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PREFACE

The Study Week on the Interaction of Parasitic Diseases and Mal-
nutrition dealt with a very important global problem. One may associate
malnutrition and parasitic diseases with economic, social and cultural
jactors, and it is clear that a positive action can be taken in order to
minimize or eradicate both.

1t is easy to accept that by malnutrition a sevies of pathogenic
states will appear, due at least partly to the lessening of the immunolo-
gical defense. Malnutrition is certainly one of the speciers which baunt all
of those interested in the welfare of humankind. So many studies have
been made in developing countries about this relationship that it seemed
noi necessary to organize the Study Week which was beld, and which in
@ certain way was o continuaiion of a former one beld in Bellagio six
years ago. The richness of the contenis of the papers presented showed
that the meeting bad its place. All the aspects of the question were
treated in our vecent meeting, as, for insiance, global food production,
the availability per capita of energy, and other aspects of the problem.

The wost fundamental conclusion of the meeting was, bowever,
thai even when dietary intake meets the accepted standards there may be a
deterioration produced by the host cell as & response to the parasitic
attack. This response is due to the release of interlenkin and cachectin,
small proteins that ave well defined in their molecular constitution.

The meeling was organized and chaived by Professor Gerald T.
Keusch, Chief of the Division of Geographic Medicine at Tufts University
School of Medicine, Boston. I want to express not only my gratitude bul
also my adwiration for Prof. Keusch’s work. High esteem and thank-
fulness are due also to all the participants, who with great good will
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came to Rome in search of a label which 1 think will certainly benefit
children, women and men all around the world. | would like to thank
warmly the Banco Piccolo Credito Valiellinese for the generous contribution
offered towards the publication of the present volume.

I want also to present wry thanks to Father Enrico di Rovasenda,
and to Mrs. Michelle Porcelli and Gilda Massa, as well as Silvio Devoto
for their help in the preparation of this volunze.

CarLos CHaGAS
President of the Pontifical Academry of Sciences



FOREWORD

In 1980, a conference to examine the interactions between parasitic
diseases and malnutvition was held at the Rockefeller Foundation Con-
ference and Study Center in Bellagio, Italy, with the support of the World
Hunger Programme of the United Nations University, the Fogarty Inter-
national Center of the U.S. National Institutes of Health, and the Rocke-
feller Foundation. Based on the assigned nutritional imporiance of each
of six parasitic diseases discussed at the meeting and the feasibility of
interventions, a prioritized list of recommendations was presented: malaria
control, iron supplementation for hookworm disease, water and sanitation
projects, periodic antibelminthic therapy for ascariasis, and largeted mass
chemotherapy for schistosomiasis.

In the five wears since this seminal meeting, new information has
become available concerning mechanisms of malnutrition during infection,
nutritional consequences of parasitic diseases, and strategies for their
control, The Pontifical Academy of Sciences, vnder its President, Professor
Carlos Chagas, decided to hold a meeting io review this new information
and to update the recommendations for action. Therefore, a multidiscipli-
nary group of experts was called together at the Academy in Vatican City,
from Qclober 22-26, 1985, During an intensive Study week, four topics
were considered in great detail by presentation of papers followed by
extensive discussions: 1. Mechanisms of malnutrition; 2. Interactions of
parasitic infections and nutritional status; 3. Strategies for control of
parasitic infections; 4. Policy implications and recommendations. This
volume consists of these papers and is published in the bope it will prove
useful as a resource document for those interested in the definition of
future research guestions and in the formmulation of policy.

Gurarp T. Krusch, M.D.
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MECHANISMS OF MALNUTRITION



FOOD SUPPLY AND ENERGY INTAKE:
A GLOBAL PERSPECTIVE *

~ P. LUNVEN and M.A. HUSSAIN

" From the Food Policy and Nutrition Division
FAQ, Rome

A

SUMMARY

World per capita dietary energy supply has increased by 12% from
an average of 2,130 keal per day during 1969-71 to 2,350 kcal per day
during 1979-81. The improvement was particularly small in Africa and
although the Far East had greater gains than Africa, its per capita dietary
energy supplies remained the lowest among the regions at 2,150 kcal per
day during 1979-81. During the early 1980s there was practically no
growth in dietary energy supply in Latin America and in Africa the per
capita dietary energy supply has actually declined. The countries with
fastest population growth had the most difficulty in maintaining per capita
energy supply. The consumption pattern between developed and devel-
oping countries also did not change much during this period.

Although a direct link between undesnutrition and energy intake
can only be established at the individual level, there is substantial evidence
that families consuming a lower amount of energy have a higher number
of malnourished children and countries with a lower level of energy
supply have more under-nourished people than those with higher per
capita supplies. Available daia on food consumption of vulnerable groups
from developing countries also reveals very low intake of energy and high
prevalence of malnutrition.

* The text of this paper is based primarily on the FAQ Fifth World Food Survey.
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1. INTRODUCTION

For convenience of discussion this paper is divided into three parts.
The first discusses the trends in world food supplies and changes in
pattern of consumption on the basis of the latest supply data available
from food balance sheets. The second deals with factors that affect energy
consumption, urban-rural differentials in energy consumption and energy
consumption by vulnerable groups. The third examines the broad
linkages between energy consumption and malnutrition at individual,
household and national level. The content is mainly drawn from FAO's
Fifth World Food Survey (FAO, 1985).

1.1 Trends in food supplies during 1960s and 1970s

Since 1946 FAQO has periodically assessed the nutritional adequacy
of global food supply by comparing aggregate food supply data obtained
from food balance sheets with available recommendations on energy
requirement. Over the years a substantial improvement has occurred in
the quality and coverage of the data and progress has also been made in
our knowledge of energy requirements. A summary of the most recent
prospective analysis of the change in per capita dietary energy supbply
(DES) from 1961-1981 is provided in Table 1. More recent trends in
per capita DES during 1981-83 on the basis of preliminary data are given
in Table 2. The major features of this analysis are as follows.

World per capita food supplies measured as DES improved by 12%
from 2,340 keals per day in 1961-63 to 2,620 in 1979-81, The gap
between developed and developing countries, though still wide, has nar-
rowed, There has been a substantial drop in the rate of increase in DES
during the 1970s in developed countries and a slight deceleration in the
high rate of increase in developing countries. The per capita food supplies
have improved for each developing region and. economic group in the
1970s, except for the least developed countries. The smallest increases
were in Africa. In general, the gap between the developed and middle
to high income developing countries has natrowed while the gap between
both of these groups and low income developing countties has widened.

Examination of individual data from 112 developing countries for
which recent food balance sheets are available reveals that in 26 countries
(with 8% of the total population) per capita DES declined in the 1970s
in 11 countries (2% of the population) thete was virtually no change, but
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TasLE 1 - Per capita dictary energy supply (DES) by region and economic
group 1961-63, 1969-71 and 1979-81.

Average annual rate

of increase
Region or economic group 1961-63 1969.71 1979-81 1961-63 1969-71
to 196971 1o 1979-81

{kcals per capita/day) ..., (%) ......
DEVELOPED COUNTRIES 3110 3280 3390 0.7 0.3
Developed market economies 3090 3260 3380 ¢.7 0.4
North America 3280 3480 30620 038 0.4
Western Europe 3150 3300 3446 0.6 04
Oceania 3160 3270 3150 0.4 -0.4
Basters Furope & USSR, 3170 3330 3420 6.6 .3
DEVELOPING COUNTRIES 1980 2140 2350 1.0 0.9
Developing market economies 2060 2160 2320 6.6 ¢.7
Africa 2.120 2170 2260 0.3 G4
Far Fast 1940 2020 2160 0.5 0.7
Latin America 2370 2500 2620 0.7 0.5
Neay Hast 2230 2 400 2 840 0.9 17
Asian centrally 1830 2100 2430 L7 14
plenned economics
Economic group of
devcloping countries
Least-developed 1980 2060 2070 0.5 0.1
Low-income food-deficit 1920 2000 227 10 0.9
Low-income 19210 2060 2240 10 03
Middle- to high-income 2150 2310 25%0 0.9 il
WORLD 2340 2470 2630 0.7 0.6

Note: Per capita dictary energy supply (DIES) is meastred as energy equivalenss of quantities
of food available for human consumption.
Sazrce: The Fifth World Food Survey.
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TaBLE 2 - Per capita dietary energy supply (DES) by region and economic
group 1979-81 and 1981-83.

Average annual rate
of Increase

Region or economic group 1979-81 1981-83 1969-71 1979-81
to to
1979-81 1981-83
{kcals per capitafday}  ...... (% ......
DEVELOPED COUNTRIES 3390 3390 03 0.0
DEVELOPING COUNTRIES 2 350 2 400 0.9 1.1
(Excluding China) (2 320) {2 340} (0.1 {0.5)
Developing market econonties 2320 2 340 0.7 G5
Africa 2260 2230 J.4 —0.7
Far East 2160 2190 0.7 09
Latin America 2620 2620 0.5 6.0
Near East 2840 2900 1.7 1.1
Asian centrally planned economies 2 430 2 540 14 2.2
(Excluding China) (2 320) {2 380) (0.3) (1.2)

Eeonowiic groups of
developing countrics

Least-developed 2070 2080 0.1 0.2
Low-income {ood-deficit 2270 2320 0.9 1.2
{Excluding China) (2 160} {2 180} (0.5) {0.5)
Low-income 2240 2 300 0.8 14
(Bxcluding China) {2 080) (2110 (0.2} (0.7)
Middfe- to high-income 2 550 2410 11 0.4
WORLD 2630 2 660 06 0.6

Source: The Fifth World Food Survey.
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in 75 countries (90% of the population) there was at least some increase
in per capita food supplies. The greatest increase occurred in middle to
high income developing countries.

Declines in per capita DES were concentrated in countries with low
income and with already low food supply and occurred primarily in
Africa. Of 30 countries with per capita DES of 2,300 kcals or less in
1969-71, 17 (14 in Africa) showed no improvement by 1972-81. In
middle to high income countries, however, only 7 of 34 countries with
DES of 2,300 keals or less in 1969-71 failed to increase this measure by
1979-81.

1.2 Dietary energy supply and population

When changes in DES are compared by classifying countries by
population growth rate, those with population growth of 2% or less
fare better than couniries with higher rates. Of the former group, 6
countries (17%) had a DES growth less than population growth, in con-
trast to 26 (26%) of the countries with population growth greater
than 2%.

1.3 Developments in the early 1980s

While DES leveled off at around 3,390 keals per capita in developed
countries, developing countries continued to show improvement in the
early 1980s with a growth rate of around 1% a year. IHHowever, this
figure is highly influenced by the performance of China, and when China
is excluded the growth rate is halved. The Far East and Asian centrally
planned economies {ACPE; excluding China) all registered DES growth
rates close to 1% a year in the early 1980s, but there has a been a major
recent slowing in growth in the Near East. Including China, the gain in
per capita DES in the ACPE rose from 1.4% in the 1970s, to an impres-
sive 2.29% a year in the early 1980s. Both Africa and Latin America, whete
the DES growth rate was rather low during the 1970s, experienced de-
clining growth rate. In Latin America thete was no growth and in Africa
there was an actual decline of serious nature since DES was alteady at a
low 2,260 kcal per capita during 1979-81.

The stagnant trends of the 1970s in LDCs with a very low per capita
DIS (2,070-2,080 kcals) persisted in the eatly 1980s; however, the low
income-food deficit and low income groups continued a respectable rate
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of growth while the growth rate of the middle to high income groups was
reduced by more than half,

1.4 Food consumpiion pattern

Analysis of the contribution of major food groups to dietary energy
supply also indicates changes in the food consumption pattern. These
changes have generally been greater in developed than in developing coun-
tries. In developed market economies the share of cereals, roots, tubers
and animal oils and fats decreased and the share of vegetable oils and
fats, alcoholic beverages and meat and offal increased. In developing
market economies, principal changes included declines in the share of pulses,
nuts and seeds {especially in the Far East) and of roots and tubers (in
Latin America) and increases in sugar, vegetable oils and fats (in the Near
East). In ACPE, the contribution of cereals to dietary energy supplies
continued to rise as did meat and offal. Similar changes occurred in low
income developing countries, but no change was found in either least develop-
ed or middle to high income countries.

The contribution of expensive animal protein to dietary energy
supplies in 1979-81 was as much as 329 in developed matket economies
hut still only 9% in developing market economies, 8% in low-income
developing countries and 119% in medium to high income countries. In
contrast direct cereal consumption constituted 26%, 589, 65% and
529, respectively, in these four groups.

1.5 Nutrient content of the diet

The sources of dietary energy ate shown in Table 3. The differences
between diets of developed and developing countries are striking, In
developed countries, the contribution of carbohydrates to DES fell from
599% in 1961-63 to 55% in 1979-81; but in developing countries it
remained essentially constant.

The per capita energy supply from protein remained approximately
at 12% and 10% in developed and developing countries, but the per
capita protein supplies in developing countties were still only 56% of
those in developed countries in 1979-81. The biggest increases in these
supplies were in the ACPE and in the Near East, the latter having by
far the highest level of all developing regions.

Differences in animal protein supplies were even greater, In
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TaBLE 3 - Per capita household energy intake and body weight of
preschool children (0-5 years) by economic class (Indian rural district},

Fconomic class  Per capita houschold Body weight as 9% of standard
enetgy intake within each class

>90 75-89.9 60-74.9 <60

percent of children

High 2435 325 54.2 133 -
Middle 2306 16.2 53.0 219 2.9
Low 2140 6.4 36.3 46.8 10.5

Sowrce: Rao and Satyanarayana {1976).

developed countries, animal protein rose from 50% of total protein in
1961-63 to 569 in 1979-81. In developing countries, however, animal
protein was still only 219% of that in developed countries by 1979-81.
Among individual developing regions and groups, it is only in Latin
America, the Near East, ACPE, and middle to high-income countries
that there was much increase in animal protein, Due to a continued
increase in per capita fat supply in all regions, the energy supply for
fat increased from 299 to 339% in developed countsies and from 14%
to 169% in developing countries, In developed countries, the animal
fat share in the total, however, declined slightly from 67% in 1961-63 to
63% in 1979-81. There was a large absolute decline in animal fat supplies
in Oceania (209 from 1961-63 to 1979-81) and a smaller one (4% from
1969-71 to 1979-81) in North America. In developing countries, in
spite of big increases in several regions, total per capita fat supplies
remained only 319 of those in developed countries.

2. LENERGY INTAKE

2.1 The main lmitations of available data

Estimates of energy supply as provided by the food balance sheets
show only the supply at the retail level and do not indicate consumption
within different strata of population. In fact, actual household consump-
tion is likely to be slightly or appreciably lower according to the
degree of preparation, cooking and plate waste within the household.
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Most of the data on food consumption are available at household
level and can be broadly classified into two types: (1) Income/expen-
diture/budget surveys that show quantities of food available to, or acquis-
ed by, the household, and (2) the actual food consumption survey which
is ideal for nutritional purposes and which measures the actual intake
of food. The scone of the sccond type vaties and may include con-
sumption of vulnerable groups and individuals.

A recent comparative study by FAO {1983) between cnergy supply
(provided by food balance sheets) and energy consumption (provided by
consumption surveys) from twenty countries showed wide discrepancies.
In developed countries consumption sutveys showed per capita energy
figures which are lower than those derived from food balance sheets.
The magnitude of differences was rather high and ranged from - 11.6%
to — 33.9%. In developing countries no consistent pattern was found
and differences were both positive and negative (range --14.8% to
+ 25.39%). The actual food consumption data from three countries show-
ed that the energy supply was uniformly higher.

Household food consumption data only indicate the aggregate
consumption of the household and are not an adequate direct measure for
the nutritional status of the individual members of the family. Data on
individua! consumption within the household are scarce and limited
individual data are available for only certain vulnerable groups.

2.2 Factors that determine energy intake

Many factors at the houschold level determine access to available
food supply, consumption and utilization. These factors can be broadly
grouped as economic, seasonal, social, cultural and environmental.

(1) Ecoromic factors.  Although most malnourished people are
poor, not all poor are malnourished. Income fs not the only determinant
of variability in food intalke, and other social and environmental depriva-
tions contribute to it. Studies have shown a positive relationship
between income and energy intake and changes in the quality of diet.
A security of income, even at low level, is a good insurance against
malnutrition. Fluctuations in income are particulatly dangerous for
families with low income and may precipitate malnutrition in those with
marginal food intakes and aggravate the condition of those already suf-
fering from malnutrition. Time available to mothers for child care is
sometimes more important than income in the case of infant and child-
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hood malnutrition (Wolfe and Behrman, 1982; Choudhury, 1982). Even
in poorer-income groups some families can satisly their dietary energy
needs better than others by reconciling food preferences with income
(Périssé and Kamoun, 1981; Shah, 1280).

(2) Seasonal factors. Seasonal variations in food consumption also
add a temporal dimension to malnutrition. Evidence suggests that in
areas with unimodal rainfall, food intake is lower in the prcharvest wet
season. This generally coincides with high energy expenditure for farm
work, high food prices, heavy indebtedness and the lowest seasonal
levels of food intake when stocks have been depleted. The harmful
effects are borne by all-men, women and children. Adults lose weight
(up to 8 to 109% of body weight) and even pregnant women in their last
trimester lose as much as 1.4 kg in some countries (Rowland ef 4l., 1981).
Children suffer most, as their body stores are less and they are more
liable to functional impairment. Nutritional status deteriorates, past
weight gains are frequently lost and child mottality peaks in the pre-
harvest period. Seasonal labour demands on women, who, especially
in Aftrica, carry a heavy burden of farm work along with their household
chores, often curtail their time available for child care and thus further
aggravate child malnutrition,

(3) Social factors. Urbanization has greatly altered the demographic
structute of populations in many parts of the developing world. In
Africa and the Far Fast the dependency ratio {the number of very young
and elderly directly supported by those of working age) has increased
two or three-fold in rural areas. Thus in many areas, the elderly and the
women are left in the countryside to produce food. Much depends on
whether or not the migrant workers send remittances home. Recent
data from Zimbabwe indicate that in rural families with an absent
migrant worker, the incidence of malnutrition in children is six times as
high where remittances are not sent than where they are (World Bank,
1983). Separate food consumption data in rural and urban areas are
limited. Generally, per capita dietary energy intake is higher in rural than
in urban areas (Table 4). In three countries (India, Tunisia and Brazil)
where data are available by income groups, these utban-rural differential
energy consumption patterns persist across all income groups. Comparative
anthropometric data on nutritional status in rural and urban ateas are also
scarce and almost all the available surveys are confined to children. For
cach country for which data are available, incidence of child malnutrition,
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TABLE 5 - Per capita energy intakes in urban and rural areas of selected
developing countries.

Country Rural Urban
(Energy keal) (Energy kcal)
Tunisia 1980 24352 2247
Trinidad and Tobago 1970 3011 2830
Chad 1963 2 467 2113
Dahomey 1966/67 2141 1908
Morocco 1970771 2 888 2521
Brawil 1960 2 640 2428
Bangladesh 1962/63 2254 1732
Pakistan 1965/66 2126 1 806
Republic of Korea 1969 2181 1946
India 1975 2090 1480
Thailand 1974 1821 1504
Tndonesia 1976 1885 1633
Algeria 1978 3210 2138

Source: The Fifth World Food Survey, FAQO.

as measured by three different indicators of nutritional status, is substan-
tially higher in rural than in urban areas (Table 3).

Thus, the available evidence indicates that while food consumption
is Jower in urban than in rural areas, malnutrition in young children is
markedly worse in rural children. Although the causes of this paradoxical
sitnation are not certain, a number of reasons are suggested. It is pos-
sible that surveys do not take into accounst all of the food eaten outside
the home in urban areas. However, it scems more likely that the higher
rural consumption may actually be less adequate due to the higher energy
demand for physica! activity in rural populations. Food intakes of rural
people also tend to be less varied and more affected than urban diets
by crop failure and seasonal labour demand at the expense of the children.
Less adequate medical services may also explain why rural children ap-
pear to be more vulnerable to malnutrition.

(4) Caltural factors. Food consumption in developing countries is
still strongly influenced by many complex socio-cultural factors affecting
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food behaviour. These include customary systems of sharing food within
the family, cultural attitudes to different foods, methods of food prepara-
tion and child rearing practices.

2.3 Food sharing within the familily

Data on the distribution of foed within the family are scarce, since
most food consumption studies report only aggregate consumption at
the houschold level. The qualitative evidence indicates that the distribu-
tion is generally related to hierarchical position, with the head of the
household and income earning members of the family receiving preference
in both quantity and guality of the food.

Recent quantitative studies from Bangladesh and New Guinea
(Institute of Nutrition, 1983: Ferro-Luzzi et al., 1981) as well as carlier
studies from Nigeria, Ghana and Guatemala, indicate that children
generally receive a smaller share of family food in relation to their
nutritional requirement (Table 6). A definite sex bias in favour of male
children has also been reported from some countries. In Bangladesh,
when physiological factors, body size and weight, are taken into account,
sex differentials in consumption disappear in adults but are still present
in young children (Abdullah, 1983; Chen, Hug, Dsouza, 1981). This
finding is supported by data thar show larger deficits in weights and
heights and higher incidence of PEM and substantially higher morality
rates in female compared to male children.

In some traditional societies it is common for young children to
eat from a single bowl. This often puts the youngest and weakest
children at a further disadvantage in family food sharing. Consumption
data available in some developing countries show that energy intake
by pregnant and lactating mothers is also substantially lower than the
current recommended intake.

2.4  Cultural attitudes io different foods

When the culturally preferred food is a root or tuber, young children
are in a disadvantageous position. A weaning diet based on roots or tubers
is bulky and has a low concentration of nuttients, and young children
with small stomach capacity are unable to consume enough of it to meet
needs.  Studies from Nigeria and Uganda indicate that the bulkiness of
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TaBLE 6 - Percentage of malnourished children wunder 5 years of age
according to different indicators, rural and wrban areas, selecied

countries.
Low height Low weight Low weight
for age? for heightb for age©
Country and date Rural  Urban  Rural  Urban Ruyal Urban
...... (%) ......

Brazil (Nogstheast) (1975) 219 16.6 22 2.3 2154 16.64
Cameroon (1978) 22.4 15.5 1.1 0.7 230 12.2
Lgypt (1978) 238 15.0 0.7 0.5 9.0d 6.14
Taiti {1978) 28.6 15.7 64 38 2954 14,64
Lesotho (1977) 237 7.2 43 ERY 249 173
Liberia (1976) 20.2 138 1.6 1.7 255 A
Sierra Leone (1978) 26,2 174 32 32 324 24.3
Togo (1977) 204 11.4 2.2 0.8 146.54 8.94
Yemen AR, (1978) 42.1 330 6.7 21 47.04 22.84

a Below 90% of reference standard. Indicator of malnutrition of long duration {chronic),

b Below 80% of reference standard. Indicator of recent malnutrition (acute).

¢ Below 80% of reference standard. Indicator of acute, chronic or acute on chronic mal-
nutrition,

4 Below 75% of the reference standard.

Source: The Fifth World Food Survey.

the weaning diet may be an important cause of malnutrition in young
children (Atoyebi and Hussain, 1985; Rutishauser, 1974).

Cultural beliefs and taboos, usually concerning animal food, are often
applied to women and young children. Ogsdinarily they have little nutri-
tional significance. However, when a child is growing poorly such
cultural practices as withholding solids at the first sign of diarrhoea can
precipitate PEM.

2.5 Child rearing practices

There has been a general decline in breast feeding, particulatly in
urban areas. In many rural communities introduction of supplementary
feeding is delayed too long and, when introduced, it is mostly based on
diluted preparations of staples which are deficient in energy, higher in
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water content and inadequate for the nutritional requirements of young
children, In urban areas the situation is different. Breast feeding is
abruptly terminated and the bottle is promptly introduced, often under
the influence of aggressive commercial advertising. As a result of the
high cost, commercial milk formulas are often overdiluted. Because of
the lack of facilities for cleaning and sterilization of utensils, together
with the lack of appreciation by illiterate mothers of the importance of
cleanliness in child feeding, they are also unhygienically prepared. Thus
the whole process is not only costly to the family but extremely dangerous
for the child. The inevitable consequences are gastro-enteritis, under-
feeding, marasmus, and often death.

3., RELATIONSHIP BETWEEN ENERGY INTAKE AND MALNUTRITION

The energy requirements for survival take precedence over all other
nutrients.  Numerous animal and human experiments and experiences
from disasters (both natural and man made} provide ample testimony of
the obvious relationship between low energy intake (food scarcity) and
undernutrition in individuals and need no further elaboration. However,
the amount of energy needed can be strogly influenced by a number of
health related factors.

Household level consumption data available from many countries
generally indicate that malnutrition rates are higher in households which
consume a comparatively lower amount of energy. For example, one
study from India (Rao and Satyanarayana, 1976) found that in rural
households, young children with the lowest energy intake had neatly
twice the malnutrition of the group with intermediate energy intake
(Table 7). In another study a clear relationship among the extent of
deficiency of body weight, economic class and energy intake was shown
(Levinson, 1974). These findings, however, are not universal and the
reasons are evident: houschold consumption only shows average per
capita consumption while malnutrition affects individual membess. Recent
data from a household survey in Bangladesh did not reveal any refationship
between household food adequacy and anthropometric indicators of mal-
nutrition in young children (Table 8) (Institute of Nutrition, 1983).
This suggests that the situation may vary from country to country and
that other factors at the household level may exert strong influences
on nutritional status,

A cross-country correlation analysis between energy supply and
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TABLE 9 - Cross-country correlations between per capita dietary energy
supply and indicaiors of malnutrition.

Epergy supply

Indicators of malnutrition

Per capita dietary energy supply

Low ht for age
Tow wt for ht

Life expectancy at birth

Infant mostality

Incidence of dow birth wt

— (.48 (38)*
- 046 (38)*

0.59 (98)*
— 035 (68)*
- 0.50 {65)"

Notes:

{} figures in the parentheses indicate numbers.

* statistically significant,

Seurce: The Fifth Worid Tood Survey.

TavLe 10 - Dietary energy intake and undernutrition in selected countries.

Country Per capita DES Proportion of population undernourished
keals per day 1.2 BMR 1.4 BMR
%9

Lew income
Bangladesh 1837 37 45
Chad 1823 39 51
Ghana 1769 38 49
Mzl 2067 40 51
Mozambique 1881 37 48
Sierra Lecne 1956 42 49
Haiti 1901 44 33
Afghanistan 2055 29 39

Mediun to high income
Nigeria 2443 12 18
Argentina 3367 1 3
Kuwait 3344 2 4
Egypt 3175 3 5

Notes:

DES -

BRM = basal metabolie rate.
= dietary energy supply.

Source: FAQ Statistics Division (1985).
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certain indicators of malnutrition such as weight-for-height, height-for-age,
life expectancy at birch, infant mortality and incidence of low birth
weight, showed significant associations for all (Table 9). Although
these correlations do not imply a cause and effect relationship, the fact
that an association exists at such a level of aggregation strongly sug-
gests that countries with low energy supply are more at risk of malnutrition,
Data available from the Fifth World Food Survey show that undernutri-
tion is heavily concentrated in low income food-deficit countries {Table
10). A similar study by the World Bank reported that even after
controlling for the effect of both education and health factors, energy
deficiency remained a better indicator than income for life expectancy,
child growth, and both infan: and child mortality (Berg, 1981).
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FOOD-ENERGY PRODUCTION,
AVAILABILITY AND INTAKE IN PARASITIC DISEASE

ANDREW TOMKINS
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Keppel Street, Londen WCIE 7HT, UK.

INTRODUCTION

At the present time we know more about the numbers of hungry
or malnourished individuals in most communities in the world than at
any time in its history. The last few decades have seen many attempts
to reduce the numbers of malnourished by national governments and
international agencies and yet careful evaluations suggest that their
impact is often negligible (Beaton and Ghassemi, 1982).

There were high hopes for the future, which were born of perceptions
that malputrition of individuals, families or whole communities was
largely caused by inadequate production of food. The data from national
food production statistics (acknowledged even by the enthusiast to be
unreliable) and food consumption data (obtained from a minute section
of the population) and nutritional requirements (currently under consider-
able debate) were used to heighten the notion that agricultural efficiency
was the “technical fix” to alleviate the “problem” of malnutrition. It has
indeed been possible to produce more food during intensive programmes
but usually at a great cost in terms of technical expertise drafted into the
area, mechanisation, farming technology and agronomy (Harriss, 1985).
To the agriculturalist interested in net production of energy per hectare
this was satisfactory. In La Chontalpa, Mexico, for instance, the energy
vield per hectare rose sixfold as a result of an intensive agriculrural
development programme (Hernandez er al., 1974). With high vielding
crop varieties (HYVs) in India there have been dramatic increases in
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ctop production in some areas. Such programmes were not without
consideration of the nutrient value of foods, and the development of
strains of cereal with particularly high content of amino acids has received
acclaim. As malnutrition was widely perceived as the result of protein
deficiency, considerable attention was diverted away from energy towards
the increased production of legumes (Pacey and Payne, 1985). Not
surptisingly it was soon evident that there were many uneducated people
in the rural food producing areas, their poor dietary intake being at-
tributed to ignorance, for which experts prescribed nutrition education
about what to eat.

However, to the nutritionist interested in availability of food, dietary
intake and nutritional status of populations, these intensive programmes
have been unimpressive. During the same period that crop production
increased in La Chontalpa the proportion of young children with severe
protein energy malnutrition actually increased from 4 to 5%. The
enetgy available to farmers using HYVs in some parts of India actually
declined, especially for the hired labour classes who could not afford the
extra resources needed to farm IIYVs successfully {Pacey and Payne,
1985), Thus in this review of production, availability and intake of
dietary energy a more critical, cautious approach is taken and a more
comprehensive analysis of the contributing causes of malnutrition is
offered in which it is recognised that the interaction of social, economic,
behavioural, biological and environmental (including parasites) factors
may differ quite dramatically between different regions and even within
one region at different times throughout an agricultural year, This includes
features of the adequacy, or better termed “security”, of the individual
ot family to produce, control, purchase, borrow or otherwise acquire
food. This whole dynamic situation termed “food entitlement”is reviewed
elsewhere (Sen, 1981).

Functional significance of malnutrition

A convenient starting point on the “food energy cycle” (Figure 1) is
nutritional status, by which we mean the size and body composition of
the individual.

Although there are cusrently debates on the appropriate ways of
measuring nutritional status, perhaps the use of anthropometry will
always be necessary for population based studies. However, there is
considerable disagreement about the significance of differences in stature
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Food Froduction and Avaitability of food
Availtability in Society te heusehold
7
/
Physical Hutrient
Hork Intake by
Capacity Individual
Hutritional Hutrient
Status Utilization

Fie. 1. A simple model of the food energy cyele.

between individuals within the same population. There is discussion
about the use of international (mainly USA) standards for measurements
of weight and height in view of the shorter height and lower body weight
of children in developing communities. However, notwithstanding certain
genetic factors or features of entire ethnic groups, the growth of children
from elite families from most population groups in developing countries
is indistinguishable from international standards and there seems little
benefit in using local standards {Janes, 1974). The main debate, however,
revolves around those that are statistically different from the elite
standards.  Within India there are two protagonists. Gopalan maintains
that “to plead the virtues of ‘smallness’ is to acquicsce in the preservation
of the status quo of poverty, ill health, undernutrition and socio-economic
status” (Gopalan, 1983). In his estimate only 15% of the children in
India are “truly healthy, physically fit, productive and intellectually
capable citizens of the country”. An alternative view put forward by
Sulchatme (1982) is that “small is healthy” and reflects an adaptation to
chronic encrgy shortage. In this argument consumption patterns are
only regarded as seriously inadequate in 15-209% of the population of
India and only those who are severely growth retarded are regarded as
malnourished. The differences betweeen these two positions are discuss-
ed from the technological and ideological perspectives by Payne and
Cutler (1984).

If we are to assess whether it matters to be small or not, it is
necessary to examine some functional features of body size and shape.
The associations between PEM, morbidity and mortality have been
reviewed recently (Martorell and Ho, 1984; Tomkins, 1986a), and dif-
ferent categories of weight/age (W/A), height/age (FI/A) and weight/
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height (W/H) have been compared to rates for morbidity and mortality.
Division into categories by comparison with NCHS standards into mild
(>800% W/A), moderate (80-609 W/A) and severe (<60% W/A)
malnutrition shows evidence of graded deterioration in immune status
between mild to severe PEM but this information, while detailed, is of
itself of limited value because no study has yet titrated the immune tests
against subsequent disease morbidity.

Nevertheless prospective studies of nutrition and morbidity have
been performed. With few exceptions the main evidence suggests that
PEM does not increase the incidence of infectious disease. HHowever, it
seems clear that even moderate grades of PEM are associated with pro-
longed duration of symptoms (Martorell and Ho, 1984) though relatively
few symptoms, mostly diarrhoea, have been studied (Tomkins, 1981). The
relationship with mortality is more complex. A study in rural Bangladesh
(Chen, Chowdhury and Huffman, 1980) investigating nutritional status
and mortality over a 24 month period, showed that only the severely
malnourished had an increased mortality wheteas an analysis of the
relationship over shorter periods of time (3 months) by other investigators
working among the same population showed an increased mortality that
was graded with decreasing nutritional status (Bairagi ef al., 1985). While
other studies in India also showed increased risk in the moderately mal-
nourished (Kielmann and McCord, 1978), a recent study in Zaire
(Kasongo Project Team, 1983) showed no relationship between PEM and
mortality, The reasons why there is a relationship between PEM and
mortality risk in some areas and not others are not clear and raise the
possibility that PEM may be acting as a proxy indicator for some other
determinant of mortality such as maternal education, income or access
to health services.

Physical work capacity

The relationship between nutrition, morbidity and mortality is
probably also present among older children and adults but physical work
performance and productivity which are vital parts of the “food-energy
cycle” have been studied in greater detail. In general, individuals with
low body weight are often noted to have lower work output {Rao, 1985).
Physical work capacity (PWC} measured as the rate of oxygen consump-
tion at maximal work may be expressed as the VO: max of the subject
(Nelms, 1982). The trend of the results is that bigger people tend to
have the greatest VO max whether they be Olympic athletes or villagers
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in Colombia (Sputr et al., 1979), Sudan (Collins, 1982) or Nepal (Weitz
and Lahiri, 1977). When close analysis of stature is performed it seems
that the PWC is affected predominantly by lean body mass. The PWC
of adolescents in India, studied ten or more years after a known episode
of severe malnutrition, was significantly worse in those who remained
small (Satyanarayana, Naidu and Rao, 1979 (Table 1). The potential
implications of being small in terms of earning ability have been empha-
sised in India, where Satyanarayana, Naidu and Rao (1980) showed that
farmers are less willing to employ boys who are small for their age
because of their poorer wotk performance. One major variable which
confuses the situation is that VO: max is known to be less in subjects
with anaemia (Vitert and Torun, 1974}, However, when differences
due to varying haemoglobin levels are accounted for, the main variable
affecting PWC is stifl lean body mass (Fetro-Luzzi, 1985).

Differentials in food-energy production

Previous analyses have tacitly assumed that those who are better
noutished are able to farm mote energetically and produce more food.
But this reasoning neglects the factors which a farmer considers before
planning his ot her expenditure of effort. In particular the delicate
balance between the food he produces and the food he buys or sells is
critically determined by size of land, labour owned, hired or sold, market
availability and price, position in society etc. In India, for example, the
hired peasant has minimal land ownership (Harriss, 1983), whereas the
farm owners/businessmen have considerable acreage. The former produce

TABLE 1 - Physical Work Capacity of Adolescent Boys Malnourished in
Early Life (1-5 years) {Data of Satyanarayana ef al., 1979).

Nutritional Status Current Body Physical Work Capacity
in Early Life (W/A) Weight (Kg) Kpm min-?
Active Sedentary
Normal 42.4 711 497
Mild 36.9 634 389
Moderate 36.7 612 425

Severe 28.5 431 328
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food on their employer’s land and are paid in rice and/or cash, and in
situations of rapid inflation in the market price, the hired labourers have
major problems in affording food. The farm owners/businessmen have
produced enough rice and are able to survive wild swings in market
prices {Table 2).

Similar differentials in food production exist in W. Africa where
those with inherited land and better quality fields are able to produce
more than the poorer families in the same village {Longhurst, 1984).
He emphasised that these differences are not static. The vagaries of
climate, family illness, debts etc., are such that a family which is secure
one year may be insecare the next.

It is evident that there are many factors affecting availability of
food to an entire family which are independent of the family’s ability to
produce it. During the Bengal famine of 1943 those in the marginal
occupation groups — agricultural labourers, fishermen and artisans —
had insufficient food because the local failure of agriculture, which was
not widely experienced throughout India, led to rocketing increases in
market prices which were not accompanied by increases in wages, Those
with a diversified family economy could survive. Those dependent on a
single economic base such as those selling the only commodity they had
- laboutr — frequently perished.

Tasre 2 - Production and Awvailability of Grain among Households
in South India (Data of Harriss, 1983),

Hired Small-holding  Farmeowners Business-
Labourers Farmers and hirers men
{n=:43) (n=93) {(n=34) (n==47)
Land Holding (ha) 1.9 3.5 7.5 82
Production of grain on own
holding (Kg/person/year) 62 141 288 4356
Net Available Food Energy
{Kcal/person/day) 942 1357 2608 3218
Total Income
{Rupees/person) 566 645 1064 1544

Proportion of income derived
from exchange (Sale of
labour,  crops, poultry,
livestock) 629 63% 50% 4205
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Factors affecting food-energy intake

In any family there are some who eat more than others. At times
there is a relatively inequitable distribution of propottions of the family
food bowl to different members. Studies of this distribution in Bangladesh
(Abdullah and Wheeler, 1985) show differentials in distribution between
boys and girls at certain ages. However, the greatest variations appear
to be those which are determined by season. The classical “hungty
season” of rural W. Africa describes the period when food stores are
lowest, towards the end of the rains, at a time when energy demands
for weeding and collecting the next harvest are highest. Not surprisingly
there are violent swings in body weight though again differentials in
weight loss occur, those with the greatest food security experiencing the
least seasonal weight change (Martin ¢ al., 1985). Changes in food
intake during pregnancy may vary according to the trimester of pregnancy;
evidence from Machakos in Kenya (Machakos Study, 1984) suggests that
achieving adequate intakes from local foodstuffs may be quite difficalt
during the last trimester, especially at certain stress seasons.

Cultural beliefs about foods to eat in abundance or avoid duting
pregnancy, lactation and illness may all have profound effects on the
quality of energy consumed by individuals (Brown, 1984). Illness jtself
is particularly important because it has profound effects on intake. This
is clearly documented during acute diarrhoea in Bangladesh (Molla, 1982)
and Guatemala (Martorell and Yarborough, 1980} and in chronic diar-
thoea in the Gambia (Tomkins, 1983a). However, in a community stady
in Bangladesh (Brown e/ al., 1985) there was no link between diarrhoea
and decreased food intake. This may well have been due to the fact that
more severe cases were seen in the hospital based study of Molla
compared with more mild cases of diarthoea in the community studied by
Brown. A key feature in these studies is the importance of breast milk
as a source of emergy. In a rural hospital in Bangladesh, breast milk
accounted for about half the energy intake (Hoyle, Yunus and Chen,
1980).

Several factors affect the utilisation of energy. Malabsorption of
nutrients occurs in a variety of intestinal infections and losses of en-
dogenous nutrients are described (Chen and Scrimshaw, 1982). The
absorption of dietary energy (normally greater than 90% even in popula-
tions eating diets containing large amounts of fibre) may be affected by
intestinal parasites and is reviewed elsewhere in this symposium by
Brown.
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Variation in nutritional requirements

A key feature in the use of dietary energy is the energy cost of
weight gain. A child of one year could be growing at rates of lg weight
gain/kg body weight/day. This is achieved by consuming about 5 kcals
for cach g of weight gained. In certain conditions such as zine deficiency
(Golden and Golden, 1981) the energy cost of growth is greater, the
hypothesis being that zinc is so important in many aspects of protein
metabolism that deficiency makes the process of body protein synthesis
rather inefficient. Similarly during systemic infection there is considerable
increase in the quantity of energy required to achieve unit weight gain
{Tomkins, 1985}

If there are visible sources of error and debate among currently
accepted dogma on the stages of the “food-energy cycle” discussed so far,
these are nothing compared with the confusion surrounding nutritional
requirements at the present time. Thete are basically two kinds of estimates
for human energy requirements currently offered by expert committees.
The first is a “recommended intake” or safe dietary allowance in which
a figure is provided, the intake of which should be sufficient for 98% of
the population. Such figures are based on overproviding for the majority
of people in order to ensure that nearly everybody gets enough. The
second estimate is for a minimum physiological requirement below which
there is an increasing possibility that some specilic symptoms or signs
of deficiency will occur. The difference between these two figures is
evident if we compare the “recommended intake” for a 65 kg man who
according to the FAQ/WHO (1973) report would require 3,000 kcal/day
with his minimum physiological needs which could be as low as 1,800
keals/day using the recommendations in the FAO report of 1977 (the
Fourth World Food Sutvey, FAO, 1977}

Central to these recommendations is an estimate of what energy
is needed for. Wood and Capstick (1928} originally partitioned require-
ments into those for maintenance (the majority), those for growth (about
5 kcal/g but variable) and those for activity (very variable). In calculat-
ing these figures, that for maintenance was felt to be most consistent.
The Basal Metabolic Rate {BMR) defined as the sum total of the minimal
activity of all tissue cells of the body under steady state conditions has
been used (Schofield et al., 1985) to make a detailed critique of the
published data spanning the last 50 years. The impact of age, height,
temperature and climate are all discussed but, as expected, the major
determinant of BMR is body weight. An interesting finding was the
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Jlower BMR per unit body weight among subjects from developing countries
compared with Europeans or N. Americans. As yet the ethnic differences
are not definitively explained but there ate at least two possibilities. The
first is that these individuals have reduced their basal energy expenditure
in response to persistently low energy intakes — a form of nutritional
adaptation.  Experimental studies of dietary restriction would support
this view. A second suggestion is that differences in body composition
might be responsible; for instance a preferential reduction in muscle mass
(which has a low metabolic rate at rest) in comparison with metabolically
active tissues such as lver, gut, and brain might be important.

The FAQ/WHO (1973} committee collated the evidence on food
energy intakes at zero enesgy and nitrogen balance in healthy western
subjects — they were consistently about 1.5 times greater than the BMR.
However, there was much evidence that many people in developing
countries were eating considerably less than this and yet remained ap-
patently healthy, Flence a figure of 809% of BMRX1.5 was taken as the
minimal energy requirement.

It is hardly surprising therefore that there are considerable ranges
in response in terms of body weight changes among farmers in developing
communities who experience different dietary intakes and energy expen-
diture at different seasons of the year. Nevertheless, the striking seasonal
changes in adult men and women in W. African farming communities is
quite characteristic.  Seasonal weight changes also occur among their
children (Rowland, Cole and Whitehead, 1977). The associated problems
of increased temperature, rainfall and humidity contribute to the con-
tamination of food supplies and water, facilitating the spread of intestinal
infection together with increased transmission of malaria. This occurs at
the very time that agricultural activity is at its peak. Parents are forced
to be away from home for long hours on the fields Jeaving young children
in the cate of siblings. Child care, and with it food intake, can only
deteriorate in these situations.

An obvious question is whether these stresses compromise the suc-
cess of the farmers in any way. In other words, would the availability
of a little extra food enable them to produce more? There is surprisingly
little data on this. Viteri and Torun (1974), in Guatemala, noted that
supplements enable the farmers to play more football at the end of a day’s
work and Prentice (1984) noted that energy-supplemented pregnant and
lactating women in the Gambia felt better and participated more in social
activities than before supplementation, However, whether either group



32 PONTIFICIAE ACADEMIAE SCIENTTARVM SCRIPTA VARIA - 61

produced more food has not been answered. It seems likely that with
the -few exceptions of intense, research-oriented food supplement
schemes, the net result of the different stages in the “food energy cycle”
is that those who are poor and hangry to begin with have major difficulties
in improving their own nutritional status and/or food production within
existing social systems,

Impact of parasites on the food-energy cycle

It is well recognised that the majority of poor rural communities
experience parasitic infection in their blood (malaria), intestines (round-
wormm), viscera (bilhatzia), muscles (guinea worm) and skin (onchocer-
ciasis). And yet we cannot necessarily assume that these are detrimental
to health or nutritional status, physical work capacity or energy produc-
tion. For instance, millions of children excrete ova of Ascaris lumbricoides
without evidence of growth impairment, and for many children bilharzia
is more a way of life than an illness. Nevertheless, if we examine the
different stages of the food-energy cycle we may examine the impact of
a few specific parasitic infections.

Bilharzia

The VO: max among sugar cane cuiters in the Guneid plantations on
the Blue Nile has been examined in three groups — those without in-
fection, those with light infection and those with heavy infection (Collins
et al., 1976) (Table 3). Despite the presence of hepatosplenomegaly in
the heavily infected group there was no evidence of reduction in VO
max. Even more surprisingly, when the mean productivity rates (in
terms of quantities of sugar cane cut down per day) were measured on
a normal day and on days on which a financial bonus was given to
encourage maximal production, those who were severely infected cut
down more than those without infection. Evidently the explanation for
this apparent paradox is that the heavily infected had been working in
the arca as cane cutters for many years acquiring parasites and skill as
cane cutters as they did so. Training and fitness have to be taken into
consideration of the impact of parasites on productivity. When the cane
cutters were compared with a group of canal cleaners, heavily infected
with bilharzia and anaemic, it was noted that the canal cleaners had
significantly lower VO. max per kg lean body mass but there was no
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TABLE 3 - Physical Work Capacity in Sudanese Cane Cutters on the Guneid
Sugar Plantation infected by S. Mansoni {Data of Collins ez al., 1976).

VO, max
Group Absolute Weight 1.BM
{1/ min) {ml/Kg/min) {ml/Kg/min)
Controls 288 48.3 539
Infected 2.84 50.7 557
Heavily Infected (signs) 2.83 498 55.1

suitable test to compare productivity. When the infected cane cutters
were treated with hycanthone there was about 10% increase in VO: max
compared with weight and considerable symptomatic improvement.
Perhaps the increase in haemoglobin following treatment was responsible
for the change in VO: max (Collins, 1982). Unfortunately there was no
information on productivity.

Other studies have also failed to show much link beiween changes
in prevalence of bilharzia and productivity (Andreano, 1976). However,
Cheng (1971) has claimed that in areas where Schistosoma japonicum is
present the disease can cause an average loss of 409 of the capacity of
an adult to work. Others such as Wright (1972) and Farooq (1967) infer
a major economic advantage from parasite control programmes and indeed
Fenwick and Figenschou (1972) showed that non-infected workers earned
at least 109 more in bonuses than those infected with Schistosoma
mansoni, The decreased productivity in the infected workers appears to
be due to increased rates of absenteeism. In all these studies the relation-
ship between anaemia associated with bilharzia and impaired physical work
capacity or production may be a critical factor. Viteri and Torun (1974)
have emphasised the functional importance of even mild anaemia in
Guatemala.

The painful abscesses which develop in muscle affected by guinea-
worm are frequently so severe that entire villages may have major problems
in weeding or harvesting their crops. Similarly those populations with
heavy infections with trypanosomiasis may be too debilitated to farm
effectively.  Trypanosoma cruzi is perhaps the most pernicious of this
group because it is endemic among the poorest who live in the worst
housing which provides ideal lodgings for the vector, the Reduviid bug.
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Thus the trypanosome in Chagas’ discase acts as a further factor which
locks the population into a vicious cycle of downward production of
food and deteriorating nutritional status.

Mdalaria

It is often assumed that malaria is a major illness factor which
affects the ability to produce food. However, McGregor (1982), writing
with many years of experience in W. Africa, whete Plasmodium falciparum
is endemic, suggests that “adults remain, in the face of sustained infectious
challenge, economically viable workers capable of coping with the
strenuous physical activities required for successfully raising and harvest-
ing essential food supplies...”. There are evidently much greater reper-
cussions in areas prone to infrequent epidemics of malaria. Christophers
{1911) described the effects of an epidemic in Amritsar, where food
vendors were so ill that they ceased to carry on their trade. “Not only
was ordinary food difficult to obtain and the price excessive but owing
to malaria among the cowkeeper class, milk, a necessity for the very
young and the sick, was practically unobtainable”.

Ounchocerciasis

A.most graphic description of the impact of onchocerciasis on food
production is given by Bradley (1976) in the Hawal river valley, northern
Nigeria, where the fast flowing streams provide ideal breeding sites for
Simulium Damnosum. The steadily increasing prevalence of blindness
among the middle aged and older farmers is associated with deteriorating
food-energy production as their eyesight becomes too poor to permit
proper care of their fields of guinea-corn. They are forced into eking out
an existence by farming limited quantities of groundnuts or making cane
baskets until even these become too difficult to perform. In certain com-
munities the proportion who are blind is so great that they move away
from the endemic focus leaving the typical “ghost villages” which are the
social signs of severe stress from this parasite. The impact on nutrition
is striking throughout villages studied in the Onchoceriasis Control
Programme in W. Africa (Kirkwood et af., 1983). There is decreasing
nutritional status (as measured by the body mass indes, weight/height’)
as the prevalence of blindess increases (Table 4).
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TaBLE 4 - Nutritional status in Ownchocerciasis (Data of Kirkwood
et al., 1983).

Mean weight/height? (kg/m?)
Males Females
Age (yrs) No damage  Damaged Blind No damage Damaged Blind

15— 183 (550 1677 (7Y 161 {10) 19+44579)  17:2 {3) 199 (5
20 2004 (382) 188 (9)  19.2(11)  20:7(508) 172 (3) 205 (7
25 2008 (422) 189 (4)  18-5(20)  20°8{543)  1&8(10} 2000 (D
30— 20-8(407) 19411}  189(I8)  20-8(499)  20.5(15} 171 (1)
35 20:5(445) 195019  18-9(33)  20:7(436) 18:0(13) 164 (9
40— 20°7 (349)  19+6{19)  19.4(23)  20:3{284) 21-3(12) 197 (8)
45— 2006(323)  19-7(25)  189(50)  20-1(334)  2004(20)  19-0(19)
50 - 20°8(243)  2006(36)  19°5(44) 20-2(222)  197(41) 183 (34}
55— 2006 (197)  19+9(46)  19+1(53)  20-0{141)  19:0(29)  18-0(26)
60— 2005 (101)  19:8(40)  195(31) 194 (73)  19:4(33)  19+4 (20)
634 1949 {62)  19:0{45)  18-3(41) 19:3 {34}  19°2(38) 18:8(24)

* No. examined in parentheses.

Some impacts of parasites on mretabolism

The techniques available for measurement of food intake are critically
discussed by Brown {1984). There are surprisingly few reports on food
intake during specific parasitic infections. Although it is well recognised
that animals infected with Nippostronglvlus brasiliensis have decreased
food intake (Keymer, Crompton and Sahakian, 1983), possibly as a result
of some form of parasite-induced taste aversion, there is no data on
voluntary intake in humans. Improved growth rates following deworming
are described by some authors and not others (Tomkins, 1986 in press).
In view of the marginal changes in nutrient absorption that follow success-
ful deworming in all but the heaviest infections where nutrient losses
may be heavy, it seems likely that anti-helminthic treatment may have
its greatest nutritional impact by improving appetite, possibly by a
reduction in the colicky abdominal pain and distension,

‘There are many metabolic responses which alter nutrient requirements
during systemic infection (Beisel er al., 1967). Recent studies among
children in the acute stage of systemic infection in Nigeria show that rates
of whole body protein synthesis and brealdown are both increased but the
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rate of breakdown exceeds the rate of synthesis (Figure 3) such that there
is net loss of body nutrogen with increased levels of urinary creatinine
and 3-methylhistidine (Tomkins ez al., 1983b). The children received a
formula diet which provided maintenance requirements for energy and
protein. A similar metabolic response occurs in young Gambian children
with acute malaria {Tomkins et al., 1984). This latter group received
a formula diet providing some 209 in excess of normal energy require-
ments. Despite the elevation of rates of synthesis and breakdown of
whole body protein, the levels were approximately equal and losses of
body nitrogen through catabolism were minimal in the malarious children
compared with the children previously studied with various systemic
infections in Nigeria. Reeds, Fuller and Nicholson (1985) have recently
reviewed the contribution of energy expended in body protein synthesis
as a proportion of total energy expenditure. Using the limited data
available they calculate that between 7% (in undernourished infants) and
12% (in obese volunteers on energy restriction) of dietary energy is
used for whole body protein synthesis. This raises the interesting ques-
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tion of how much energy expenditure is increased during systemic infection.
Some particularly careful studies on energy metabolism in malaria were
performed carlier this centuty (Pubois, 1915). Using indirect calorimetry
to estimate heat production and a whole body calorimeter and various
thermistors to measure heat loss and body temperature respectively,
Dubois looked at the responses at diffetent stages of malaria infection.
Figure 2 shows the data from one patient in whom energy expenditure
rose by about 1009 during the early pre-chill and chill phases of the
fever, the heat being generated partly, it is proposed, by shivering and
partly by the effect of malaria acting as a pyrogen on the hypothalamic
centres responsible for controlling metabolic rate. It is interesting that
once fever is established at a high level the energy expenditure required
to maintain the pyrexia is relatively small. When the energy expenditure
required to produce pyrexia in malaria was compared with that required
to produce fever in tuberculosis there was a striking difference, malaria
being more expensive in terms of heat produced. There are obviously
many variables to be considered, such as duration of fever, nutritional
status, body composition and dietary intake before conclusions about the
basis for these differences can be reached. However, the study highlights

@
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the fact that febrile illness may cause quite dramatic increases in energy
expenditure, especially in the eatly phases. More recent studies show a
variety of estimates for energy expenditure in different septic conditions
(Gil et o, 1985). At least some of these differences must reffect diet
induced changes — the greatest increase in energy expenditure occurred
among infected patients who were receiving total parenteral nutrition.
Calloway (1982) has calculated the nutritional cost of various infections.
From the study of Marsden (1964) among children with malaria in the
Gambia it seems that the restoration of the body weight that was lost
as a result of repeated attacks of malaria would only require an additional
15 keal/day throughout the year (ie. less than 29 of the expected
encrgy tequirement). In Ascaris infection, studied by Stephenson et al.
(1980), the energy cost of the growth achieved following deworming is
such that only 5-6 extra kcal/day would be necessary on a daily basis
throughout the year. There were somewhat higher energy costs associated
with severely symptomatic giardiasis, perhaps 40 kcal/day extra being
required according to the data given (Kay, Baroes and Townley, 1977).
As a proportion of the total dietary intake these are small increments and
it is evident from comparisons of growth rates among children at different
seasons that there is enormous potential for catchup growth (Tomkins
et al., 1986, in press). However, for many months of the year when
food is in short supply and pathogens in abundant supply it is extremely
difficult to achieve even the modest incteases in energy intake that have
been suggested above.

A possible framework for understanding parasites and poverty

Any consideration of the ways that parasites may interact with
different stages of the “food-energy cycle” must admit the complexity
of the processes (Figure 4). Conventionally, these have been examined
by basic science approaches in which the changes in a cell or tissue or
even an individual subject are examined with respect to how parasites
alter the components of metabolic systems. Social scientists on the other
hand have examined the economic and behavioural changes in systems,
regarding parasites as indictors of deprivation rather than contributing to
the deprivation. Neither approach on its own provides conceptual frame-
works which are adequate for analysing the nature of malnutrition in
populations who are both poor and parasitized. If science has anything
to offer, other than proclaiming its own importance, it will be judged
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according to the measure that it has contributed towards the reduction
of the numbers of malnourished in poor communitics. Perhaps a uscful
starting point for future work is a recognition that novel, interactive
approaches integrating the study of metabolic and social systems are
necessary before we can really comprehend something of the poverty-
parasite traps currently experienced by a large proportion of the world’s
population.
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INTRODUCTION

This discussion will review current knowledge on malnutrition-
infection interactions, to provide a basis for justifiable interventions to
curcail infectious diseases. Interventions should be implemented within
the frame of primary health care (PHC). By doing so, malnutrition and
mortality are expected to be reduced. The paradigm proposes that
infectious diseases, including those cansed by parasites, are in fact primaty
or secondary causes of malnutrition [1,2]. Malnutrition-infection interac-
tions begin when weaning foods are given to breastfed infants, While
such foods may be nutritionally adequate, they are often contaminated with
agents that cause diarrhea, Malnutrition, in turn, may be accompanied
by alterations in immune response and its amplification [3, 41. Thus, the
negative effects of infection are enhanced, augmenting the risk of severe
energy-protein malnuirition (EPM) and death. Good evidence that this
paradigm is correct stems from the rapid change of health profiles of
several traditional and transitional countries, after emphasizing control
and prevention of infectious disease [51.

Just 20 years ago, the role of infection in the causality of malnutri-
tion was mostly ignored by nutrition workers, despite the imptessive
body of information and the pioneer work of some enlightened
authors [3]. However, the relevance of infection had been obvious to
those directly involved in village work; the original descriptions of
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kvrashiorkor by Dr. Cicely Williams cleatly showed the prominence of
episodes of acute infections in children with the syndrome. The emphasis
on food, with neglect for infection, stemmed from demonstration that
kwashiorkor and marasmus get cured by a diet rich in protein and calories.
Such clinical experience influenced scientific thought for more than
three decades, with neglect of the other ecologic determinants of mal-
putrition,  The “food paradigm” led to the belief that protein was the
main lmiting factor in diets of poor populations. Later, some authors
convincingly demonstrated that the main deficit tlnoughout the world was
of calories more than protein [6]. Simultaneously, great skepticism
arose regarding the alleged deficiency of local village diets [1, 6].

Failure to recognize the leading role of infection in the causality of
malnutrition resulted in the equivocal assumption that diarrheal discases
in children were due to nutritional causes, hence the old term “nutritional
diarrheas” [7]. Technological advances in the last 15 years enabled
scientists to demonstrate viral and microbial entities in about 70% of
diarrhea cases seen in pediatric emergency and outpatient services., It
is now accepted that childhood diarrheas originate after ingestion of in-
fectious agents present in food and water, or from ditect or indirect
contact with contaminated fingers, utensils or fomites [7]. Pediatricians
had recognized the importance of diarrheal discases and other infectious
processes in the causality of malnutrition, thanks to their long-term as-
sociation with the same children through their development.

In reviewing the scientific basis of malnutrition-infection interactions,
all infectious diseases deserve consideration because the human host
reacts in similar fashion to them, whether they are systemic or localized,
whether they affect the skin, blood or other tissues, or whether they are
due to viruses, rickettsiae, chlamydia, mycoplasma, bacteria, veasts, fung
or parasites. However, some emphasis will be given to diarrheal diseases
because they are extremely common in less developed countries, and
because they have a distinct negative effect on host nutrition and
growth [8].

NaTuraL HisTory oF INFECTION

In Antenatal Life

Infections affect all developmental stages of man. The human
embryo and fetus ate no exception, but the frequency of infection and
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damage is expectedly low, in view of the formidable protection afforded
by the placental barrier. Nevertheless, antenatal infections are mote com-
mon in less developed than in industrial countries, particularly because
women in deprived ecosystems are more frequently exposed to in-
fection [27.

Maternal infection. Viruses, bacteria and protozoa in the mother
may reach placental and fetal tissues. Pregnant women already have an
increased susceptibility to many infections as a result of physiologic and
endocrinologic alterations. The risk of infection is greater in traditional
societies, as a result not only of inherent features of the particular tropical
environment, but of behavioral and cultural factors that enhance op-
portunities for infection. The risk of antenatal infection is also greater
for mothers in poor urban slams [9]3.

Prospective observations in a typical Guatemalan highland village
vevealed that urinary trace infection, diarthea and lower respiratory
disease were rather common during pregnancy, Table 1 [2]. Limitation
in water, deficient personal hygicne, uncircumcision of men, and sexual
intercourse in the last months of pregnancy, probably accounted for the
high frequency of cervical and vaginal inflammation, Table 1. Cervical
infection with Mycoplasma and Ureaplasma is very common among poor
women in an industrial country, and appeared refated to amniotic ascend-
ing jnfection and perinatal death in industrial and traditional societies
[10-121.

Maternal infection has serfous negative nutritional effects, worsened
by excess physical exertion and lack of health services. Poor women
generally can not rest due to a daily routine of caring for children, procur-
ing fuel and water, cooking and washing clothes, and helping in agriculture,
Tnfection is a cause or contributoty factor of maternal malnutrition, and
may favor fetal growth retardation, ecither directly or indirectly. Severe
infections such as urinary tract infection or lower respitatory infection,
may interrupt pregnancy, Microbial products released in the blood during
maternal infection, can reach the fetus; their possible consequences ate
hitherto unknown.

On the other hand, more than one half of mothers in many tropical
countries hatbor patasites in the intestine, blood and other tissues; they
also are repeatedly infected [13]. Migration of larvae through blood and
organs is required by some parasites to complete the life cycle, and
contact of larvae or metabolic products of parasites with the fetus is
possible, another factor requiring investigation.
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TABLE 1 - Maternal Infections and Infectious Diseases, Santa Maria Cangue,
1964-1969.*

Infections Diseases

Number Class Number Rate/
Apgent women % women 100

examined positive examined pregnancies
In feces:
E. histolytica 24 54 Lower resp. dis. 82 25
G. lamblia 8 Diarrhea 34
D. fragilis 8 Urinary tract infection 27
A, lumbricoides 83 Other ** 25
T. trichiura 58
Shigeila spp. 116 9
Salmonella spp. 5
enteroviruses 32 25
adenoviruses 3

In vaginal exudate:

T, vaginalis (2) 53 23
C. albicans (1) 21
a4 b 17

* After Mata ez 4l [2, 13].
*% Conjunctivitis, otitis media, stomatitis, skin infection.

Infection of the fetus and membranes. An infectious agent reaching
the placenta of the fetus or both, may implant and replicate therein. The
outcome may be a live-born with inapparent infection or defects, or in-
terruption of pregnancy resulting in a dead or live-born, with or without
alterations. The product may be term or preterm, with or without growth
retardation. Lesions can be physical, immunologic, neurologic or com-
binations of these. An infant may be born with embryopathy, overt
infectious disease, or both, An apparently normal newborn infant may
develop mild or moderate retardaiion or handicaps later on [14]. The
mechanisms whereby infectious agents affect the fetus and surrounding
membranes encompass decreased blood flow to the placenta and fetal
tissues, increased permeability to metabolites and antigens, inhibition of
cell multiplication, enhanced proliferation of certain cells, inflammation,
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necrosis and chromosomal alterations. Decreased blood flow occurs in
malaria, due to blockade of capillaries by parasites. Cell proliferation
and necrosis in the placenta may result in decreased flow. In some
instances, the agent virtually lyses fetal cells (Toxoplasma), or releases
inhibitors of cell replication (rubella virus).

The Cauque study revealed a significantly greater immune fetal
response to classical agents of intrauterine infection, namely, Toxoplasma,
herpes simplex virus and cytomegalovirus, Table 2 [15]. On the other
hand, a high proportion of infants, born consecutively in highland and
lowland villages of Guatemala and Peru, showed very high levels of
immunoglobulin M (TgM) at bicth, Table 2 [16]. Similar findings were
recently reported for Colombia [17]. High concentrations of IgM in
cord or venous blood of newborns reflect antigenic stimulation of fetal B
tmmunocytes under rural conditions. Whether this reflects fetal infection,
or only exposure to antigens released by infectious agents (for instance,
enzymes or enterotoxins) is not known. On the other hand, exposure,
even without replication of the agent, could interfere with optimal fetal
growth and development. This possibility deserves scrutiny, particularly
in view of the prevailing high incidence of fetal growth retardation in
developing countries, which can not be solely explained by deficient
maternal nutrition [2, 16].

TasLe 2 - Fetal Antigenic Stimulation and Antenatal Infection, Rural
Populations of Guatemala, 1964-1973.

Cord immunoglobulin M (IgM) # Maternal seroconversion #%%

population number % with agent sumber %
of > 0,20 of $E10

newborns mg/ml women cony.

Cauque 263 42 cytomegalovirus 51 3.9

Xenacoj 211 38 heppes simplex virus 60 5.0
Sanarate ** 132 14 rubela virus 61 ]
Treponenia 61 0

Toxoplaswa 61 16

Total 11.5

* After Mata and Villatoro [16].
** Venous blood.
#%% After Urratia et ol [15].
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Infection in Postnatal Life

Heavy fecal contamination of the newborn is common when child-
birth occurs in the home or surrounding premises, in traditional positions
like squatting or kneeling [2]. Under such conditions, infants may ingest
cysts and ova of intestinal parasites, and pathogenic enteric bacteria and
viruses, without necessarily becoming ill [181. Intestinal resistance is
attributable to exclusive breast-feeding from the moment of birth, favoured
by tradition, optimal mother-infant interaction and bonding [19-20].
Also, rural neonates are quite free of skin and respiratory infections. If
infections develop in exclusively breast-fed infants, they are mild, and
if dehydration appears, it is generally corrected by breast-feeding. Breast-
fed infants exhibit adequate growth curves for as long as 5 to 6
months [2], especially if mothers consume extra calories required for
factation. In contrast, infections tend to be more scvere among premature-
ly weaned children,

Around six months of age, most breast-fed infants require additional
supplements. In developing societies, the onset of weaning implies an
increased risk of acquisition of diarrhea agents through contaminated
foods and water [73. This period also coincides with the exhaustion of
transplacental immunity, the beginning of crawling, eruption of teeth and
increased contact of the mouth of the child with the inmediate environ-
ment. The end of exterogestation in poorly sanitated and deprived
environments marks the beginning of weaning diarthea and other in-
fectious diseases [21]. Rates of intestinal infection are very high,
especially with onset of weaning, Table 3.

Force of infection. The magnitude of morbidity was unveiled by the
Cauque study [2, 18]. During the study period (1946-1969), oral rehydra-
tion therapy (ORT) had not yet become available, although the staff
posted in the village encouraged breast-feeding during and after diarrheal
disease and other febrile and dehydrating events.  Intravenous fluid
therapy was available, but most mothers refused it. On the other hand,
the use of drugs to treat Shigelle and Giardia diarrhea was not advocated
by the prevailing medical practice of the time. Finally, measles vaccine
was just being developed, and that against pertussis, diphtheria and
tetanus was not readily accepted by villagers. The Cauque study,
therefore, showed the natural course of infectious disease, and its findings
apply to contemporary villages where similar conditions prevail.

Almost nine episodes of fever per child per year occurred during
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TABLE 3 - Intestinal Infection of Preschool Childven, Santa Maria Cangue,

1964-1969.
Neonates * Preschool children *

agent f’?C, % prev- agent age, 9% preve
days alence menths alence

enteroviruses 0 13 I histolytica 12-14 0.7

1 74 24-26 4.5

2 82 36-38 10.4

Shigella spp. 2-4 weeks 36 G. lamblia 12-14 12.6

24-26 175

36-38 104

Shigella spp. 1217 6.8

18-23 158

24-29 19.1

rotaviruses ** 0-5 4.4

611 100

12-17 10.4

18-23 111

24-29 10.0

* Adapted from Mata [2].
=% Tneidence per 100 child months [471

the first three years of life; ten to 159% were with 39.5°C or more.
Anorexia was uncommon in the first six months of life, when infants
were exclusively at the breast. Nevertheless, anorexia was as common
as fever, with about six episodes per child per year, peaking in the third
and fourth semesters [2, 181, Episodes of infectious discase were com-
plex and often consisted of clusters of clinical entities involving several
agents at the same time [2]. This was evident in all singletons and in
twins reared by their mother. Tncidence rates for the whole cohort,
expressed as episodes per 100 person-months by 6-month intervals
(Table 4) were already high in the first semester of life, and increased
with age to reach the peak at the turn of weaning, at 18 to 24 months
of age [2, 18]. Acute respiratory infections {ARI) were more frequent
in the first year of life, while diarrheal disease predominated in the second
year. In the first three years of life, diarrhea accounted for 43% of all
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infectious disease episodes; ARI for 35%; eye infections for 9%; and
illnesses of the ear, nose and mouth for 5%. Similar rates have been
found in Bangladesh [22] and Brazil {[23].

Total days of morbidity. Another way of examining the force of
infection is by computing total days with infectious diseases for a pasticular
child or group of children. To illustrate, Table 5 summarizes days of
illness for one typical pair of twins, Twin 124, with the more complex
morbidity, was 140 days ill in the first year of life, as opposed to twin
125 who had 175 days of illness in the same period. The picture was
reversed in the second and third years. The totals were, for twin 124,
37% of the time ill during his fisst three years of life, and for twin
125, 329% of the time. Similar figures were obtained for the whole
cohort [2, 18].

Infections tend to last longer among children living under deprived

TasLE 4 - Infectious Diseases in 4 Cobort of 45 Children Observed from
Birth to Three Years of Age, Rates per 100 Person-Months, Santa
Maria Cangue, 1964-1969.%

Tlinesses Age in months
0.5 6-11 12-17 1823 24-29 30-33
270 i 270 270 270 255 250
Upper respiratory inf, 256 34.1 333 311 30.1 357
Lower respiratory inf. 159 23.0 237 274 243 14,0
Diarrhea and dysentery 333 63.0 77.8 87.4 78.0 55.0
Eye 219 185 13.7 144 89 50
Ear 0.7 0.4 13 0.4 1.9 0.8
Mouth 9.3 6.3 8.2 41 7.0 39
Skin, scaip i9 33 22 6.3 2.7 4.7
Measles, pertussis,
rubella, exanthems 19 10.0 8.2 9.6 7.7 7.4
Qther 0.7 11 2.2 4.1 1.2 19
Total 111.1 159.7 176.7 184.8 161.8 1283

* Adapted from Mata [2].
** Number of person-months,
*#% (Genito-urinary tract, fevers, tenosynovitis, ringworm.
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Tasre 5 - Total Days of Infectious Diseases in Identical Twins Observed
from Birth to Three Years of Age, Santa Maria Caugue, 1966-1969.

Year of life Quarter Twin 124 Twin 125

first i 43 48
2 29 60

3 44 30

4 24 37

subtotal 140 175

second 1 24 21
2 44 28

3 105 &7

4 0 3

subtotal 173 141

third i 12 12
2 13 g

3 34 8

4 34 12

subtotal 93 40

Total 406 3536

Adapted from Mata and Urratia [18].

conditions {18, 241, Shigella and Giardia are shed for weeks or months
[2, 18], often associated with chronic recurrent diarrhea. Persistence of
measles antigen in cells of malnourished children has also been noted [25].
Chronicity may be related to an inability of the host to clear and eliminate
the invader, possibly by a diminished immune response [ 3, 4]; it may also
reflect continuous reinfection, understandable in view of the large number
of carriers and ample opportunities for exposure.

NutriTIONAL InpracT orF InvecTious DiSEASES

Metabolic Consequences of Infection

American volunteers experimentally infected with agents with low
virulence such as sandfly fever, Q fever and tularemia, exhibited charac-
teristic metabolic responses, and loss of body weight, cell mass and body
nutrients [26]. The “generalized acute-phase metabolic response” to in-

[
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fection is stereotyped in the adult [27]. No comparable data to these could
possibly be obtained in children, but one must asume that the generalized
metabolic response is similar, especially because of the striking similarity
in nitrogen balance and clinical effects observed in children with natural
infections. The tesponse in children probably is more serious, and ad-
ditional factors must be considered; for instance, the nature of infection,
whether it is accompanied by other infections, whether there was in-
trauterine growth retardation, the age and nutritional status of the child,
the extent of infection, and the organs involved. One should also consider
the patticular ecosystem and family environment of the child, whether
it provides for additional risk or stress {violence, excess heat or cold), or
whether it favors neglect and abuse. Another televant consideration is
the presence of underlying pathology; for instance, chronic parasitic
infection which may impair immune function, or nutritional, metabolic
ot degenerative processes that may complicate the outcome of infection [28]7.

The generalized acute-phase metabolic response consists of dozens
or hundreds of discrete metabolic, physiologic and hormonal reactions
triggered by a “controlling mechanism” activated by infection, Some
reactions occur during the incubation period, but the majority develop
quite rapidly in number and magnitude during the febrile episode and
other clinical manifestations [26, 27]. The mediator (or family of me-
diators) of the generalized metabolic response is now referred to as
Interleukin 1, a substance released by blood monocytes or tissue macro-
phages when stimulated, for instance, by infection [29, 30].

Interleukin 1 consists of small proteins with hormonal effects on
many different cells and organs [29, 301. In the brain, the immediate
response is the onset of fever and anorexia. In the bone marrow, there
is release of neutrophils for inflammation. In the liver, there is greater
uptake of aminoacids and trace clements and greater synthesis of acute-
phase reactant proteins. In skeletal muscle there is increased breakdown
of muscle protein with release of aminoacids, then utilized for gluconeo-
genesis. In the pancreas, Interleukin 1 stimulates release of insulin and
glucagon, enhancing glucose utilization by cells for maintenance of fever;
insulin, in tutn, diminishes utilization of free fatty acids and ketone bodies
as sources of energy. Immunocytes become rapidly activated and responsive
to invading microorganisms [30].

The first clinical response to infection in adults is the appearance
of anorexia, fever, or both, There is an acceleration of metabolic processes
of body cells, leading to marked loss of muscle mass, weakness and fatigue.
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Also, there is leukocytosis. In prolonged and chronic infections, the
breakdown of skeletal muscle results in marked weight loss (wastage,
emaciation), and accentuated responses by endocrine glands [30]. Anemia
is common in recurrent illnesses (diarrheas, urinary tract and acute respi-
ratory infections), and it is even more evident in recurrent otitis media,
malaria, hookworm infection, kala-azar, and other “tropical diseases”.

Cachexia may develop in individuals infected with certain organisms.
Studies have shown the existence of another hormone-like substance,
named cachexin, which is released by immune cells of animals bearing low
levels of parasitemia [31, 32]. The release and function of this hormone
in humans, and whether it explains cachexia in certain patients with chronic
infections in tropical areas, deserves investigation.

The generalized acute-phase response is a host defense mechanism
necessary to cope with implantation, replication and metabolic effects of
alien infectious entities. However, such defense mechanism has a nutritional
and functional cost, reflected in considerable wasting, loss of stored
body nutrients, loss of body cells, muscle and fat, and loss of body
weight [30]. Thus, the greater the rate of infection in a given popula-
tion, the greater the nutritional cost of the responses. In acute and
chronic infections, there is also a stunting effect. Body weight and length
can be seriously affected even by isolated episodes of tuberculosis,
typhoid fever, hookworm infection, Shiga dysentery, otitis media, piclo-
nephritis and others.

Death can be an outcome of many infectious diseases, both in well
nourished individuals who fail to cope with them, and even more in
persons with enhanced risks, inherent in either the unsanitary environ-
ment or in malnutrition, immune deficiency, congenital defects or other
handicaps. The lack of health services undoubtedly plays a crucial role
in determining the outcome of infection.

Nutrient Losses

Nitrogen loss is probably the most important effect of infection,
along with anorexia and reduced food consumption. In well nourished
adults, losses are detected with onset of fever [27, 301, varying according
to severity and duration of infection. Accumulated losses represent a
large and costly amount of nitrogen, not easy to recover; depletion is
steady and reaches maximum values after clinical recuperation. Nutti-
tional losses take a long time to recover, and during the intervening
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petiod, individuals in poor areas usually become exposed to new
infections.

A child who had recovered from EPM and who was inoculated
with vaccinia virus, showed a positive nitrogen balance, even though
immunization induced a febrile reaction with temporary weight loss; as
soon as symptoms disappeared, weight gain resumed [3]. However, a
different situation was noted in another child, also previously recovered
from EPM, after an attack of measles. A marked negative nitrogen
balance was observed, despite the fact that the child had been retaining
nitrogen prior to onset of measles. The period of fever coincided with
nitrogen losses which extended for 20 days; there was minimal Joss of
body weight probably due to water retention [331. During the 20 day
period, the child should have retained 100 milligrams of nicrogen per
kilogram of body weight per day; instead, 50 mg/kg/day were lost. The
accumulated loss was 30 g for a 10 kg child, a considerable waste
preventable by vaccination,

Other losses. Nitrogen loss is accompanied by proportional losses
of other intracellular clements and substances such as magnesium, potas-
sium, phosphorus, zinc and iron, regardless of the kind of microorganism
involved [27]. Marked changes in serum albumin and hydroxyproline
were observed in children with acute episodes of infectious diseases [341],
which might explain the increased susceptibility of some of them to
develop edema and kwashiorkor after an attack of measles or other systemic
viral or bacterial infections. Vitamins are utilized at a faster rate during
infection, resulting in losses from bodily stores; iron and zinc and other
clements are “sequestered” in the early stages of infection, within cells
in storage sites, even in the presence of adequate deposits [27, 28, 30,
35, 36]. In the particular case of iron, blood levels become so low that
they may limit bacterial growth, since iron is a growth factor required for
bacterial replication, The steady sequestration of iron in prolonged or
chronic infections may explain their anemizing effect. The phenomenon
casts some doubt on the validity of the term “nutritional anemias” which
has been indiscriminately given to all iron-deficiency anemias in less
developed countries. It should be noted that in Cauque, a village free
of indigenous hookworm and malatia, anemia cured “spontaneously” once
children survived “the dirty age of infection”, that is, infancy and pre-
school age [2]. Consumption of iron supplements or changes in the
simple and monotonous village diet were not recorded.

Aminoacids are lost through breakdown of muscle protein, and are
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then utilized as energy source with the cooperation of an increased out-
put of glucagon and insulin [27, 28, 30]. Water and electrolytes are
Jost in localized infections, for instance, intestinal and respiratory. Losses
of water and electrolytes induce derangement of the acid-base balance,
and all possible forms may appear. Metabolic acidosis may be the
commonest in acute infection. Metabolic alkalosis develops with ine
creased respiratory rate, for instance, during fever. In pneumonia, there
is impaired oxygenation and respiratory acidosis may ensue. Conversely,
impaired secretion of antidiuretic hormone in infection of the central
nervous system may lead to water retention and pulmonary edema [30].

Some metabolic, immunologic and hormonal functions may become
depressed during chronic infections such as tuberculosis, schistosomiasis,
trypanosomiasis and kala-azar.  ‘These discases may be complicated by
cachexia and marked retardation in growth and maturation, particularly
in infants and young children, but also in older persons. Cachexin and
possibly other hormones must be considered potential factors in chronic
infectious disease in humans [31, 32].

MeasurasrLe Errecrs or Inrection UnpeEr TieLp CONDITIONS

Reduced Food Consumption

Anorexia is a prominent feature of most infectious processes. It may
last for a few hours, days, weeks or even months. Rejection of food may
be partial, but children may refuse food altogether, except for fluids.
Anorexia is generally accompanied by fever, and sometimes vomiting.
Management of anorexia under field sitvations is complicated by the
limited variety of foods and the low-calorie density and bulkiness of
some of them. Furthermore, mothers may not have enough time to
propetly feed children. Anorexia then becomes one of the most im-
portant sources of food restriction. In the Guatemalan village, substantial
reduction in food consumption was noted during and after epidemics of
measles, pertussis, varicella and other communicable diseases [2, 13].

Anorexia is particularly important in diartheal disease in wview of
the high frequency of this syndrome among young children, Anorexia
occurs regardless of the etiology of diarthea, and it is generally complicated
by vomiting. Also, during diarrhea there is an accelerated transit of
nutrients through the intestine. Furthermore, children may be given
useless local remedies and modern dangerous or inapproptiate drugs.
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Finally, traditional beliefs and taboos lead to intentional restriction or
supression of food for considerable periods. Children observed prospec-
tively exhibited significant “calorie dips” (marked reduction in food con-
sumption) coinciding with episodes of diarrheal disease; during healthy
periods, they consume adequate volumes of the village diet. From the
data it was estimated that about 219 of the total yearly calotries and 24%
of the proteins were not consumed because of the occurrence of diarrhea
alone, Table 6 [8]. Similar estimates were obtained by others in
Uganda [34].

Food consumption by children with diarthea in Bangladesh was
found to be deficient prior to admission. Although consumption increased
during hospitalization, an adequate level was not attained until two
weeks after recuperation, especially when the diarshea was related to
enterotoxigenic Escherichia coli or rotavitus [36]. The study is relevant
to less developed countries because it shows that malnourished children
can be made to consume food in excess of the village level, during and
after diarthea. A previous study had shown the benefit of feeding during
diarchea, especially breast milk [371. Consumption of human milk during
diarrhea was found to be less depressed than that of other foods [38].

TABLE 6 - Mean Daily Protein and Energy Consumption by Children With
Diarrhea, in Comparison With Consumption During Healthy Periods,
Guatemala and Uganda.

Guatemala * Uganda **
Age in months protein, g cnergy, MJ energy, M]
healthy  diarthes healthy  diarrhea healty  diarrhea
25-30 35 19
3 L9 58 30
2136 3.9 20
9% difference
healthy minus
diarrhca Ve 24 21 48

* After Mata [8].
** After Whitehead [34].

**% Food net consumed {wastage).



THE INTERACTION OF PARASITIC DISEASES AND NUTRITION 59

Reduced Absorption of Nutrients

The following microbial actions result in a diminished capacity of
the mucosa to digest and absorb nutrients: adhesion of bacteria to the
mucosa, release of enterotoxins and cytotoxins, penetration or lysis of
enterocytes and crypt cells, hydrolysis of bile acids and carbohydrates
and microbial utilization of nutrients required by the host [8, 39].
Bengali workers found a decreased absosption of nitrogen, fat and car-
bohydrate in children with Shigella, rotavirus and other pathogens. The
effect was partially corrected around 8 wecks after termination of diar-
thea [40]. Thus, impaired absorption is not incompatible with efforts
to rehydrate by mouth, or to feed regular village diet. Absotption of
water and sodium is effected by either glucose, aminoacids or peptides {37,
41). Important absorption of nutrients of the common village foods
occurs as soon as the child is able to eat, generally a few hours after
onset of diarrhea.

Increased Secretion

Diarrhea is a state of hypersecretion. In rotavirus infection there
is movement of water from the affected segment of the lumen to the
extracellular fluid (ECF), and increased sodium flux from the ECF into
the lumen. These changes are related to damage and lysis of cells in
villous tips, and replacement of absorptive enterocytes by immature crypt-
like cells. There is no alteration of cyclic adenosine monophosphate
{AMP} concentration [42]. Other causes of hypersecretion are stimula-
tion of eyclic AMP and cyclic guanosine monophosphate by heat-labile and
heat-stable bacterial toxins, respectively, by increased concentrations of
bile and fatty acids from bacterial metabolism, or by hormones and
neurotransmitters {43].

The hypersecretory state results in impottant deficits of sodium,
potassium, chloride and water, and of vitamins and trace clements. Losses
of zinc and vitamin A occur in children with measles and diarthea [35],
depleting part of the pool, and possibly contributing to stunting and xero-
phthalmia. Diarrhea seems to be an important determinant of vitamin A
deficiency, enhancing the negative effects of infection on nutrition, and
increasing the risk of death; expectedly, provision of vitamin A sup-
plements to populations with high rates of infectious diseases could
diminish morbidity and mortality associated with vitamin A deficiency
[44, 45].
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Acute Weight Loss, Wastage and Stunting

Most acute infectious diseases induce some weight loss, which may
be more serious in children who are already malnourished. Malnourished
children, in turn, are the product of repetitive infections, poor feeding
practices or both, This is the natural history of most of the malnutrition
seen in less developed countries, However, limited food supply still
generates primary malnutrition in well known arcas of the world [46].

Measles, pertussis, chickenpox, rubella and other communicable
diseases of childhood have a clear effect on growth, even though they
strike once in a lifetime. Certain bacterial infections such as recurrent
otitis media, typhoid fever, urinary tract infection and scarlet fever, also
have a marked cffect on growth of village children. The greatest effect,
however, is seen with diarrheal diseases, because they attack cach child
several times cach year. The Cauque study clearly showed thar the
nutritional status of breast-fed children is rather good in the first months
of life, whether infants wese born at term, or whether they had ex-
perienced intrauterine growth retardation [2]. During the period of
exclusive breast-feeding, diarrheas generally are not associated with weight
loss. With onset of weaning, a protracted process starting at about 3 to
6 months of life and continuing through the second and third years,
infections tend to lead to growth faltering. Individual growth curves
of all cohort children revealed accumulated weight deficit (wastage} in
connection with infections [2, &, 13, 18]. During periods of disease,
weight increments were definitely below the expected, in comparison
with international growth charts.

Recurrent infectious diseases leave a mark on body length (height)
as well.  Figure 1 shows episodes of diarrheal disease and intestinal
infection along the curve of body length of two village children, during
the first two years of life. Comparison was with the 50th percentile
of the National Center for Health Statistics (NCHS) curve. An etiologic
association was defined as the occurrence of a pathogen one week before
or one week after onset of a diarrheal episode. At the time of the study
(1964-1969), Campylobacter jejuni, enterotoxigenic Ii. coli and Cryp-
tosporidium  parvum were not investigated; rotaviruses were diagnosed
retrospectively [477]. Four of the nine episodes in the child born with
a relatively adequate birth weight (Fig. 1a) were related to one or mose
pathogens; diarthea was associated with periods of stunting, which was
evident by one year of age. All six diarrhea episodes in the child with
fetal growth retardation (Fig. 1b) were related to pathogens, and all
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diarthea attacks coincided with arrest in growth. The stunting effect was
more evident in the child with fetal growth retardation [8, 13, 181].

The wasting effect of infection can also be seen among well nousished
children from affluent societies. They may develop anorexia, weight loss
and arrest in growth during astacks of diarrhea, exanthematic disease
and recurrent otitis media. Growth faltering can be seen even in mild
infections, for instance, of Cryptosporidium, where there may be dif-
ficulty to feed and care for the child, even by educated and experienced
mothers. It is often difficult to dissociate the anorexia of infection from
behavioral manipulation of parents and attendants by children.

It can be concluded that infections in general, and diarthea in
particular, are major causes of wastage and of stunting of poor children
throughout the world, especially in less developed countries. The effects
are more serious when there is a background of intrauterine growth
retardation. A negative effect of diarrhea on growth has been described
in other studies [48, 491,

Severe Malnutrition

Wasted and/or stunted children are prone to develop chronic mal-
nutrition, marasmus or kwashiorkor, and severe malnuttition may appear
after epidemics of diarrhea, measles and other communicable diseases
[2, 3, 34]. In the Cauque village, most cases of acute malnutrition were
noted during or immediately after intense transmission of infectious
discases, which in the village coincided with the harvest of staple
foods £2]. On the other hand, in a large series of cases of EPM in
Uganda, other types of stress, rather than the lack of food, were primarily
related to precipitation of severe malnutrition [50].

Mortality

There seems to be an increased risk of death from infectious diseases
in malnourished children as compared to well nourished individuals [3,
4]. Deficits in weight or height were found to be good predictors of
premature death [51, 52]. Whether such an increased risk is due to
deficits carried from intrauterine life, home deficiencies to rear children,
or both, remains unknown. Tt is possible to speculate that a deficient
environment would favor maternal nutrition and fetal growth retardation,
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while at the same time it would increase the risk of infection, and of
inappropriate child feeding and care.

On the other hand, the immune system may become inoperative
paralized during the course of certain infections [281, or as a result of
prolonged deprivation of food {in famine), or possibly both. Human
populations subjected to famine, exhibit exacerbation of clinical manifesta-
tions and excess mortality due to infectious diseases upon refeeding [537].
Finally, part of the incteased susceptibility to infection of children in
deprived environments may actually be due to crowding [54, 551, a
confounded variable, generally neglected in the analysis of most studies
dealing with malnutrition-infection interactions.

The important consideration is that the greatest mortality toll in
developing countries is not due to deficient dietaries but to the continuous
presence of infectious diseases, particularly diarrhea. Infection is the
great eliminater of children, either born prematusely or with intrauterine
growth retardation, or weaned prematurely, with chronic malnutrition,
or else, handicapped. Also, infections prey on child populations deprived
of adequate health education and health care [56, 57].

Discussion

There is a clear negative effect of infection on nutrition and health,
not only among malnourished individaals, but in well nourished persons
as well. There may also suffer from serious, debilitating and lethal in-
fections.  Significant advances in health and medicine in certain less
developed countries, resulted in control of many infectious diseases and
mainuttition, and in the reduction of infant mortality, without a
demonstrable improvement in the diet [58, 39]. The phenomenon
supports the paradigm that to improve nutrition and health, the control
of infection is required. The “infection paradigm” [58] is being supported
by most international agencies, through advocation of water supply and
sanitation, health education, ORT, immunizations and breast-feeding,
within the concept of primary health care.

The role of food, however, can not be denied, and every individual
in the world should have the right to meet his daily calorie and nutrient
requirements for adequate growth, function and health. In this regard,
there is evidence that requirements have been unnecessarily magnified
by expert committees [1], while at the same time, adequate village diets
have been equivocally classed as unsuitable in quality and quantity [1,
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2]. Nutritional surveys in most developing countties reveal that food
consumption levels are not too different from those of advanced industrial
nations [60]. The exception to the application of the infection paradigm
has already been noted, and pertains to situations of natural or man-made
disaster where food is not available and malnutrition results from
famine [56, 57].

On the other hand, the concept that “malnutrition predisposes to
infection” was widely diffused, exerting a negative influence on public
health planning in developing countries. Limited resources were shifted
from effective interventions such as primary health care, sanitation and
water supplies [61] to food distribution programs. The idea that well
nourished children are more resistant to infection has not been substantiat-
ed, but this was not grasped by professionals in the field. What should
have been said is that the effects of infection might be enlarged by a
basal state of malnutrition.

The pressure from international and donor agencies to demonstrate
that an improved diet would curtail infection and its effects was very
strong during the 1960’s. Many studies and applied programs were funded
to improve the quality and quantity of local diets, and to demonstrate
their impact on health, The recommendation to governments, to im-
prove food consumption, did not await the scientific evidence as to
their feasibility and benefits [62, 631. Costly and generally ineffective
programs were established in tropics and subtropics, including food
distribution centers, fortification of cereals and other staple foods, sup-
plementation of local foods, vegetable mixtures, and nutrition recupera-
tion centers.

The Cauque Study also served to test the effect of an improved diet.
For almost four years, the staple food was fortified daily during milling
of corn. The fortification mizture corrected deficient levels of aminoacids,
and added calories, protein and vitamins to make the food completely
adequate. At the end of the intervention, no improvements were noted
in any biologic parameter, including maternal nutrition and birth weight,
child nutrition and growth, child morbidity or mortality [64].

Since nutrition education for mostly poor and illiterate people al-
ways appeared as an unsurmountable problem, supplementation of the
local diets appeared to many as the logical solution. Also, food programs
appealed to politicians for their vote-purchasing value. Billions of dol-
lars and much effort were spent on food programs with little or no
impact and with high cost/benefit. Regrettably, many nutritionists, plan-



THE INTERACTION OF PARASTTIC DISEASES AND NUTRITION 65

ners, and politicians still believe in an alleged effect of food distribution
programs in the absence of clear limitation in food availability.

The concept that “malnutrition predisposes to infection” disregards
the basics of infectious discase epidemiology. Susceptibility is determined
by lack of previous exposure and lack of immunity to the agent. Susceptible
individuals from industrial nations who travel to poorly sanitated arcas
in the tropics are frequently exposed, infected and become ill, regardless
of their good nutritional status. In fact, a great proportion acquire acute
diarrheal disease, although consequences are not as serious as for natives,
since tourists return to their moge clean environment, and get treated.
Conceivably, village children removed from their contaminated environ-
ment for proper treatment, would regain their appetite and would improve
their nutrition if maintained in the village diet. Conversely, it is also
possible that well nourished children, if placed in a poor village setting,
will be repeatedly infected and become malnoutished, even if enough
food would be made available to them. These possibilibities can not be
tested under experimental situations, but there is indirect evidence that
such is the case. For instance, growth and survival of children in the
two different population settings in Central America were markedly dif-
ferent, despite the fact that children, and their corresponding mothers,
consumed a similar diet in the two settings. The main accountable
difference between the populations was the cxcess rates of infection in
the setting where children had the lowest growth and survival [56, 571.

Furthermore, there is growing skeptcism about the existence of a
universal deficit of food intake [1, 50, 58, 60, 62, 63]. It is known
that children and adolescents can grow well with significantly less calories
than those recommended, providing they are healthy. Finally, a remark-
able improvement in nutrition and health has occurred in several poor
less developed countries, namely, China, Kerala (India), Sri Lanka, Costa
Rica and Chile [5, 58, 59]. Improvements have been attributed to a
political decision supported by appropriate funding, which permitred
implementation of some sort of primary health care and to promote
education. The results in terms of health gains have been dramatic,
particularly with respect to the control of infection and child mortality;
they show that much can be accomplished, at relatively low cost, without
necessarily undergoing industrialization and economic development. The
crucial decision consists in adopting the correct paradigm, avoiding the
costly, and often hopeless issue of improving food consumption.



66 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 61

ACKNOWLEDGMENTS

The author received support from the Rockefeller Foundation, Ford
Foundation and UNICEF (New York); United Nations University (To-
kyo); International Development Research Center (Ottawa); University
of Costa Rica (San Jose); Harvard School of Public Health (Boston); and
Pontificia Academia Scientiarum (The Vatican).



THE INTERACTICN OF PARASITIC DISEASES AND NUTRITION &7

REFERENCES

[13 Mara L., The nature of ihe nutrition problems. In: Joy L, ed. Nutrition Plannipg.

£2]

{3]

[4]

[5]

[¢]

71

(8]

{el

[10]

{11]

[12]

£13]

[14]

[15]

[16]

The State of the Art. Surrey: IPC Sci. Tech. Press Lid, pp. 91-9 (1978).

Mara L., The Children of Santa Maria Caugue. A Prospective Field Study of Meslth
and Growth. Cambridge, Mass: MIT Press, 1978,

Scrimsiaaw NS, Tavior CE. and Goroon JE., Inferactions of Nuwtrition and
Injection. Monograph Ser, No, 57. Geneva: World Health Organization, 1978.

Cuanprs RE. and Newserwe PM., Nutrition, Imwmunity and Infection. Mechanisms
of Interactions. New York: Plenum, 1977,

Harstesp SB., Warsy JLA, and Warnen KS., Good Health at Low Cost. Proc.
Conf. Bellagio, Italy. New York: Rockefeller Foundation.

WarerLow J.C. and Pavne PR, The Protein Gap. «Natures, 25860 (1975).

Mata L., Epidemiology of diarrbeal disease in childbood: an overview. In: Bellanti
JA., ed Acute Diarvhea: Its Nutvitional Consequences in Children. New York:
Nestie, Vevey/Raven Press pp. 2-22 {1983},

Mara L., Influence on the growth parameters of ehbildren. Comments. In: Bellanti
1A, eod. Acute Diarrbea. lts Nutritional Consequences in Children. New York:
Nestle, Vevey/Raven Press pp. 8594 {1983).

Braun P., Leg Y.H., Krem JO., Marcy SM., Kimwe TA., Cuariis D, Luvy P.
ard Kass BIX, Birthweight and genital wycoplasmas in pregrancy. « N. Ingl. ]
Med. », 284, 167- {1971).

McCormack WM., Rosner B., Lee Y.-H., Ranciv J.5. and Laiv J-S., Isolation of
genital nrycoplasmas from blood obtained shorily after wvaginal delivery. « Lancet »,
1, 596- {1975).

Kass EIL, McCormack WM, Lin J.-S, Rosner B, and Munoz A., Genrital myco-
plasimas as @ cause of excess premature delivery. « Trans, Assoc. Am. Phys.», 44,
261-6 (1981) .

Navyr R.L., Factors in the motherfinfant dyad that influence the development of
infections before and after birth, In: Elliott X, ed., Perinatal Tufections. Amsterdam:
Excerpta Medica, pp. 3-12 (1980).

Mara LJ., Urroria J.J., Caceris A, and Guzmsn MA., The biclogical enviromment

in a Guatemalan rural community. Proc. Western Hemisphere Nuer. Congr. II
New York: Futura Peb. Co, pp. 257-64 {1972).

Branc W.A., Pathology of the placenta and cord in ascending and in bemalogenous
infection. Tn: Tllott K., ed., Perinatal Infections. Amsterdam: Excerpta Medica,
pp. 17-31 {1980).

Urruria 1], Mara LJ., Teenr B, Cruz JR, Vicaroro E. and Argxanprr RE.,
Infection and low birth weight in a developing country. A study in an Indian
village of Guatemala. « Am. J. Dis, Child. », 129, 55861 (1975).

Mara LI, and Verarono B, Umbilical cord immunoglobulins and [etal maiurily:
neonates in a Guatemalan Indian village. In: Suskind R.M., ed., Malnuirition and
the Imwune Response. New York: Raven Press, pp. 201-3 (1977).



68

PONTIFICIAE ACADEMIAT SCIENTIARVM SCRIPTA VARIA - 61

[17]

f18l

[191
203

[21]

122]

23]

[24]

[25]
£26]

[27]
£28]

[29]

[30]

[31]

[32]

[33]

[34]

[353

McMurray DN, DE ALy AC. and Riy ., Seram IgM as an indicator of intrauterine
infection in Colombian newborns, « Bull, Pan. Am. Health Org. », 14, 376-385 (1980).

Mara LJ. and Usrvria [.]., Infections and infectious diseases in a malnourished
population: a long-term prospective field study. In: Hambraeus L., Hanson L.A.,
McFarlane 11, eds., Food and Immanology. Stockholm: XIIT Symp. Swed. Nutr,
Found., pp. 42-57 (1977).

Kraus MX. and Kennern JH., Maternal-Infant Bonding. St Louis: CV Mosby, 1976.
Jerurre DB, and Jeviwvse BEPP., Human Milk in the Modern World: Psychosocial,
Nutritional and PFeonomic Significance, New York: Oxford University Press, 1978,
Gorvon J.E., Currxara 1D, and Wyon JB., Weanling diarrbea. « Am. ], Med.
Sci», 245, 345-77 (1963).

Brack RE., Broww K.H., Beckir S. and Yunus M., Longitadingl studies of infectious
discases in rural Bangladesh. 1. Patterns of morbidity. « Am. J. Epidemiol. », 1175,
305-14 {1982).

Guirrany RJ.., Kmcumorr L.V. and Sumrvs D.S., Prospective study of digrrbeal
ilness in Northeasternn Brazil: patterns of disease, nutritional imepact, etiologies, and
risk factors. «J. Infect, Dis.», 148, 98697 (1983}

Brack RE., Brown KIL and Brcker S., Malwairition is a determining facior in
diarrbeal duration, but nof incidence, among young children in a longitudinal sindy
i stral Bangladesh. « Am. J. Clin. Nutr.», 37, 8794 (1984}

Scuernie DWW, and Torvrs CF., Prolonged giant cell excretion in severe African
neegstes. « Pediatrics », 50, 867-73 (1972).

Bumsey, W.R., Magnitude of the bost nutritional responses to lsfection. « fm, J. Clin,
Nutr. », 30, 1236-47 {1977).

Briser, W.R., Melabolic effects of infection. « Prog. Food. Nutr. Sci.», &, 43-75 {1984).

Targerr G.AT., Malnwtrition and immunnity to profozoan parasites. In: Isliker H,,
Schurch B., cds., The Impact of Malumutvition on Immune Defense in Parasitic
Infestation. Bern; Tas Huber Pub., pp. 15879 (1980).

Buspr. W.R. and Somocwsxy P.Z., Endogenous mediators of fever-welated nietaboliz
and hormonal responses. In: Lipton M., ed, New York: Raven Press, pp. 39-48
(1980).

Dinareryo CA., Imterlenkin-l and the pathogenesis of (he acute-phase response.
«N. Engl. J. Med.», 311, 1413-18 (1984).

Crrarar A., Materials which promoie ana inhibit ihe bivsynthesis of cachectin. A
macrophage protein which induces catabolic state: a review. Iny Mechanisn of Drug
Action. New Yorl: Academic Press, pp. 175-86 (1983).

BrurLer B., Manoney 1., Le Trane N., Pexara P oand Cerami A, Purification of
cachectin, a lipoprotein lipase suppressing hbormone secreted by endotoxin-induced
RAW 264.7 cells. «]. Exp. Med. », 161, 98495 {1983}

Vrrerr BE, and Broar M., Bfectos de diversas infecciones sobre la nutricidn del
preescolar, especialmente el sarampion. In.  Simposic  Centroamericano sobre of
sarampion y su vecund. Washington, DC: Pan American Health Crganization Sci,
Pub., No, 301, pp. 43-36 (1973).

Warrennap RG., Infection and how it influences the pathogenesis of protein-cnergy
malnuirition, La: Isliker M., Schurch B., eds., The Impact of Malnutrition on Fnumne
Defense in Parasitic Infestation. Bern: Hans Huber Pub., pp. 13-25 (1980).
Arroyave G. and Carcano M., Descenso de los niveles de vetinol v su proteina de
eulace (RBP) durante las infecciones. « Arch. Latinoamer. Nutr, », 29, 233-60 (1979).



THE INTERACTION OF PARASITIC DISLEASES AND NUTRITION 69

[36]

[37]

[38]

[39]

[4¢]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

(51]

[32]

Moria AM., Morra A., Sarker S.A. and Rauaman M., Food dntake during and
after yecovery from dimrrbea dn children. In: Chen L.C., Scrimshaw NS.S., eds.,
Diarshea and Malnutrition. New York: Plenum Pub., pp. 113-23 (1983).

Brown K. and MacLean W.C., Nutritional management of acwte diarrhea: an
appraisal of the alternatives. « Pediatrics », 73, 11925 (1984).

Rovie B, Yunus M. and Cuen L.C., Breast-feeding and food intake among children
with acute digrrbeal disease. « Am. J. Clin, Nutr,», 33, 236571 (1980).

DuPonr H. and Pickiring LK., Infections of the Gastrointestinal Tract. Epidemiol-
ogy, Microbiology and Clinical Features. New York: Plenum, 1980.

Morra A, Morra AM., Sarker SA., Kuaroon M. and Ramaman MM., Effecis
of acute diarrbea on absorption of macronutrients during disease and after recovery,
In: Chen L.C, Soimshaw N.S.S., eds., Diarrkea and Maluutrition, New York: Plenum
Pub., pp. 143-34 (1983).

Casn RA,, Brack RE, Brown XH., Garza C., Kruscu G., Ruove J. and Warker
W.A., Nutritional Management of Acute Diarrbea in Infants and Children. Washington
DC: National Academy Press, pp. 1-41 (1985),

Frezp M., Water electrolyte and carbobydrate transport. Proc, 74th Ross. Conf.
Ped. Res,, pp. 11425 {1977).

Tzrrorr S., Barngs G., Bistor R., Hormes I, and Rommws-Browne R., Infections
Diarrboca in the Young. Strategies for Control iz Humans and Animagls, Proc,
Int. Sem. Diarr. Dis. South East Asia Western Pac. Reg.,, Geelong, Australia,
10-15 Teb. 1983, Amsterdam: Excerpta Medica, pp. 165-364 (1985).

Sommer A., Tarworgo 1., Hussame G. and Susawro D., Increased mortelity in
children with pld vitamin A deficiency. « Lancet», 2, 585-8 (1983}

Sommer A., Karz J. and Tarwongo 1., Iwereased risk of respiraiory disease and
digrrbea in children with preexisting wild wvitamin A deficiency. « Am. ], Clin.
Nutr. », 40, 1090-95 (1984).

Mara LT, The environment of the malgourished child. In: Scrimshaw NS., Bohar
M., eds., Nutrition and Agricalturgl Developuent, Significaice and Potential for
the Tropics. Wew York: Plenum Press, pp. 4560 (1976).

Mara L., Stmuon A, Urruria J.], Kronmar R.A., Prenanorz R oand Garcia B,
Epidemiology of rotaviruses in a cobort of 45 Guatemalan Mayan children observed
from: birth to the age of three years. « ], Infect. Dis. », 148, 452-61 (1983),

MartoreLr. R., Yarprouent C., Yarsroven S. and Kimin RE., The impact of
ordinary ilnesses on the dietary intakes of malnourished childven, « Am, J. Clin.
Nutr. », 33, 345-50 (1980).

Tomrins AM., Garvice P.J., Scrorisry and Warerrow J.C., The combined effects
of infection and malmatrition on profein melabolism in children. «Clin. Sci.».
65, 313-24 {1983).

GoovarL J., Malnutrition and the family: deprivation in kwashiorkor. « Proc. Nuur,
Soc. », 38, 17-27 (1979).

Herwanoez M., Hipargo CP., Hernanoez JR., Mavrican 11 and Cuane F., Effect
of economic growil on nutrition in a fropical communify. « Beol. Food. Nutr.», 3,
28391 (1974).

Cuen L.C, Arvavopin-Coownmury AXKM. and Huremaw ST, Awthropometric

asseisment of energy-protein malnntrition and snbsequent risk of mortality among
preschool aged children. « Am. J. Clin. Nutr. », 33, 183645 (1980).



70 PONTIFICIAE ACADEMIAL SCIENTIARVM SCRIPTA VARIA - 61

[531 Murray M.J. and Murray AB., Starvation suppression and vefeeding activation of
tufection. « Lancet», 1, 123-5 {1977),

[54] Aapy P., Buxn J., Lisse IM. and Swmrrs AJ., Overcrowding and intense exposure
as determinants of measles mortality. « Am, ], Ipidemiol. », 120, 49-63 (1984).

[557 Ramaman M., Ramamean MM., Worryniag B. and Aziz KM, Impact of environmental
sanitation and crowding on infant mortality in rural Bangledesh. « Lancet», 2,
28-31 (1985).

[56] Mara L., Maluutrition and concurrvent infections. Comparison of two populations
with different infection rates, In: MacKenzie R., ed., Viral Diseases in Sowuth-Last
Asia and the Western Pacific. Australia: Academic Press, pp. 56-76 (1982).

[57]1 Mara L., Control of infection as g means to improve nutrition and reduce childhood
mzortality, Tn: TUSSP Int. Pop. Conf. Firenze, Brussels: IUSSP, pp. 39-50 (1985).

[581 Mous E., Infectious discases and hbealth in Costa Rica: the development of a new
paradignz. « Ped. Infect. Dis.», I, 212.16 ¢1982).

[59] Mevmia E. and Kammrrrex AM., An analysis of bealth progress in Chile. « PAHO
Bull.», 17, 221-32 {1983}.

[40] World Health Ouganization, Tufant and young child nutrition. Repost by the Director-
General, Document A36/7. Geneva: WHO, 1983.

[41] Esrey S.A., Fracuem R.G. and Huenes JM., Interventions for the conirol of
digrrheql  diseases among young children: dimproving water supplies and  excreta
disposal facilities, « Bull, Wid. Hith. Org.», 63, 75772 {1985).

[62] Feacuenm R.G., Iuterpentions for the comirol of diarrhocal discases among young
childven: supplementary feeding programmes. «Bull, Wid. Hith. Org.», 61, 96779
(1983).

[63] Bearon GJH, and Guassemr H., Supplewmentary feeding programs for young children
in developing countries, « Am. J. Ciin. Nutr. », 4 (suppl), 863-916 (1982),

[64] Urrunia J.J., Garcra B, Bressant R, and Mara L.J., Report of the maize fortification
project in Guatemala. Guatemala: USAID-INCAP, pp. 2868 “1978).



MALABSORPTION IN ENTERIC INFECTION
A NUTRITIONAL COST IN CHILDREN
WITH DIARRHOEA

AYESHA MOLLA - A, MAJID MOLLA - 8§ A, SARKER

International Centre for Diarrhoeal Disease Rescarch, Bangladesh
GPO Box 128, Dhaka2, Bangladesh

Tatroduction

Since the publication of the important work of Scrimshaw et al. [1]
demonstrating nutrition-infection interactions, knowledge about the
causative factors for precipitation of malnutrition in various infectious
diseases has increased. Nutritional deprivation due to enteric infections
may occut through several mechanisms, and malabsorption of nutrients is
probably one of the most important. Investigations have shown diar-
rhoeal disease to be the major contributory factor influencing the nutritional
status of preschool children and causing premature death of infants and
children [2, 3]. An estimated 5 million of the world’s children die from
diarrhoea every year and many more suffer from the serious consequences
of diarrhoea, mostly in the developing countries. Previous studies to
undesstand the nature of both the qualitative and quantitative absorption
of nutrients in children with diasrhoea and parasitic infections demonstrat-
ed that intestinal absorption is commeonly impaired during and after acute
intestinal infections [4, 5]. Clinical studies in children with acute intestinal
infections have documented malabsorption of macronuttients, including
carbohydrates, fat and protein. Though the mechanisms of malabsorption
in all cases were not fully understood, new techniques for evaluation and
improved methods to identify the causative organisms have provided an
opportunity to clarify the above phenomena. This paper will review the
important findings regarding nutrient malabsorption and its possible
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mechanisms in children during enteric infections. Some of the relevant
data obtained from the studies carried out at ICDDR, B, on malabsorption
of nutrients in children with diarthoea due to various aetiologies will
also be discussed.

Disaccharidase deficiencies

Transient carbohydrate malabsorption has been observed very often
in episodes of viral diarrhoeas in infants {6, 71, In acute adult diasrhoea,
loss of intestinal disaccharidases (sucrase, lactase, maltase and palatinase
activities) has also been demonstrated [8]. In the latter study the
activitics of the enzymes decreased significantly during the acute phase
and returned to normal during the convalescent phase. Reduced disac-
charidase activities in the acute stage and rapid improvement during the
convalescence were considered to be the result of acute diarrhoea.
However, in some of the patients lactase activity did not return to a
normal level, suggesting prolonged or permanent alterations.

Malabsorption of nuirients and xylose

Marked malabsorption of fat, vitamin Bp and xylose were demonstrat-
ed during the acute stage and for some time after rccovery from diar-
thoea 191, The mechanism for vitamin B malabsorption is not well
understood, but the rapid improvement after antibiotic therapy suggests
that bacterial colonization of the intestine may be one of the important
factors [10]. Steatorrhoea has been demonsirated in children and adults
with severe waiery diarthosa associated with Giardiasis [111]. The
mechanism could be related to direct mucosal effects and/or bacterial
colonization of the upper intestine associated with G. lamblia infection.
Mucosal lesions may develop in human volunteers after experimental viral
infection but are not necessarily accompanied by symptoms [13]. In a
hospital-based study, malabsorption of fat was observed in 10 children
recovering from acute infectious gastroenteritis [14] thought to be due
to acids and ileal disfunction. Infants suffering from chronic diarrhoea
due to unknown cause were shown to lose larger amounts of nitrogen
and fat in the stool [15]. Severity of the diarrhoeal attack was related
to the amount of nitrogen loss. The source of this stool nitrogen was
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probably the shedding of the gastrointestinal mucosa and leakage of plasma
proteins through the denuded gut wall.

The D-Xylose absorption test [16] is widely used to estimate the
mucosal integrity of the small intestine. The mechanism involves active
transfer of the pentose sugar, similar to the mechanism used for the
transport of glucose. But studies on absorption of xylose have not shown
any correlation with the absorption of food-based natural carbohydrate
[17]. ZXylose absorption determined in Bangladeshi children with diar-
rthoea due to specific actiologies during the acute stage and two weeks after
recovery is shown in Table 1. The differences between the two stages
of diarrhoea were significant and particularly marked for cholera, E. coli
and rotavirus; but, because xylose is not a nutrient or ingested as food,
the test cannot reliably be used as a valid indicator of the absorption of
nutrients derived from food.

Lactose malabsorption in children has long been the subject of
rescarch because of the sccondary Iactase deficiency during enteric in-
fections and the possible danger of lactose intolerance in milk-fed children.
Using the new noninvasive technique, breath hydrogen test (BHT),
prevalence of lactose malabsorption (LM) and lactose intolerance (LI)
was estimated among Bengali children in rural Bangladesh, and its
relationship to the history of recent diarrhocal discases [18] was deter-
mined. Although more than 809% of the children over 3 years of age were
diagnosed to be LM, children under 6 months of age did not suffer from
LM unless there was a recent history of diarthoea (Table 2). The

TasLE 1 - Absorpiion of xylose during acute diarrhoea of different
aetiologies and 2 weeks after recovery.*

AETIOLOGIES SERUM XYLOSE LEVEL {(mg%) MEAN =+ ISD
Acute Recovery
Cholera (25) 206 + 8.4 294 £ 83
Rotavitus {15) 145 = 87 27.8 £ 164
ETEC (13) 168 & 6.5 260 85
Shigella (9) 243 + 134 300+ 6.7

* Molla A, es 4l (Unpublished).
Figures in the parentheses indicate number of patients.
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TABLE 2 - Prevalence of lactose malabsorption according to hbistory of
recent diarrhoea.

% PREVALENCE OF LACTOSE_-E&ALABSORPTION

Age (months) No diarrhoca in Diarthoea in previous
previous week {n) week (n)

0- 6 0 {18) 18 (%)

7- 18 10 (29)* 50 (8)

19 - 36 58 (34) 70 {7)

37 - 60 85 {36) 68 (9)

61 - 84 90 {36) 70 (7}

85 « 156 80 {36) 90 {9}

This table has been adapted from Brown, ¢f 4l., « Am. J. Clin. Nuwe. », 32, 1962-69 (1579),
* Significantly different by Fisher Exact test.
n: No. of patients.

orevalence of LM in infants from 7-18 months old was also significantly
associated with recent diarthoea. Other studies on infants hospitalized
with severe diarrhoea have also documented transient lactose malabsorp-
tion during and after the acute stage [ 19]. Lactose malabsorption diagnosed
by BHT has to be carefully evaluated as the test is not beyond criticism
with regard to its validity during diarrhoeal episodes [20]. Children of
developing countries experiencing 4-6 cpisodes of diarrhoeal disease/year
often suffer serious deterioration of nutritional status and require rehabili-
tative therapy. Despite the presence of lactase deficiency, studies done in
Bangladesh demonstrate that such children can generally tolerate milk when
fed in conjunction with other foods in the diet. Thus, consumption of milk
is not contraindicated in children during and after diarrhoeal discases,
provided the clinical response to its consumption is closely monitored
and the lactose load does not exceed digestive capacity.

Community-based longitudinal studies

Detailed longitudinal study of preschool children in a Guatemalan
village showed progressive deterioration of the weight and height curve
as a result of repeated attacks of intestinal infections [2, 21]. This study
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provided evidence for the powerful negative influence of infectious
diseases on nuwrition and growth of children, beginning in utero. In
Bangladesh, longitudinal studies were also carried out to understand the
interactions between infectious diseases and the nutritional status of
children [3, 221, Morbidity and mortality were recorded and evidence of
a significant adverse effect of the infectious diseases on the growth and
development of the children was obtained.

Malabsorption in parasitic disease

Malabsorption secondary to intestinal parasites has been shown to
vary according to the type of parasite, age of the patient and severity of
infection. For example, in Bangladeshi children, malabsorption of nutrients
was documented in patients with heavy ascariasis compared o those with
light infection. Significant improvement of absorption was observed after
treatment [23]. The mechanism is unclear.

Giardiasis is characterized clinically by a broad spectrum from
asymptomatic to severe symptomatic disease. Thus, nutritional effects
will also vary from minimal to severe. Severe fat malabsorption in giar-
diasis has been associated with deconjugation of bile salts due to small
intestinal bacterial overgrowth [12, 247].

Other mechanisms of malabsorption due to parasitic infection include
atrophy and blunting of willi [25, 26], intestinal damage by local ir-
ritation [27] or production of toxins that can damage the brush border.
Nutrients which are reported to be affected by parasitic infection include
vitamin Br, fat, lactose, zinc and vitamin A [28]. The clinical significance
of this malabsorption is not certain. In ICDDRB hospital studies on
absorption of vitamin A [29] during acute diarrhoeal diseases, we have
observed that in spite of reduced absorption of vitamin A, eye changes
due to deficiency are reversed by oral therapy.

To study the effect of parasites, we have estimated the quantitative
absorption of fat, nitrogen, carbohydrate and calories derived from familiar
food in children aged 1-10 years, with giardiasis. Table 3 shows the
effect of giardiasis on the absorption of nutrients during admission and
2 weeks after recovery in children of different age groups (unpublished,
Molla A. et a.). Our results do not demonstrate significant changes in
absorption of nutrients from admission to post-treatment studies. There
are a number of explanations why we were unable to demonstrate malab-
sorption in our study children,
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(i) Specific effects of giardia infection were masked by residua of
multiple previous enteric infections in these children.

(i) Study children were from an older age group and not susceptible
to absorptive defects associated with glardiasis.

(i) Immunity against Giardia lamblia might be present because of
repeated exposure.
(iv) Discase was not severe enough to demonstrate malabsorption.

Chronic carriage of G. lamblia without symptoms is well documented.
Travellers to endemic areas are much more likely to have symptoms after
infection than are long-term residents [307. Nevertheless, protein losing
enteropathy {317, which may contribute to the development of malnutri-
tion, has been found in giardiasis patients. From the analysis of
limited data it has also been suggested that giardia can interfere
with linear growth and cause weight loss [32]. The precise mechanism
of this impairment is uncertain but reduced intake, nutrient malabsorp-
tion and increased energy expenditure wese considered to be the major
contributing factors in causing malnutrition.

Malabsorption in acute diarrhoea due to known aetiological agents

Metabolic balance studies have been done at ICDDR,B to quantitative-
Iy estimate the absorption of macronutrients derived from locally avail-
able familiar foods in children with diarrhoea due to specific actiologies.
Mean coefficient of absorption of nitrogen and total calories during the
acute stage and 2 weeks after recovery are shown in Table 4. In the
acute stage reduced nitrogen absorptions were observed in diarthoeas of
all aetiologies, but were particulatly severe in shigella infection. Nitrogen
absorption in shigellosis was significantly reduced compared to the other
aetiologies studied. The origin of this nitrogen in the stool could be
from several sources, e.g. food, invading microbes, desquamated epithelial
cells, RBC, plasma protein leakage or other secretions. Mean calorie
absorption in acute diarthoea was most affected in children infected with
rotavirus. The pathophysiological mechanisms of this defect are thought
to be related to the decreased glucose-mediated transportation of electro-
lytes and water due to dysfunction: of the absorptive villus cells in rotavirus
diarrhoea, From a separate study carried out in ICDDR,B it was suggested
that excess acid produced in the intestine of children with rotavirus infection
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could be derived from bacterial fermentation of the malabsorbed carbo-
hydrates [33]. Whether the mucosal lesion in rotavirus is patchy or
extensive is not known with certainty, Mean absorption of carbohydrate
in rotavirus diarrhoea was 77.89% [34], which, although reduced compar-
ed to other diarrhoeas, was sufficient to permit rehydration of patients
with oral rehydration solution containing sucrose, glucose [7, 35-36] or
cereal (Molla A.M., unpublished). Rotavirus-associated diarrhoea can
certainly result in faial dehydration if rehydration is not started promptly.
ETEC and shigella-associated diasrhoea also result in high morbidity with
adverse effect on the growth of children [37.

Conclusion

The association of enteric infections with the malabsorption of
nutrients provides some understanding of the relative importance of
acute illnesses due to bacterial, viral or parasitic infections. Based on the
data obtained in Bangladesh, bacterial and viral infections cause much
more profound effects than does G. lamblia. The cumulative effects of
chronic glardiasis on growth and nutritional status are still uncertain,
and the importance of possible chronic low level intestinal malabsorption
remains unknown. Diarrhoeal disease mortality, due to bacterial and
viral pathogens, is a major contributor to the overall mortality of children
in developing countries and thus appropriately deserves urgent attention,
Tn addition, nutrient malabsorption in diarrhoeal disease is one mechanism
for precipitation of malnutsition, including mild abnormalities in chronic
parasitic infection leading to growth retardation. Therefore, strategies
should be defined to control enteric infection mortality and mosbidity,
including reversal of the adverse effect of malabsorption on the normal
growth of children.
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NUTRIENT ABSORPTION IN MALNUTRITION
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The absorption of some nutrients is impaired by the gastrointestinal
alterations commonly found in protein-energy malnutrition (PEM),
especially in its severe edematous and marasmic forms {Table 1). Since
severely malnourished persons usually live under poor hygienic conditions,
it is often difficult to determine whether the gastrointestinal alterations
are due to the malnutrition itself or to concomitant conditions, such as
bacterial overgrowth in the small intestine [1-3] and gastrointestinal or
systemic infections,

Regardless of their cause, these alterations may affect the malnousish-
ed individual because the impaired absorption interferes with the satis-
faction of his nutritional requirements and/or because malabsorption of
some nutrients may cause gastrointestinal dysfunction that further
diminishes the absorption of those or other nutrients. For example, fat
malabsorption will impair the absorption of liposoluble vitamins and
lactose malabsorption may produce diarrhea that will reduce the absorp-
tion of various nutrients,

The nutritional implications of malabsorption of some nutrients are
of little or no consequence under optimal therapeutic conditions, where
the abundance of nutrients overwhelms the deficits in intestinal absorptive
capacity. On the other hand, the provision of large amounts of certain
nutrients may have undesirable effects when the gut is incapable of
handling even smaller amounts of the nutrient and responds with the
appearance or enhancement of diarrhea and more severe malabsorption.

It is, therefore, necessary to make a critical analysis of the relation-
ship between malnutrition and malabsorption and of the functional and
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TaBLE 1 - Gastrointestinal Alterations that Affect Nutrieni Absorption
in Severe Protein-Energy Malnutrition.

Morphological abnormalities (e.g., reduction of brush border, villous
atrophy) [18, 29, 62-67].

Mucosal enzyme deficiencies {e.g., lactase and other disaccharidases)
[68-70].

Impatred absorptive capacity of the intestinal mucosa (e, glucose,
vitamin B12) [4, 30, 48].

Reduced intestinal motility [64, 717.

Pancreatic and bile salt insufficiency [4, 16, 17, 20, 211.

Bacterial overgrowth, especially in the small bowel [1-3].

therapeutic implications of the latter, This overview refers to investiga-
tions done in patients with severe PEM and with milder forms of
malnutrition.

ABSORPTION OF SPECITIC NUTRIENTS

Proteins

Studies using milk diets to treat children with severe PEM [4-6]
showed that “true” nitrogen absorption (i.e., corrected for obligatory
fecal nitrogen losses) is of the order of 909, regardless of the dietary
lactose content [5]. As Table 2 shows, absorption was slightly lower at
the beginning of treatment, especially among children with diarthea on
admission, who only absorbed between 65 and 89% of the dietary
nitrogen (mean * s.d.: 80%=9) [5]. Absorption rapidly improved as
nutritional treatment progressed and, on the average, fully recovered
children absorbed 949 of dietary protein [5], which is similar to the
absorptive capacity of healthy, well-nourished children [7].

Children 9-40 months old with mild and moderate PEM (weighs-
for-height deficits ranging from 5 to 18%) or who had recently attained
adequate weight-for-height, were fed between 1.6 and 2.5 g protein/
kg/day using Thai [8], Filipino [9], and Guatemalan [10] mixed diets,
mostly with vegetable proteins, As Table 3 shows, the average “true”
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TasBLE 2 - Dietary Nitrogen and Energy Absorpiion in Children 2-4
Years Old, at Various Stages of Treatment for Severe Protein-
Energy Malnutrition (Kwashiorkor and  Marasmic  Kwashiorkor)
Using Milk-Based Foruulas.™

Milk pretein « Trues nitrogen Apparent energy
intake, absorption, ¥ absorption,
g/kg/day % of intake 9% of intake
Beginning of treatment  1.0-2.0 88 2 9 wir¥ 90 6
(days 2-5)
Harly treatment 3.5-40 91 = 5 9343
{days 12-14)
Advanced treatment 35-40 9] x4 94 + 3
(days 42-44)

Fully recovered 1.25 94 + 4 L e

* From Tordn ef &l [5, 7].
© Corvected for obligatory feecal N foss [7].
w4 Mean o standard deviation.

nitrogen absorptions ranged from 67 to 77%. These results were similar
to the average “true” absorptions (ranging from 69 to 81%) of well-
nousished children of the same age groups who consumed similar diets
[8, 11-131].

Fats

Absorption of lipids is abnormal in severe PEM, resulting in
microscopic or visible steatorrhea [4, 14-16]. The latter is not a frequent
complaint, as the populations among whom PEM is highly prevalent
usually cat foods with low fat contents, which generally account for only
10 or 12% of dietary energy. In children who weigh 10 kg this cor-
responds to a daily intake of approximately 6 to 10 g of fat.

Bile in severe PEM has a decreased concentration of conjugated bile
salts and a relative increase of free bile acids [17]. There is also an
impaired ileal reabsorption of bile salts with formation of more free bile
acids as a consequence of bacterial overgrowth [4, 16, 17]. The increased
ratio of free-to-conjugated bile acids impairs micellar formation and fat
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TasLr 3 - Nitrogen Absorption of Well-Nourished or Moderately Malnourishe
Children Eating Mixed Local Diets Predominantly Made With Vegetable
Foods.

Protein True
Number of  Age, intake nitrogen
Food childrerr  months Nutrional status * gfkg/day  absorption Ref.
Thai 9 9.36 mild PEM or normal 1.7 67 & 4%* 8
Filipino 7 18-26 mild PEM or normal 1.7 77 P
Guatemalan 13 15-40 mild or moderate PEM 1.6-25 74 47 10
‘Thai 6 812 normal 1.7 74+ 2 8
Tilipino 5 18-24 notmal 1215 81 11
Filipine 3 22-29 notmal 1.2-1.5 69 12
Guatemalan 11 29-46 normal 1.5-2.3 7Ox5 13

* Based on weight-for-height and, in the Filipino children, weight-for-age.
** Mean = standard deviation,

absorption. Furthermore, the free bile acids damage the intestinal mucosa,
impair cell function, increase the abnormality in ileal reabsorption of bile
acids, and can cause or enhance diarthea {17-197. Pancreatic lipase
secretion is decreased [20, 213, but this does not seem to be wvery
important since small quantities of the enzyme are sufficient to hydrolyze
triglycerides and the malnourished child is able to respond with lipase
secretion when challenged with oral fat [21].

In spite of those abnormalities, fat absorption in kwashiorkor is
around 95% when fed at a level of about 4 g/kg/day or 25% of dietary
energy [22]. Vegetable fats appear to be better tolerated than animal
lipids [23] and children with severe PEM tolerate high quantities of
unsaturated fatty acids {24]. High-fat diets providing 50-70% of dietary
energy as vegetable oil (80-120 g fat/day) have been successfully used
to treat children with severe PEM in Jamaica [257, Costa Rica [26] and
Guatemala [27, 28]. Even though there was visible fat in feces, there
was no profuse diarrhea, 85 to 92% of the dietary fat was absorbed [27,
28] and the children grew well. Fat absorption improves further with
protein repletion and reaches normal levels when diarthea is absent and
nutritional recovery is about 80% of the final expected value [4]. The
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free bile acids decrease and conjugated acids increase to normal levels
as nutritional recovery proceeds [17, 29].

Carbobydrates

Pancreatic amylase secretion is reduced [20] and absorption of
glucose and D-xylose is impaired in severe PEM [4, 29, 30]. However,
the carbohydrate malabsorption problem most frequently associated with
diarthea is that of disaccharides, and especially lactose malabsorption.

The effects of lactose ingestion on malnourished children have caused
many apparent contradictions, most of which can be explained based on
the methods used to diagnose malabsorption and assess changes in nu-
tritional status ot on the composition of the therapeutic diets (reviewed
in reference 31). Although malnourished children frequently have lactase
deficiency, lactose malabsorption and/or milk lactose intolerance, many
investigators have reported adequate clinical and nutritional responses
with mille-based therapeutic diets that provide 4-8 g lactose/kg/day or
1-1.7 g lactose/kg/meal [31].

Diarrhea has been associated with milk intalkes by severely malnou-
rished children [32-34]. On the other hand, milk has been successfully
used for many years to treat children with severe PEM in countries like
Jamaica [25] and Guatemala [31, 35], and diarrhea has seldom been
a problem, even though in some series of patients as many as 24%
passed loose stools or had a diarrheal episode without important clinical
nutritional consequences [36]. In some of those patients the diarrhea
could have been due to causes other than dictary lactose. It should be
pointed out that in addition to being severely malnourished, all famaican
children were black and many Guatemalan children were Mayan indians,
and both these races are known to develop a genctically determined
primary lactase deficiency.

Carefully controlled studies were recently done to compare the
effects of intact and lactose-free milk [5, 371, and of milk- and soy-based
diets {Tordn, Solomons et af., unpublished) in the treatment of children
with severe PEM. Among the 40 children studied, the diets that contain-
ed Iactose did not produce important diarthea, and did not impair absorp-
tion of total dietary energy, nitrogen and calcium nor retard nutritional
recovery.
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Total Dietary Energy

The small influence of malnutrition on nitrogen, fat and carbohydrate
absorption is reflected by the high levels of total dietary energy absorp-
tion. As Table 2 shows, using mill-based therapeutic diets the apparent
energy absorption (i.e., without corrections for endogenous fecal energy)
was about 93% in severe PEM [5]. The slightly lower degree of
absorption at the beginning of treatment was probably due to the diar-
rthea that some patients had when they arrived at the hospital; six severely
malnourished children admitted with diarrhea absorbed only 84 + 5%
(range: 77-909%) of the dietary energy at the beginning of treatment.

Using mixed Guatemalan diets, mainly with foods of vegetable
origin that provided 98 = 4 kcal/kg/day to children with mild and
moderate PEM [10] and 92 = 5 kecal/kg/day to well-nourished children
[137, the corresponding apparent energy absorptions were 91 = 2%
and 92 =+ 2%, respectively, These results coincide with those of studies
using a Thai mixed diet with 100 keal/kg/day [8]1 or Jamaican milk-
based formulas with 84-108 kcal/kg/day {67 , which showed apparent
energy absorptions of 949% when fed to children with weights-for-height
ranging from 78 to 1009 of the standard.

Vitamins

Fat-soluble wvitamins. The absorption of fat-soluble vitamins is
impaired in children with severe PEM [4, 29, 383, This is probably
related to the impairment of micellar formation due to the low output
of conjugated bile acids [4, 16, 17]. Another mechanism that may affect
the absorption of certain vitamins is the impaired activity of some enzymes.
This has not yet been demonstrated in humans, but defective intestinal
hydrolysis and impaired absorption of vitamin A have been shown in
protein-deficient rats [39] and chicks {40].

The impaired absorption of vitamin A in severely malnourished
childten who are otherwise healthy is not of great magnitude: using a
small dose of 3,000 LU, of vitamin A, the average absorption in children
with kwashiorkor was 909, compared with 95% in well-nourished
children [41]. Using pharmacological doses of 100,000 I.U., significant
increases in serum retinol levels can be seen within 4 hours [427. However,
many malnourished children have associated infections and there is
evidence that vitamin A absorption is further affected by intestinal
infections [43, 441 and parasites [45].
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Children with mild and moderate PEM absorb about 709% of beta-
carotene from green leafy vegetables, similar to well nourished children
[46]. This absorption can be increased when vegetable oil is fed with
the leafy vegetables [47].

Water soluble vitamins. The absorption of several water soluble
vitamins, such as folic acid and vitamin B12, is also impaired in severe
PEM [29]. In the case of vitamin B12, the defect is in the small in-
testine [48] and not necessarily associated with absence of intrinsic
factor, in spite of the atrophy of gastric mucosa and hypochlorhydria
seen in children with severe PEM [49). At least for vitamin B12, absorp-
tion appears to be normal in mild and moderate forms of PEM [50].

Minerals

Iron. Absorption of iron is reduced in many, but not all, children
with severe PEM [51, 52]. This led to the use of parenteral iron for
the treatment of iron-deficiency anemia in kwashiorkor [53, 541. It
has been proven, however, that iron deficiency can be treated orally in a
great majority of patients. The low absorptive or hematologic responses
to oral iron are mainly due to an adaptation o low oxygen demands,
which is secondary to reduced lean-body mass and physical activity [55,
561, or to the existence of adequate body iron stores [51, 57].

The intestinal regulation of iron absorption is preserved in severe
PEM. Using a tracer technique with 59-Fe to measure absorption
and stainable iron in bone marrow to assess body stores [517], it was
shown that thete is greater absorption when body iron stores ate low
than when body iron is high, and that absorption increases when body
iron is depleted. The same conclusion was reached in another study
that combined metabolic balance techniques to assess iron absorption and
retention, and serum ferritin and blood hemoglobin levels to assess
changes in circulating and total body iron [57].

Iron absorption is adequate enough to allow improvement of hemato-
logical and body iron indices of children with mild and moderate PEM
fed a2 mixed, predominantly vegetable, diet and sugar fortified with
NaFeEDTA [10].

Calcium. Tts absorption seems to be unimpaired in severe PEM,
Patients treated with milk diets absorbed throughout six weeks between
35 and 47% of 1.3-1.5 g of calcium provided by the daily diet [5, 58].



88 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 61

This was significantly more than the absotption of 20% expected in
normal children with the recommended daily intake of 400 mg Ca/day
159]. The high absorption of calcium duting recovery from severe PEM
may be related to increased needs for calcium accretion in bone.

Other minerals and electrolytes. The loss of these elements usually
scen in severe PEM seems to be related to the chronic or recarrent diar-
thea that often accompanies malnutrition, However, other routes for
electrolyte losses, such as urine and sweat, cannot be ruled out to explain
the decrease in body potassium and magnesium often scen in severe PEM.
Tnformation about the absorption of these clements and trace minerals
is scant. There are some studies, such as investigations on the role of
dietary zinc to treat malnourished children [60], that suggest that the
intestine is capable of absorbing these minerals, but it is not known
whether the absorptive capacity is normal.

CONCLUSIONS

Gastrointestinal  abnormalitics impair the absorption of many
nutrients in severe PEM. Furthermore, when dictary intake is only
marginally adequate, chronic malabsorption may be an important limiting
factor to achieve good nutritional status, These gastrointestinal alterations
are not due to malnuirition alone, but are the result of an interaction
between malnutrition and enteric infections or nonspecific bacterial
proliferation in the small bowel.

In the absence of profuse diarrhea and intestinal infections, the
ingestion of nutrients in high, therapeutic, amounts allows their absorption
in sufficient quantity to permit nutritional recovery. In most cases this
reduces the practical impostance of malabsorption during treatment for
malnutrition. Notable exceptions are food — or nutrient — intolerances
that produce diarthea and interfere with nutritional recovery. The
causes of profuse or persistent diarrhea, whether of infectious or food origin,
must be controlled as they may impair intestinal absorption to the extent
of retarding or not allowing nutritional recovery. Since intestinal in-
fections produce further damage and malabsorption, they should be
adequately treated to facilirate nutritional rehabilitation. Whether drug
treatment with antibiotics should be used in all enteric infections in
children with severe PEM, is still a matter of discussion. Many such
infections disappear as time and nutritional treatment progress. The
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critical issue is whether those infections threaten the malnourished
child’s life or overall health.

The clinical and esperimental evidence that is currently available
in humans suggests that malabsorption disappears with nutritional recovery
and that there are no important gastrointestinal sequels due to mal-
nutrition. This must be ascertained in a definitive way since most chil-
dren treated for severe PEM continue living in highly contaminated
environments and resume eating a deficient or marginally adequate diet
after discharge from therapy. Consequently, if their gastrointestinal
functions are still impaired, they will be more prone to develop malab-
sorption of an important degree or diarrhea that may lead to a new
episode of severe malnutrition,
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THE ROLE OF CACHECTIN IN MALNUTRITION
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Mammals infected with bacterial, parasitic, or viral organisms ot
bearing tumors characteristically display a catabolic state which can, if
not resolved, advance to cachexia, shock and death [1, 2, 31. Although
commonly observed, the mechanism of this phenomenon has not been
understood. Recently we have identified [4] and isolated [5] a protein
hormone, cachectin, which we believe plays an important role in cachexia
and shock. Cachectin is produced by macrophages i response to endo-
toxin [6] and a number of other bacterial and protozoal products [71.

The released cachectin binds to specific high affinity receptors and
elicits 2 number of biological responses [5]. In the adipocyte, for
example, several anabolic enzymes, e.g., lipoprotein lipase, are sclectively
suppressed [8] because of an inhibition of mRNA production [9]. A
number of other cell types have been noted to have cachectin receptors;
however, the full range of biological activities evoked by this hormone
is still being determined. One of the more intriguing aspects of cachectin
is its pivotal role in the pathogenesis of endotoxin-induced shock [10].
During the course of the chemical characterization [117 of cachectin it
was realized that cachectin was identical to tumor necrosis factor (TNF),
a macrophage protein that kills tumor cells. This surprising finding has
added a new dimension to the biological activities associated with this
protein, In the current review we will examine the chemical and biological
properties of cachectin, its production and its role in cachexia and shock.
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Isolation of Cachectin

The clue that was needed to unravel the biochemistry of cachexia
emerged from studies of rabbits infected with the parasite, Trypanosoma
brucei [12]. 1t was noted that the animals had a minimal parasite burden,
but became moribund and exhibited an extreme hyperlipemia, notably a
marked elevation of plasma very low density lipoprotein (VLDL). The
hypertriglyceridemic state was remarkable in view of the severe wasting
diathesis that accompanied this infection. Analysis of this phenomenon
revealed a clearing defect of VLD caused by a loss of the peripheral
tissue enzyme, lipoprotein lipase. Subsequent studies revealed that en-
dotoxin injected into mice could also induce the loss of this enzyme and
elicit the formation of a plasma mediator that could suppress the enzyme
in endotoxin resistant mice {4]. The mediator was shown to be produced
by macrophages and macrophage cell lines (i.e.,, RAW 264.7) in response
to endotoxin or other bacterial and protozoal products [6]. The monokine
could also suppress the activity of LPL in the adipocyte cell line 3T3-1.1,
which formed the basis of the bioassay utilized during the isolation of
the mediator.

The mediator responsible for the LPL suppressing activity was isolat-
ed from the conditioned media of RAW 264.7 cells previously incubated
with endotoxin [5]. The purified protein had a molecular weight of
17 kilodalton and a pl of 4.7. Cachectin did not possess lymphocyte
activating factor (LAF) activity, and could not be displaced from its
receptor by interleukin-1 (IL-1) despite the similarity in molecular weight
and - isoelectric point exhibited by these two monokines. It came as a
surprise when it was observed that the N-terminal amino acid sequence
of mouse cachectin was strongly homologous to the reported sequence of
human TNEF and had complete TNF bioactivity [11]. Mouse TNF has
recently been cloned and sequenced [131, and an 809% direct homology
to human TNF was observed at the protein level [14]. The cloned mouse
TNF sequence was in complete agreement with the sequence recently
reported for mouse cachectin [15], confirming the identity of “cachec-
tin” and “TNF”. In addition to the homology noted in the translated
sequence of the message, a consensus sequence (TTATTTAT) is observed
[15] which is repeated several times in the 3’ untranslated region of both
the human TNF and the mouse cachectin, This consensus sequence is
also found in the same region of several other messengers for immuno-
proteins including human lymphotoxin, human and mouse granulocyte-
macrophage colony stimulating factor, human and mouse IL-1, human and
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rat fibronectin, and most of the sequenced human and mouse interferons.
There is no other homology between these various messengers and the
consensus sequence is rare among mammalian messengers in general, sug-
gesting that it may serve a specific regulatory function among messengers
encoding proteins related to the inflammatory response. Assignment of a
function to this sequence must await further studies.

The cachectin message encodes a protein that is much larger than
the final secreted hormone. The cleavage of the prohormone occurs in a
series of proteolytic cuts [16]. Tt is unclear, at present, whether any of
these cleavage products possess distinct biological activities,

Conditions and agents that stimulate and inhibit the production of cachectin

The addition of as little as 3 pg/ml of lipopolysacharide from E. col
to the media of macrophage cultures prompts the production of measur-
able quantities of cachectin {17]. On a weight basis endotoxin is the
most active inducer we have ever observed. However a number of other
materials will promote cachectin production. Preparations of C. parvum
and zymosan also elicit cachectin in a concentration dependent man-
ner [17]. Membrane fractions of T. brucei, causative agent of cattle
trypanosomiasis, and Plasmodium berghei, a mouse malaria, also elicit
macrophages to ptoduce cachectin {7]. The chemical nature of the
inducer in these membrane fractions is not known, but presumably acts
like endotoxin. Phorbol myristate acetate (PMA) and concanavalin A,
two agents well known to stimulate macrophages to release a number of
factors, are moderate elicitors of cachectin [17] but are weaker than
the natural materials listed above. 1t appears that the macrophage has
the ability to detect, by some unknown mechanism, the presence of in-
vading organisms.

Cycloheximide added to macrophage cultures prior to the addition of
endotoxin completely inhibits cachectin formation [17]. This is consisi-
ent with the observation that preformed cachectin is not present in the
macrophage ptior to the addition of endotoxin {8]. A series of agents
atilized in the treatment of shock have been evaluated for their ability
to interfere with cachectin formation [17]. The only compounds that
have any activity are glucocorticoids such as dexamethasone. As litte
as 107 M dexamethasone could suppress the induction of cachectin
production by macrophages in response to endotoxin as long as it was
added to the cells prior to the addition of endotoxin. When dexamethasone
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was added after the endotoxin was added, normal production of cachectin
ensued. The ability of glucocorticoids to inhibit cachectin may explain
their utility in the treatment of patients with endotoxin-induced shock
since cachectin appears to be a major mediator in the induction of shock.
The inability of glucocorticoids to prevent cachectin formation once the
cells are stimulated by endotoxin offers a potential explanation of the
clinical observation that steroids are only useful administered eatly in the
cousse of sepsis [18].

Biological activities associated with cachectin

The biological properties associated with cachectin are only beginning
to be catalogued. From the evidence available it appears to have a wide
range of activities at the cellular level as well as in the whole animal.
Cachectin produced by the macrophage rapidly appears in the blood of
the animal, and is borne throughout the body [19]. An example of the
time course of cachectin’s appearance following the injection of endotoxin
into rabbits is shown in Fig, 1. Within a few minutes after the injection
of endotoxin there is a significant rise in the amount of cachectin activity
in the blood. A peak of activity occurs at two hours, followed by a rapid
decline. It has been possible using radio-labelled material to estimate the
half-life of the released hormone to be between six and seven minutes in
mice. This value is similar to that measured for other hormones such as
insulin. Utilizing radio-labelled cachectin it has been possible to demonstrate
high affinity receptors on the membranes of a number of cells. For example,
adipocytes and muscle cells are estimated to have 10 receptors with a
binding constant of 3X10° [5]. Liver cell membranes are particularly
rich in receptors. Distribution studies of radio-labelled cachectin in mice
confirm the importance of the liver as a major target of cachectin, since
319% of the injected hormone homes there [19]. Surprisingly, the skin is
another major target for cachectin, Thirty per cent of the injected material
is associated with this tissue. Assessment of the biological significance
of this observation will have to await further experimentation. The kidney,
lung, and splecn are other organs from which significant amounts of
cachectin can be recovered.

The injection of purified cachectin into experimental animals has a
number of obvious effects. In the rabbit, for example, there is the rapid
induction of a brisk fever, Whether cachectin shares with TL-1 the ability
to induce fever, or whether it prompts the release of IL-1 needs further
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Iie. 1. Bioassay and receptor assay of cachectin/TNF production i »ive. Serum cachectin
bioactivity is plotted as a function of time after injection of 30 pg of E. coli LPS [19].

clarification. The most striking effect observed when mice are injected
is the onset of anorexia, lethargy and an unkempt appearance, characteristics
frequently observed in infected animals (see Fig. 2). In this case the
animals can be shown to be free of infection but exhibiting the biological
effects of cachectin [20]. Depending on the amount given, mice
frequently will develop diarthea as well. The administration of cachectin
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on a regular basis (twice daily) over several days to mice is associated
with anorexia and weight loss. If this regimen is continued, the animals
will develop a shock state and die. This lethal effect can be averted by
discontinuation of the cachectin injections. Following the cessation of
the injections the animals slowly begin to regain theit appetite and regain
the weight lost. It is not known at present how much of the weight
loss is due to the anorexia or the catabolic state. Studies of infected
animals have frequently estimated that each contributes about one half
to the weight lost [21]. Paired feeding experiments in the futute should
allow the determination of the role of both of these parameters.

As noted above, mice injected with cachectin eventually succumb to
shock, Further evidence has recently been obtained which implicates the
role of cachectin as 2 major mediator of shock [10]. In these experiments
an anti-cachectin antibody was given to mice prior to the injection of
endotoxin. Mice seceiving the antibody were significantly protected from

T, 2. Mouse on the left was injected with 4 daily doses of 10 pg of cachectin., The mouse
on the right received the same amount of heatinactivated material,
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the lethal effect of the endotoxin. In addition, it should be noted that
the endotoxin-resistant mice C3H/He] do not produce cachectin in
response to endotoxin [17]. The role of cachectin in shock will undoubt-
edly be investigated in detail in the future since many important questions
remain.

The adipocyte is the cell that has been most investigated at present
for its response to cachectin. Figure 3 presents a model explaining the
etfect of cachectin on the fat cell.  As noted above the adipocyte has a
number of receptors which, when triggered by cachectin, lead to a switch-
ing of the metabolism from an anabolic to a catabolic mode. By a
mechanism that is not understood at present the DNA encoding anabolic
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Fra. 3. Scheme of the effect of cachectin on adipocytes,
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proteins in adipocytes is not transcribed into mRNA [91. This is a
highly selective action since the transcription of other genes is not af-
fected by cachectin,  Within a few hours after the cessation of specific
mRNA biosynthesis the cellular activity of the encoded enzymes begins
to fall at a rate determined by the half life of each protein [8, 22].
Lipoprotein lipase, for example, falls to nearly zero activity within 5 houss.
The overall outcome for the adipocyte is an inability to produce fatty
acids from glucose and take up exogenous fats from the media. As a
result there is a net flux of fat out of the cell. Adipocytes treated con-
tinuously iz vitro with cachectin lose their accumulated fat over several
days and display an in vitro cachexia.

In the fat cell cachectin is acting as an insulin antagonist.  The
possibility that cachectin is interfering with the insulin receptor has
been examined [23]. Cachectin does not bind to the insulin receptor or
prevent the synthesis of the receptor. Figure 4 displays the cachectin-
induced loss of lipoprotein lipase activity with time while the number
of insulin receptors remains constant, In fact, the receptor can still
respond to insulin and transport increased glucose into the cell; however,
once inside the cell the glucose cannot be converted into fatty acids for
storage. The unused glucose diffuses back out of the cell. This situation
is analogous to that observed in Type II diabetes where an unknown
post-receptor defect is present. The occurrence of insulin resistance in
animels is a common metabolic defect. Further understanding of the
mechanism of action of cachectin should give new understanding of the
mechanisms of other hormones as well.

Recently cachectin has been shown to stimulate isolated human
synovial cells and dermal fibroblasts to produce collagenase and PGIL:
[24]. This is a biological activity that had pteviously been ascribed to
IL-1 alone, It is apparent that both monokines share an activity which is
believed to be responsibie for the destruction and remodeling of tissues
during inflammation. The released collagenase acts to disrupt the extracel-
lular collagen matrix £25] and PGE: stimulates the production of in-
tracellular proteases and triggers bone resorption by osteoclasts [26,
271. The role of cachectin and IL-1 in arthritic discases is an area that
will attract considerable attention in the future.

One of the most interesting biological activities associated with
cachectin is its ability to selectively kill tumor celis [28, 29]. By a yet
unknown mechanism a number of transformed cells ave selectively killed
in vitro and in wvivo. Presumably certain essential proteins are being
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F16. 4. Effect of cachectin on the insulinbinding capacity and lipoprotein lipase activity
of adipocyres. After the indicated periods of incubation, cell surface insulin-binding capacity (@)
and lipoprotein lipase activity (o) were determined [23].

sclectively turned off in the susceptible tumor cells by a mechanism
similar to that observed for the adipocytes. The nature of these proteins
is not known, but knowledge of them would be of obvious utility in the
design of new cancer chemotherapeutic agents. Considerable effort is now
being expended on this property because of its potential in the treatment
of human cancer. Clinical trials are currently under way to evaluate its
use in various cancets.

During the course of evolution mammals have evolved a complicated
series of reactions that are evoked when an animal is invaded by bacteria,
viruses, parasites or tumors. These responses are mediated by the im-
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mune system through a series of cytokines that can govern other somatic
tissues. At present we can only presume that these metabolic alterations
are advantageous to the invaded animal in its battle with the invader.
TL-1, for example, has the ability to activate lymphocytes and promote
the immune response [307. Cachectin does not share this property with
I1.-1 but presumably in the near future other properties wilt be identified
which offer to the infected individual an advantage for having cachectin,
Figure 5 outlines a scheme of the effect of cachectin in animals. If the
immune system is successful in defeating the invader, the animal con-
valesces. However, if the infection is overwhelming, the animal succumbs
to shock. Chronic infections not resolved by the immune system lead to
cachexia and death.

Cachectin

infectious
or malignant
Drocess resolution

chronic acute
unresolved unresclved
/
shock
CACHEXIA > DEATH

Fra. 5. Schematic representation of the role of cachectin in invaded animals.
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There are several properties of cachectin, which are very puzzling.
It is difficult to understand why anorexia should be such a pronounced
effect of cachectin production, or how shock and death would be advan-
tageous to the individual. One possible explanation is that the infected
animal is given every chance to combat the invader, utilizing conventional
immune mechanisms. Flowever, if the individual fails to desiroy the
pathogen, his death conld offer an advantage to the population, reducing
the probahility of spreading the pathogen to others. Tvidence to support
these speculations will have to await further experimental findings.

Although it is difficult at present to define positive actions of
cachectin, it is possible to understand the negative effects it has. Foremost
among these is its ability to cause cachexia in infected individuals, As
noted above, this wasting reflects both the anorexia and catabolism
induced by cachectin. It thus becomes possible to understand in molecular
terms why individuals who undergo frequent bouts of infection display
a state of malnutrition and stunted growth. This phenomenon is par-
ticularly pronounced in children who are susceptible to recurrent episodes
of diarrhea, respiratory infections and other discases, During the course
of the disease they remain anorectic and catabolic, whether or not an
adequate diet is available. Only after the infective episode is over can
they convalesce, start eating again, and begin to rebuild the stores that
were depleted during the sickness.

The importance of this biological response should be apparent to
policy makers. Not only must they be concerned with increasing the
quantity and quality of available food but they must also reduce the
number of infectious diseases that afflict the population. If diseases are
not also reduced the population will be malnourished, not because of a
lack of food, but as a consequence of various infectious diseases. The
specific disease entity responsible for this will vary from region to region.
In some cases, multiple pathogens may be involved. The reduction of
infectious diseases in the Third World should significantly reduce the
impact of malnutrition.
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InTRODUCTION

Infectious, traumatic and immunologic challenges to the host are
met within hours by stereotyped alterations in immune {1], metabolic
[2], neural and endocrine [3, 4] function, Many of these “acute phase”
responses are mediated by a family of polypeptides, known collectively
as interleukin 1 (IL-1). This review 1) briefly summarizes the basic
features of T1-1 and the acute phase response (for extensive bibliography,
please refer to references 1,3 and 4), 2) presents the limited information
known regarding 1L-1 in parasitic disease and 3) describes the metabolic
alterations mediated by IL-1 which occur during infection and which
complicate the evaluation of nutritional status.

INTERLEUKIN-1T AND THRE ACUTE PIIASE RESPONSE

Molecular biology of IL-1

Precise information regarding the physical characteristics of the IL-1
molecules has recently emerged through the cloning of ¢DNAs for human
monocyte-derived |57 and murine macrophage-derived [67] IL-1. At least
two human forms of IL-1 exist with diffetent isoelectric points (pI 7 and
pl 5) and less than 26% homology of amino acid sequence [7]. The
¢DNA for the predominant form {(pl 7) encodes a 33 kD precursor
molecule.  This precursor undergoes post-translational cleavage yielding
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the 17 kd molecule which has been found in most biological conditions.
Since the ¢cDNA for IL-1 does not contain a signal or cleavage peptide
sequence, the mechanisms leading to secretion of the molecule are not
well understood at this time.

Phagocytic mononuclear cells are a primary source of IL-1, but other
cells including B cells, large granular lymphocytes, keratinocytes, gingival
and corneal epithelial cells, brain astrocytes and microglia and synovial
cells produce TL-1 as well. A wide variety of microorganisms and
microbial prodacts can induce 1L-1 production, although gram-negative
bacteria and endotoxin have been most extensively studied. A broad
spectrum of endogenous agents (bile salts, inflammatory steroids, C5A,
antigens) as well as environmental agents (lectins, silica, ultraviolet
radiation} also induce IL-1. Phagocytosis of particulate inducers is not
necessary for 11-1 production; contact with the exterior of the producer
cell is sufficient.

Since significant TL-1 activity required hours to appear in the super-
natants of activated cell cultures and this appearance was blocked with
inhibitors of protein synthesis, it was concluded that de move protein
synthesis was required for secretion. Significant quantities of IL-1 have
since been found tightly bound to epidermal and monocytic tumor cell
membranes which is consistent with the lack of a signal peptide indicated
by the ¢cDNA coding. This suggests that membrane-bound IL-1 may
serve an autocrine function in the immediate vicinity of a localized
infection.

Effects of IL-1 on the host

The most obvious of the acute phase responses is fever. J1.-1 mediates
fever via synthesis of prostaglandin F: {PGE:} in the hypothalamus leading
to regulation of body temperature at a higher set point. Modetate fever,
especially in conjunction with lowered plasma iron concentrations is micro-
bicidal for a number of pathogens. The depression of plasma iron (and
zinc) is brought about by IL-I-mediated acceleration of metal transport
into the liver and synthesis of metalloproteins within hepatocytes.

In addition to hypothalamic tissue, IL-1 stimulates PGE: production
in cerebral cortex, dermal and synovial fibroblasts, chondrocytes, skeletal
muscle, monocytes and macrophages. Elevated PGE: concentrations will
inhibit IL-1 production iz vitro suggesting a mechanism for negative
feedback control of IL-1,
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IL-1 acts through the central nervous system to induce, along with
fever, slow wave sleep and neuroendocrine mechanisms which stimulate
hepatic synthesis of acute phase plasma proteins. Systemic effects of
IL-1 include anorexia, release and activation of neutrophils and procoagu-
lant activity. Acute phase protein synthesis and trace metal alterations
are also mediated at the systemic level. The acute phase proteins are
thought to modulate inflammatory processes and aid in wound repair.

Localized actions of IL-1 include chemotaxis of leukocytes at sites
of infection. Skeletal remodelling is mediated by IL-1 through bone
resorption, cartilage breakdown, increased chondrocyte protease and sy-
novial collagenase production and increased fibroblast proliferation. IL-1
promotes growth of new interstitial or support tissue in soft organs;
glial, mesangial and endothelial cells, for example.

A major role of IL-1 during infection is modulation of the immune
system. 1L-1 augments the proliferative response of T cells to antigenic
and mitogenic stimuli.  This “lymphocyte activation” fs accomplished
through increased production of 11-2, which is the actual growth factor
for clonal expansion of helper, suppressor and cytolytic T cells, IL-1 also
induces expression of IL-2 receptors on the T cells, Humoral immune
tesponses are augmented by IL-1 as well through increased B cell prolifer-
ation and antibody production, Natural killer cell activity is enhanced
by a synergistic influence of IL-1 with interferon and by the ability of
IL-1 to promote interferon production.

INTERLEUKIN-1 IN PARASITIC DISLASE

Successful occupation of the host by a parasite requires evasion of
host defense mechanisms, Several protozoa and bacilli are capable of
invading and multiplying within macrophages without stimulating IL-1
production. Once in residence, these parasites can influence the macro-
phage response to subsequent bacterial or endotoxin challenge. On the
other hand,. some extracellular parasites, such as Borrelia, are exceedingly
potent inducers of IL-1 secretion and the pathology of these infections
can be explained in the context of excessive acute phase responses.

Inhibited IL-1 secretion

Leishiania tropica and Schistosoma mansoni ate examples of parasites
which stimulate little TL-1 secretion themselves and inhibit IL-1 release
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in response to bacteria or endotoxin, Tluman peripheral blood mono-
nuclear cells (IIMNCQC) infected in vitro with L. tropica failed to elaborate
TL-1 activity (measured by both lymphocyte activation and fever produc-
tion} into the supernatants [8]. When these infected cells were further
challenged with Staphylococcus epidermidis, 1L-1 production was signifi-
cantly reduced, compared to the response of uninfected cells to the bacterial
stimulus.  The inhibitory effects of Leishmania on monocytes may be
selective since the oxidative response to L. domovani remains intact [9].

Egg granulomas from the livers of Schistosoma mansoni-infected
mice likewise secreted little TL-1 into supernatants in vitro, either spon-
tancously, or in response to Salmonella enteritidis endotoxin [10]. Perito-
neal macrophages taken from these infected mice {not in the vicinity of
the granulomas) produced IL-1 spontaneously and in response to endo-
toxin. This type of schistosomiasis often canses hepatic fibrosis leading to
morbidity and death. While several of the acute phase effects of IL-1
premote  fibrosis, other fibroblast stimulatory factors from granuloma
macrophages and from the schistosomal eggs themselves seem to play
a more dominant role in this disease,

Parasites as adjuvants for IL-1 production

The hemoprotozoa Babesia microti, Plasmodium vinckii petteri [11]
and the macrophage patasite Mycobacterium lepramurium [12] do not
elevate serum IL-1 activity in infected mice. However, unlike Leishmania
and Schistosoma, these parasites render the host’s macrophages hyper-
responsive to subsequent challenge with Escherichia coli or Salmonella
typhi endotoxin.  The marked anorexia, fever, myalgia and arthralgia
often associated with Babesia may in fact be precipitated by a secondary
bacterial infection. In spite of the potential for high IL-1 production,
human leprosy M. leprac is characterized by severe reduction of cell-
mediated immunity. Rather than a deficit in IL-1 production, however,
the reduced cellular immunity may be due to impaired IL-2 production
and utilization [137], possibly caused by a glycolipid released by M. le-
prae [14]. Bone resorption observed in leprosy may stem from exag-
gerated IL-1 production due to a secondary infection.

Intact IL-1 response to parasitic infection

Not all parasites manage to avoid stimulating macrophage production
of TL-1. Adherent spleen and peritoneal cells from mice infected with
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Plasmodium yoelii yield significant amounts of IL-1 spontaneously or in
response to endotoxin, A more lethal form of malaria, P. berghei,
stimulated somewhat less I1-1 iz vitro. In spite of clevated IL-1 produc-
tion, cellular and humoral immune responses are impaired in malarial
infections. Diminished IL-2 production by lymphocytes and increased
production of a T cell-dependent 11-2 inhibitor have been implicated in
this diminished immune capacity [15]. A similar scenario of normal
1.1 production, but inhibited I1-2 production, has been reported for
mice infected with Trypanosoma cruzi [16].

Alveolar macrophages taken from rats infected with Nippostromgylus
brasiliensis were competent producers of 1L-1, both spontancously and
following endotoxin stimulation [17]. These cells also exhibited augment-
ed phagoeytosis indices, lysosomal enzyme release and even intracellular
concentrations of the acute phase protein alphaprotease inhibitor (alPi)
[187. Hepatocytes taken from mice infected with this nematode exhibited
increased synthesis of alPi as well as other acute phase proieins: com-
nlement €3, serum amyloid A and amyloid P [19].

Borrelia hermsii and spirochetes associated with Lyme disease are
potent inducers of 1E-1 production by HMNC in vitro [20, 211. In fact,
the large guantities of TL-1 induced by the Lyme discase spirochete have
been implicated in the pathogenesis of arthritis observed in these patients.

METABOLIC AND NUTRITIONAL ALTERATIONS BY [NTERLEUKIN-1

Energy metabolism

Energy metabolism during infection resembles the starvation-
adapted state: both are catabolic conditions in which peripheral nutrient
stores are mobilized and then converted by the liver to usable energy
substrates {sce reference 2 for extensive review). The specific tissue
mohilized in each case and the substrates produced are markedly different,
however. In advanced stages of starvation, some alanine and lactate
from skeletal muscle contribute to hepatic gluconeogenesis, but the primary
supply of carbon for gluconeogenesis comes from glycerol released from
adipocytes. Furthermore, free fatty acids released by adipocytes are
processed into ketone bodies by the liver. The ketones then become the
major energy substrate for muscle and the central nervous system.

In contrast, infected patients exhibit variable changes in fat mobiliza-
tion, but a profound ocutpouring of amino acids and lactate from skeletal
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muscle, Hepatic gluconeogenesis is high during infection, but ketogenests
is virtually absent. Several of these differences in metabolism can be
attributed to the direct action of 1L-1 on cellular mechanisms during in-
fection. Other differences are related to hormonal variations, chiefly
insulin, but probably catecholamines, glucocorticoids, growth hormone and
TSH as well. Plasma glucagon concentrations are high in both starvation
and infection,

IL-1 appears to be a major cause of muscle proteolysis via increased
PGEz production [22].  Proteolysis is augmented further at febrile
temperature, The free amino acids released by skeletal muscle are taken
up by hepatocytes via IL.1.accelerated transport mechanisms [23]. Some
of these amino acids are incorporated into acute phase proteins, while
much of the alanine and glutamine is deaminated, driving hepatic gluco-
neogenesis and urea production. The urea lost in the urine leads to a
negative nitrogen balance.

While skeletal muscle responds to infection with substantial cata-
bolism, the response of adipose tissue is more variable. This is probably
due to mixed signals. On one hand, plasma insulin is elevated which
inhibits lipolysis. On the other hand, IL-1 or other macrophage factors
inhibit key enzymes in fat synthesis: lipoprotein lipase [241, acetyl-CoA
carboxylase and fatty acid synthetase [23].

Although fat synthesis mechanisms appear to be quiescent in adipose
cells, they are clearly active in hepatocytes. Tree fatty acid incorporation
into triglycerides accelerates to the point that lipid droplets accumulate
within the liver cells. The reason acetyl-CoA is preferentially channelled
into triglycerides rather than ketones is not known, although elevated
insulin levels are probably an important factor. Ketone synthesis by
streptozotocin-induced diabetic rats can be effectively suppressed by
injection of exogenous insulin [26]. However, challenging these rats,
which are incapable of endogenous insulin secretion, with viable Szrezo-
coccus preumoniae vesulted in a partial suppression of ketogenesis. This
implies that some other factor in addition to insulin is contributing to
suppression of ketogenesis.

There is evidence that macrophages produce both a factor with
insulin-like activity and a factor which induces insulin secretion by
pancreatic islets. Crude leukocyte supernatants injected into rats elevated
both insulin and glucagon in the plasma [271. Furthermore, plasma
taken from rats infected with endotoxin exhibited an increase in im-
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munoreactive insulin activity and a macrophage derived insulin-like activity
which was not neutralized by antiserum to insulin [28]. Whether either
of these factors is TL-1 has not been established.

Other hormones unquestionably contribute to the metabolic responses
to infecdon. Infusion of a hormone “cocktail” consisting of epinephrine,
glucagon and cortisol into healthy human subjects induced several metabolic
changes similar to those observed during infection [29]. Furthermore,
111 may influence hormonal secretion. Endotoxin causes a rise in growth
hormone concentrations in the blood {30)]. Pharmacological manipula-
tion of PGE, concentrations in the hypothalamus of rats caused parallel
changes in growth hormone and TSH secretion [317.

The foregoing discussion implies that IL-1 explicitly directs the
metabolic response to infection. However, it must be pointed out that
experimental inflammatory responses induced in human subjects with
etiocholanolone were associated with increased plasma IL-1 activity, but
these increases did not correlate with metabolic or acute phase responses
[327. The biological actions of IL-1 are undoubtedly modified by other
hotmones [33] and by specific inhibitors [34].

Nuiritional Status

Chronic dietary protein deficiency reduces the capacity of blood
monocytes to produce TL-1, thus diet effects host defense. TL-1, in tum,
causes anorexia and alters plasma nutrient concengrations, thus host
defense affects diet and nutrition. These interdependencies may warrant
consideration when developing health policies aimed at populations suf-
fering both chronic malnutrition and parasitic infection.

Blood monocytes obtained from either protein malnourished rabbits
351 or humans [36] exhibited depressed IL-1 production relative to
protein-replete controls,  Protein supplementation of the diet of the
human subjects restored the ability of the cells to produce IL-1; sup-
plementing the incubation media of the rabbit cells with amino acids did
not correct the deficit in 1L-1 production [37]. Therefore, the protein
deficiency appears to affect the synthetic mechanisms of the cells and is
not merely a lack of readily available amino acids.

The impact of a reduced IL-1 response in protein malnutrition is
not clear. Serum from children with kwashiorkor did not effectively
support lymphocyte activation iz vitro, but the lymphocytes from these
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children functioned normally when incubated with normal serum [38]. In
addition, these children exhibited elevated antibody titers. In exper-
imental infections with laboratory animals, one study demonstrated
reduced acquired resistance to N, brasiliensis in protein deficient rats [39],
but others have not observed impaired immune responses to Brucella
abortus or Lysteria monocylogenes [40].

Infection often results in a loss of appetite. I1-1 can induce anorexia
after systemic injection, but central administration of IL-1 falled to elicit
anorexia, although the rats did respond with fever [41]. If mediated
by 1.1, does anorexia represent another host defense mechanism?

Interruption of food intake may be advantageous during infections
which involve vomiting, malabsorption or diarthea since in these condi-
tions, nutrients will not be absorbed if eaten and instead merely contribute
to the loss of fluids and electrolytes [42]. Beyond these digestive con-
sidesations, howeves, these is evidence that a reduced energy intake
actually improves resistance to infection. Mice infected with L. mono-
cytogenes were forcedfed by gastric intubation to the caloric intake of
noninfected mice while others were alowed to become anorexic [43].
Mortality increased and survival time shortened in the force-fed animals,
Furthermore, refeeding famine victims in Africa resulted in sudden oui-
brealks of malaria, brucellesis and tuberculosis [447.

The mechanisms underlying this relationship berween food consump-
tion and resistance are not well understood. One dietary factor which
probably contributes to these results is iron. Iron is an essential nutrient
for the growth of a host of pathogens [45]. The virulence of many
infections seems to depend upen whether the infecting organism is suc-
cessful in extracting iron from its surroundings. An appreciation of the
role of iron and other nutrients in the host-parasite relationship and host
defense may lead to improved diets for famine relief distribution which
promote nutritional recovery without compromising host defense
mechanisms.
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Introduction

This paper discusses the possible applications of nuclear magnetic
resonance (NMR) to the study of host-parasite biology, in particular, the
details of the metabolic pathways. In addition, the development of
NMR imaging techniques which can determine the distribution of water
and lipids in the body of animals and humans may also provide information
concerning organ distribution of infection or other systemic responses
in the host.

NMR is a physical technique which has been in use for 40 years in
physics and chemistry to probe the molecular and electronic structure of
molecules, Its greatest strength lies in its ability to determine the details
of the chemical structure surrounding a particular nucleus. A detailed
exposition of the physical principles behind NMR is out of place in this
review; however, a brief summary of the basis of the technique will
provide an underlying structure for the following discussion.

A sample under study is placed in a very homogeneous magnetic field
which serves to polarize the nuclei in the sample, thus magnetizing the
specimen. This magnetization can then be excited by means of an ap-
propriate radio frequency magnetic field generated by a coil which
surrounds the sample. Following egcitation the magnetization spon-
taneously relaxes to its equilibrium value re-radiating the absorbed radio-
frequency power. By measuring the precise frequency of this re-radiated
power, the chemical structure of the molecules containing the nuclei under
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study can be determined. It is this ability to determine chemical structure
in solution which has made NMR such a powerful tool to the chemist
and biologist.

Recently it has been realized that NMR measurements can provide
considerable information about in vive systems as well as in vitro solutions.
Work using the phosphorous nucleus, *P, has aided in the study of bio-
energetics and its control mechanisms in numerous iz vivo systems ranging
from E. coli to man by observing the intracellular levels of ATP and
other high encrgy phosphates. In addition to studying energetics and its
control, the use of “C enriched materials enables details of the metabolic
pathways in these organisms to be determined [1-3].

More recently still, it has become possible to develop anatomical
images from the protons in animals and man. These images reflect not
only the distribution of protons but also the details of their relaxation
behavior and their division between aqueous and lipid environments. In
fact, the images are of such quality that serious competition with other
clinical imaging modalities has emerged, both because of the increased
safety of NMR imaging as well as the increased biological information
available from the signals. Sce [4] for further review.

Metabolic Studies

These studies can measute the levels of many internal metabolites,
particularly the high energy phosphates, intracellular pH, and the catabolic
distribution of products of ®C labeled metabolites. In the various studies
consideted in this review, the levels of high energy phosphates, such as
ATP, are generally taken to indicate the overall metabolic energy supply
of the specimen. Either it is well supplied with energy and thus in a
relatively healthy state or it is not and thus presumably in a relatively
diseased or dying state. Although this is generally borne out by experience,
occasionally a tissue is found to have extremely low levels of ATP from
which, upon renewal of perfusion, it can recover. Intracellular pH is
obviously an important parameter, patticularly in a process such as phago-
cytosis. Although little is known regarding the internal pH of parasites
during growth, in view of the importance of pH to cell division in other
systems [51, the knowledge of the pH during this period might prove
to be important.

Various experimental systems can be studied with these techniques
[1-3]. Typical studies on whole organisms are done by means of surface
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coils which localize the radiofrequency excitation and detection of the
NMR signals to specific organs. The difficulty with these techniques is
that the organs must be relatively near the sutface for accessibility., For
example, liver is a prime candidate for study by these techniques but
brain, at least in animals, can be much more difficult because of the
rather thick overlaying muscle in many cases. Muscle studies are
straightforward.

Because of the high cost of NMR equipment, it seems unlikely that
it will have substantial clinical use in relation to parasitic diseases. More
likely uses will be in research, increasing our understanding of the
metabolism of the parasite, the response of the host to the parasite
(systemic and local) as well as to anti-parasitc drugs. We will now
examine ecach of these possibilities.

Parasite Metabolism

An increased understanding of the differences in metabolism between
parasite and host may lead to the design and discovery of new anti-parasite
agents capable of destroying the parasite while having minimal cffects on
the host. Because of the complex life cycles of many of the impostant
parasites (Plasmodium, Leishmania, Trypanasoma, Schistosoma) many of
the details of their metabolism are unknown, particularly if they have
an intracelular form, making it difficult to untangle host from parasite
metabolism.  In view of the considerable morphological and environ-
mental changes that occur one might ask whether the metabolic details
stay the same as a free-living organism changes into an intracellular one.
Preliminary studies of metabolism of various parasites using both “C and
¥P have been done, although no attempt has yet been made to separate
host from parasite metabolism or to compare the metabolism of parasites
at different stages in their life cycle [6-127.

Such distinctions should be useful in the case of parasites which
infect the macrophages of the immune system thus evading the normal
immune responses of the host. How can the metabolism of parasites
which live intracellularly be distinguished from the normal host intra-
cellular metabolism? The intracellulas pI and intraparasitic pF should
be distinguishable since NMR can observe intracellular compartments
which are at different pH’s. Another interesting possibiilty is the applica-
tion of spin echo techniques to distinguish intracellular constituents from
parasitic constituents in the manner analagous to that used for distinguish-
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ing erythrocyte contents from external contents by means of spin
echos [15].

Another area of fruitful investigation is likely to be systemic
alterations in the host metabolism due to parasite burden. A particularly
interesting one is the effect of cachectin on the behavior of adipose
tissue, its mode of action and its normal as well as abnormal physiological
role [16, 17].  Since the functional consequences of cachectin are
alterations in energy metabolism, NMR should be particularly useful in
this case. In addition, the investigation of responses of tissue culture
to the addition of cachectin provides one with a well controlled system
in which the cellular responses, as opposed to those of the whole or-
ganism, can be determined. ATP levels, other indicators of encrgy
metabolism and switches in metabolic pathways could be easily followed
as conditions are varied. For example, how does the metabolism of an
adipocyte change upon exposure to cachectin? Are the metabolic pathways
the same but just the levels of enzymes different or are whole new
pathways developed? Do the responses depend on pH or other extracel-
lular conditions?

A more speculative possibility in the area of systemic responses is
the development of methods to quantirate the state of malnutrition. The
conceptual basis here is to use stimulus/response comparisons where the
stimulus is a mild stress on the organism or individual organ involved and
the response is the levels of high energy phosphates or other metabolites
measured non-invasively by NMR. It seems reasonable that such measute-
ments would correlate with the overall level of health of the organism
so that a mild stimulus would produce a mild response in a healthy
organism whereas in a malnourished organism it would produce a much
larger response since that organism is unable to operate as efficiently.

Phagocytosis, normally employed by organisms as a defense
mechanism, is defeated by many parasites. This seems an area that would
be particularly fruitful for study by NMR because the processes involved
in the destruction of phagocytized intruders usually involve acidic pH’s
and other environmental extremes within the internalized vesicles. Such
extreme conditions should make the internal space of the vesicles visible
to NMR. Numerous questions could be examined. For example, is the
reason certain parasites are not damaged by phagocytosis because they
modify the internal environment of the vesicle or are they themselves
resistive to the acidic pH? Is there a common process by which different
-organisms defeat this mode of defense or is there a multiplicity of pro-
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cesses? To answer such questions would require the development of
fairly sophisticated model systems in which the process of phagocytosis
can be stimulated repeatedly in a controlled manner. The possible in-
crease in understanding how this normal defense mechanism is defeated
seems to be worth the necessary effort.

Another natural question to examine is the relative effectiveness
and mode of action of anti-parasite drugs. A small amount of preliminary
work in this area has been done on some of the anti-malaria drugs and
their effect upon glycolizing infected red cells [9, 18], Experiments of
this sort are straightforward where model systems using tissue culture
have been developed. Tt is more complicated to carry out these studies
of drug effectiveness by metabolic response in whole organisms because
of the increased difficulty of separating out the parasite response from
the host response. Differential organ sensitivity to both drugs and
parasites suggests a careful series of surface coil studies might p10v1de
useful information about differential organ responses.

Tnmeaging

It is now possible to obtain high quality images of animals such as
mice with resolutions less than 50 microns [19]. The ability to follow
parasitic infection sequentially in a series of animals at such scale may
provide new insights into the mode of distribution of the parasite
throughout the host. Such information may be of clinical utility in cases
of schistosomosis, with schistosomes in their adult stage in the bile ducts
or in the bladder. A most interesting question to answer would be
whether the different life stages of parasites can be detected by any
changes in the NMR imaging signals due to the very different morphology
and internal structure of the parasites as they go through their live cycle.
Such a question is impossible to answer theoretically because our limited
ability to predict changes in contrast in NMR images is limited even when
we know more concerning the possible biological changes.

In summary, a wide variety of possible NMR applications exists for
the study of parasitic diseases. Such applications will probably require
collaboration between those working with parasites and those working
with NMR because of the complexity of both the techniques as well as
the questions under investigation. In view of the importance of parasites
as a public health question, such collaberations would seem to be worth
fostering in spite of the somewhat speculative nature of some of the
experiments proposed.
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PROTEIN-ENERGY MALNUTRITION
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PO, Box 378, Madang, Papua New Guinea

Abstract

The interaction between nutrition and malaria is illustrated by
reference to protein-emergy malnutrition and iron deficiency. In the
short term, episodes of malaria have negative effects on the growth of
young children. There is little evidence regarding the long-term effects
and it is likely that infant feeding practices will have an important
influence on the outcome. The effect of protein-energy malnutrition on
malatia is unclear.

Although malaria causes hyperferraemia it is frequently associated
with iron deficiency. There is evidence from studies in both animals and
man that iron deficiency protects against malaria. However, most studies
in humans are beset by design problems and there is an urgent need for
controlled trials to assess the public health significance of the effect of
iton deficiency on malaria.

Introduction

The asexual blood stages of malaria are obligate inttacellular parasites
which multiply within the host and this has a wide range of implications

* This presentation is based, with only minor medifications, on a paper entitled
« Protein-energy malnutrition, iron status and malada » in the Papua New Guinea Medical

Journal, in press.
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for both the host and the parasite. On the one hand, the parasite
requires an environment which supplies the nutrients required for
maintenance and growth whilst, at the same time, avoiding host defence
mechanisms.  Intracellular localisation not only allows the parasite to
evade potent host immune mechanisms, it also provides an environment
rich in essential nutrients. On the other hand, the host must mount a
response which, at least, modulates the virulence of the organism. If #
does not the parasite will continue to multiply and, eventually, cause the
death of the host. It might be expected then that the nuerition of the
parasite will be affected by the nutritional status of the host and that,
in common with many other infectious discases, the parasite will affect
the nutritional status of the host,

In this paper the interaction between malaria and nutrition is il-
lustrated by reference to the two most common nutrition problems in
arcas where malaria is endemic —— protein-energy malnutrition and iron
deficiency.

Protein-Energy Malnutrition (PEM)

PEM is a broad term which refers to a general, usually chronic,
deficit in protein and/or energy which, in children, results in growth
retardation, the proximate causes of which are generally agreed to include
low birth weight, a deficient intake of energy and protein and repeated
episodes of infectious discase. The importance of each of these factors
will vary depending on the specific situation. The general outcome,
however, will be growth retardation.

(a} The effect of malaria on growth. Malatia could, conceivably,
effect growth through cach of the paths described above.

(1) Birth weight is an impostant determinant of postnatal growth [1]
and the effect of malaria during pregnancy on birth weight has been
investigated in a number of studies. The most complete and convincing
study is that of McGregor et af,, [2] who investigated the effect of
placental malaria on birth weight in more than 6000 births in the
Gambia. Confirming the findings of previous studies, they showed that
pregnant women were more likely to have parasites in the placental, than
in the peripheral, blood and that malarious placentae were more frequent
in primiparous than multiparous women. Dense placental infections were
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also more frequent in primiparae. The relationship found between malaria
infected placentac and low birth weight, however, was not as strong as
reported previously. Mean singleton birth weight was depressed by 170
g in the presence of malaria but the difference was only significant for
primiparae. Further, the expected inverse relationship between increasing
density of parasites and birth weight was not found.

(ii) Postnatal growth. Studies of the effect of malaria on growth
tall into two broad categories. In the fisst, the effect of individual episodes
of illness on weight gain during the period (e.g., month) in which the
ilness occurred or the period immediately following the illness has been
estimated. In the second broad category of studies the net effect of malaria
on growth over a much longer period of time {e.g., 1 to 2 years) has been
estimated in the context of an intervention program such as chemopto-
phylaxis against malaria or other malaria control measures.

Examples of studies in the first category are those of Marsden [3]
and Rowland es al. [4]. Marsden, working in the Gambia identified
periods of growth faltering (a check in weight gain) and then determined
the extent to which this faltering was preceded by episodes of illness.
Approximately 709 of the periods of growth faltering were associated
with periods of clinical illness which appeared to contribute to the check
in weight gain. Diarrhoea and malasia were the most frequently as-
soclated conditions.

Rowland ez af. [4], again in the Gambia, studied children in the
first 3 years of life. Regression analysis was used to determine the effect
of episodes of various illnesses on weight and height gain in the month
in which the illness occurred. Gastroenteritis was the only disease to have
a significant (negative) effect on monthly height gain. THowever, both
gastroenteritis and malaria had significant negative effects on monthly
weight gain.

Whilst this study provides evidence for an effect of a clinically
significant episode on growth in the short term its results are not
particulatly surprising. That episodes of febrile illness depress food intake
is a commonplace observation within the personal experience of everyone.
Pyrexia increases cnergy metabolism and leads to negative nitrogen
balance. These events, if of sufficient magnitude, will lead to weight and
a decrease in the velocity of linear growth. The more important question
is whether the capacity for catch-up growth is subsequently realised.
That is, what is the net effect of malaria on growth over a much longer
pericd of time, say the first two to three years of life?
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A number of studies have attempted to assess the effect of malaria
on growth in the longer term. Jelliffe and Onwuamere [5] studied mean
weekly weight in 26 children for 3 2-monthly periods representing the
time before, during and after chemoprophylaxis against malaria. The
authors of this poorly analysed study, in which no account was taken of
the normal decrease in growth velocity with age, concluded that malaria
appeared to interfere only slightly with growth.

A much more rigorous study of the effect of malaria on growth in
young children is that of McGregor [6] in which 2 groups of 26 newborns
were enrolled in a 3-year prospective study. One group was given weekly
chloroquine and the other a placebo. Unprotected children, once infected,
initially gained weight more slowly. However, this retardation was not
permanent. They subsequently gained ground and by 36 months were
just as heavy as the protected group. At no time was the difference
in weight between the two groups significant. However, only 1 of the
children in the protected group died compared to 5 in the unprotected
group. Whilst there was no significant difference in weight between the
two groups at 3 years of age there was a significant difference in height.
The mean height of the protected children was more than 3 cm greater
than that of the unprotected group. Although this latter finding is
seldom commented upon it is quite remarkable that the difference was
significant, given the relatively small numbers in each group. Given the
short-term instability of weight, height would seem to be a better
indicator of the long-term cffect of malaria on growth.

Two other studies have assessed the effect of malaria control
measures on growth., Unfortunately both have serious design flaws.
Draper and Draper [7] calculated mean monthly weight increments from
mixed longitudinal data before and after the reduction of malaria trans-
mission by use of a residual insecticide. Although spraying resulted in a
dramatic decrease in parasite rates, and a 2 gm/dl increase in mean
haemoglobin, there was no significant impact on growth rates. Inferences
from this study are limited by the absence of a control group which
would have enabled evaluation of secular trends.

Molineaux and Gramiccia [8] compared the nutritional status of
people in villages where malaria control measures of differing intensities
were employed.  Anthropometric surveys wete conducted during and
after, but not before, intervention. The authors reported nutritional
status was slightly hetter in the more protected villages with differences
disappearing in the post-intesvention phase. Insufficient data were present-
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ed in the report of this study to evaluate the conclusions drawn concerning
nutritional status.

Thus, the evidence from longer-term studies for the effect of malaria
on growth is equivocal, to say the least. Most suffer from design problems
together with the difficulties of carrying out long-term studies. In the
one well-designed study, that of McGregor [6] there was a negative ef-
fect on height but not weight. However, short-term studies of the cffect
of individual episodes indicate the reverse — a negative effect of malaria
on weight but not on height. Part of this apparent conflict can be ex-
plained by the greater shori-term variability in weight than in height. But
clearly, should catchup growth after cach episode be complete, it is
possible for there to be a negative short-term effect and no effect in the
long-term. One of the most important factors determining the net long-
term effect then, is the extent to which catch-up growth occurs.

Under favourable conditions the rate of growth following a period
of illness can be very high. Whitehead [9] indicates that although the
normal growth rate of a 7 kg child is aproximately 10 g/day, the rate
may be up to 7 times this value in a nutrition rchabilitation centre, and
has caleulated the energy and protein intakes, and the corresponding
protein-energy ratios, nccessary to sustain these rates of growth. A
summary of Whitehead’s calculations is shown in Table 1.

Calloway [10] used the results of a number of studies of morbidity
(including malaria) and growth to estimate the extent to which energy
intake would have to be increased, on days when the child was well, to

Tasre 1 - Theoretical proiein and energy requirements and protein energy
ratios for different rates of growth during recovery jrom protein-
energy malnutrition (adapted from Whitehead [9]).%

Value by rate of growth

Requirement {g/day)

10 30 50 70
Total Energy (kJ/kg body weight/day) 472 514 556 97
Protein {g/lg/day) ¥ 1.90 2.56 3.23 3.96

Protein-Energy ratio (%) 6.7 8.6 9.7 11.1

* Caleulations based on a child weighing 7 kg.
T Includes an allowance for individual variation.
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restore the deficit in weight gain. In the worst case, energy intake on
healthy days would have to be increased by 16% to meet normal average
intakes across the full period. In most cases the increasc was much less.
Whitehead’s results indicate that the proportion of energy provided by
protein (protein-energy %) must also increase during this time. Calloway
raises the question of why these increases do not occur even though the
increment may be quite small.

Tt would seem that the answer to this question may also throw some
light on why malaria may have a net negative effect in some situations
and no effect at all in others. The cultural context in which the disease
occurs is likely to be an important explanatory variable. The cultural
context will influence not only the actual foods produced and considered
food, it will also influence who receives food and when, as well as the
availability of food during an iliness episode.

In general, the effects of malaria on growth will be expected to vary
according to the cultural context. Tn ateas where there are low rates of
maternal malnutrition and relasively carly introduction of solids with a
reasonable protein and fat content the effect of malaria on growth will
be less than in areas with high rates of maternal malnutrition and late
introduction of solids with low concentrations of energy and protein.

(b) The effects of protein-encrgy maluutrition on malaria. The effects
of PEM on malaria, particularly in humans, are unclear. On the one hand
there are studies which show an antagonistic relationship. Probably the
most often quoted is that by Ramakrishnan [11] who reported that
deaths from malatia rose 2009 above a S-yearly average a few months
after famine relief operations commenced in the Bengal Famine of 1943.
No information was presented on the regularity of such fluctuations in
this average, whethet or not the average was seasonally adjusted, or on
other possibly relevant factors such as rainfall.

On the other hand, there is abundant evidence that PEM is as-
sociated with impairment of immune responsiveness, particularly of T-cell
function [127 and therefore it might be expected that PEM would be
associated with an increase in malaria. Only a few studies have addressed
this question.

Edington [131 offers anecdotal evidence supporting statements that
malnourished children, particularly those with kwashiorkor, were no
more likely to have malaria than well-nourished children. Brown and
Opio [147 examined records of 200 children admitted with kwashiorkor
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to a large urban hospital in Uganda. They teported that 16% had at
least one blood slide with malarial parasites and compated this with the
proportion of cases — 19% — with indirect evidence of malaria infection
in a serics of paediatric autopsies. The authors concluded that children
with PEM were no more susceptible to malaria than better nourished
children. The appropriatencss of these comparison groups for such an
inference is dubious,

Hendrickse ef al. [15] investigated 500 seriously ifl children clinical-
ly diagnosed as having malaria on admission to an urban hospital in Ibadan,
Nigeria. Only 37% had positive blood slides and these children were
considered to have been correctly diagnosed as having malaria. The group
with parasitacmia had better nutritional status than the others in whom
it was assumed the clinical diagnosis was incorrect. Parasites were found
in only 4 of the 24 children with kwashiorkor. The authors claim these
data demonstrated the existence of an antagonistic interaction between
malatia and malnuirition. The conclusions are weakened by serious design
flaws. Cross-scctional studies of this nature cannot address questions
of causality. Further, the appropriateness of the comparison groups is
questionable because those children assumed to be misdiagnosed certainly
had some illness and it is possible that this may have resulted in greater
weight loss than did malaria.

More recently Edirisinghe ¢f 4l [16] have investigated the effect
of protein intake on malaria in rats. A positive association was found
between protein intake and severity of malaria. The extent to which this
work can be extrapolated to humans is not known. However, there are
areas in which malaria is endemic and protein intakes are known to be
low. Differential intakes by age and sex categories of scarce protein
resources may have an effect on survival of the parasite as well as on the
host’s ability to mount an effective immune response thereby altering the
epidemiological pattern of the disease. This is highly speculative but
Cdirisinghe’s interesting results should be assessed in humans.

Iron Deficiency Anaemia

{a) Effect of malaria on iron status. Malarial parasitaemia usually
results in some degree of anaemia in the host. This anaemia is usually
microcytic and consistent with iron deficiency {17]. Successful intervention
studies, using either spraying or chemoprophylaxis, have resulted in
increased haemoglobin levels.
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However, understanding the haematologic picture in malaria is
complicated by the pattern of response in indicators of iron status other
than haemoglobin. Whereas the usual response in most acute infections
is a decrease in serum iron and a rise in haptoglobin, in malaria there is a
rise in serum iron to a point where the iron binding capacity of the serum
is virtually saturated, a rise in serum ferritin and a fall in haptoglobin
levels [18, 191.

Thus, although red cell morphology is consistent with iron deficiency,
other measures indicate adequate iron status. The situation is summarised
by McGregor [17]1 as follows:

“Precisely how repeated or persistent malaria induces iron
deficiency is not clear. It may do so by depressing absorption of
iron, by enhancing loss of iron, perhaps over the period of acute
illness when serum haptoglobin levels are depressed, or by immobil-
izing iron for lengthy periods in hemozoin complexes, Which, if
any, of these processes is relevant is not known; clearly the patho-
genesis of malarial anacmia calls for further research”, (p. 801}

Nevertheless, malaria results in hyperferraemia even though iron
status may be low. Hyperferraemia is known to underlie increased
susceptibility of humans to infection [20] and malaria may thus have
significant effect on morbidity and mortality from other causes,

(b) The effect of iron status on malaria. The suggestion that iron
deficiency is protective against malaria infection was proposed first by
Masawe ef al. [21] and later by Musray et ol. [22, 23, 241, Masawe ef al,
studied the frequency of infections in 110 African patients with haemo-
globins less than 10 g/dl admitted consecutively to an adult medical ward.
All but two of the 18 patients who developed malaria had both iron
deficient and dimorphic anaemia, Importantly, the malarial attacks in
most of these patients followed iron replacement therapy. No details were
presented about the type or timing of the iron therapy, or the number
of patients who were given iron therapy but did not suffer malaria.

Murray ef al. [22] studied the relationship between iron status and
incidence of clinical malaria in people whose diet improved dramatically
during famine relief operations in the Sahelian drought of the early
1970’s. They reported that patients and relatives changing from famine
to hospital rations experienced a high incidence (409, 74/181) of acute
malarial infections. The authors postulated that this resulted from hyper-
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ferraemia, as measured by transferrin saturation, associated with the im-
proved diet.  During further relief operations in the Ogaden famine
Murray et al. [23] again observed recrudescence of malarial infections
during refeeding. They reported that although local villagers had ex-
perienced no malarial attacks prior to arrival at the camps, attacks were
very common shortly thereafter. In the same area, Murtay er al. [24]
found that the incidences of malaria, brucellosis and tuberculosis were
much higher in iron deficient nomads supplemented with ferrous sulphate
than in a placebo group. The Murrays suggested that “it may be unwise
to attempt to correct fron deficiency especially in the face of quiescent
infection”.

In contrast to the results of Masawe and the Murrays, McGregor
[17] indicated that he had not observed greater incidence of malaria in
individuals given oral iron supplements in areas where malaria is endemic.
McGregor suggests that the individuals observed by the Murrays may
have lacked immunity against heavy parasitic challenge because of an
iron deficient diet since childhood. McGregor’s experience, on the other
hand, had been with populations where iron deficiency was secondary to
infection with ecither malaria or hookworm and which had developed
some immunity to infection,

A more recent study carried out by Oppenheimer et al, [23], in
collaboration with the Papua New Guinea Institute of Medical Research,
provides further evidence of the relationship between iron status and
malaria. Infants were injected with iron supplement at two months of
age. The control group received a placebo injection. In rates of both
malarial parasitaecmia and palpable spleens the iron injected children
showed significantly greater evidence of malaria.

Although animal models have been used to investigate the inter-
relationship between a range of nutrients and malarial infections, iren
has received very little attention. Murray et al. [22] showed that rats
injected with iron dextran prior to infection with Plasmodium berghei
developed highey patasitaemias and died sooner than rats not given iron
before the infection. Harvey et ol [26] showed that P. chabaudi infec-
tions in NFR/N mice made anaemic by dietary iron-deficiency produce
mortalities of 25% (male) and 7% (female) compared to 100% in iron
sufficient controls. When iron deficient mice convalescing from the
primary infection were returned to the normal diet, 1009 experienced
recrudescent parasitaemia. No recrudescence occurred in mice maintained
on the iron deficient diet.
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In vitro systems have also been used to study the effect of iron on
the malaria parasite. Raventos-Suarez e¢f al. [27] demonstrated that des-
ferrioxamine, a specific iron chelator, completely inhibited the growth
of P. falciparum in an in witro culture system and that the parasite sen-
sitivity seemed to be maximal preceding schizogony.

The mechanism whereby iron deficiency could result in protection
from the malarial parasite is not clear. Nurse [28] considers that hacmo-
globin is an important nutrient for Plasmodium and that the protection
from malaria observed in individuals with the minor thalassacmias and
with iron deficiency is related to the lowering of mean corpuscular
haemoglobin,  Another mechanism proposed by Wyler [29], involves
a reduction in red cell catalase, which may be needed to scavenge 11:0:
produced intracellularly by the parasite. A further possible mechanism
is suggested by the in vitro studies of Raventos-Suarez et «l. [27] which
indicate that availability of nonhaeme iron is important and that iron
deprivation may limit DNA replication in the parasite. It seems that
the biology of the relationship between the malaria parasite and an iron
deficient host is not clear and requires further study.

In summary, iz vivo studies in both man and animals suggest that
low iron status is associated with reduced replication of the malaria
parasite. In vitro studies are consistent with those that have been carried
out iz wivo. However, uncertainty over the evidence, and particulasly
with respect to the causal nature of the relationship, makes it difficult
to develop public health policies concerning iron supplementation in
areas where malaria is endemic. The role of the iron status of a popula-
tion as a parameter in the epidemiology of malaria is also unknown. Tt
is likely that any such effects will not only be age-specific, but will also de-
pend on the extent of previous exposure to the parasite. It seems clear that
some additional well-designed and carefully controlled intervention studies
are needed to assess the significance of the iron-malaria relationship. One
such study, in which the effect of iron supplementation of schoolchildren
on their subsequent experience of malaria will be assessed, is currently
being carried out by the PNG Institute of Medical Research.

Conclusion

It is clear that there are short-term negative effects of episodes of
malaria on the growth of young children, However, there is little evidence
regarding the long-texm effects and it is likely that infant feeding practices
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will be an important intervening variable. The effect of PEM on malaria
is unclear.

Although malatia causes hypetferraemia it is frequently associated
with iron deficiency and further wosk on the pathogenesis of malarial
anacmia is needed. There is evidence from studies in both animals and
humans that iron deficlency protects against malaria. Towever, most
studies in humans are beset by design problems and thete is an urgent
need for controlled trials to assess the public health significance of the
effect of iron deficiency on malaria.
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Abstract

Leishmania species produce disease on evety continent with the
exception of Australia, It is estimated that 1.2 million new cases of
leishmaniasis occur each year. Leishmaniasis has traditionally been
separated into cutaneous, mucocutaneous and visceral (kala-azar) syndromes,
the development of which is related to a complex and still poorly under-
stood interaction between the human immune system and the parasites’
genetically determined invasiveness, pathogenicity and tropism. Leishmania
can be divided into four species complexes: the L. domovani complex
produces visceral disease in Latin America, eastern Africa, the Mediter-
ranean, India and China; the L. tropica complex produces cutaneous
disease in Africa, the Mediterranean, and the Middle East; the L. mexicana
complex is responsible for cutaneous ulcers in Latin America; and the
L. braziliensis complex produces cutaneous and mucocutaneous disease
in Latin America. Leishmania are spread by sandflies of the genera
Phlebotomus in the Old World and Lutzomyia and Psychodopygus in the
Americas. The reservoir varies depending on the Leishmania species and
the geographic location; dogs, other canines, rodents or humans are
involved in vatious sites. ‘The Leishmania are unique among pathogenic
protozoa in their diversity of species, vectors, resetvoirs, and epidemiology.
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They continue to pose major challenges for health care workers in endemic
areas throughout the wozld.

Introduction

Leishmaniasis is the general term used to describe disease caused by
a member of the protozoal genus Leishmania and has traditionally been
divided into cutaneous, mucocutaneous and visceral (kala-azar) syndromes
[1]. The spectrum of human disease ranges from localized, self-healing
ulcers to widely disseminated progressive lesions of the skin and mucous
membtanes of, in the case of visceral leishmaniasis, involvement of the
entire reticuloendothelial system. In humans and other mammals Ledsh-
mania teside as intracellular amastigotes within mononuclear phagocytes.
The organism is transmitted to humans by sandflies as an extracellular,
{lagellated promastigote.  The clinical manifestations of leishmaniasis
depend on a complex interaction between the host’s immune system and
the parasites’ genetically determined invasiveness, pathogenicity and tro-
pism. Hvidence from animal models indicates that susceptibility to Leish-
mania is genetically determined and that cell mediated immune mechanisms
are primarily responsible for controlling infection [2]. The Leishmania
which produce disease in man can be divided into four species complexes.
The L. donowvani complex is responsible for visceral leishmaniasis in
South and Central America, eastern Africa, the Mediterranean, India, and
China. The L. tropica complex produces cutaneous disease in Africa, Asia,
and the Middle East. The L. mexicana complex and the L. braziliensis
complex produce cutaneous ulcers, and in the case of the L. brazilicnsis
complex mucocutancous disease (espundia) in Central and South America.
Leishinania species are found on every continent except Australia (Table 1)
They are estimated to cause 1.2 million new cases of leishmaniasis a

year 3],

Morphology and Life Cycle

The Leishmania ave digenetic protozoa, that is, their life cycle involves
two distinet morphologic forms. Leishmania amastigotes are found solely
within mononuclear phagocytes in mammals, They are 2-3 pm in length,
oval or round in shape, and lack an exteriorized flagellum. Tn Wright’s-
or Giemsa-stained preparations their cytoplasm is blue, the nucleus is
relatively large and red, and there is a distinct rod-shaped, intensely
stained kinetoplast. Multiplication is by binary fission. In its sandfly
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Prg. 1. Bravilian child with pronounced wasting due 1o Leishmania donovani chagasi.
Marked hepatosplenomegaly is also present. {(Photograph kindly provided by Dr. AQ.
de Sousa).
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TarLE 1
New Wosld Cuatancous Leishmaniasis *
Species Clinical Syndromes Leishmania species Location

L. mexicana
complex

Single or limited number
of skin lesions

Diffuse cutancous Jeish-
maniasis

L. braziliensis  Single or limited number

L. mexicana mexicana
{chiclero ulcer)

L. mexicana
AIRATONCHISIS

L. mexicana pifanol
L. mexicana garnhanmi
Indeterminate

L. mexicana
aWIAZONeNsis

L. wexicana pifanoci
L. mexicana mexicana

Indeterminate

L. braziliensis

Mexico, Central
America

Amazon basin and
neighboring  areas,
Panama, Venezuels,
Trinidad

Venczuela

Venczuela

Dominican Republic

Amazon basin and
neighboring areas

Venezuela

Mexico, Central
America (rare)

Dominican Republic

Brazil, Peru, Fcuador.

complex of skin lesions braziliensis Bolivia, Paraguay,
Argentina
L. brazilieusis Guyana, Surinam,
guyanensis {pian northern Amazon
bois, bush yaws) basin
L. braziliensis Peru, Western
peraviana {(ui) Andes
L. brazilicusiy Panama and adjacent
PARRENSIS areas
Mucocutaneons L. braziliensis Multiple areas in South
braziliensis America
(espundia)
L. braziliensis pana-  Panama and adjacent
mensis (rare) areas
Old World Cutancous Leishmaniasis
L. iropica Single or limited number L. major Middle Tast, Central
complex of skin lesions Asia, Africa
L. tropica Mediterranean littoral,

Diffuse cutanecus
leishmaniasis

{oriental sore)
L. aethiopica

L. acihiopica

Middle East,
Central Asia

East Aftica and
Southwestern  Africa

Hast Africa and
Southwestern Africa
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Visceral leishmaniasis (kala-azar}

Species Clinical Syndromes Leishmania species Location
L. donovani Generalized involvement L. donovani donovani  Indian subcontinent
complex of the reticuloendo-
thelial system (spleen, L. domoveni infantum  Africa, China, Middle
bone marrow, liver, East, Mediterranean
ate.) Httoral, Ballans,
Northwestern Theria
L. doaovani chagasi Widely scattered )
in Latin America
Posrkala-azar dermal L. dosovani donoveni  Indian subconiinent
leishmanjasis L. dowovani infantum  Africa

* Derived from [1, 7].

vector, the organism lives as a pear- or spindleshaped extracellular
promastigote.  Although the dimensions are variable, promastigotes are
10 to 15 wm in length and 1.5 t0 3.5 pm in width with an anteror flagel-
lum that ranges from 15 to 28 wm.  Although minor wltrastructural dif-
ferences have been deseribed among the various Leishmania species, it
is not possible to reliably differentiate between them in either their
amastigote or promastigote stages using motphelogic criteria.  Initially,
speciation was based on factors such as the parasites” behavior in humans,
geographic  distribution, epidemiological differences, involvement of
specific animal reservoirs, and transmission by different species of sand-
flies. More recently hiochemical methods of speciation such as isoenzyme
determination, analysis of kinetoplast DNA, and species-specific mono-
clonal antibodies have been used {1, 461, Despiie these sensitive and
specific methods, there remains some uncertainty as to the precise taxonomic
relationships among the various species and subspecies,

Sandflies of the Luszonzyia and Psychodopygus genera in the Americas
and the Phlebotonus genus clsewhere are responsible for transmiiting
Leishmania.  Sandflies tend to breed in cracks in the walls of dwellings,
in rubbish, or in rubble piles. They are weal flicrs, advancing in a series
of small hops, and usually remain close to their breeding site. In general,
a blood meal from a mammal is required by female sandflies for full
development.  Temale sandflies ingest amastigotes when they feed on
infected animals. Amastigotes then convert to promastigotes in the gut
of the sandfly and parasite replication follows. After a period of time
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mature promastigotes migrate to the insect’s proboscis. They are inoculated
into a susceptible host when the sandfly attempts to take its next blood
meal. Depending on the geographic location and the Leishmania species,
the major reservoirs of infection are rodents, wild or domestic canine
species, other mammals or in some locations humans. With the exception
of visceral leishmaniasis in India and under some circumstances in Africa,
and anthroponotic L. tropica infection in urban areas of the Middle East
and Asia, leishmaniasis is a zoonosis.

Visceral Leishmaniasis (kala-azar)

Members of the Leishmania donovani complex are responsible for
viscera! leishmaniasis. The discase has been termed kala-azar, dumdum
fever, Assam fever, or infantile splenomegaly in various areas of the
world [7]. Visceral leishmaniasis is usually characterized by a subacute
or chronic course with fever, massive splenic enlargement, hepatomegaly,
anemia, leukopenia, hypergammaglobulinemia, and dissemination of
amastigotes throughout the reticuloendothelial system. The great majority
of symptomatic cases are thought to proceed to death in the absence of
treatment.

Visceral leishmaniasis occurs in widely scattered areas throughout the
world, Transmission of the disease depends on: 1) an appropriate reser-
voir of infection; 2) a suitable vector; and 3) a susceptible human popula-
tion. In South America, the Mediterranean, and China, dogs are the
principal reservoirs of disease. Rats have recently been incriminated
in addition to dogs in Italy [8]. In Brazil, foxes provide a wild reservoir
that contributes to infection in the domestic reservoir, the dog. In East
Africa, sylvatic reservoirs as well as human-to-human transmission are
thought to be impostant. In Central Asia, wild jackals, foxes and dogs
have been incriminated. Visceral leishmaniasis in India is unique in that
no reservoir apart from man has been identified. In India transmission
of disease is dependent on anthropophilic Phlebozomus species but in other
regions Leishmania are spread by sandflies which feed on both the animal
reservoir and humans. Although very rare, L. donovani has been trans-
mitted by blood transfusion [9, 101 and direct person-to-person contact
[11]. Congenital transmission has also been reported [12, 13]. Except
for epidemics of visceral leishmaniasis that have occurred on the Indian
subcontinent and on occasion in East Africa, the disease tends to be
sporadic. The characteristics of susceptible human populations are variable
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and incompletely understood. In Fast Africa, the discase is most frequent
among older children and young adults, probably because they come in
contact with infected sandflies as a result of occupational activities. In
South America and the Mediterranean, infants and children under ten
years of age are the most commonly infected. Children and young adults
are the most frequently infected on the Indian subcontinent.

Susceptibility to L. donovani in mice is genetically determined and
controlled by a single autosomal gene on chromosome 1, which has been
termed Lsh [14]. This genetic locus is probably identical to the one
which controls susceptibility to Salmonella typhimurium [15]. The
genetic factors that determine human susceptibility to L. donovani have
not been characterized. Greenblatt and others [16, 17] hypothesized
that the Leishmania might use a system of camouflage or mimicry of
human ABO blood group antigens to evade host defense mechanisms.
However, studies in Brazil [181 and India [19] have failed to support
this hypothesis.

Although not well documented, most workers in the field believe
that asymptomatic infections frequently occur. Evidence for this comes
from experiments in which L. domovani promastigotes were inoculated
into human volunteers. In some, visceral dissemination occurred whereas
in others localized, spontaneously healing skin lesions without dissemina-
tion were noted. In addition during a large outbreak of visceral leish-
maniasis in Ttaly, 64% of household contacts and 409 of neighbors of
patients with visceral leishmaniasis were found to have positive skin reac-
tions to leishmanial antigens (leishmanin skin test), but remained ASymp1o-
matic [20]. Only 6% of residents of an area where L. donovani was not
endemic were positive. Finally, the prevalence of positive leishmanin skin
tests in East Africa is greater than that predicted based on the incidence
of sympromatic disease [21]. Whether this is due solely or in part
to asymptomatic infection with L. donovani or infection with Leishmania
species that are not pathogenic for man, such as those which infect lizards,
remains to be determined.

Immunclogy of Visceral Leishmaniasis

Although a comprehensive explanation of the immunobiology of
visceral leishmaniasis is not possible, important advances have been made
recently toward a better understanding of the host-parasite interaction 127.
The intracellular fate of L. donovani and ultimately the course of infection
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appear to depend on the capacity of T lymphocytes to activate macro-
phages to kill the parasite [2]. Transfer of T lymphocytes from immune
animals to recipient animals confers protection against infection whereas
transfer of immune serum alone does not [2].  Exposure of human
monocyte-derived macrophages in vifro to antigen- or mitrogen-elicited
lymphokines or interferon-y can effectively activate them to kill amastigotes
[221. 1In contrast Wyler and coworkers have noted that Lyt-1*27 lym-
phocytes, obtained from mice spontancously healing L. major infections,
exert antileishmanial effects i wvitro that are genctically restricted and
require direct contact of lymphocytes with leishmania-infected macro-
phages [23]. Experience with animal models and humans also suggests
that potentially effective cell mediated immune mechanisms are suppressed
duging infection [2]. Delayed hypersensitivity responses in humans, as
assessed by the leishmarin skin test and by i vitro lymphocyte blastogenic
responses 1o leishmanial antigen [ 247, are absent during infection but in
the majority of cases develop following successful antileishmanial chemo-
therapy. Paradoxically, antileishmanial antibodics are produced during
visceral leishmaniasis and there is also evidence of polyclonal B lymphocyte
activation to account for the observed hypergammaglobulinemia [25].
The outcome of infection appears to depend on a complex interplay
Letween helper and suppressor mononucleas cell populations. The exact
nature of the suppressor cell population(s) and the role of other factors
such as circulating immune complexes [26, 271 in mediating immune
suppression remain to be determined.

Relationship of Undernutrition to Development of Symptomatic Visceral
Leishmaniasis

Visceral leishmaniasis is found in areas of the world where under-
nutrition is common, and protein-caloric malnutrition is a well known
cause of secondary immunodeficiency [28]. The most severe impact of
malnutrition appears to be on cell mediated immunity although humoral
immunity and phagocyiic function are also affected.  Since control of
visceral leishmaniasis is dependent on cell mediated immune responses,
Harrison, Alencar, Naidu, and Pearson hypothesized [29] that under-
putrition might be associated with the development of clinical visceral
leishmaniasis.  To test this hypothesis, they studied the relationship
between undernutrition and visceral leishmaniasis in an area endemic
for L. d. chagasi in northeastern RBrazil. Mid-arm anthropometry was
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used to assess nutritional status in nine patients with visceral leishmaniasis,
59 patient-housemates, and 55 randomly chosen neighborhood controls [ 291,

The fat areas of patient-housemates and neighborhood conirols were
719 and 86% respectively those of age- and sex-matched American
standards, whereas the muscle areas were 74% and 729, respectively,
of the American standards. When patient-housemates were age- and sex-
matched with randomly selected neighborhood controls, the housemates
had 22% less fat area (p << 0.05) than their paired neighborhood controls.
This difference could not be attributed to occult visceral Jeishmaniasis
among patient-housemates ncr to an age bias in the matching procedure
[29]. Thete was no difference in mean muscle area hetween housemates
and controls. I one assumes that the premorbid nutritional status of
patients is accurately estimated by the nutritional status of their house-
mates, these data suggest an association between undernutrition and
development of clinjcally apparent visceral leishmaniasis,

Since household size might correlate with the nutritional status of
individual members when food is Hmited in supply as it is in that area of
northeastern Brazil, Harrison es al. compared the size of patient-house-
holds with control households, Patients came from houscholds with a
mean of 9.6 % 1.1 members, significantly larger than the control house-
holds in which the mean was 6.8 + 0.7 members (p < 0.05). Thus
large family size as well as decreased fat area correlated with development
of clinically apparent visceral leishmaniasis. Further studies are warranted
to determine if there is a causal selationship between malnutrition, develop-
ment of immunosuppression, and onset of visceral leishmaniasis.

Clinical Manifestations of Visceral Leishmaniasis

The clinical features of visceral leishmaniasis scem to be similar
throughout the world [1, 30, 31]. The incubation period is generally
in the range of three to eight months, but it may be shorter, The onset
of symptoms is usually, but not always, gradual. For example, the mean
duration of symptoms prior to diagnosis in children in northeastern Brazil
was 3.1 months, but in some cases, it was as short as one week [31].
In subacute or chronic cases, victims experience fever, onset of vague
abdominal discomfort, abdominal enlargement, pallor, weakness, loss of
appetite, and progressive loss of weight (Table 2). Fever may be intermit-
tent, remittent with twice daily temperature spikes, or less commonly,
continnous. [t is relatively well tolerated. In acute cases there may be
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Tasre 2 - Symptoms and Findings in Patients with American Visceral
Leishmaniasis at Presentation.

Sign or Sympiom Patients with complaint/total patients *
™ Fever 29/29 {100}
Lethargy 28728 (100)
Pallor 27728  (96)
Weight Loss 25/26 (96)
Spleen palpable 27/29 (93)
= 4 ¢m below left costal margin 25/29 {86}
= 7 cm below left costal margin 17729 (59
Anorexia 23725 (92)
Abdominal enlargement 26/29  (90)
Anemia (Het = 30%) 26/29 (90)
Thrombocytopenia (platelet = 100,500/mm?) 21/27 (78}
Leukopenia {WBC = 4000/mm?) 22/29 (76)
Liver = 2 cm below right costal margin 22/29 {76}
Albumin/Globulin ratio = 1.0 15/25 (60
Edema 9/28 (32)
Bleeding episodes 6/29 (21)
Jaundice 5/28 (17)

¥ Percentage of patlents is in parentheses [31].

an abrupt onset of high fever and chills with a periodicity that sug-
gests malaria.

As time passes, progressive enlargement of spleen and liver, anemia
and profound cachexia are observed. The spleen often becomes enormous;
it is wsually soft and non-tender. The presence of a hard spleen suggests
a hematologic disorder or another infection such as schistosomiasis  The
liver is also enlarged and has a soft consistency with a smooth surface. In
rare instances localized lymphadenopathy has been the only clinical ab-
normality. The skin becomes dry, thin, and scaley. In light colored patients
in India the skin of the hands, feet, abdomen and face may become grayish.
This discoloration gave rise to the Indian name “kala-azar” which means
black fever. Peripheral edema develops late in the disease. Hemorrhage
may occur from one or multiple sites; epistaxis and gingival bleeding are
the most common. Petechiae and ecchymoses are occasionally seen on
the extremities. Death in visceral leishmaniasis is often due to bacterial
secondary infections including pneumonia, septicemia, concurrent tuber-
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culosis, dysentery, measles, or uncontrolled hemorrhage or severe anemia
with its sequelac, Post-kala-azar dermal leishmaniasis follows treatment
of visceral leishmantasis in an estimated 3% of cases in Africa and up to
209 in India [32, 33].

The diagnosis of visceral leishmaniasis is documented by demonstrat-
ing amastigotes in tissue or isolating the organism in culture. Various
serological methods are available to detect antibody, but these are not
specific,.  The leishmanin skin test (Montenegro test) is negative during
active visceral leishmaniasis because of the antigen-specific immunosup-
pression that accompanies disease [2]. In most areas the mortality rate
with pentavalent antimonial therapy is thought to be in the range of
three ‘to five percent, but higher mortality rates have been reported.
Relapses and occasional failures with pentavalent antimony therapy are
NOL UNCOMMOn.

The Effects of Visceral Leishnianiasis on Natrition

For many years physicians have observed marked wasting in patients
with visceral leishmaniasis, In order to better characterize this, Harrison
et al. [29] compared the nutritional status of nine patients with documented
visceral leishmaniasis in northeastern Brazil to age- and sex-matched
housemates or neighborhood controls [29]. Patients who had been
treated less than four months prior to evaluation had 66% (p << 0.05)
and 419 (p << 0.01) of the fat areas of their age- and sex-matched house-
mates or neighborhood controls, respectively, and 819% (p << 0.05) and
75% (p << 0.05) of the muscle areas of their age- and sex-matched house-
mates or neighborhood controls, respectively. Patients who had been
treated twelve to twenty months before evaluation of their nutritional
status did not have significantly different fat or muscle areas in comparison
to cither housemates or neighborhood controls. These data demonstrate
that visceral leishmaniasis can have a significant effect on nutsitional
status resulting in depletion of both fat and muscle, but that nutritional
status returns to normal after successful therapy.

Recent investigations indicate that acute infection or injury is as-
sociated with production of various factors by macrophages which can
mediate catabolic processes. Interleukin 1 (IL-1), also known as en-
dogenous pyrogen, has been shown to be responsible for dccelerated
proteolysis during acute infections and possibly for the anorexia which
accompanies them [34-39]. It is now accepted that IL-1 is produced
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by circulating blood and tissue mononuclear phagocytes as well as a
number of other cell types. Production is known to be stimulated by
viruses, bacteria, lipopolysaccharide endotoxin, bacterial exotoxins and
immune complexes.

Recent studies have illustrated how acute infection can result in
increased proteolysis [37-39). Injection of endotoxin from FE. coli into
rats resulted in increased protein degradation of skeletal muscle and was
associated with increased levels of prostaglandin E: (PGE2)., Highly
purified IL-t incubated with rat muscle iz vitro also stimulated hoth
PGE: production and protein degradation which was inhibitable by
indomethacin [39]. Although TL-1 production by Leishmania-infected
monocytes has not been documented, the presence of fever and acute
phase proteins during visceral leishmaniasis provides circumstantial
evidence for the production of IL.-1, Recent data indicate that L. major
infection of human monocytes iz witro does not result in production of
IL-1 {40]. Further studies are needed to determine whether I1-1 is
produced during visceral leishmaniasis and if so, whether IL-1
production is due directly to L. dowovani infection of macrophages, to
immune complexes, which are prelevant during disease, or to some other
mechanism.

Gallin and coworkers [41] observed several years ago that acute
infection can affect lipid metabolism. Cerami and his coworkers [42-47]
have subsequently shown that macrophage products other than TL-1 have
profound effects on lipid metabolism. Mouse peritoneal macrophages
treated with lipopolysaccharide endotoxin produce a heat-labile mediator
that can suppress serum lipoprotein lipase activity by greater than 90%
[42-45] preventing uptake and storage of triglycerides. The same mediator
has been found to inhibit the activity of fat-producing (lipogenic) enzymes
involved in de novo fatty acid synthesis in vitro [45] by specifically and
reversibly inhibiting expression of the corresponding genes [46]. This
mediator has been termed cachectin and has recently been shown to be
indistinguishable from tumor necrosis factor [46, 47], The loss of fat
stores during visceral leishmaniasis may be due to cachectin, anorexia and/
or some other mechanism(s). Future investigations should provide insight
into the intriguing but complex relationship between visceral leishmaniasis
and the nutritional status of the patient.
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Treatment of Visceral Leishmaniasis

Pentavalent antimonial compounds remain the drugs of choice for
the therapy of visceral leishmaniasis. Stibogluconate sodium (Pentostam)
is available in the United States (Parasitic Diseases Drug Service, CDC)
and used throughout the Old World and meglumine antimonate (Glucan-
time) s used in francophone and Latin American countries. They are
chemically similar and appear to have comparable toxicity and efficacy.
Meglumine antimonate solution contains approximately 8.5 percent pen-
tavalent antimony (Sb"); sodium stibogluconate contains about 10 percent
sb¥. It is recommended that the drug dosage be based on the antimony
content of the compound. Both compounds are available for intramuscular
and intravenous administration.

Comparative studies to determine the optimal dosage and duration
of therapy for visceral leishmaniasis have not been performed in areas
other than East Africa. The dosage of pentavalent antimony tecommend-
ed by the World Health Organization is 20 mg of Sh'/kg body weight
daily, to a maximum of 850 mg per day, for a minimum of 20 days [48].
Pentamidine and amphotericin B are alternative drugs for patients who
fail to respond to one ot mote courses of pentavalent antimony. Allopurinol
and related pyrazolopyrimidines have been used successfully in some
patients, but experience is insufficient to justify their widespread use
until controlled experimental trials have been completed.

Cutaneous Leishmaniasis of the Old World

The classic form of cutancous leishmaniasis is the “oriental sore”
caused by members of the L. fropica complex {1, 307, 1t occurs through-
out tropical and subtropical regions of Asia Minor, China, the Mediter-
rancan, India and in Africa in Sudan, Ethiopia, and the Congo basin.
In general, oriental sores are troublesome and unsightly, but they are
not a threat to life,

Epidemiology

Members of the L. tropica complex are transmitted to humans by
sandflies of the genus Phlebotomus. The disease occurs in three clinical
forms; each is produced by a different subspecies. The rural form is
due to L. major which infects desert rodents, primarily gerbils. Fumans
become infected in sparsely inhabited arcas or in villages on the edge of
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desert areas of Central Asia, North Africa, and the Middle East. The
urban form of cutancous leishmaniasis is caused by L. fropica and involves
dogs and humans in cities of the Middle East such as Baghdad, Teheran,
and Damascus as well as cities in the Mediterranean, India and Pakistan.
In cutaneous leishmaniasis due to L. gethiopica, which is found in Ethio-
pia, Kenya and South West Africa, the primary reservoirs are species of
hyrax while rcdents seem to constitute a secondary reservoir. In general,
cutancous leishmaniasis is a sporadic disease in endemic areas but oc
casionally presents an epidemic pattern, particularly when susceptible
people are exposed during road construction, military maneuvers, agri-
cultural work or refugee movements,

Clinical Manifestations

The incubation period of Old World cutaneous leishmaniasis varies
from two weeks to several months and in sporadic cases has been as Jong
as three years. The local lesion starts as a papule at the site where
promastigotes are inoculated by the sandfly. The papule gradually en-
larges, becomes crusted and finally ulcerates. The ulcer is usually shallow
and circular with well defined, raised borders and a bed of granulation
tissue. It progressively increases in size reaching a diameter of two cen-
timeters or more, Satellite lesions which fuse with the original ulcer
may be present. There is frequently a serous discharge. The manifestations
of disease are quite variable. In the urban, or dry form, lesions tend to be
single, grow slowly and last for a year or more, whereas in the rural or
moist form lesions may be multiple, progress more rapidly and heal after
several months. Ulcers may be accompanied by regional lymphadenopathy.
Secondary Dbactetial or fungal infections at the site of the ulcer are not
uncommon. After a variable period of time ranging from several months
to longer than a year, the ulcer heals leaving a flat, atrophic scar.

There are two uncommon variations of cutaneous leishmaniasis. In
diffuse cutancous leishmaniasis the disease starts as a local papule which
does not ulcerate. Satellite lesions develop around the initial papule and
the organism subsequently disseminates throughout the skin, often to the
face and extremitics. The disease progresses slowly and persists for 20 years
or more. The leishmanin skin test is negative indicating antigen-specific
immunosuppression. Another variant is leishmaniasis recidiva, a relaps-
ing, tuberculoid form of cutaneous disease. It is not uncommon in Iran.
Lesions are often on the face and spread outward with healing at the
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center, Mucous membranes may be involved with concomitant nasal
destruction. Leishmaniasis recidiva is a chronic disease lasting 20 to 40
years. In contrast to diffuse cutaneous leishmaniasis, the leishmanin skin
test is positive and few if any amastigotes can be identified in material
from the lesions.

A definite diagnosis of L. tropica complex infection depends on
identification of amastigotes in stained smeats or scrapings from the base
of the ulcer or from biopsies of its border.

Tmmunclogy of Cutaneous Leishmaniasis

In some respects the clinical spectrum of cutaneous leishmaniasis is
similar to that of leprosy [49, 50]. At one end of the spectrum lies dif-
fuse cutaneous leishmaniasis in which there is little evidence of effective
cell-mediated immunity, Ieavily parasitized macrophages are abundant
throughout the dermis, and few lymphocytes are present. Cutaneous
delayed hypersensitivity reactions to leishmanial antigen are absent. It
has been hypothesized that this is due simply to poor host resistance, but
it is likely that parasite factors also play a role. The histology of diffuse
cutaneous leishmaniasis is somewhat analogous to that of lepromatous
leprosy in which there is massive bacterial infection of macrophages and
little evidence of cell-mediated immune responses. At the other extreme
lies leishmaniasis recidiva in which parasites are sparse and a mono-
nuclear cell infiltrate predominates. This is somewhat analogous to
tuberculoid leprosy in which there is an intense mononuclear infiltrate
with few bacteria. However, whereas the character and organization of
the granuloma in leprosy are invariably characteristic of its position in
the clinical spectrum, this is not true in cutaneous leishmaniasis. When
amastigotes are numerous, the cell type is neatly always the macrophage,
but when amastigotes are scanty, the character of the granuloma, that is
the composition of the mononuclear response and its organization, is not
predictive of the clinica! status in contrast to leprosy [511.

Although no data are available about the genetic control of suscepti-
bility of humans to L. major infection, resistance in mice is under control
of autosomal genes, which are different from the Lsh gene (respons-
ible for resistance to L. donowvani), and not involved in the H-2 complex,
BALB/c mice, which are susceptible to L. major, have progressive local
disease followed by widespread dissemination and death, whereas C57BL
mice, which are considered resistant, can be infected but display localized,
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self-healing ulcers [52]. BALB/c mice in certain ways resemble patients
with visceral leishmaniasis. The susceptibility of BALB/c mice to L.
tropica appears to be due to induction of a suppressor T-cell population(s),
which contributes to the chronicity of infection and inhibits healing of
lesions [53].

The best evidence for immune suppression in human leishmaniasis
comes {rom patients from the Dominican Republic with diffuse cutancous
leishmaniasis [54] due to a Leishmania species which is thought to be a
member of the L. mexicana complex. Of those patients who were
studied extensively, none had delayed cutancous hypersensitivity reactions
or lymphocyte proliferative responses to leishmanial antigens. Relatives
of these parents living in the same endemic area frequently showed skin
test and lymphocyte reactivity to leishmanial antigens [55]. In studies
of peripheral blood mononuclear cells from patients, decreasing the
number of glass-adherent mononuclear cells or the addition of the prosta-
glandin inhibitor, indomethacin, permitted expression of lymphocyte
responses to leishmanial antigens in witro thereby suggesting the presence
of a population of suppressor mononuclear phagocytes. Co-cultivation
of lymphocytes and monocytes from HLA-identical leishmanin responders
and nonresponders also identified the suppressor cells as monocytes [55].
In contrast to those patients with diffuse cutaneous leishmaniasis, patients
with localized cutaneous lesions which heal spontaneously develop delayed
cutaneous hypersensitivity and blastogenic responses to leishmanial an-
tigen [56]. Animal studies have also provided important insight into
the complex interaction between helper and sappressor activities during
cutaneous leishmaniasis [2]. Further discussion of the immunology of
leishmaniasis as it relates to vaccine development can be found elsewhere
(see “Strategies for control of visceral, cutaneous and mucocutaneous
leishmaniases™).

Relation to Nutrition

Little is known about the effect of malnutrition on susceptibility of
humans to members of the L. tropica complex. The fact that the discase
is encountered in presumably well-nourished army troops as well as Ameri-
can workers in the Middle East would indicate that malnutrition is not
necessarily a predisposing factor for development of cutaneous uleers.
Whether or not the duration and extent of ulceration is affected by
nutritional status has not yet been assessed. Likewise there is no evidence
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to suggest that the L. tropica complex causes wasting. The presence of
massive parasite burdens which persist for many years in patients with
diffuse cutancous leishmaniasis would suggest that the L. fropica complex
does not have pronocunced effects on nutritional status. Likewise the
finding of Crawford ez al. {407 that L. major fails to elicit production of
I1-1 when human monocytes are infected in wifro is in keeping with
the lack of fever in patients with OQld World cutaneous leishmaniasis.

Treatment of Old World Cutancous Leishmaniasis

The decision to treat cutancous leishmaniasis depends on the location
and extent of the lesion(s). Farly, non-inflamed nodular lesions have
been treated with intralesional Injections of an antimonial compound or
intralesional mepactine [487.  Large or disfiguring ulcers usually are
treated with a pentavalent antimonial; 10 to 20 mg Sb'/kg body
weight per day (maximum dose, 850 mg Sb¥ per day) until clinical and
parasitological cure are achicved, and for a few additional days. In
contrast, cutancous lesions due to Leishmania acthiopica often fail to
respond to that dosage. Pentamidine isethionate 4 mg/kg body weight
once or twice weekly until resolution is complete, or high dosage sodium
stiboglnconate, 20 ma/ke twice daily for 30 days, may be effective [48],
but are often toxic (see “Strategies for control of visceral, cutaneous and
mucocutanzous leishmaniases”),

A variety of other drugs have been used to treat Old World
cutancous leishmaniasis, but because experience with them is still limited,
they are not recommended for routine treatment. Cryosurgery and the
application of carbon dioxide snow (dry ice) alse have been reported
to be effective in some cases,

ew [ Cutaneous Leishmaniasis
New World Cutancous Leishizanicsis

American cutaneous leishmaniasis is widespread in South and Central
America, where it constitutes a major public health problem {2, 301.
The spectrum of disease ranges from single, localized cutaneous ulcers to
mucocutaneous disease (espundia), which is the only form associated with
mortality. In the latter disorder there may be extensive involvement of
the nose, oral cavity and phatynx with tissue destruction and mutilation.
Prevention of the late sequelae of mucocutaneous leishmaniasis is thought
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to be possible if appropriate therapy is administered during the initial
cutaneous stage of disease.

The causative agents of new world cutaneous leishmaniasis belong to
the L. braziliensis complex and the L. mexicana complex. They produce
different syndromes in multiple geographic areas throughout Central and
South America. The species can not be differentiated on morphologic
grounds but can be by species-specific monoclonal antibodies, kinetoplast
DNA hybridization or iscenzyme determination [6].

Clinical Manifestations

Cutancous Leishmaniasis. A wide variety of skin lesions are seen
in American cutancous leishmaniasis ranging from small, dry, crusted
lesions to large, deep, mutilating ulcers [2, 30]. There may be a single
lesion or multiple lesions located on exposed areas of the body. Lesions
with different characteristics may be seen on the same patient and lesions
produced by one L. braziliensis or L. mexicana species may produce dif-
ferent types of lesions in different people.

In Jocalized cutaneous disease, the initial lesion usually appears two
to eight weeks after the sandfly bite as a small papule. It progresses slowly
to form a typical ulcer with rounded, raised borders and a granulating
base, which is covered by an exudate. The ulcer may persist for months
to years, but eventually heals leaving a flat, atrophic scar. Occasionally
a large vegetation projects from the skin at the site stimulating a neo-
plasm. Rarely lesions assume a keloidal form or involve local lymphatics
producting a chain of nodules which mimics Iymphatic sporotrichosis.

Diffuse cutaneous leishmaniasis, which is rare, is caused by members
of the L. mexicana complex, In this condition, there is no cutancous
ulceration but wide dissemination of amastigotes throughout the skin. The
disease runs a protracted course. This is an anergic variant of cutaneous
leishmaniasis and the leishmanin skin test is negative.

Mucocutaneous Leishmaniasis

O AR T

In a small percentage of patients with L. braziliensis complex in-
fection, amastigotes persist after disappearance of the primary ulcer and
later reappear to produce mutilating mucosal lesions of the face and
head. The time between healing of primary lesions and mucosal involve-
ment is usually several years, but may be as short as one month or as
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long as 24 years [57, 58], The carly signs arc usually those of nasal
obstruction. The process starts in the nasal septum as a slight swelling
and reddening of the mucosa and progresses slowly to perforation of
the septum, collapse of the nasal castilage, and in some cases perforation
through the skin of the nose or through the soft palate. The upper lip
as well as tongue are frequently involved. Involvement of the trachea
as well as the genital mucosa occurs, bui that is very rare [59, 60].
Aspiration pneumonia is a common complication in advanced stages of
mucocutancous discase and can result in death.

Diagnosis

The diagnosis of American cutaneous leishmaniasis is based on the
identification of amastigotes in tissue, isolation of the parasite in axenic
culture or in hamsters, or indirect immunologic evidence in the appropriate
clinical setting. Unfortunately, L. braziliensis grows poorly in culture and
bacterial or fungal colonization of the ulcer often results in contamination.
For these reasons and because amastigotes are scanty and may not be
visualized in mucocutaneous lesions, a diagnosis of mucocutancous leish-
maniasis is often made on the basis of the clinical findings and a positive
leishmanin skin test or the presence of antileishmanial antibodies in
serum.

Relation to Nutritional Status

As in the case of curancous leishmaniasis, little attention has been
paid to the interrelationships between malnutrition and the acquisition of
American cutancous and mucocutaneous leishmaniasis. In many instances
cutaneous disease is acquired by well-nourished adults working in or travel-
ing through endemic areas. Malnuteition is not a prerequisite for the
acquisition of clinical disease. In an experimental model of cutaneous.
leishmaniasis due to L. mexicana in mice, protein restriction resulted in
increased ulcer size and duration [61, 62]. Whether or not undernutri-
tion affects the eventual size or duration of lesions in humans has not
been determined. Conversely, the effects of American cutaneous leish-
maniasis on nutritional status have not been assessed. With cutaneous
lesions, it is unlikely that there is a major effect. In patients with
advanced