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The nutritional cost of measles in Africa
M B DUGGAN, J ALWAR, AND R D G MILNER

Department of Paediatrics, Sheffield University, Sheffield Children's Hospital, and Kenyatta National
Hospital, Nairobi

SUMMARY A 24 hour energy balance study was carried out on 20 black Kenyan children with
acute measles and repeated after recovery. The energy content of a weighed 24 hour food intake
and of a simultaneous collection of faeces and urine was determined by bomb calorimetry.
Energy expenditure was measured by indirect calorimetry using a purpose built flow over

calorimeter. The nutritional state of the children was assessed by anthropometry at the time of
each study and during convalescence. The results showed a fall of roughly 75% in the intake of
gross and metabolisable energy during measles, while the resting energy expenditure was little
affected. Thus the severe degree of negative apparent energy balance observed during measles is
the combined effect of underfeeding in ill children, and failure, during starvation related to
infection, of the early fall in metabolic rate that characterises simple underfeeding.

Infection is commonly accompanied by a period of
negative energy and nitrogen balance. This results
from a reduction in dietary energy intake,' 2 a

sustained or increased level of energy expenditure,3
and an enhanced rate of endogenous protein
catabolism.4 The development of syndromes of
malnutrition after underfeeding in adults with post-
operative infection has also been documented.5
Despite circumstantial evidence of a causative link
with malnutrition,6 infection is often stated to be of
secondary importance in the genesis of Third World
malnutrition.7 It was, therefore, of interest to
determine experimentally the nutritional cost of a

common childhood infection.
Measles was a suitable model for study; the severe

illness in Africa is associated with anorexia,
stomatitis,8 and diarrhoea with loss of protein into
the gut.9 It is also followed by a period of depressed
cell mediated immunity, favouring the development
of opportunistic infection, including protracted
diarrhoea.10 Measles has also been implicated as a

cause of malnutntion." 12

The contribution to the nutritional cost of measles
of changes in energy intake or expenditure may be
compared by detailed study of energy balance
during the acute infection. It is also possible by
appropriate selection of subjects to investigate the
relation between initial nutritional state and the
nutritional cost of measles infection. A 24 hour
energy balance study was carried out on 20 black
Kenyan children during their admission with

measles to the Infectious Diseases Hospital,
Nairobi. The children were readmitted for the
control study after convalescence, the course of
which was monitored during regular home visits.

Subjects and clinical management

Table 1 summarises the clinical features of measles
in the 20 children studied. Diagnosis was based in

Table 1 Prevalence and duration of the major clinical
features of measles in the 20 children studied

Stage of the Clinical feature Prevalence Duration in days
infection (%)

A verage Range

Prodromal Fever 100 6 3-14
period Anorexia 100 6 3-30

Diarrhoea 70 5 1-7
Cough 20 6 3-10

Exanthem Rash 1(10 4 3-5
(hospital Conjunctivitis 80
admission) Stomatitis 95

(palatal involvement) 30
Otitis media 35
Laryngitis 40
Bronchopneumonia 3(1

Convalescence Anorexia 65 19 10-40
'Loss' of walking 60 19 10-40
Otitis media 2(0
Diarrhoea 45
Bronchopneumonia 1(1 5 4-7

*Not quantified.
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Table 2 Nutritional state of the 20 children at time of admission with
nutritional variables during convalescence

acute measles and net changes in several

Case no Age Interstudy Initial Net weight Actuallexpected Initial Net change in Net change in
(months) interval weight change weight change weight/length weight/length lengthlage

(days) (kg) (kg) (%) (SD score) (SD score) (SD score)

1* 78 22 19 0 0-50 352 -1-4 +0 3 -0.1
2 15 31 10-8 1-15 535t +0-6 +0 4 -0-5
3 13 44 8-5 0-09 26 -1*1 +0.1 -0-1
4 13 25 8-9 0-16 82 -0-9 +0 1 -0-4
5 42 44 96 1-98 784t -3-64 +2-0 -02
6 17 28 9-0 0-80 447t -1.8 +0-1 +(0-1
7 60 28 14-1 2-43 1578t -2-1t +2-1 -0-4
8 18 26 12-5 1*56 945t +0-1 +0 4 -0-2
9 52 185 11-9 1-22 120 -2-54 +0.5 -0-5
10 24 16 11*5 1.29 1307t -0-7 +0 2 -0(3
11 15 76 6-7 1-17 227 -2-74 +1 6 -0-6
12 14 76 7-1 0-67 124 -2-74 +1*2 -(09
13 22 57 10-7 1-73 491t 1*6 +1*6 -2-0
14 41 57 14-3 2-02 622t -1*5 +1 9 -0 9
15 46 83 13-0 1-38 299 -1*3 +1*3 -0. 1
16 19 57 10-3 0-20 57 -1*2 +0.1 -0-1
17 29 64 11.0 1*96 527t -1*0 +0 5 -0-2
18 14 44 7-7 0-65 207 -2-3t +1*1 -0-4
19 14 70 6-0 0-12 24 -2-64 -0-2 -0.2
20 16 51 8-9 0-86 259 -2-5t +1.1 -0-8
Mean 28-1 54.2 10-57 -1-6 +0-87§ -0-4411
SE 4.2 8-2 0-68 0-25 0-167 0-103

*Only female subject.
t'Rapid' weight gain; rate in excess of 400% of reference weight gain.
4Malnutrition indicated by deficit > 20 SD from weight/length reference median.
§Significant p<0.01 improvement in mean SD score for weight/length.
IlSignificant p<001 deterioration in mean SD score for length/age.

each case on the presence of an unequivocal rash,
which was maculopapular in 13 children and black
and haemorrhagic in seven. Ten children entered
the study within 24 hours of the occurrence of the
measles rash, and all were studied within five days of
its eruption. Routine medical care was maintained
during the 24 hour observation period, including
administration of standard antibiotic prophylaxis.
The standard hospital 'toddler diet', which is based
on traditional Kenyan foods, was supplied during
both clinical studies. Interference with the custom-
ary parental supervision of the children's food
intake was limited to the essential cooperation
involved in collecting the duplicate diet.

Table 2 illustrates the nutritional state of the
children at entry to the study. Eight children were

identified as malnourished on the basis of a deficit of
more than 2 SD from the weight/length reference
median. 13 14 15

Experimental methods

Energy expenditure was measured by indirect calor-
imetry, using a purpose built system (Figure)
capable of measuring both the oxygen and carbon
dioxide components of the respiratory gaseous

exchange. The accuracy of the assembled calor-
imetry, whose calibration is described elsewhere,15

was shown in oxygen recovery tests to be mean (SD)
103 (3.5%). The metabolic rate was calculated from
the respiratory gaseous exchange and the urinary
nitrogen excretion.16
Between one and five measurements of metabolic

rates were made during sleep or quiet rest, each of
at least 20 minutes' duration, during the 24 hour
observation period. Measurements made up to and
including four hours after a meal of at least 25 kJ
were arbitrarily defined as 'post prandial', while
those made after a longer period were defined as
measurements of 'resting metabolism'. The number
of measurements made on each subject was de-
pendent both on the child's compliance and on
mains electricity. Bias due to unequal numbers of
observations was eliminated by calculating a mean
value for each subject of all measurements of
metabolic rate and for respiratory quotient made
during either resting or post prandial metabolism
(Table 3).
The dietary intake of gross energy was measured

by collecting a 24 hour duplicate diet, homogenising
it, drying an aliquot and determining its heat of
combustion by bomb calorimetry. Faeces and urine
were collected over the same period using urine
collecting bags and lined disposable napkins as
indicated. Faecal material was extracted from the
napkins,17 dried, and then analysed by bomb calor-
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Figure Theflow over calorimeter: circuit diagram.

Table 3 Energy expenditure (metabolic rate) in 20 children studied during and after acute measles and in relation to food
intake. Values are mean (SE)

Variable measured Infection (children studied during measles) Control (children studied after measles)

Resting Post prandial Resting Post prandial

Oxygen consumption (mVkg/min) 8-8 (0-34) 8-2 (0-67) 9-3 (0-32) 10-3 (0(46)
Metabolic rate (kJ/kg) 10(7 (0.39) 9-7 (0.61) 11-3 (0-36) 12-8 (0-58)
Respiratory quotient 0-83 (0(02) 0-80 (0.03) 0-98 (0.03) 0.93 (0.02)
No of subjects* 18 8 18 16
Total no of observations 30 19 31 28

*No of subjects (mean values of all observations) studied at the stated period. Statistical analysis by Student's t test. Mean level of resting metabolic
rate and resting oxygen consumption similar in both studies. p<0-05 (Paired data) for post prandial v resting metabolic rates in control; p<0l05 (paired data) for
post prandial metabolic rate in control v post prandial metabolic rate in infection; p<0(05 (unpaired data) for post prandial v resting oxygen
consumptions in control; p<0-01 (unpaired data) for post prandial oxygen consumption in control v post prandial oxygen consumption in infection.
Mean level of resting respiratory quotient significantly higher in control than infection, p<0.01 (paired data).

imetry. Food and faeces were analysed in duplicate
with a third analysis when results failed to agree
within 3%. The energy content of urine was calcu-
lated from its urinary nitrogen content, which was
determined by a modified Kjeldahl method. Bomb
calorimetry was carried out in the Wellcome Trust
Research Laboratories, Nairobi, and urinary
nitrogen analyses in the Department of Surgery
Laboratories, Northern General Hospital Sheffield,

by Mr A Prescott. Urine was stored at -20°C and
transported frozen for analysis. Results of these
analyses were then used to calculate the 24 hour
intake of gross, digestible, and metabolisable
energy.

Full auxological measurements were made at the
beginning of each .24 hour clinical study, and
children were weighed at each home visit. Weight
and length measurements using a basket type beam
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balance (CMS, London) accurate to 10 g and an

infant measuring table (Holtain) accurate to 0-1 cm
were used to calculate the weight:length ratio. This
was referred to the reference standard recom-

mended by the World Health Organisation14 using
the standard deviation score method of presenting
data to facilitate parametric statistical analysis.18
The weight measurements were also used to calcu-
late the net rate of weight gain during convalesc-
ence, which was expressed as a percentage of the
reference rate adjusted for age. Informed verbal
consent was obtained from all parents, and the study
was considered acceptable by the Medical Research
Ethical Committee of Kenyatta National Hospital.

Results

The magnitude and pattern of energy expenditure. In
children studied with acute measles the mean level
of the metabolic rate was similar during both post
prandial and resting metabolism, with no evidence
of the significant (p<005) post prandial enhance-
ment of metabolic rate that was observed in the
control study (Table 3). Thus the level of the resting
metabolic rate was similar in both studies, while the
mean post prandial metabolic rate was significantly
higher in the control study (p<0-05), the difference
representing 24% of the mean value of the post
prandial metabolic rate in control patients. Paucity
of data on the post prandial metabolic rate during
infection precluded analysis of the relation between
the magnitude of this rate and initial nutritional
state.
The mean level of the respiratory quotient during

both resting and post prandial metabolism was

significantly different in infection and control
studies (p<0-001). The significant increase in the
mean respiratory quotient of recovered children was

true both for well nourished and previously mal
nourished children (p<0.01 in each case). The mean

level of the respiratory quotient in the control study

was, however, higher in those children who had
initially been malnourished (p<005), although this
was not attributable to rapid rates of weight gain
during convalescence.

The intake of gross, digestible, and metabolic energy.

The mean level of intake of gross energy was
significantly reduced during measles (p<0O001), this
reduction, when expressed in kJ/kg/24 h, represent-
ing a 75% fall in the energy intake. The mean level
of gross energy intake was not significantly influ-
enced in either study by the initial nutritional state.
While the faecal energy loss was, in absolute terms,
greater in the control study, the digestible energy

represented a similar percentage of gross energy in
each study (Wilcoxon's rank sum test). Conversely,
although the urinary energy loss was of similar
magnitude in both studies, the consequent percen-

tage reduction in energy intake was greater during
infection (p<005, Wilcoxon's ranked sum test for
paired data) (Table 4). Thus the percentage of gross
energy intake that was metabolisable was signifi-
cantly smaller during acute measles than after
recovery (p<005, Wilcoxon's ranked sum test).

Apparent energy balance. As a result of the fall in

metabolisable energy intake and a sustained level of
energy expenditure during measles, 17 of the 18
children on whom data were complete were in
negative apparent energy balance at the end of the
24 hour study. Conversely, 12 of 18 children were in
positive apparent energy balance during the control
study. The magnitude of the mean negative energy

balance during measles is given by -169 (21.7)
kJ/kg/24 h and of positive balance after recovery by
67 (30.0) kJ/kg/24 h.

Convalescence. As illustrated in Table 2 the mean
level of nutrition as estimated by the weight/length
SD score had significantly improved by the time of
the control study (p<0-01). Nevertheless, this was

Table 4 Energy intake and resting energy expenditure by 20 children during and after measles; illustrating proportions of
gross energy digestible and metabolisable after energy loss in faeces and urine, respectively. Values are mean (SE)

Infection (Control

kJt24 h AkJAkgl24 h U124 h % UJkgl24 h

Gross energy intake 897 (126-0)) 1 (1 94.1 (18-5)* 4288 (457-2) 100 374-2 (29-6)
Faeeal energy loss 95 (28-8) 6-5 (1.5) 437 (75-4) 36-7 (7-")
Digestible energy intake 825 (121 2) 92' 9(-3 (17-6) 3895 (416-6) 87 322-1 (33-3)
Urinary energy loss 10)4 (12-9) 10-.9 (1-3) 175 (32-4) 12-8 (1-9)
Metabolisable energy intake 742 (123 6) 72 81-5 (17-8) 3731 (489X4) 83 309-4 (32X8)
Resting energy expenditure 2574 (183-2) 2566 (9.34) 318(0 (2262) 272-2 (8X66)

*Gross energy intake significantly reduced during measles. p<()-(M)I (Student's t tcst for paired data).
tDigestible energy equivalent to similar percentage of gross encrgy intake in both studies (Wilcoxon's paircei rank sum test).
i:Metabolisable energy intake equivalent to significantly lower percentage of gross energy intake during measles. p<()-058 (Wilcoxon's patired rank sum test).
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accompanied by a significant deterioration in the
mean length/age SD score (p<0-01). Neither initial
nutritional state nor the presence of complicating
pneumonia was associated with a lower rate of
weight gain. Children with rapid rates of weight
gain, however, had a significantly lower prevalence
of diarrhoea during convalescence (p<0.01, x2
analysis). In summary, measles infection was char-
acterised by a 75% fall in gross and metabolisable
energy intake. Energy expenditure remained at
control levels, although the post prandial enhance-
ment of the metabolic rate was absent during
infection. The satisfactory mean rate of weight gain
during convalescence did not seem to be influenced
by the initial nutritional state nor the severity of the
clinical infection, although it was significantly in-
hibited by late onset diarrhoea.

Discussion

These data show that the normal pattern of positive
energy balance in childhood may be reversed by
measles infection. The major factor responsible was

the grave reduction in the intake of gross dietary
energy. Although this has been quantified only for a

24 hour period, the universal parental reporting of
previous anorexia (Table 1) suggests that negative
energy balance was of a longer duration.
The development of overt malnutrition after

infections complicated by anorexia and often by
starvation treatment is not merely an effect of
underfeeding.2 9 Starvation associated with infec-
tion results in a more rapid and severe weight loss
than does starvation alone.2" This seems to be due
to an increase in resting metabolic expenditure
during infection stress5 21 rather than the early fall in
metabolic rate that characterises starvation or

underfeeding.22 23 The present data, while not
immediately showing an increase in resting meta-
bolic rate during measles, afford no evidence of any

metabolic adaptation to starvation. However, re-

view of the respiratory quotient data on the control
group, 67% of whom were in positive apparent
energy balance, eating a high carbohydrate diet,
suggests a further interpretation. The high mean

value of the resting respiratory quotient, and the
fact that the value for respiratory quotient exceeded
1*0 in 20 out of 31-that is, in 65% of all
observations of resting respiratory quotient-was
strongly indicative of net lipogenesis from carbohy-
drate. The persistence of lipogenesis-that is,
biosynthesis-long after the post prandial period
suggested that the resting metabolic rate included
the energy cost of this biosynthesis. As net biosyn-
thesis was manifestly absent in the infection study,
the sustained level of the resting metabolic rate at
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this time was probably indicative of an increased
basal metabolic rate. Thus the basal metabolic rate
seems to be increased in children with measles as it
is with other viral infections.24
No attempt was made to interpret weight changes

during the acute febrile illness, as they were
probably influenced by alteration in fluid as well as
energy balance at this time.

Although there was a high prevalence of secon-
dary infection during convalescence (Table 1), only
in the case of diarrhoea was a significant effect
observed. An even higher prevalence of diarrhoea
after measles with graver nutritional sequelae has
been reported in a rural population with less easy
access to mains water.9 The overall improvement in
nutritional state, estimated by the mean weight/
length SD score, seemed to be the combined effect
of an increase in weight and sluggish or absent linear
growth. A link between measles and nutritional
stunting has also been reported in Nigerian
children.25

Malnutrition did not seem to influence the magni-
tude of negative energy balance observed in the
present study. However, catabolic weight loss to
meet a given energy shortfall would probably be
greater in an already lean child because of quantita-
tive differences in the energy stored in lean and fatty
tissue. This supposition accords with the observation
of a more severe weight loss in postsurgical sepsis in
lean adults.2'
The return of all 20 children for control study was

the result of regular surveillance, accompanied by
medical intervention, during the period of con-
valescence. Nevertheless, four children failed to
achieve reference rates of weight gain, and one
child, whose recovery was interrupted by malaria
and pneumonia, had become severely wasted by the
time of the second study.
The nutritional cost of measles has been quanti-

fied by means of a 24 hour energy balance study.
The resultant negative apparent energy balance is
the combined effect of a grave reduction in the
intake of gross and metabolisable energy and a
sustained level of resting metabolic expenditure.
Stopping of growth during infection is shown by
absence of the usual post prandial increase in
metabolic rate and suggested by the pronounced fall
in the level of respiratory quotient during acute
measles. Despite a period of negative energy
balance most children gained weight satisfactorily
during convalescence, although linear growth had
slowed. Four children, only one of whom was
previously malnourished, failed to thrive throughout
follow up. The experimental results of this study
support previous circumstantial evidence that
measles, and, by inference, other infections associ-
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ated with negative energy balance, are probably
implicated in the genesis of childhood malnutrition.

M B Duggan was supported during this study by a Wellcome Trust
Research Fellowship. The authors acknowledge the cooperation of
Dr A Jan Mohammed, medical superintendent, Infectious Diseases
Hospital, and Mrs H Watkins, laboratory superintendent, Well-
come Trust Research Laboratories, Nairobi, and of Dr G Tobin,
Department of Physiology of the University of Leeds, for advice on
the design and construction of the calorimeter.
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