). 
A B  CD: Means with the sarne or no letter are not significantly different between interventions (Tukey's Studentised 
Range Test - three means). 



8.3.2.I Weight for length and weight for age Z scores 

Figures 8.1 and 8.2 ïüustrate the interaction of treatment with oedema for WLZ and 

WAZ, respectively. The graphs present the uiree treatment groups as non-continuous points on 

the x-axis which are joined by lines in order to help the reader foUow the non-oedematous and 

oedernatous groups. Within the non-oedematous group, ZF children had signifïcantly higher 

final WLZ and WAZ scores than the F children (Table 8.3, whiie the differences of h a 1  WLZ 

score between the ZF and the UF groups were inconclusive (t= 1-52; p=O.l3). The final WAZ 

score of the F children was significantly lower than that the UF children (Table 8.6). These 

trends can also be seen for WLZ in Figure 8.1 and WAZ in Figure 8.2. 

Unexpectedly, in the oedematous group, the effect of treatment on WLZ and WAZ was 

reversed: the ZF children had a significantly poorer final WLZ and WAZ than the children 

receiving the F treatment ( ~ ~ 0 . 0 5 )  (Table 8.6 and Figures 8.1 & 8.2). 

8.3.2.2 Length fur age z score 

The treatment effect on final LAZ scores interacted with oedema and initial LAZ scores 

(Table 8.2). Figures 8 3  and 8.4 illustrate that children in both the FZ and F treatments showed 

a significantiy improved hear growîh, which was dependent on initial LAZ in a non-linear 

relationship. Both the non-oedematous and oedematous groups have the same linear and 

quadratic relationships between initial and fmal LA2 scores (see Appendix I). That is, the ZF 

and the F treatrnents have a greater rate of improvement in the final LAZ score (slopes 0.08 and 

0.06, respectively) than the UF group (-0.001), at the intercept. In addition, the ZF treatment 

shows a signif~cantly smaller decline in the rate of increase than that of the UF and F treatments. 

This suggests a positive eflect of ZF over both the UF and F treatments on h e a r  growth in those 

children who were very severely stunted ( L m  -5.0) (Le., 11-13; 11%) and those who had 

normal growth (LAZ 2 O) (Le., n-4; 3%). 
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F and ZF treatments on f d  LAZ of  oedemaîous 
chikiren, by initial LAZ score. 



833 Body composition 

The treatment effect on both final MUAC and AMA interact with oedema and initial 

WLZ score, and are aiso affected by H W  status (Table 8.2). Figures 8.5 to 8.8 present the 

interaction between initial WLZ and treatments on final MUAC, in non-oedernatous and 

oedematous chiidren, and by HIV status. In both non-oedematous and oedematous groups, the 

slope for the ZF treatment was ~ i ~ c a n t l y  greater than zero and greater than UF and F groups 

over the range of wasting within the study group. In the more severely mainourished non- 

oedematous children, the final MUAC of the ZF group was not significantly different than the 

UF group and significantly lower than the F group. 

The fmal MUAC for the ZF treatment was similar in both the non-oedematous and 

oedematous childreli, depending on the initial WLZ score. When the children were Iess wasted 

to start with, they showed a greater final MUAC. In the case of non-oedematous chikiren 

(Figures 8.5 and 8.7), the children receiving the ZF treatment with initial WLZ 2 -1 (n=3) had 

signif~cautly greater final MUAC than both the UF and the F groups. The ZF group had a greater 

fmal MUAC than the F group, but not greater than the UF among moderately wasted children 

(WLZ = -2.0). In the most severely wasted children, the UF group showed a higher fmal MUAC 

than both the ZF and F. 

In the oedematous groups of children (Figure 8.6 and 8.8)- the ZF treatment did not 

significantly enhance the final MUAC compared to that of the UF for any of the children in this 

study. In fact, among severely wasted oedematous children (WLZ<-3) (15% of the study 

chiidren), ZF treatment resulted in a lower fmal MUAC than that for both the F and UF groups. 

The difference between the non-oedematous and oedematous groups is emphasized in the 

children receiving the F treatment; they had a higher average final MUAC (12. km)  than the non- 

oedematous group (1 1. lm) (Tables 8.5 & 8.6). 
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Figure 8.6 Prediction equaiions for the effect of UF, F and 
ZF îreatments on final MUAC of non-oedematous AN- 
positive childreu, by initial WHZ score. 
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Figure 8 8  Aediction equations for the eEect of UF, F and 
ZF treatmmts on fiuai MUAC of ocdemataus HIV- 
positive children, by initiai WHZ score. 



HlV did not interact with the treatments, but HIV-negative chddren showed a 

significantly greater final MUAC than the HIV-positive children (pc0.05). 

Figures 8.9 to 8.12 show the effects of the treatments on final AMA as they interacted 

with initial WLZ scores in the oedematous and non-oedematous groups. The pattern was similar 

to that seen in the MUAC results. This is not surprïsing because the AMA was derived fkom the 

MUAC and TSF. Again, with decreasing sevexity of wasting, the fmal AMA increased in both 

non-oedematous and oedematous groups only among the children receiving the ZF treatment 

(Figures 8.9 to 8.12). The non-oedernatous children receiving ZF treatment, showed a 

significantly greater final AMA than UF and F at initial WLZ > -2.0 (n-21; 40% of non- 

oedematous group). In children who were more severely wasted (WLZ I -2.0) (which included 

the majority of non-oedematous children (11-32 60%)). the final AMA in the ZF group did not 

differ fiom the UF and F groups. Again, as noted for MUAC, the oedematous children receiving 

the ZF treatment showed no ciifference in final AMA when initial WLZ 5 -1.0 and WLZ > -3.0. 

At most severe levels of wasting (WL.Z I -3.0), which included 26% of the oedematous children 

(n=18), the ZF treatment resulted in simcantly lower levels of fmal AMA than both the UF 

and F treatrnents. Again, as reported for MUAC, oedernatous children receiving the F treatment 

had a simcantly greater fmal average AMA (910 mm2) than non-oedematous children in the F 

group (793 mm2) (Tables 8.5 & 8.6). 

Tables 8.5 and 8.6 present the triceps and subscapular skinfolds and the calculated arm 

fat area for the oedematous and non-oedernatous children. The non-oedematous ZF group had a 

simcantly lower final TSF (4.4 mm) compared to the UF group (5.2 mm) (TabIe 8.5). The 

subscapular skinfolds and AFA were simcantly lower in the F than the UF treatment groups of 

non-oedematous children (Table 8.5). 

Both final subscapular skinfolds and final AFA were lower in the oedematous ZF group 

(4.2 mm and 263 mm2, respectively) than those of the F group (5.0 mm and 3 12 mm2, 
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Figure 8.12 Prediction equations for the effect of UF, F 
and ZF trcatmcnts on the f d  AMA by initial WLZ in 
oedematous, HIV-positive children 



respectively). No differences in TSF were found among any treatments in the children with 

oedema (Table 7.6). 

8.3.4 Energy intakes and rate of weight gain 

Table 8.7 presents the results fiom the ANCOVA, for effects of intervention on energy 

intakes (EI), and rate of weight gain (RWG) when controlling for the potential confounding 

variables (entry age, oedema, HIV status, gender and initial WLZ) and breast feeding. The 

energy intake included only non-breast milk food, because the quantity of children's intake of 

breast milk was not monitored. However, the children breast feeding were consuming more 

energy on average, from non-breast milk foods (726 kJ/kg/day) than the children no longer breast 

feeding (620 kT/kg/day) but gaining weight at a significantly lower rate (2.6 g/kg/day and 4.0 

g/kg/day) - 
There was neither a main treatment effect on energy intake nor an interaction effect 

between treatment and oedema. In sharp contrast, the interaction between treatment group and 

oedema was significant (pc0.001) for RWG when controlling for EI, indicating that the RWG 

among treatment groups was different for the chikiren with and without oedema at the same EL 

Tables 8.8 and 8.9 present the energy and selected nutrient intakes and rate of weight 

gain (adjusted for HIV status, breast feeding, age, initiai level of wasting) over the four-week 

period for thé non-oedematous and oedematous children, respectively. Differences in the rate of 

weight gain between the ZF and F groups were significant. In the non-oedematous children, the 

2F group gained weight at a much higher rate (4.6 g/kg/d) than the F treatment (1.4 g/kg/d) at the 

same Ievel of energy intake and controiîing for confounding variables. AIthough the rate of 

weight gain in the ZF group (4.6 g/kg/d) was also greater than that of the UF group (3.0 g/kg/d), 

it was not statistically signifiant (ts1.9; p=0.06) but may indicate a trend. Energy and protein 

intakes were not significantly different among groups. Iron and copper intakes also were not 



significantly different between the ZF and F groups, but they were higher than that of the U F  

group. Only zinc intake was different between the ZF and F groups, but not between the UF and 

F groups. 

Figure 8.13 illustrates the interaction between treatment and oedema on rate of weight 

gain. In contrast to the non-oedematous group, the oedema groups showed an opposite treatment 

effect; the ZF gained at a lower rate (2.4 g/kg/d) than the F (4.8 g/kg/d) (Table 8.9). 

Table 8.7 Analysis of Covariance (ANCOVA) models of treatment and interactions on energy 
intake (EI) and rate of weight gain (RWG), adjusting for covariates and potential confounding 
variables. 
Dependent Variable Energy Intake (EI) Rate of Weight Gain 

(IcJldaylaverage kg body weight) (gldaylkg initial body weight) 

Independent Variables P P 
Mode1 4.001 4.00 1 
~reatrnent' 
Oedema2 
HIV status3 
Breast feeding4 
Gende? 
Age (rnonths) 
WLZ (initial) 
Energy intake 
Treatrnent x Oedema 
Mean Square of Error 

0.479 
0.249 
0.003 
0.010 
NS 
0.044 

(0.001 
NIA 

0.582 
NIA* 

Adjusted R-squared 0.35 0.3 1 
Treatments: Unfortified, fortifrai. zinc fortifieci. 
Oederna = 1; No oedema = 0. 
HIV positive = 1; HIV negative - 0. 
Breast feeding - 1; not breast feeding - 0. ' Gender: 1-male; 2-fernale. 

* Log transformeci. 



Table 8.8 Cornparison of adjusted daily intakes of energy and selected nutrients (per kg body 
weighdday) and rate of weight gain over the four week period of non-oedematous children 
receiving the uaforaed, fortified without zinc and zinc-fortified treatmentsl 

Variable Unfortifieci Fortifïed Zinc Fortified 
0 O m 

(n=2 1) (n= 15) (na 17) 

Energy intake ( ~ / k g / d ) ~  

Protein intake @~kg/d)~ 

Zinc intake (mglk~3ld)~ 

kon intake (rnglkgld)' 

Copper intake (pgIkg/dl6 
- . -  

Rate of weight gain (gkgld)' 3.01AB - 1 .4ZA' 4.61B' 
(1.89,4.13) (O. 13,2.7 1) (3.40.5.82) 

Values are means and 95% Confidence Intervals. 
2 

Energy intake (EI) - mean energy intake (klHD) laverage body weight (kg)l28 days 
Protein intake - mean protein intake (g)/ a-verage body weight (kg)/28 days 
Zinc intake - mean zinc intake (mg)/ average body weight (kg)/28 days 
Iron intake = me.m iron intake (mg) / average body weight (kg)/28 days 
Copper intake - mean copper intake (pg) / average body weight (kg)/28 days 

7 
Race of weight gain (RWG) - mean weight (g) - - mean weight (g) 1 mean weight (kg) ,& 1 28 days 

* Means between oederna and oedema resolved are signir~cantly different (within treatment intervention) (nikey's two 
mean comparisons). 
A B  CD: Means with the same or no letter are not sisnif~cantly different between interventions (Tukey's Studentised 
Range Test - three means). 

Figure 813 Effect of watment on rate of weight gain (RWG) 
in non-oedematous and oedematous chiidren. 
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Figure 8.14 Rediaion equaîïon for the eEect of unfortif~ed (UF), 
Fartifid (F) and zinc f-ed (ZF) ireatments on nnal plasma 
zinc concentrations, by initial WLZ score. 



Table 8.9 Cornparison of adjusted daily intakes of energy and selected nutrient (per kg body 
weightlday) and rate of weight gain over the four week period of oedematous children receiving 
the unfortified, foaified without zinc and zinc-fortified treatments' 

Variable Unfortifieci Fortified Zinc Fortifiecl 
0 O ( zF)  

(nœ20) (n-24) (n-22) 

Energy intake (16lkgId)~ 

Protcin intake ~ g / d ) ~  

Zinc intake (rng@~'d)~ 

Iron intake (m@~g/d)~ 

Copper intake (pg/kg/dl6 

Rate of weight gain ~ k g / d ) ~  
- - 

(2.45.4.8 1) (3.68.5.96) (1-26.3.53) 
Values are means and 95% Confidence Intervais. 

2 
Energy intake 0 - mean energy intake WSD) laverage body weight (kg)/28 days 
Protein uitake = mean protein intake (g)/ average body weight (kg1128 days 
Zinc intake - mean zinc intake (mg)/ average body weight (kg)/28 days 
h n  intake = mean iron intake (mg) 1 average body weight (kg)/28 days 
Copper intake - mean copper intake (pg) / average body weight (kg)l28 days 

7 
Rate of weight gain (RWG) - mean weight (g) - 4 - mean weight (g) - 0 / mean weight (kg) - 0 / 28 days 

* Means between oedema and oedema resolved are significantly different (within treatment intervention) (Tukey's two 
mean comparisons). 
ABCD. . Means with the sarne or no Ietter are not significantly different between interventions (Tukey's Studentised 
Range Test - three means). 

8.3.5 Biochemicd assessrnent 

Tables 8J0 and 8.11 present the results of the initial biochemical indices in the three 

treatment groups for the non-oedematous and oedematous children, respectively. The plasma 

zinc, plasma albumin, plasma transthyretin, MCHC and EP were log transformed in order to 

achieve norrnality. There were no simcant differences among the treatment groups in either 

the non-oedematous or oedematous children. Plasma zinc and albumin levels were si@icanùy 

Iower in the oedematous than non-oedematous chüdren, at the begh ing  of the study. 

Table 8.12 presents results fiom the ANCOVA for the effects of treatment on the final 

biochemical parameters of the children. The models include both main effects and interactions, 

adjusting for oedema, initial WLZ, initial dependent variables, age, HIV statu and gender. The 

treatment had a signXcant effect on plasma zinc, albumin/zinc ratio and mean ce11 haemoglobin 



concentration (MCHC). However, these main effects need to be interpreted in light of the 

respective simcant interactions. Treatment effects on plasma zinc varied with initial WLZ 

score and on MCHC with gender. No effect of oedema (p~0.15) or interaction between 

treatment and oedema (p=0.81) was found on final plasma zinc (Table 8.12). No effect of 

treatment and oedema interaction was seen on any of the other biochemicd measurements, 

indicating that the frnal biochemical measurements among treatment groups were not different 

for the children with and without oedema 

Tables 8.13 and 8.14 present the final biochemical values for the three treatments in the 

non-oedematous and oedematous groups, respectively. There were no significant differences 

between the oedematous and non-oedematous children. The average k a l  plasma zinc Ievels of 

the ZF group were significantly greater than that of the combined UF and F treatments and varied 

with initial WLZ score in both the non-oedematous and oedematous groups. Figure 8.14 

illustrates the treatment effects on plasma zinc levels by initial WLZ score (fkorn the prediction 

equation) for the combined oedema groups, because there was no ciifference between non- 

oedematous and oedematous chiidren. The severely wasted (WLZ- -3.0) children in the F group, 

both non-oedematous and oedematous, had significantly lower frnal plasma zinc levels thm the 

ZF group. In less severely wasted children (WLZ > -3 .O), there was no difference in plasma 

zinc between the ZF group and the F group or UF, in both the non-oedematous and oedematous 

groups. 

The mean plasma zinc did not improve significantly in any of the seatment groups over 

the four-week intervention. However, the percentage of children with low final plasma zinc 

(<9.94 pmoVL for non-fasting) (not adjusted for potential confounders) was lower in the ZF 

treatments (6% or 2/34) than in the F (24% or 10/41) and the UF (1 3% or 5/37). 



Table 8.10 Comparison of initial biochemical measurements of non-oedematous children in the 
udortified. foaified without zinc and zinc-fortified groupsL 

Variables Unfortifieci Fortifieci Zinc Fortüïed 
O O (zF) 

(11-17) (n- 14) (n- 16) 

PIasma zinc (pmoi/L) 

Plasma albumin (pmoVL) 

Alburnin/Zinc ratio 

Plasma transthyretin @IL) x 10-~ 

Haemoglobin (g1L) 

Haematocrit (volume 96) 

Mean ceU haernoglobin concentration (gL) 2.66* 
(2.42,2.92) 

Erythrocyte protoporphyrin (pmol/RBC) 2.64 2.70 2.5 1 
(1.87.3.73) (1.8 1.4.02) (1.72,3.65) ' Values are means and 95% confidence intervals. 

Means are significantly different between non-oedematous and oedematous groups (Tukey's Studentised Range 
Test) . 
A 

D: Means with the same or no letter are not significantly different (Tukey's Studentised Range Test). 

Table 8.11 Comparison of initial biochemical measurements (normalised) of oedematous 
children in the u n f ~ r ~ e d ,  fortified without zinc and zinc-fortified groupsL 

Variables Unfortifieci Fortified Zinc fortifiecf 
0 O (rn 

(nu 1 7) (n-24) (11-20) 

Plasma zinc (pmoiiL) 

PIasma albumin (pol /L)  

AIbumin/Zhc ratio 

Plasma transthyretin (gL) ~ 1 0 ' ~  

1 1.0* 
(9.2,13.2) 

379* 
(341,422) 

37.4 
(30.9.44.0) 

7.8 
(6.0. IO. 1) 

Haemoglobin (g/L) 8.38 7.97 8.07 
(7.53.9.24) (7.24.8.70) (7.27.8.86) 

Haematocrit (volume %) 34.8 32.9 35.4 
(3 1.2.38.4) (29.6.36.1) (3 1.9.38.8) 

Mean ceU haemogiobin concentration (g/L) 2.32* 2.43 2.23 
(2.1 1 J.55) (2.24,2.64) (2.03,2.44) 

Erythrocyte protoporphyrin (pmoVRBC) 2.82 2.77 2.41 
(1.97.4-02) (1.99.3.86) (1.72.3.37) 

' Values are means lir SEM. 
* Two rneans are significantly different benveen non-oedematous and oedematous groups W e y ' s  Studentised Range 
Test). 
A B C  D: Means with the same or no Ietter are not significantly different (Tukey's Studentised Range Test). 



Table 8.12 Analaysis of Covariance (ANCOVA) rnodels of  treatment and interactions on final variables, adjusting for initial WLZ, 
dependent variables and age, as well as for oedema, HIV status and gender. 
Dependent Variable Plasma Zinc Plasma A1bumin:Zinc Plasma Haernoglobin Hriematocrit MCHC' EP2 

Albumin Ratio Transthyretin 

Independent Variables P P P P P P P P 
Mode1 - 0.032 0.0 16 0.035 0.357 0.086 0.1 16 0.048 ~0.001 
~reatmen t3 
0edema4 
HIV 
Gender 
Enhy age (months) 
WLZ (initial) 
Baseline Dependent 
Treatment x Oedema 
Treatment x W U  (initial) 
Trea tmen t x HIV 
Treatment x entry age 
Treatment x gender 
Haematocri t x haematocri t 
E P x E P  
N observations 
Mean Square of Error 

0.03 12 
O. 145 
NS 
NS 
NS 

0.07 1 
NS 

0.814 
0.026 
NS 
NS 
NS 
NIA 
NIA 
111 
NIA 

0.814 
0.920 
NS 
NS 

0.063 
NS 
NS 

0,476 
NS 
NS 

0.226 
NS 
NIA 
NIA 
96 

NIA 

0.028 
0.4 17 
0.065 
0,073 
NS 
NS 

0.504 
0.302 

NS 
NS 
NS 
NS 
NIA 
NIA 
84 
23 1 

0.393 
0.4û4 
NS 
NS 
NS 
NS 

0.127 
0.654 
NS 
NS 
NS 
NS 
NIA 
NIA 
88 

NIA 

0.1 12 
0.656 
0.752 
NS 
NS 
NS 

0.0 19 
0.68 1 
NS 
0,038 
NS 
NS 
NIA 
NIA 
119 
NIA 

0.214 
0.556 

NS 
NS 
NS 
NS 

0.0 12 
0.533 

NS 
NS 
NS 
NS 

0.037 
NIA 
1 1 1  
42.6 

0.02 1 
0.9 13 
NS 

0,648 
NS 
NS 

0.049 
0.973 
NS 
NS 
NS 

0,024 
NIA 
NIA 
113 
0.18 

0.390 
0,279 
NS 
NS 
NS 
NS 

4.00 1 
0.7 1 8 
NS 
NS 
NS 
NS 
NIA 

<0,001 
1 O7 
0.30 

Adjusted R-squared 0.15 0.19 0.20 0.08 0.13 O. 10 0.15 0.43 
MCHC = mean cell haemaglobin concentration. 
EP = Erythrocyte protoporphfin. ' Treatments: Unfortified, fortified, zinc fonified. 
Oedema = 1; No oedema = 0. 



Table 8-13 Comparison of adjusted final biochemical measurements of children in the 
1 unfortified, fortified and zinc-fortified groups in the non-oedematous group . 

Variables No oedema 

trnfortified Fortifieci Zuic Fortified 
0 O ( T l  

(n=2 1) (n=15) (n- 17) 

Plasma zinc (pnoVL) 13.20 
(1 1-24.15.8 1) 

Plasma albumin (poyL)  604 
(555,656) 

AlbuminlZinc ratio 49.8* 
(41.5.58.0) 

Plasma transthyrexin (gL) x10-~ 7.5 
(5.8,9.7) 

Haemoglobin (g/L) 9.24 
(8.56,9.86) 

Haematocrit (volume %) 37.5 
(34.5.40.4) 

Mean ce11 haemoglobin concentration (a) 2 A A  
(2.25.2.63) 

(2.15.3.32) (2.2 1.3.77) (2-17.3.47) 
Values are means and 95% Conndence Intervals. 

Means with the same or no letter are not significantly different behveen interventions (Tukey's Studentised 
Range Test - three means). 

Table 8.14 Comparison of adjusted final biochemical measurements of children in the 
f unfoaified, fortSed without zinc and zinc-fortified groups in the oedematous group . 

Variables Oedema 

Unfortified Fortined Zinc Formed 
0 O (rn 

(n-20) (11-26) ( ~ 2 2 )  

Plasma zinc (pnoVL) 1 1.32 
(9.86.13.25) 

Plasma albumin (poUL) 635 
(575.70 1) 

AlbumidZinc ratio 59.0~ 
(50.2.67.9) 

Plasma transthyretin (a) xlo-' 9.3 
(7.2,12.0) 

Haemoglobin (gL )  8.89 
(8.09.9.62) 

Haematocrit (volume %) 35.2 
(32.2.38.3) 

Mean ce11 haemoglobin concentration (g/L) 2.aA 
(2.26,2.67) 

Erythrocyte protoporphyrin (poVRBC) 2.89 3 .56 2.73 
(2.29.3.63) (2.85.4.50) (2.25.3-5 1) ' Values are means and 95% Confidence htervds. 

A B  CD: Means with the sarne or no letter are not significantly different between interventions (Tukey's Studentised 
Range Test - three means). 



The overall plasma aibumin in all three treatrnent groups improved signif~cantly over the 

four-week period (Tables 8.10 and 8.11 vs. 8.13 and 8.14). There were no ciifferences in final 

pIasma albumin vaiues between the three treatments; initial levels did not affect final leveIs. 

However, the fmal albumin to zinc ratio was lower in the ZF group than the UF group and the 

MCHC was higher in the ZF group than the UF group. Only the children receiving the ZF 

treatment showed an improvement of final rnean MCHC over the four-week intervention. The 

final MCHC of the ZF group was significantly higher than that of the UF group (Tables 8.13, 

8.14). In addition, there was a different effect of treatrnent by gender (Table 8.12). The boys 

receiving the E (2.68 g/L; n-17) and F (2.68 g L ;  n=19) treatments had higher MCHC than the 

boys receiving UF (2.3 g/L; n-15) treatment. The girls receiving the ZF treatment had a higher 

fmal MCHC (2.78 g/L; n=2 1) than the girls receiving the F treatment (2.41 g/L; n=18), but not 

the UF (2.59 g/L; n=23) treatment. 

There was no ciifference in final haemoglobin levels between the different treatments 

when initial haemoglobin levels were similar and other potential confounders were controlled for 

(Table 8.12). However, a treatment by HIV interaction showed that among those children 

receiving the F treatment, the h a 1  haemoglobin of the HIV positive cmdren (10.68 g/L; n=34) 

improved to a greater degree than the HIV negative (9.13 g/L; n=6) children. Between treatments 

and among the H W  positive children the F group had a higher fmal haemoglobin (10.58 g/L; 

n-6) than the UF group (8.82 g/L; n= 12) but not the ZF (8.77 g/L; n=6). 

No overall change was seen in haematocrit over the four-week intervention period, but 

initial haematocrit and haematocrit levels significantly influenced the fmal levels (Table 8.11). 

A simiiar trend was noted in the final EP levels. 



8.4 Discussion 

Fortification of the therapeutic complementary food LP with micronutrients plus a 

therapeutic level zinc (50 mg/100g; providing 7 to 1 O mg zinckg body weighvday) for four 

weeks had simiIar effects on linear growth but different effects on ponderal growth for 

oedematous and non-oedematous children recovering fiom severe malnutrition. This is the fmt 

study to compare the therapeutic effects of fortiltcation with micronutrients plus zinc on growth 

recovery of oedematous (kwashiorkor) and non-oedematous (marasrnic or wasted) cbildren. 

In addition, as far as we are aware, this is the first study to document effects of zinc on 

growth using a zinc fortified local therapeutic complementary food. Other studies have used 

infant formulas (Golden & Golden, 1981a; Golden & Golden, 1992; Schlesinger et al, 1992), 

syrups or solutions (Walravens et al, 1989; Shrivastava et al, 1993; Meeks Gardner et al, 1998; 

Castille-Duran et al, 1987; Doherty et al, 1998) or capsules (Hemalatha et al, 1993) as a vehicle 

for supplementing zinc in the diets of malnourished cmdren. 

8.4.1 Cornparison of the effect of micronutrient for~cat ion of Likuni Phala with zinc in 
recovery of growth and body composition of malnourished children compared to those 
receiving unfortifid Likuni Phala 

We compared the results of the ZF and UF groups to establish whether or not it is 

beneficial to fortify Likuni Phala (LP) with zinc (10 mg zinckg body weightlday) and other 

micronutrients, whiie simultaneously decreasing the phytate content, in severeiy malnourished 

non-oedematous and oedematous children. In this study, linear growth was affected by 

fortification with zinc plus micronutrients in both non-oedematous and oedematous children, the 

extent of the effect depending on the initial degree of stunting. By contrast, body composition 

was only enhanced by fortification with zinc plus micronutrients in the non-oedematous children. 

Weight gain was not significautly different in those children (non-oedematous or oedematous) 



receiving fortification with zinc plus micronuûients compared with those receiving unfortified 

W. 

8.4.1 .I Non-oedematous childrert 

Results suggest that fortification with rnicronutrients plus zinc was beneficial in 

improving bot .  linear growth and lean body mass, indicating that Wlc was a factor limiting 

growth and accretion of lean body mass for non-oedematous children. However, the Iean body 

mass (as reflected by M A C  and AMA) was only improved by zinc fortification in those non- 

oedematous children who were initially mildly wasted (WLZ > -2.0). The positive effect of zinc 

on building lean tissue rather than fat tissue in malnourished children has been hypothesised by 

several researchers (Golden & Golden, 198 la; Golden & Golden, 1985; Shrivastar et al, 2993), 

although others have found no apparent effects of zinc on Iean tissue accretion (Castille-Duran et 

al, 1987). In addition to malnourished children, improved muscle m a s  in response to zinc 

suppIementation was reported in apparently heaIthy, underprivileged Guatemalan children 

(Cavan, 199 1). 

Fortification with multi-micronutrients plus zinc may aIso have positively affected linear 

growth of those non-oedematous children who were inXtially severely stunted (LA25 -5.0; n=8; 

15% of non-oedematous children). Children in the ZF group had a greater final LAZ than those 

in the UF group, a finding consistent with those describing a significant improvernent in linear 

growth in stunted children (Walravens et al, 1989; Walker & Golden, 1988; Gibson et al, 1989; 

Brown et al, 1998). Nevertheless, the short period of the study (28 days) limited our ability to 

measure any long-term effects of zinc foaification on linear growth, because gain in length by 

malnourished children usually occurs after gain in body weight (Walker & Golden, 1988). In a 

study of 369 Jamaican malnourished children, the majority of the children attained at least -1.3 

WLZ score before linear growth began (Walker and Golden, 1988). In our study, the final mean 

W U  of -1.4 in the ZF group (Table 7 5 )  suggests that iinear growth may not have started in the 

majority of the ZF children during the four week period. Unfortunately we were not able to 



extend the length of the study as originally planned. The children's caregivers were not prepared 

to stay any longer in the hospital because of family and agricultural responsibilities in their home 

communities. Further, funding and staffk~g restrictions did not allow foUow-up in the 

communities from whïch the children came. 

No significant differences were seen between the ZF and UF groups of non-oedematous 

children in weight (WLZ, WAZ), rate of weight gain, and SSF and AFA, consistent with the 

findings of most other reports of mahourished children supplemented for a similar time (21 to 60 

days) (Golden & Golden, 1992; Hemdatha et al, 1993; Chevalier et al, 1996; Sempertegui et al, 

1996; Doherty et al, 1998). In contrast, other researchers who carried out zinc supplementation 

from 90 days (Castille-Duran et al, 1987; Shnivastara et al, 1993) to 6 months (Walravens et al, 

1989) and with lower Ievels of zinc supplements (1-2 mgkglday) reported a simcant increase 

in weight gain. 

Nevertheless, the differences in weight and rate of weight gain may have k e n  

biologically significant. Among the non-oedematous children the final WLZ for the ZF group 

was better (-0.36) than the UF group (-1.62) (Table 8.5), as was the rate of weight gain (4.6 vs 

3.0 @kg body weightlday; t=1.9; p=0.06) (Table 8.8). It is likely that the effects of other 

infections, particularly diarrhoea, confounded the effects of the zinc supplementation in the non- 

oedematous group. Diarrhoea reduces the absorption of nutrients, through decreased transit time 

and changes in the gastrointestinal (GI) tract which decrease absorption. 

Preliminary analysis of the effects of dianhoea in this study, showed that among non- 

oedematous children with only one episode of diarrhoea, there was a signifkantly higher final 

WLZ score of the (WLZ = -1 .O4; n-11) comparsd with the UF group (WLZ = -1.66; n= 13). 

There was no significant difference found in the chiidren with more than one episode of diarrhoea 

between the ZF group (WLZ = -1.94; n-6) and the UF group (WIZ = -1 S6; n-8). This 

preliminary fmding supports the hypothesis that fortification with zinc plus micronutrients at the 

level given in this study improves WLZ of non-oedematous children compared to those children 



who received unfortifïed LP, but only among children without diarrhoea. It appears that the less 

severely malnourished (WLZ > -2.0; no diarrhoea), non-oedematous children were able to utilise 

zinc at the level of 10 mg/kg/day to increase muscle tissue and recover in weight. Those children 

more severely malnourished, however, may require a longer recovery period to benefit fiom zinc 

supplementation by increasing body weight and by lem tissue synthesis because they are 

recovering electrolyte balance, plasma and red cell volume, and cellular protein. It is also 

difficult to know whether the loss of excess water, a characteristic of aIl malnourished children 

(Waterlow, 1992), is masking an increase in body weight, or if the child is making no progress, 

perhaps because of an undetected Ilifection. Further studies need to be carried out to detennine 

the effect of infections and diarrhoea on treatments with micronutrients plus zinc, while 

monitoring changes in total body water. 

The two biochemical indices independent of plasma volume, albumin to zinc ratio and 

mean celI haemoglobin concentration (MCHC), showed a si@cant improvement in the 2F 

cornpared to the UF groups at al l  levels of wasting, suggesting that zinc fortification is beneficial 

at the biochemical level, even if it is not yet evident in changes in body composition. 

The lower aIbumin/zinc ratio in the ZF than the UF treated cMdren independent of levels 

of wasting, may indicate that there is a higher level of bioavailable zinc circulating in the plasma. 

Albumin is the principal zinc-binding protein in plasma and albumin-bound zinc represents the 

metabolically active pool of plasma zinc (Cousins, 1990). Other minor zinc-binding proteins 

include a2-macroglobulin, transfemin and amino acids; only a very smaii fraction of zinc exists in 

the ionic f o m  (Cousins, 1986). Normdly, the concentration of Wnc associated with albumin is 

rnaintained within narrow limits; on a molar basis the albumin: zinc ratio is 30: 1 (Cousins, 1990). 

Moreover, there was a higher percentage of children with normal plasma zinc levels in the ZF 

groups than the UF group; but no significant difference between final albumin levels. In 

addition, because neither final plasma zinc nor albumin were significantly dependent on initial 



values, it is likely that the overall nutritional treatment andlor other non-nutritional factors 

resuited in improvernents. 

Similady, the higher concentration of haemoglobin in the red blood cells in the ZF goup 

over the UF group, suggested that the ZF treatment was more beneficial than the UF for 

improving iron status of the children. It is Likely that in the ZF group there was sufficient zinc to 

promote protein (e.g., haemoglobin) synthesis. Although cell volume was no t measured, the 

MCHC probably reflected irondeficiency anaernia. In rnacrocytic anaemia of vitarnin B-12 and 

folic acid deficiency and the anaemia of chronic disease, the MCHC levels are normal. However, 

since chronic disease was treated and folic acid was adrninistered routinely via 

fortification, it is most likely that the increase in MCHC was due to changes in 

concentration and plasma volume, rather than due to macrocytic anaemia, 

supplernents or 

haemoglo bin 

8.4.1 -2 Oedemutous children 

In contrast with the non-oedematous children, fortification with micronutrients 

plus zinc appears to be deleterious for the oedematous children when compared to those fed the 

unforMed complementary food. Hence, zinc may not be a hniting factor for ponderal growth, 

especially in these children, who were severely wasted (i.e., WLZ 5 -3.0; n-18; 26% of the 

oedematous children). The latter had ~ i ~ c a n t l y  lower final muscle accretion (as refkcted by 

MUAC and AMA) (Figures 8.7,8.8,8.10,8.12) than the UF group. At less severe Ievels of 

wastixg, however, changes in body composition were not significantly different between the two 

groups. No other sipificant differences in weight (WLZ, WAZ), fat tissue (TSF, SSF and AFA), 

energy intake or rate of weight gain, were seen between the ZF and UF oedematous children nor 

in the prelUninary analysis of chiZdren with and without diarrhoea. It is unlikely that the 

apparent decrease in musde tissue in the ZF compared to the UT; group was attributed to a 

decreased appetite characteristic of the kwashiorkor-type malnutrition, and thus reduced intakes 

of energy, protein and zinc. The energy and protein intakes were not significantly different 



between the ZF and UF groups (Table 8.9). Moreover, the zinc intake of the ZF children w s  8.7 

mg/kg/day, measured by daily weighed intakes of al1 food over the 28 days af intervention, a 

level about nine times those administered to malnourished children in most smdies (1 to 2 

mg/kg/day), and twenty-eight times the nonnative WHO recommendations (0.3 1 1 mg zinckgld) 

for normal healthy children (six to twelve months, weighing 9 kg) consuming a diet of moderate 

Wnc bioavailability (WHO, 1996). It is possible that such a high level of zinc fortification was 

inappropriate for those oedematous children who were also severely wasted and rnay have 

resulted in a depression of the immune systern and higher morbidity as has been reported in some 

studies of malnourished children (Schlesinger et al, 1993; Doherty et al, 1998). 

Although micronutrients plus zinc appeared to decrease muscle tissue of oedematous 

children, zinc fortification did not impair linear growth of the oedematous cGldren who were 

severely stunted (Lm -5.0; n-5; 7% of oedematous children). These results are consistent 

with fmdings of Schlesinger et al (1992), who observed that despite the higher number of 

episodes of diarrhea and impetigo in the malnourished infants fed Wnc-fortificed formuIa, this did 

not impair their linear growth velocity. However, most studies of severely mahourished children 

found no effects of zinc on linear growth (Castillo-Duran et al, 1987; Hemalatha et al, 1993; 

Chevalier et al, 1996; Sempertegui et al, 1996; Doheq  et al, 1998). The same caution applies to 

the interpretation of these results as that noted above for the non-oedematous children, 

particularly because the results are based on small numbers of oedematous chtrldren and a time 

penod (i.e., four weeks) that is really too shoa to observe changes in lïnear growth. 

The changes in the biochemical indices for the oedematous children were comparable to 

those noted for the non-oedematous children: irnprovements in both albumin rto zinc ratio and 

MCHC were observed. Therefore, the less severely wasted children apparently benefited from 

fortification with micronutrients plus zinc, whereas those more severely wasted may not have 

been able to utilise the zinc at this level. 



The results of this study imply that caution needs to be taken in the fortification of 

complementary therapeutic foods with zinc and other micronutrients for oedematous children. 

The effect of multi-micronutients plus zinc in the recovery of oedematous mahourished children 

on body composition and h e a r  growth requires further study. 

8.4.1.3 Non-oedematous vs. oedematous 

Unexpectedly, the fuial WLZ score and rate of weight gain was significantly lower in the 

ZF oedematous group (-1 -7 1 and 2.40 g/kg/day, respectively) (Tables 8.6 and 8.9) cornpared to 

the non-oedematous ZF group (-1.36 and 4.6 g/k@day, respectively) (Tables 8.5 and 8.8). This 

finding M e r  indicates that fortification with micronutrients plus zinc appears to have a 

beneficial effect on the non-oedematous group but a deleterious effect on the oedematous group. 

These different responses may explain some of the inconsistent findings in the literature of the 

effect of zinc supplementation on weight gain in malnourïshed chiIdren. Most studies (Golden & 

Golden, 1992; Hemalatha et al, 1993; Chevalier et al, 1996; Doherty et al, 1998) but not al1 

(Golden and Golden, 198 la,b), have not examined the effects of zinc supplementation on weight 

gain of children with and without oederna separately. Instead, in most of the studies in which 

children with and without oedema have been cornbined, no effect of the zinc supplement on 

weight gain (Golden & Golden, 1992; Chevalier et al, 1996; Hemalatha et al, 1993; Doherty et al, 

1998) or body composition (Doherty et al, 1998) have been observed. Only one study has 

reported an improved rate and energy cost of weight gain in children recovering from 

malnutrition who received milk forrnulae containing a lower phytate and higher zinc content 

compared to those chikiren fed a soy formula (Golden & Golden, 198 la,b). 

In some of the studies in the literature, the oedematous state of the subjects bas not been 

reported (Simmer et al, 1988; Shrivastava et al, 1993; Sempertegui et al, 1996; Meeks Gardner et 

al, 1998) and their results are dso  inconsistent. In the Ecuadorian (Sempertegui et al, 1996) and 

Jamaican (Meeks Garnder et al, 1998) studies, as w e l  as the study reported here (Tables 8.2), no 



effect of the zinc supplementation on weight gain was found whereas in a study of Indian children 

a higher weight gain was obsenred over 3 rnonths in the zinc supplemented compared to the 

control group (Shrivastava et al, 1993). Simmer et al (1988) showed an increase in rate of weight 

gain during the second week of zinc supplementation of malnourished children in Bangladesh. 

In contrast and consistent with the findings reported here, the studies which included only 

marasrnic children found beneficial effects of zinc supplernentation on weight gain and rate of 

weight gain (Castille-Duran et al, 1987; Walravens et al, 1989). For example, zinc 

supplemented marasmic infants in Chile showed an increase in weight for length, but not energy 

intake over the non-supplemented group (Castillo-Duran et al, 1987). Non-oedematous 

(moderately mahourished) children in Colorado supplemented with 6 mg zindday for 6 months 

showed a signifïcant increase in weight for age Z scores (WAZ) over the control group 

(Walravens et al, 1989). 

The reasons for the contrasting effects of zinc in the non-oedematous versus oedematous 

groups reported here are uncler, they may be related to a higher absorption of zinc by the 

oedematous than non-oedematous children. In al1 malnourished children, the gastlointestinal 

tract undergoes signüicant changes. The small intestinal wall is very thin (Teichberg et al, L 98 1) 

and is subject to greater weight loss than any other organ, with severe alterations in the mucosal 

surface (e-g., surface is flatter, brush border not evident, sparse microvilli) and in macro and smalI 

molecular transport, especially in kwashiorkor patients (Brunser et al, 1990). Consequently, 

improvements upon feeding take longer in kwashiorkor than in marasmic children (Brunser et al, 

1990). For example, in kwashiorkor children in Malawi, mucosal damage, as reflected by 

abnormal intestinal penneability (lactulose:rhamnose ratio), was found in 73% of the cases 

(Brewster et al, 1997a). Mucosal darnage increases Iactulose perrneation due to abnormal barrier 

function and tends to reduce L-rhamnose absorption due to less absorptive surface area (Brewster 

et al, 1997a). Further, in kwashiorkor children, rnaize-based diets were associated with an 



increased intestinal penneability compared to mik-based diets, perhaps due to a defect of 

mucosal barrier function (Brewster et al, 1997b). 

Possibly in our study, the zinc (as an amino acid chelate) was absorbed at an abnormally 

hi& rate by the oedematous children because of mucosal damage. From weighed dietary intakes 

over the 28 study days, the oedematous children in the ZF group were receiving 10.3 mg 

zinc/kg/day (about 30 times that recommended for healthy children of the sarne weight). 

Zinc plays a central role in the immune system, and zinc deficiency is associated with 

poor immune function (Shankar & Prasad, 1998). However, hi& zinc supplementation in the 

presence of severe malnutrition where the immune system is already compromised, especialiy in 

children with accompanying oedema, may not necessarily be beneficial. High leveIs of zinc have 

k e n  associated with impairrnent of certain immune responses in vitro (Stankova 1997; Chavpil, 

1977), in animds (Chavpil, 1976) and humans (Chandra, 1984; Schlesinger et al, 1993), as well 

as higher mortality rates (Doherty et al, 1998). Most studies have used zinc supplements at 

much lower levels (1 to 2 mg/kg/day), and usually in the form of zinc sulphate (Golden & 

Golden, 198 1; Castille-Duran et al, 1987; WaLravens et al, 1989; Schlesinger et al, 1992; 

Shrivastava et al, 1993; Sernpertegui et al., 1996; Chevalier et al, 1996; Ninh et al, 1996). Our 

study used a higher level(9 mg/kg/day, as an amino acid chelate) to counteract the inhibitory 

effect of phytate on zinc absorption in the complementary food. 

The recent double-blind study in Bangladesh (n=141) which included 42% severely 

mahourished children with oedema, found that higher doses of zinc supplement (6.0 mg 

Zn/kg/day for 15 and 30 days) in the fonn of zinc sulphate, were associated with increased 

rnortality rates (12% over 30 and 19% over 90 days) compared to the rates (4% over 30 and 4% 

over 90 days) with the lower dose zinc treatment (1 -5 mg Zn/kg/day) (Doherty et al, 1998). In 

our study, the inpatient death rate over 28 days of the ZF group (1 1%) (9.5 mg Zn/kg/day) and F 

group (5%) (0.4 mg Zn/kg/day) were not significantly different, but comparable to those in the 

Bangladesh study. Most of the deaths in Bangladesh were sepsis related and occurred during the 



inpatient phase of rehabilitation. Consequentiy, suppression of the immune system by hi& doses 

of zinc was implicated, although no mesure of immune function was reported in the Bangladesh 

study (Doherty et al, 1998). 

Some functions of the immune system were found to be inhibitecl in severely 

malnourished marasmic infants by longer time periods of zinc supplementation (105 days) even 

at moderate therapeutic doses of zinc supplemented formula (2 mg Znikglday as zinc chloride) 

compared to control formula (0.35 mg Zn/kg/day) (Schlesinger et al, 1993). A signifïcant 

inhibitory effect on phagocytic and fungicidal capacit): of monocytes and a higher incidence and 

duration of impetigo episodes was noted in supplemented infants compared with the control 

group, despite there king no demonstrated increase in plasma or ceU zinc concentration 

(Schlesinger et al, 1993). 

Therefore, it may be that the level of zinc (7 to 10 mgfkglday) was too high for the 

oedematous children and resulted in the depression of the immune system, higher rates of 

infection and lower weight gain. More research is needed to ascertain the optimal level of zinc to 

be added to a multiple-micronutrient fortifïcant and whether the lower WLZ and WAZ scores 

represent a negative effect on the previously oedematous children. Fluid retention should be 

rnonitored in any future studies to i d e n e  whether fluid, fat, or muscle tissue accretion is 

responsible for the anthropometric changes observed. 

8.4.2 Cornparison of the effect 
growth and body composition 
unfortikied Libuni Phaia 

of micronutrient fortificant of LP without zinc in recovery of 
of malnourished children compared to those receiving 

Our results suggest that micronutrient fortification of LP without zinc (F) had a 

detrimental effect on ponderal and linear growth as well as body composition indices (Table 7.5) 

on the non-oedematous chiidren but had no effect on the oedernatous children. The non- 

oedematous children in the F group had poorer final WAZ and LAZ scores, and lower indices of 



muscle mass (MUAC) and body fat (TSF, SSF, AFA) at the end of the study than the UF groups 

of non-oedematous children (Table 7.9, despite no ciifferences in biochemical indices. It may be 

that the F treatment without zinc induced a zinc deficiency in the non-oedematous children by 

supplying needed nutrients for growth except for zinc- By contrast, in oedematous children, no 

differences were observed between the F and LJF groups, suggesting treatment of these cfiildren 

with F therapeutic food had no advantages compared to the UF Likuni Phda. 

8.43 Cornparison of the effect of micronutrient fortification of LP with zinc in recovery of 
growth and body composition of mahourished children compared to those receiving LP 
fortified with micronutrients without zinc 

The results of this study suggest that complernentary foods for non-oedematous children 

rnust be fortified with micronutrients plus zinc to enhance weight and length gain and muscIe 

tissue synthesis, but for oedematous children, an improvernent was noted using a micronutrient 

fortification mixture without zinc. Therefore, research is required to clarify both optimal mix and 

Ievels of nutrients for fortification of therapeutic foods for treatment of both non-oedematous and 

oedematous children with severe malnutrition, and with v q i n g  degrees of wasting. 

8.4.3.1 Non-oedematous children 

In our study, fortification of therapeutic complementary food with zinc resulting in a 

d d y  total zinc intake from non-breast milk sources of 67 +16 mg of zinc for four weeks 

produced a higher weight gain (WLZ, WAZ), rate of weight gain, and muscle tissue formation in 

severely malnouris hed non-oedematous children compared to those children fed foxtified LP with 

no zinc (daily intake of 4.4kl.3 mg). These results suggest that if fortification is cmied out, it is 

cntical to include zinc in the fortification premix to prevent a detrimental effect of fortiQing 

without zinc. 



In the non-oedematous children, the greater final WLZ score of the ZF treatment (-1.36) 

than the F treatment ( -1.99) was not onIy statisticaily significant, but also biologically important. 

For example, a non-oedematous girl of 24 months, with a height of 73 cm and receiving the ZF 

treatment would gain 0.64 kg more weight than a child of the same height on the F therapeutic 

food over the four-week period. The effect of zinc on ponderal growth is reflected in the same 

way by the final WAZ score. Such differences cannot be attributed to an increased energy intake 

induced by improved appetite in the non-oedematous ZF group (Table 8.8), a fmding consistent 

with that of other investigators (Golden & Golden, 1981; Castillo-Duran et al, 1987; Simrner et 

al, 1988; Khanum et al, 1988; Golden & Golden, 1992; Schlesinger el al, 1992; Hemalatha et al, 

2993; Shrivastava et al, 1993). 

The gain in weight in the non-oedematous children, especially in those less severely 

mahourished, is likely due to the availability of adequate zinc for muscle tissue synthesis (Figure 

SS), as noted by Golden & Golden (198 la). The magnitude of this effect is dso biologically 

important: the ZF group gained weight at a much higher rate (4.6 g/kg/d) compared to 1.4 g/kg/d 

in the F group, despite the same level of energy intake and controlling for confounding variables. 

Significantiy higher final plasma zinc Ievels were also evident in the ZF than the F group 

(for those children with initial WLZ < -3.0) (Figure 8.14), suggesting that zinc may have been 

the factor Iimiting lean tissue synthesis in the F group, as noted by Golden & Golden (198 la), in 

children consuming soy milk diets. 

Syrithesis of adipose tissue incurs a high energy cost; the sequestered energy being about 

33 kJ/g of fat deposition. Lean tissue has a stored energy of about 5 kJ/g of tissue (Jackson et al, 

1977). The Iower energy cost of tissue deposition (ECTD) in the ZF than the F group suggests the 

children receiving the ZF treatment were depositing more muscle tissue than those receiving the 

F, an interpretation which is supported in the body composition results (MUAC and AMA). A 

positive relationship between WLZ and fmal MUAC and AMA in the ZF children, suggested that 

as children in this group became less wasted they were able to use the additional zinc for building 



muscle tissue, as reflected by the MUAC and AM& a trend that was not evident with F 

treatment, where the dope was not different fiom zero. In the more severely wasted ZF children, 

nutrients such as zinc may be used for re-establishing balance at cellular or molecular levels, and 

thus rnay not be reflected in apparent changes in tissue accretion. 

Nevertheless, derivation of AMA and AFA as indicators of muscle and fat tissue, 

respectively, may be limited for children recovering from severe malnutrition concurrent with 

infections such as HfV, TB, diarrhoea and experiencing varying degrees of oedema and 

dehydration. The validity of these indices derived from equations to predict muscle and fat tissue 

in severe malnutrition needs fkther research. 

8.4.3.2 Oedematous Children 

The resdts for the oedernatous children suggest that decreasing phytate and fortQing 

Likuni Phala with micronutrients without zinc has a more beneficial effect on weight gain, rate of 

weight gain and body composition indices in mahourished children than forti@ing LP with high 

levels of zinc (8 to 10 mg/kg/day) and micronutrients. The lower final WL,Z score of the chikiren 

receiving the ZF treatment (-1.7 1) than the F treatment (- 1.19) would argue agains t inclusion of 

zinc in the fortification mixture for oedematous children (Table 8.6). For example, an 

oedernatous girl of 24 months (73 cm length) receiving the F treatment would gain 0.50 kg more 

than a girl of the same height on either the ZF or UF therapeutic food over the four-week period. 

In addition, the observation that the children receiving the ZF treatment had a lower rate 

of weight gain than those receiving F treatment, despite a comparable energy intake, suggests that 

the oedematous children in the ZF group were gaining proportionately more fat tissue than those 

in the F group. However, the ZF children gained both less fat (Le., SSF and AFA) and less 

muscle (Le., MUAC, AMA) tissue than the F children based on the correspondhg anthropometric 

indices (Table 8.6). 



It is unclear whether the ZF were genuinely making poor or no progress, perhaps because 

of an undetected infection, or whether the loss of excess water was masking an increase in body 

soIids that could not be differentiated by indirect rnethods. Further studies need to be carried out 

which monitor total body water and solids by more direct methods. 

8.4.3.3 Non-oedematous versus oedernatous children 

The major differences between the non-oedematous and oedematous children were seen 

in the F groups, not in the ZF group. Oedematous children in the F group had consistently higher 

final weights (WLZ, WAZ), rate of weight gain (4.8 vs 1.4 g/kg/day), final length (Lm, muscle 

tissue (MUAC, AMA), and fat tissue (TSF, SSF, AFA) than the non-oedematous children. 

Reasons for these discrepancies are unclear but they may be associated with differences between 

kwashiorkor- and marasmic-types of malnutrition. Marasmic children are likely to have higher 

requirements for zinc, due to greater loss of lean and fat tissue than kwashiorkor chiidren. As a 

result, zinc may become a more limiting factor in growth recovery of non-oedematous children in 

the F group, but not in the oedematous F group. This is supported by the existence of higher 

initial plasma zinc concentrations in the non-oedematous compared to the oedematous children, a 

trend that has k e n  reported previously (Golden & Golden, 198 la). Indeed, in our study, the 

more severely wasted children in the F group had lower final plasma zinc concentrations than 

those in the ZF group, suggesting that the level of zinc was sufficient for tissue synthesis, but was 

insufficient to maintain normal plasma zinc levels in these severely wasted chiIdren, By contras t, 

the fmal plasma zinc levels of the severely wasted children receiving the ZF treatment were 

higher and within the normal range (> 9.94 pmoUL). 

It is noteworthy, that, in the less severely wasted children (WLB-3.0), there was no 

difference in frnal plasma zinc values between the children receiving ZF and F groups, whereas 

there was an overall increase in body fat in the F (with no concomitant increase in MUAC or 

AMA) compared to the ZF group. Children in the F group may be experiencing some wasting of 



muscle tissue, and zinc may be released fkorn tissues in moderately wasted children, due to lack 

of zinc for muscle growth. 

In addition, the rnajority of children treated with ZF (94%) had final plasma zinc levels 

(unadjusted) within the normal range (>9.94 pmoVL), whereas fewer children receiving the F and 

UF treatments had final plasma zinc levels within the normal range (76 and 8796, respectively). 

This indicates that fortification of a therapeutic complementary food is beneficial for preventing 

severe zinc deficiency as indicated by a higher propotion of plasma zinc levels below the nomal 

range. 

Thus, one possible reason for the differing response of non-oedematous and oedernatous 

children receiving the micronutrients without zinc 0, may be simply that the moderate level of 

dietary zinc coupled with the decreased phytate in LP and high iron intake, was suffrcient for 

increased growth of oedematous but not non-oedernatous children. The intake of zinc (OSgM. 1 1 

mg Zn/kg/day) is greater than that recommended for healthy children (0.33 1 mg.kg/day) (WHO, 

1996). This level of zinc, combined with the decreased phytate content in LP (fiom 221 to 118 

mg/100 wet weight) may have been adequate for irnprove weight gain and muscle tissue, as has 

been reported previously (Golden & Golden, 198 la). In addition, the high iron intake (8.6ki.8 

mg/kg/day) rnay have M e r  increased the bioavailability of zinc by cornpetitive binding of the 

phytate. 

A second possible reason for the differing response of non-oedematous and oedematous 

children to fortification without zinc, may have been due to copper status. Copper deficiency is 

hown to develop in infants with 'cow's rnilk anaemia' (WHO, 1996), in mahourished children 

(Waterlow, 1992; Hernelatha et al, 1993), and during rehabilitation from malnutrition using 

inadequately fortified formula (WHO, 1996). Because both zinc and iron inhibit the absorption of 

copper (Cordano et al, 1964; Seely et al, 1972; Bremner & Mills, 1981), the addition of high zinc 

(50 mg/100g) to the fortification mix including high iron (50 mg1100g) but relatively low copper 



(0.63 mg/ 100g) may have aggravated a previous copper deficiency in the mahourished children. 

The resulting zinc to copper daily dietary intake ratio (35: 1) (fbm weighed dietary records) in the 

ZF treatment of our study was considerably higher than that of the F treatment (2.5: 1) and the 

10: 1 ratio which showed no inhibition of copper in hedth infants (Salmenpera et al, 1994). In 

addition to quantity of copper forhfied, the form of copper gluconate used in our study is not as 

highly soluble or readily absorbed as copper sulphate or nitrate (WHO, 1996). 

Moreover, since copper deficiency has k e n  found to be about 50% higher in 

kwashiorkor than marasmus (Hansen & Lehmann, 1969), this may have been a reason for the 

deleterious effect being more pronounced in the oedematous ZF children, lirniting growth 

recovery. Fuaher investigation of sensitive biochemical indices of copper status (e.g., erthyrocyte 

super-oxide disrnutase activity) of the non-oedematous and oedematous children are needed to 

determine the effects of micronutrient and zinc fortification on copper status. 

8.4.3 Biochemical indices 

The fact that there were no significant differences in biochemical indices between 

oedematous and non-oedematous chikiren at the end of the study was not surpnsing. The four 

week recovery period was probably sufficient for the recovery from the cellular differences that 

these two conditions present (Waterlow, 1992). Indeed, the initial differences between the 

oedematous and non-oedematous groups in plasma zinc and albumin (Tables 8.9 and 8.10) were 

no longer apparent after four weeks of nutritional intervention - in any of the three treatrnent 

groups (Tables 8.13 and 8.14). 

In addition, the non-specificity of the biochemical indices used to reflect zinc, protein and 

iron status limits their use as a basis for interpreting nutrient starus and building biological 

models. The children in this study had simcant levels of concurrent infections and diarrhoea in 

addition to malnutrition- A total of 20 percent were HIV positive and 26 percent were 



undergoing treatment for TB. The incidence of diarrhoea and fever among this population was 

also high under the crowded hospital conditions, with limited sanitation facilities. Infection is 

known to lower plasma zinc values because zinc is redistributed from the plasma to the Iiver 

(Biesel et al, 1976). However the percentage of low final plasma zinc values in al l  the treatment 

groups was not high so idection may not have confounded the values. The fact that fuial plasma 

zinc and albumin levels were not related to initial levels (Table 8.11) supports the hypothesis that 

they were more influenced by treatment (and/or other non-nutritional factors). 

The plasma alburnin values at the end of the study were not simcantiy different 

between either the treatments or the two oedema groups, despite the lower initial plasma albumin 

levels of the oedematous compared to the non-oedematous children. Mean plasma albumin levels 

had improved in all groups over the four-week period. The increase, especially noteworthy in the 

oedematous children (Table 8.11), may have been due to either an increase in synthesis of 

albumin or a redistribution of albumin to the plasma. 

The viscerd protein, plasma transthyretin was unaffected by dietary treatment. This rnay 

have arisen because plasma transthyretin responds rapidly to dietary treatment (Shetty et al, 1979; 

Carpentier et al, 1982). due to it's short half life (Le., two days) and smalI body pool. 

Alternatively, plasma transthyretin levels were reduced in response to minor stress and 

infhnxnation, conditions known to be present in these severely mahourished children. 

The lack of difference between treatrnents in the final haemoglobin levels rnay have 

arisen because all treatment groups received iron and folate; the foaified groups through the 

complementary food and the UF treatment through iron sulphate tablets as part of the routine 

hospital treatment for mahourished children. Alternatively, greater changes in plasma volume in 

one treatment group compared to the others rnay have obscurred any changes. Nevertheless, the 

percentage of children considered anaernic (Hbc 11.0 g L )  in the UF, F and ZF treatments 

remained very high even after the four week intervention (92.5%. 90.0% and 87.296, 

respectively). It appears that the length of the intervention was i n ~ ~ c i e n t  to observe changes in 



haemoglobin concentrations or that the form or quantity of iron was ineffective in irnproving iron 

status. Alternatively, the anaemia may not be due to iron deficiency, but due to other dietary 

factors lirniting haemopoiesis; adaptation to reduced oxygen demand; increased red cell 

destruction and/or chronic infection (Fondu et al, 1978). AIthough it is unlikely that the anaemia 

is due to other dietary factors Limiting haemopoiesis such as protein, riboflavin and folic acid, 

deficiencies of ascorbic acid and/or copper may be contributing factors. The majority of the 

ascorbic acid added to the fortification mix is Iikely to have been destroyed upon cooking, and 

thus the levels were probably not significantly different between the groups. The high zinc and 

iron to copper ratios in the ZF and F groups, may have contributed to limited effects of the 

fortification due to copper deficiency (Cordano et al, 1964). 

The absence of a treatment effect on haematocrit, haemoglobin and erythrocyte 

protoporphyrin may be due to changes occ&g in synthesis of red blood cells at the same tirne 

as changes in plasma volume, which rnay obscure effects. The fact that haematocrit rnay reflect 

changes in plasma volume is supported by the finding that haematocrit squared significantly 

affected the final haematocrit. Children with low initial (due to iron deficiency) as weU as those 

with initidy high haematocrits (due to low plasma volume and iron deficiency) had lower final 

haematocrits than those of children with intermediate initial haematocrit levels. In an attempt to 

control for the effects of changes in plasma volume, the mean cell haemoglobin concentration 

was determined. 

8.5 Conclusions 

The results of this study indicate that fortifying Likuni Phala (LP) with zinc and other 

rnicronutrients and decreasing the phytate content of LP had different effects on the growth 

(weight, rate of weight gain) and body composition of non-oedematous and oedematous children. 



Moreover, the effect of zinc on these growth indices was dependent on the initial degree of 

was hg.  

The greatest differences in growth and body composition were found between the ZF and 

F groups in the non-oedematous children, and emphasizes the importance of fortifjhg a 

complementary food with micronutrients and zinc (ZF) for enhanced weight and length gain and 

building of muscle tissue in non-oedematous children. In contrast, for oedematous children the 

LP fortified with micronutrients without zinc (F) resulted in a higher fmal outcome on most 

anthropometric parameters than with zinc. 

The results of the study s trongly suggest that fortZj4ng with micronutrients without zinc 

was deleterious to the growth of the non-oedematous children and did not benefit the growth 

recovery of oedematous compared to that of children consuming the unfortified LP. 

Cornparison of ZF and UF treatrnents showed that the LP fortified with micronutrients 

with zinc (ZF) enhanced skeletal muscle accretion among some non-oedematous children. 

Fortification with micronutrients with zinc significantly improved lean body mass in those non- 

oedematous children who were initially less wasted (WLZ > -2.0) concomitant with significantly 

lower accretion of fat tissue but with no significant diffierence in weight- In contrast, the benefits 

of the ZF treatment among oedematous children were less clear and may have been detrimentd. 

Arnong those oedernatous children receiving the ZF treatment who were severely wasted (WLZI 

-3.0), a decrease in fmal muscle accretion was observed. However, the simcant increase in 

albumin to zinc ratio and MCHC in the ZF over the UF group in both non-oedernatous and 

oedematous children suggested that fortification with micronutrients plus zinc was beneficial at 

the biochemicai level for the majority of children. 

Futher study is necessary to clarify both the optima1 mix and levels of micronutrients for 

foaification of therapeutic foods for recovery of both non-oedematous and oedematous children 

fiom severe malnutrition. More research is aiso required to define the optimal treatment, 

depending on the degree of wasting and the stage in recovery from severe malnutrition. 
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Chapter 9 Conclusions and recommendations for future studies 

9.1 Summary and conclusions 

The children included this study from the nutrition ward of the Mangochi District 

Hospital in southem Malawi were severely malnourished as indicated by very low mean (fSD) 

weight for height 0, height for age (LAZ), weight for age (WAZ) z scores of -2.3+1.0, 

-3.4fl.5 and -3 . ' X I I  .O, respectively and were severely immune suppressed as reflected by their 

responses to DHS tests. Their skeletal muscle and fat tissue were severely depleted; almost al l  

children were anaemic; one hdf of the children were so immwo-suppressed that they were 

anergic and twenty percent were HIV positive. Of the chddren, o d y  32% had low plasma zinc 

levels. 

Over one-hdf of the sarnple (56%) were recovering from oedernatous malnutrition, 

including both kwashiorkor- and marasrnic-kwashiorkor-type malnutrition. Those children 

without oedema were younger, more likely to be stunted, and had lower skeletal muscle and fat 

tissue (based on anthropometry). It may be that the younger children who were more stunted 

were, in fact, also zinc deficient. The observed variance in stunting 0, body composition 

(AMA and MA) and iron deficiencies of children with and without oedema likely reflects 

different aetiologies of these types of malnutrition and therefore the need for different treatment 

protocols. 

The local Malawian therapeutic complementary food used in the treatment of both 

oedematous and non-oedematous mahourished children, Likuni Phala (LP) was modified and 

foaified to improve the micronutrien t content and bioavailability of zinc through fortification and 

food processing, in collaboration with Rab Processing Ltd, a local Malawian Food Processing 

Company. The unmodified, unfortified LP (UF), a maize and soy f lou  mixture (ratio 80:20), was 

modified by: 1) decreasing the phytate content by refining the maize and removing the genn; and 



2) f o r t i m g  the end product. The following vitamins and minerals were added to the modified, 

fortified product without zinc 0: vitamin C (35 mg100 g), thiamin (0.33 mg/100g; as 

mononitrate), nbofiavin (0.53 mg/100g), niacin (6.6 mg/100g, as nicotinarnide), pyrodoxine HC1 

(1.33 mg/100g), folk acid (27 pg/100g), vitamin E (6 N/100g), iron (50 rng/lOûg; as ferrous 

fumerate), calcium (50 mg/100g; as calcium carbonate), copper (630 pg/100g; as copper 

gluconate) and iodine (50 pg/100g; as potassium iodide). The modified and fortified with zinc 

LP (ZF) was the same as the F product, except that 50 mg zinc (Zn)/100 g of flour (as amino acid 

chelate) was added to the fortif~cation rnix. 

A randomised controlled trial in hospitalised, malnourished children was conducted to 

compare the effects of: 1) unmodified, unfortifïed Likuni Phala (Un; 2) modifïed, fortified LP 

with no added zinc 0; or 3) modified, f o H ~ e d  LP with added zinc (ZF) on the recovery of these 

cwdren over four weeks at Mangochi District Hospital. 

Fortification with rnicronutrients plus zinc (ZF) decreased the immune response to DHS 

tests of both non-oedernatous and oedematous malnourished Malawian children compared to that 

of children receiving a micronutrient foaificant, but with no zinc (F)- The ZF group also showed 

a tendency to have a Iower immune response than the UF group (p<0.10). In addition, the non- 

breast feeding children receiving the ZF treatment (both oedematous and non-oedematous) had a 

significantly higher proportion of days with LRTI than did those receiving the UF treatment. The 

ZF group, both non-oedematous and oedematous, tended to have a higher number of episodes of 

diarrhoea than the UF group (pe0.10). Thus, it would appear that zinc was not the rate Iimiting 

nutrient in recovery of immune function of these rnalnourished chïldren and that these children 

were not zinc deficient: Alternatively, it may be that zinc was rate limiting, but that the levels 

provided in this study were in excess of the optimal range for severely mdnourished children 

(provided in the form of an amino acid chelate, fortified in a phytate-reduced cereal and with 

other micronutrients), and had negative effects on the immune system. 



The mort-tality rates over this 28-day study in the ZF (1 1%) and the UF (10%) groups 

were higher than those of the F group (5%). Although these mortality rates were not significantly 

different, neveaheless, these results in combination with those for the DHS test and morbidity, 

ernphasize that caution must be observed when using high levels of zinc fortification for 

therapeutic complementary foods for severely malnourished children - both non-oedematous and 

oedematous. 

Although fo-g L W  Phala with zinc and micronutrients and decreasing its phytate 

had sirnilar effects on the immune function of both non-oedematous and oedematous children, its 

impact on their growth differed, and was related to their initial degree of wasting- 

The greatest differences in anthropometry and immune b c t i o n  across treatments 

occwed between the ZF and F groups, and differed between non-oedematous and oedematous 

children. The differences emphasize the importance for non-oedematous children of foaifying a 

complementary food with micronutrients and zinc (ZF) for enhanced weight and Iength gain and 

building of muscle tissue. It appears that non-oedematous children were zinc deficient and that 

zinc was rate limiting for growth in these children, In contrast, for oedematous children the 

fortification mixture without zinc (F) resulted in a higher final outcome on most anthropometric 

parameters than with zinc (ZF), suggesting that zinc was not 'rimiting for these oedematous 

children. 

The results of the study strongly suggest that forti@ing with micronutrients without zinc 

is deleterious to the growth of non-oedematous children and moreover, provides no benefit to the 

growth recovery of oedematous children compared to those consuming the unfortified LP. 

Cornparison of the Wnc fortified (ZF) and unfoM~ed 0 treatments, showed that 

among non-oedematous children the ZF was more beneficial than the UF treatment to gains in 

skeletd tissue over fat tissue, based on anthropometric indices, but only in those who were 

initially less wasted (WLZ > -2.0). In contrast, among oedematous children, the benefits were 

less clear and indeed the ZF may have been detrimental, resulting in a decreased final muscle 



accretion in children who were severely wasted (WLZ -3.0). However, the signifïcant 

improvement in albumin to zinc ratio and MCHC in the ZF group over the UF at al1 levels of 

wasting and among both non-oedematous and oedematous children suggest that the zinc 

fortification was beneficial at the biochernical levei for the majority of children. 

Iii conclusion, the different anthropometric effects of micronutnent with zinc fortification 

on non-oedematous and oedematous children who met the inclusion criteria in this study suggest 

that different treatment protocols and/or formulations of foaificants are needed for these hvo 

types of malnutrition. The particular combination of micronutrients and high level of zinc 

fortification used in this study resulted in the depression of the immune response in both non- 

oedematous and oedematous malnourished children. However, the decreased immune response 

did not appear to compromise the weight gain and increased lean tissue gain observed in the non- 

oedematous children, although it may have attenuated the effect, In contrast, the suppressed 

immune response may have played a role in the lower weight gain found in the oedematous 

c hildren. 

For oedematous children especially, the results of this study showed detrimental effects 

of the micronutrient plus zinc fortification of Likuni Phala on both anthropometric status (WLZ) 

and immune fimction. Therefore, it appears that the fortification level of zinc (50 rng/100 g dry 

weight) providing 9 mg zinc/kg/day in combination with micronutrients is in excess of the 

optimal level for oedematous children and that caution should be taken when applying this level 

to non-oedematous malnourished children. 

9.2 Recommenda fions for future studies 

Frorn the results of this study the following recornmendation can be made for future 

studies of zinc and micronutnent fortification of therapeutic foods for recovery of malnourished 

children: 



Studies are needed to M e r  elucidate the role of zinc in chiIdrenTs recovery from severe 

malnutrition - both those with and without oedema, 

Further studies are needed to clar* the appropriate level(s) of zinc in combination with other 

micronutrient f ~ r ~ c a n t s  for therapeutic diets of non-oedernatous and oedematous 

mahourished children, both for optimal nutritional and immune recovery. 

Further study is necessary to cl* the optimal mix and ratio of rnicronutrients for 

fortification of therapeutic foods for recovery of both non-oedernatous and oedematous 

children fiom severe malnutrition. Special attention must be given to mineral-minera1 

interactions and the ratios of zinc, iron and copper, 

Assessrnent of copper status should be included, especiaily in populations where anaemia is 

not responding to iron supplementation, 

The effect of zinc on mahourished children with varying degrees of wasting warrants further 

study to define the optimal treatrnent, depending on the degree of wasting malnutrition and 

the stage in recovery fkorn severe malnutrition. 

Future studies should monitor the changes in total body water so that distinction can be made 

between weight gain/Ioss due to fluid and tissue changes. 

A more comprehensive assessrnent of the iron status of the children should be carried out to 

detennine a more effective iron treatrnent regimen. 

Mortality must be monitored and reported in al l  studies and the reasons for death determined 

to help decrease the high mortality rates in hospitds of developing countnes; 

supplementation and fortification of therapeutic foods cannot necessarily be assumed to 

contribute to decreasing mortality rates. 

Future studies should include a more comprehensive assessrnent of immune function. 

Fortification/supplementation studies should be c e e d  out for a sufficient period of time to 

enable the impact of zinc and micronutrients on linear growth to be measured accurately. 



1 1. Finally, the preventive effects of a therapeutic zinc treatrnent on morbidity should be 

monitored by follow-up of children in their communities after they have been discharged 

fiom the hospital. 

9.3 Limitations of the study 

In addition to the limitations of the study Mplicit in the recommendations noted above, 

this study was limited by sample size (Le., not taking into account the number of covariates and 

tests needed when calculating sample size) and blinding procedure (e-g., children and researchers 

were aware of different colours for the experimental groups, although they were blind to which 

colour code matched the zinc fortifïed food). 

More irnportantiy, the experimental design was limited for testing the hypotheses that the 

children were, in fact, zinc deficient and required an increased level of zinc for recovery from 

malnutrition. The main limitations to the experimental design were: 1) the modification of more 

than one variable in the experimental group without a conresponding control group (e.g., zinc, 

rnicronutrients, and phytate); 2) the high (pharmacologie) level of zinc added to the fortification 

mix; and 3) the inclusion of many different chical  conditions of children in the study (e.g., with 

and without oedema, HIV statu, TB status). 

The first was a major constraint, since both the effect of phytate on absorption of zinc and 

the interaction between micronutrients has a simcant impact on the availability of zinc and 

consequently on the outcome variables. For example, it is quite possible that the decrease of 

phytate in the F group, increased the availability of endogenous zinc in the diet (0.4 mglkglday) 

so that zinc was no longer rate lirniting in these children, and in combination with the other 

micronutrients, improved immune function and growth. As a result, it is difficult to conclusively 

reject our hypothesis that the oedernatous children were zinc deficient, since the decrease in 

phytate may have provided adequate available zinc for these children. 



The limitations evident in the study were, in part, a msult of the researchers responding to 

the political and social situation in Malawi when the research began. This necessitated that the 

study design and location be modified when the researcher was already in the field. In addition, 

the research on optimal Ievels of zinc for fortification of therapeutic foods was limited at the tirne 

of designing this study. Finally, the researchers were working under considerable fuiancial 

constraints. 

One could have improved the study design by: 1) modifving with only one variable per 

study (that is, either phytate levels or fortification), or including adequate control groups; 2) 

fortifying within the acceptable tested range (two to four mg/kg/day) for mainourished children to 

avoid potential excess effects of zinc; and 3) narrowing the inclusion critena or increasing the 

sample size. 
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Appendix A 



W I N G  FOOD INTERVENTION STüDY WITH MALNOURISHED CHILDREN 
at Mangochi District Hospital 

Name of interviewer Date 

Checked by Date 

A, GENERAL INFORMATION 

1.a)  Which language(s) can you communicate in? 

b) Which language is best for this questionnaire? 

c) What is your tribe? 

When was (child's name) admitted ro the hospital? 
(d/m/y 

a) Why did you bring the child to the hospital? 

b) What dîd you do with your child before you came to the 
hospital? 

- - 

Why did you think the child has this disease? 

What disease was diagnosed at the hospital in your child 
of which they informed you? 

Since you came has there been progress as compared to 
before.he/she was admitted to the hospital? 

(a) Date of admission to the study (d/m/yr) 
(b) Since you joined this study 5s there any progress which 
you have noticed in him/her? 

(c) Do you think it is h e l p f u l  to participate in this 
study? 

1 =yes 2 = no. 
(explain) 



5 (a) 1s mother present at hospital with child? l=yes 2=no. 
If no: 
Why not? 
What is child's relation to caregiver? 
Age of caregiver 

6 .  Mother's Name Age - 
7. Village T/A District- 

[Interviewer to estimate: 
How far is home f r o m  Mangochi hospital (km)? 1 

, 8 -  Child's birth date (d/rn/y) A u e  (rnonths) 

b) How many pregnancies has the child's mother had? 
C )  How many stillbirths? 
d) How many children have died? . 
e) Of the contraceptive methods you know which ones do you 

(child's mother) use? il none 

9. a) How many other children does the child's mother have?- 
W h a t  are their ages? (start with eldest). 

ii) Traditional (circle): iii) Modern (circle): 
(1) strings (4 ) condoms 
(2) withdrawal (5) p i n s  
(3 ) abstinence (6) injection 

(7) foam 
( 8 ) diaphragm 
(9) Billing's merhod 
(10) sterilizatian. 

B. BREASTFEEDING AND NUTRITION OF YOUR CHILD 

IO. a) Are you breastfeeding your child? l=yes 2=no. 
b) If not, at what age did you stop breastfeeding your 

chi ld? months 
Why? 

Child Age (years) 

7 

8 

9 

10 

II 

12 

child 

1 

2 

3 

4 

5 

6 

11, a) A t  what age did you s t a r t  adding foods other than breast 
milk to (name of chi1d)'s diet? 

b )  Why? 

Age (years) 

12. a )  What food do you feed your child at home? 
b) how often? c) At what age did you start the food? 



r E m v [  
r 

a) Porridge: 
maize . (unref ined )  
maize 
( ref ined) 

groundnuts 

soya 

sugar/honey 

f i s h  powder 

thobwa 

s o f t  drinks 

f reezies 

formula 
( e - g . N e s t u m )  

c) F r u i t s :  
bananas 

mangoes 

w i l d  fruits 

PaPaYa 

Week Month Introduced 

d) Starches: 8 

-- 

cassava 

pota toes  

bread 

e) Vegetables: 
greens 

squash 

f) Protein: 
beans 



f i s h  1 1 1 1 1 

C. CIïILD ' S HEALTH RECORD 

13. Has ( c h i l d '  s name) been  a d m i t t e d  to--a  h o s p i t a l  be fo re?  (y/n) 
If yes ,  a )  when? 

b) f o r  what r ea son?  

1 4 .  Does ( c h i l d ' s  name) have a h e a l t h  c a r d ?  
- Y e s  - no - lost card l e f t  c a rd  a t  home 

- . 

1 5 .  If yes i n  14, record f rom ca rd :  
B i r t h  weight  ( kg) 
B i r t h  d a t e  (d/rn/y) 
Number o f  c h i l d r e n  born t o  rnother (total) 

a l i v e  
dead 

e9gs 

rneat 

g) Othcr: 

16. Are t h e r e  any ways that you change f eed ing  your c h i l d  when 
he / she  ha s  a) diarrhoea and b) other i l l n e s s e s ?  l = y e s  2=no. 
If no, go to # 1 7 .  If y e s ,  i n  what ways? 

Change i n  Feeding 

a) more b r e a s t f  eed ing  

b) less b r e a s t f e e d i n g  

C )  more s o l i d s  

d )  less s o l i d s  

e) more l i q u i d s  

f )  less liquids 

9 )  niore f r e q u e n t  meals 

hl less f r e q u e n t  meals 

il other: 

Iiiiinunization Record : 

Inimunization Date (d/m/y) 

RCG 

Polio1 

Po l i02  

eo l io3  

Imrnunization 

DPTl 

DPT2 

DPT3 

Measles 

D a t e  (d/m/y) 



17. D o  you eat t h e  following foods when breas t feed ing  your 
chi ld? 

E. SOCIAL ECONOMIC ACTIVITIES.  

18. a )  How long does it t a k e  t o  prepare  your land f o r  planting? 

r 

Food 

a) eggs 

b) meat 

CI milk 

d )  clay/soil 

e) soaked r i c e  

f) uncooked cassava 

g) othez ( spec i fy )  

(For quest ions  18-20 w r i t e  (s) for sel1 and/or (e) f o r  e a t  a f t e r  
each commodity, depending on whether it iç s o l d  o r  ea ten. )  . 

18. What do you gfow i n  your fields? 
- no f i e l d s  - hybrid maize - m i l l e t  - sorghum - l o c a l  maize - rice - groundnuts - beans - tomatoes 
- onions - pumpkin - greens - tobacco - tea - cof fee  - sugar cane - cassava 

y/n 

19. Do you have fruit t r e e s ?  
- norie. - banana 
- PaPaYa . - avocado 

why/why n o t  I 

20. Do you have animals? 
- none - chickens - sheep - c a t t l e  - other :  

- goats  

F. WATER AND ACCOMMODATION 

21. A t  your home, from where do you get your dr inking water? - well (uncovered) - water t a p  - borehole 
- w e l l  (covered) - r i v e r  - hole  i n  ground 

2 2 .  A t  home, hou do you s t o r e  your dr inking water? 



23. At home, how do you treat your drinking water for your 
children? 

24. At home, do you have a latrine? - none - pit 
- other: 

2 5 .  At home, do you have a rubbish pit?(y/n)- 

26, At home, do you have a bathing roorn?(y/n)- 

27.  Of what material is your house made? 
a) Walls: 
- mud - sun dried brick - f ire brick 

b) Roof: - thatch - tin 
c ) Windows : - none - open ç c r e e n  - glass 

MOTXER'S (CAREGIVERIS IF MOTHER NOT PRESENT) 
EDUCATION/OCCUPATION/MARXTAL STATOS 

What is the highest level of schooLing.you have completed? 

Can you read this sentence? "Ndikupita ku nsika." 
- Yes - no - partly 
Do you do any income-generating work (yes/no)? 
If yes, what? 
- selling agricultural products 
- selling baked/prepared products 
- shop keeper/street vendor - salaried worker - making pots 
- weaving - other: 
Who is "head of householdl~ in your home? , 

What is your marital status? 
- married - single (never marriedl - separated - divorced - widowed - common law 
If you are married: 
a) 1s your husband at home > 3 days/week?(y/n) - 
b) How many wives does your husband have? - 
c) What is your husbandls primary occupation? 
d) What is your husband's secondary 

occupation? 
e) What is the highest level of schooling your husband has 

completed? 
Z 1 KOMO 
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MEAS UREMENT D a t e  
d/m/u 

///// 

///// 

///// 

///// 

/.//// 

/ / / / /  

///// 

///// 

///// 

///// 

///// 

///// 

///// 

///// 

///// 

///// 

6 

. 

1st 

Subscapular Skinfof d (mm) 

MUAC (mm) 

Head Circumference (cm) 

Week 6 

Length (cm) 

' 

Week 3 

Length (cm) 

Weight ( k g )  

Triceps SkinfEold (mm) 
- .  

Subscapular Skinfo ld  (mm) 

Weight ( k g )  

Triceps S k i n f o l d  (mm) 

2nd 

KüAC (mm) 

Head Circumference (cm) 

Week 4 

Length (cm) 

W e i g h t  ( kg ) 

Triceps Skinf old (mm) 

Subscapular S: kinfold (mm) 

MUAC (mm) 

Head Circumf errence ( cm) 
" - 

Week S 

Length (cm) 

Weight ( k g )  

I 
Triceps Skinfmld  (mm) 

///// 

- .  

3rd 

i 

Subscapular Skïnfold (mm) 

MUAC (mm) 

Head Circumfecence (cm) 

Avg 

///// 

//// / 

///// 



Appendix E 

Form 6 
BLOOD WORK FORM 

Child's Name ID # 

- A g e  (months) 

I 
1 DATA COLLECTED Week O 1 Week 4 11 

WHOLE BLOOD 

H e m o g l o b i n  

H e m a t o c r i t  

FEP 

WBCC 

TSH 

Malaria 

ELIZA (AIDS)  

PLASMA/SERUM 

Zinc 

Ferxitin 

R e t i n o l  

C - r e a c t i v e  
protein 

D a t e  
d / W y  

/ / / / /  

///// 

Result Date 
d/m/y 

///// 

///// 

///// ///// 

J 

Result 

///// 

///// ///// 

///// 

///// 

i 

///// 



Appendix F 

Form II 
MORBIDITY S U R W I L W C E  

Fever = confirmed bv under a m  tern~erature 

DATE 

*URTI = common cold: nasal discharge, cough, oral inflammation 
+LRTI  = cough and breathlessness (fast breathing or shortness 

of breath) 
Other = ora l  thrush, ear discharge, skin rash infection, 

dehydration, eye infections, measles, scabies, anemia 

Diarrhea = 3 or more watery stools/day 

Diarrhea 

I 

Fever LRTI+ 

i 

O t h e r  







Appendix H 

HIV PLACE SEX GROUP 

BACK 
B ACK 
B ACK 
BACK 
B ACK 
B ACK 
BACK 
BACK 
BACK 
B ACK 
B ACK 
BACK 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
BACK 
BACK 
BACK 
BACK 
B ACK 
B ACK 
BACK 
B ACK 
B ACK 
B ACK 
BACK 
BACK 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 
LEG 

BLUE 
BLUE 
GREEN 
GREEN 
YELLOW 
YELLOW 
BLUE 
BLUE 
GREEN 
GREEN 
YELLOW 
YELLOW 
BLUE 
BLUE 
GREEN 
GREEN 
Y ELLOW 
Y ELLOW 
BLUE 
BLUE 
GREEN 
GREEN 
YELLOW 
YELLOW 
BLUE 
BLUE 
GREEN 
GREEN 
YELLOW 
YELLOW 
BLUE 
BLUE 
GREEN 
GREEN 
YELLOW 
Y ELLOW 
BLUE 
BLIJE 
GREEN 
GREEN 
YELLOW 
YELLOW 
BLUE 
BLUE 
GREEN 
GREEN 
Y ELLOW 
Y ELLOW 

OEDEMA LOWER PRED UPPER 

Where 
'Grten' - unfortifid; Blue - fortifiai and Yellow - Zinc fortifid. 
HIV O - negative; H N  1 - positive. 
Sex 1 - male; Sex 2 - female. 
Oedema O * non-oedematous; Oedema 1 - oedematous. 



Appendix 1 

Prediction equations for final Iength-for-age z scores: 

The prediction equations for the non-oedematous groups are: 

UF -1.838-(0.0015 x LAZ initial)-(0.03898 x LAZ initial x LA2 initiai)+(24 x 0.00485)-(24 x 24 x 0.0000635); 

F -1.898+(0.0607 x LAZ initiai)-(0.03034 x LAZ initial x LAZ initia1)+(24 x 0.00485)-(24 x 24 x 0.0000635); 

ZF - 1.9498+(0.0879 x LAZ initial)-(0.02443 x LAZ initiai x LA2 initiai)+(24 x 0.00485)-(24 x 24 x 0.0000635). 

And for the oedematous groups are: 

UF -1.829998232-(0.00149215 x LAZ initial)-(0.0389779 x LAZ initiai x LA2 initiai)+(24 x 0.0048514)-(24 x 24 x 

0.0000635 15); 

F = I.93763 141 1+(0.060765346 x LAZ initial)-(0.030343487 x LAZ initiai x LAZ initial)+(24 x 0.00485 14)-(24 x 24 

x 0.0000635 15); 

ZF -1.943226939+(0.087902703 x LAZ initiai)-(0.024428394 x LAZ initiai x LAZ uiitia1)+(24 x 0.0048514)-(24 x 24 

x 0.0000635 15). 




