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1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT XA9642965

Malawi is a small landlocked nation in southern Africa, with an area of 118,000 km2,
approximately the size of Cuba. The population is estimated to be 10.5 million, 89% of
which are rural subsistence farmers. Malawi has the highest fertility rate in the world with
7.6 births/woman, and has had the highest population growth rate in the world since 1980,
4.3% annually. Malawi is estimated to be the ninth poorest country in the world with a per
capita annual income of $160. Eighty-five percent of the rural population lives below the
absolute poverty level. Malawi's major exports are all agricultural products, tobacco, tea,
sugar and cotton. It has no significant mineral resources. The southern half of Malawi is
surrounded by Mozambique, and the war there has limited Malawi's trade and transportation
routes.

The principle diet is a monotonous one of maize flour. This is eaten as nsima, in a
warm dough ball that has been prepared with water. Dependent on availability Malawians
augment their diet with green leafy vegtables and fruits such as banana and mango. Very
little meat, rice, or other grains are eaten. Fifteen percent of households at midseason eat
only one meal a day. Breast feeding is ubiquitous in Malawi, usually into the third year of
life [1,2].

Malawi's under five mortality is 228/1000, the seventh highest in the world, and the
highest among nations without a civil war. Human immunodeficiency virus (HIV) is
prevalent in Malawi, overall 10.5% of all Malawians are infected with HIV. Eight percent
of all children are wasted, a marker for acute malnutrition, and 61 % are stunted, a marker
for chronic malnutrition. Twenty-seven percent of all children are moderately or severely
underweight. The predominant manifestation of acute malnutrition is kwashiorkor [2].

The Medical College of Malawi was established in 1991 in Blantyre, Malawi's largest
town. There are five departments, including a community health department. The
Department of Paediatrics has five faculty members, all of which have a significant interest
in nutrition. The teaching hospital of the college is the Queen Elizabeth Central Hospital.
A research facility called the Malaria Project is adjacent to the paediatric wards.

The nutritional rehabilitation unit (NRU) at Queen Elizabeth Central Hospital had 1068
admissions in 1994, and is one of over 400 NRUs in Malawi. Thirty-eight percent of
admissions had kwashiorkor, 28% marasmic-kwashiorkor, 22% maramus and 11%
undemutrition. 17.9 % are infected with HIV. Fifty percent of all admissions are thought
to have sepsis at some point in their hospital course and are treated with parenteral
antibiotics, a majority of these episodes are associated with acute lower respiratory infection
(ALRI). Admission to the unit carries a 26% mortality, and 90% of these deaths are
believed to be secondary to overwhelming bacterial infection.

Malnutrition and infection have been said to have a synergistic interaction, and
several impairments of the immune system during malnutrition have been described [3,4,5].
Protein catabolism during serious infection has previously been described qualitatively, and
quantitatively in small groups of children [6,7]. We endeavored to quantitatively measure
protein catabolism by using a stable isotope labeled infusion using leucine and urea [8,9].
The infusion technique was chosen because it could be completed in a 10 hour period of

53



time, thus did not significantly interupt dietary therapy [10,11]. This technique also does
not involve a prolonged complete urine collection, which is almost impossible in children
with significant kwashiorkor because of oliguria and anorexia. The infusion technique using
stable isotope labeled compounds is usually reported from clinical research centers, but
reports of its use in the setting where malnutrition is most common {NRUs in the developing
world) are limited. The purpose of our study was to successfully apply this method of
measuring protein metabolism to malnourished children in Malawi, and to quantify the
protein synthesis and oxidation in malnourished children with ALRI.

2. METHODS

The study identified hospitalized markedly malnourished patients who develop ALRI
and those recovering from undernutrition without active complications. The study was
approved by the Human Studies Committees of Washington University in St. Louis and the
Medical College of Malawi.

The criteria for being a subject for this study are listed below.

1. Malnourished child age 1 to 10 years hospitalized on the malnutrition ward
at the Queen Elizabeth Hospital in Blantyre, Malawi.

2. The child's weight is greater than two standard deviations below the
50th%tile weight for age using the NCHS standards.

3. The child has acutely developed severe ALRI by the World Health
Organization (WHO) criteria; cough, respiratory rate greater than 40/minute,
and chest wall in drawing [12].

Candidates were further screened with a chest x-ray and only those with a
consolidated alveolar infiltrate were included. Informed consent was solicited from eligible
candidates. Subjects were studied within the first two days of the onset of their ALRI.
Controls were studied at any point in their hospital course during which they are afebrile,
without significant cough or diarrhea, gaining weight, and in the cases of kwashiorkor losing
edema and showing improved appetite. Subjects had an IV placed for administration of
parental antibiotics and for isotopic infusions. Controls have an IV placed for the purpose
of this study. A Medfusion 1001 syringe pump was used to accurately infuse the labeled
isotopes.

The study protocol involved the following:

1. Subjects and controls had no protein intake for five hours prior to the study.
2. An initial blood sample of 1.5 cc was drawn, spun, separated and frozen.
3. An intravenous infusion of stable isotope labeled [1-l3Clleucine and [15N2] urea

in priming doses of 2 mg/kg urea and 15.3 micromoles/kg leucine was given
over 5 minutes [ 10,11 ] .

4. A constant intravenous infusion of [1-13C] leucine at 6.1 micromoles/kg/hr
and [15N2] urea at 0.2 mg/kg/hr was given for 5 hours. [10,11]

5. Blood samples at 4.5 and 5 hours of 2 cc were drawn, spun, separated and
frozen.

Samples were analyzed by GCMS at the Washington University School of Medicine
Mass Spectrometry Facility in Saint Louis, Missouri. Samples were analyzed for stable
isotopic enrichment of [1-13C] leucine and [15N2] urea after conversion to a heptaluorobutyl
ester by monitoring mass/charge ratios of 314/313 for leucine and 191/189 for urea.
Ketoisocaproic acid (KIC) enrichment was determined after conversion to the quinoxalinol
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derivative by monitoring mass/charge ratio 233/232. Electron impact capillary GCMS was
used for analysis. The leucine and KIC enrichments were confirmed using both capillary and
packed column chemical ionization GCMS using different derivatives. The samples collected
at 4.5, and 5 hours are used to determine the steady-state value of the isotopic enrichment.

Rate of urea production was calculated by the following equation : Ra = (1OO/Ep-1)
x I where Ra = rate of urea production; I = rate of infusion of tracer; and Ep = isotopic
enrichment of urea mole % excess. Nitrogen from leucine oxidation is assumed to be
exclusively incorporated into urea, and .467 x Ra = N production rate. Ratio of leucine
oxidized to total N is assumed to be same proportion of leucine in body protein, 3.817
mmol/gm N. Protein breakdown was assumed to be equivalent to leucine flux, since the
subjects were fasted and had no other sources of leucine available to them. Q, leucine flux,
was calculated from the isotopic enrichment by the following formula. Q= i x (Ei/Ep - 1)
umol/kg/hr; where i = labeled leucine infusion rate, Ei = enrichment of the leucine infused
(atom % excess) and Ep = plateau value of KIC enrichment (atom % excess). Protein
synthesis was calculated as the difference between protein breakdown and leucine
oxidation.

3. RESULTS

We studied 19 subjects and 15 controls from November 1994 to February 1995.
HIV infection is common among this population and HIV testing was done by ELISA of most
subjects and controls in the course of their routine clinical care. To determine how HIV
infection effects protein metabolism all HIV infected subjects and controls were grouped into
a third category and compared to the subjects and controls. After the HIV subgrouping we
were left with 13 subjects, 13 controls, and 8 HIV positive patients. The mean age, sex,
weight for height percentile, and the nutritonal diagnosis of the three groups is summarized
in Table I. None of the differences between the three groups are significant except the
higher fraction of marasmic children in the HIV infected group. Isotopic enrichment data for
8 study patients is summarized in Table II. Calculations of leucine oxidation, total body
protein synthesis, and total body protein breakdown is summarized in Table III. Table IV
summarizes the mean values for leucine oxidation, protein synthesis and protein breakdown
for the subjects and controls for whom data is available. These means are not significantly
different with such a small sample size. KIC enrichments were used to calculate protein
synthesis and breakdown, as KIC is believed to reflect intracellualr leucine concentrations.
Of note in Table II is the KIC/Leucine ratio is consistently greater than 1, averaging 1.3 over
16 samples. This is an unexpected finding as the KIC/Leucine ratio has been shown to be
constant with a value of about 0.75 over a wide range of conditions [13]. Samples for
these eight patients have been evaluated under six different GCMS conditions to verify this
unexpected observation. This ratio > 1.0 has been consistently found under all of these
conditions. We are not certain what biological phenonmenon can explain this, but it calls
into question the validity of the four compartment model upon which these calculations are
based. It is not unreasonable to expect that children with kwashiorkor metabolize ketoacids
differently, and this difference could account for the increased KIC/Leucine ratio.

4. PLANS FOR FUTURE WORK

We are eager to analyze the full data set, and complete more validification testing
in the laboratory with respect to the KIC/Leucine ratio. If the methods here yield valid
quantitative measures of protein synthesis and breakdown, we will proceed with an
intervention trial.

We propose to do a randomized trial of egg supplementation in children with
malnutrition and ALRI. We will use this successful method of measuring quantitative protein
synthesis and oxidation to determine the effects of dietary egg supplementation. The
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following proposal has been submitted and accepted by the Malawi Health Sciences
Research Committee.

One mechanism by which PEM is thought to lead to the nutritional immunodeficiency
is by limiting the amount of substrate needed to synthesize proteins vital to the immune
response. The amino acid composition of cytokines differs from muscle and visceral
proteins [14]. Compared to the latter, cytokines are relatively rich in aromatic amino acids
(phenylalanine, tryptophan and tyrosine) and sulfur containing amino acids (cysteine,
methionine). During a systemic bacterial infection, acute phase proteins are synthesized at
levels of 1-1.2 gm/kg/day [15]. To provide enough aromatic and sulfur containing amino
acids for this acute phase response, 2-2.5 gm/kg/day of muscle protein is oxidized. This
results in a net catabolic state in an anorexic individual. In a well nourished individual, acute
phase proteins, can be synthesized from stored amino acids despite anorexia, however
stores of amino acids are severely depleted in malnourished children. In the malnourished
children the acute phase response is blunted, and in malnourished animals it can be
stimulated by dietary protein supplementation [16,17]. It seems reasonable to expect this
would be the case in malnourished children as well. The immune response may well be
more effective if enough amino acids were available for the acute phase protein response,
and this could affect the mortality seen in ALRI and PEM.

Egg has a high protein content and is available throughout most of the world. Egg
is especially rich in sulfur containing amino acids and aromatic amino acids. It contains 36.4
gm/kg of sulfur containing amino acids and about 15 gm/kg of aromatic amino acids [18].
An egg supplement of 20 gm/kg will provide ample amounts of both groups of amino acids
for synthesis of normal levels of acute phase proteins and visceral proteins.

5. STUDY PROTOCOL

The study will identify hospitalized children with severe PEM who develop ALRI.
These patients will be admitted to a special research ward (malaria project inpatient ward)
where they will be randomised into two groups, one receiving the standard WHO treatment
for malnutrition plus an egg supplement of 20 gm/kg and the other receiving the standard
WHO treatment [19]. The WHO standard treatment of kwashiorkor starts with a low
protein density milk formula, and when signs of recovery are noted, the energy and protein
content is increased. Likuni phala is added in the second phase of the dietary treatment.
Subjects will be kept on the research unit to monitor their dietary intake and assure that
they will receive the egg supplement. This would be impossible on the malnutrition ward
where a single nurse cares for about 60 patients. During the acute phase of their infection
each will have his/ her protein synthesis and oxidation measured using an intravenous
infusion of stable isotopicly labeled leucine and urea during their acute infection [10,11].

Children will be considered eligible for the study if they meet the following three
criteria:

1) Aged 1-10 years hospitalized on QECH malnutriton ward.
2) Weight is below two standard deviation of the median weight for age using

NCHS standards
3) They develop severe ALRI by World Health Organization (WHO) criteria;

cough, respiratory rate greater than 40/minute, and chest wall in drawing
[12].

Candidates will be further screened with a chest x-ray. Informed consent will be
solicited from eligible candidates. Clinical data such as age, sex, weight, height, nature of
ALRI, fever and oral food intake will be recorded.
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Subjects and controls will be studied within the first three days of the onset of their
ALRI. Fifteen subjects and fifteen controls will be studied. The sample size is based on
detecting a difference of 30% in protein synthesis rate with 95% specificity and 80%
power.

Each study involves a continuous intravenous infusion of stable isotope labeled
leucine and urea to determine the leucine flux and oxidation. The subjects will already have
an IV placed for antibiotic administration, this will be used for their isotopic infusions. A
portable infusion pump will be used to accurately infuse the labeled isotopes.

The study protocol involves the following:

1. No protein intake for five hours prior to the study.
2. Draw initial blood sample of 1.5 cc to be spun, separated and frozen.
3. Infusion of stable isotope labeled [1-13C] leucine and [15NJ urea priming doses

of 2 mg/kg urea and 15.3 micromoles/kg leucine over 5 minutes [10,11].
4. Initiation of constant infusion of [1-13C] leucine at 6.1 micromoles/kg/hr and

[15N2] urea at 0.2 mg/kg/hr for 5 hours [10,11].
5. Blood sampling at 4.5 and 5 hours, 2 cc each time.
6. All samples will be spun, separated and frozen for analysis.

Samples will be analyzed by GCMS at the Washington University School of Medicine
Mass Spectrometry Facility in Saint Louis, Missouri. Samples will be analyzed for stable
isotopic enrichment of [1-13C] leucine and [15N2] urea after conversion to a heptafluorobutyl
ester derivative. Samples will be analyzed for KIC stable isotopic enrichment after
conversion to a quinoxalone derivative. The samples collected at 4.5, and 5 hours will be
used to determine the steady-state value of the isotopic enrichment.

Rate of urea production will be calculated by the following equation. Ra=rate of
urea production = (100/Ep-1) x I; where I = rate of infusion of tracer and Ep = isotopic
enrichment of urea mole % excess. Nitrogen from leucine oxidation is assumed to be
exclusively incorporated into urea, and .467 x Ra = N production rate. Ratio of leucine
oxidized to total N is assumed to be same proportion of leucine in body protein, 3.817
mmol/gm N. Protein breakdown is the only source of leucine to these patients, so it is
assumed to be the same as leucine flux. Q, leucine flux, is calculated from the isotopic
enrichment by the following formula. Q= i x (Ei/Ep - 1) umol/kg/hr; where i = labeled
leucine infusion rate, Ei= enrichment of the leucine infused (atom % excess) and
Ep = plateau value of leucine enrichment (atom % excess). Protein synthesis is equal to
protein breakdown minus leucine oxidation.
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TABLE I. CHARACTERISTICS OF THREE STUDY GROUPS

Subjects

Controls
HIV +
patients

Number Studied

13

13

8

Mean Age months

26.8

33.0

26.2

Sex % male

50%

50%

25%

Weight/ Height

79%

83%

81%

# with Kwash

9/13

13/13

4/8

TABLE II. ISOTOPIC ENRICHMENTS OF 8 SELECT PATIENTS

Pt#

41

41

40

40

37

37

36

36

31

31

33

33

34

34

35

35

Sample
(hr)

4.5

5

4.5

5

4.5

5

4.5

5

4.5

5

4.5

5

4.5

5

4.5

5

13C Leucine
enrichment

1.77

2.24

1.86

1.98

2.32

2.01

3.1

1.31

3.63

3.7

4.52

4.55

2.45

2.61

1.69

1.73

13C KIC
enrichment

2.23

2.54

2.39

2.66

2.97

2.77

3.82

0.83

3.6

3.65

5.27

6.56

3.23

3.4

3.32

3.89

15N2 Urea
enrichment

1.03

1

1.28

1.05

1.1

1.05

3.35

1.61

5.8

5.79

4.49

4.77

1.54

1.51

1.34

1.75

KIC/Leu
ratio

1.26

1.13

1.28

1.34

1.28

1.38

1.23

0.63

0.99

0.99

1.17

1.44

1.32

1.30

1.96

2.25

'All enrichments are expressed in atom percent excess
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TABLE III. PATIENT VALUES FOR PROTEIN SYNTHESIS AND BREAKDOWN

Pt#

41

40

31

36

35

33

34

37

Leucine Oxidation
micrmls/kg/hr

34.2

30.1

5.7

10.2

22.6

7.3

22.9

32.3

Protein Synthesis
umls/kg/hr

216

205

156

143

140

90

155

174

Protein
Breakdown
[KIC]
umls/kg/hr

250

235

162

153

163

97

178

206

Protein
Breakdown
[Leu]
umls/kg/hr

298

311

160

190

350

128

235

275

TABLE VI. MEAN VALUES FOR PROTEIN SYNTHESIS AND BREAKDOWN

Protein Synthesis

Protein Breakdown
[Leu]

Protein Breakdown
[KIC]

Leucine Oxidation

Subjects
172 umls/kg/hr

(6.8 gm/kg/day)
262 umls/kg/hr

(10.3 gm/kg/day)
193 umls/kg/hr

(7.5 gm/kg/day)

20.5 umls/kg/hr

Controls
140 umls/kg/hr

(5.5 gm/kg/day)
213 umls/kg/hr

(8.4 gm/kg/day)
160 umls/kg/hr

(6.2 gm/kg/day)

20.8 umls/kg/hr
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