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INTRODUCTION

Nutrition plays a critical role in human development particularly in the early

period of life (ACC/SCN, 1990). It has long been understood that optimal health

depends on adequate nutrition, yet the knowledge of the ways in which specific

dietary factors increase the risk for disease is incomplete.

Dietary deficiency can be manifested in various ways, for example a

deficient intake of energy and protein can lead to protein energy malnutrition.

Similarly a deficiency in one of the micronutrients can lead to a nutritional disease

specific to that micronutrient i.e. niacin deficiency will cause pellagra, a well known

nutritional disease with skin manifestations.

The early assessment of the nutritional status is important to evaluate the

health of an individual, a group or a population. Depending on funds, facilities and

personnel nutritional assessment can include one or more of the followings: Diet,

anthropometry, biochemical tests, clinical examination and socio-economic factors.

Today many nutritional deficiencies have been either eliminated or

markedly reduced in the developed countries. This was due to a better standard of

living as is shown by the abundant food supply, fortification of some foods with

critical trace, nutrients, higher incomes, improved chemical and microbiological

methods of detection etc. In contrast, under nutrition is still prevailing in developing

countries and is a major public health problem whether caused by insufficiency of

macro- or micronutrients (International Conference on Nutrition. Rome, ICN, 1992).

Iron deficiency anaemia (IDA) is still a common nutritional disorder

worldwide affecting about 24% of the world population. The most affected were

infants (0-4) years, children 5-12 years and women of child-bearing age (Hurrel,

1996). Thus its control should have a global priority in public health programs,

particularly in developing countries.

Causes of IDA in . developing countries are many. It can be due to low

intake of enough heme iron sources (meat/fish/poultry), high intake of cereals and

legumes (which contain iron absorption inhibitors) and/or low intake of iron

enhancers i.e. ascorbic acid. In addition, poor socio-economic status of the vast

majority of people is reflected in the poor health services provided and unsanitary



living conditions that cause diarrhoea, malaria and worms infestation thus leading

indirectly to EDA.

In Sudan few reports appeared on the subject of iron deficiency anaemia per

se" High prevalence was reported among school children (Abdel Rahman and Osman,

1967) and most recently among' the under five years old (National Nutrition

Department, 1995). All these reports were based on haemoglobin measurements.

Recently, Mohamed (1998) classified the different types of anaemia among under five

vears patients attending Ahmed Ghasim Hospital for Children as indicated by

haemoglboin, hematocrit, morphological examination and serum ferritin

measurement.

An in-depth study on the body iron status of pre-school children in

Khartoum State financed by EMRO/WHO is in progress since 1996 and till now

covered Khartoum and Khartoum North (Magboul et al. unpublished data). The work

presented here represents results obtained from Al Shigla area. Khartoum State.

APROVAL TO CONDUCT THE STUDY:
Al Shigla area was chosen for this study because it has a high proportion of

displaced people from southern and western Sudan; the former due to the civil war

and the latter to drought.

This type of study requires a series of approvals because of ethical

circumstances. Therefore, the author obtained all necessary approvals to carry out this

study.

HYPOTHESIS:
It is hypothesised that:

1. Iron deficiency and iron deficiency anaemia are prevalent among the under five

years old in Al Shigla area.

2. Prevalence is probably due to low income, illiteracy and unsanitary living

conditions resulting in low intake of meat/fish/poultry (MFP) and enhancers of

non-heme iron absorption, high intake of cereals and legumes and endemic

diseases due to unhealthy living conditions.



OBJECTIVES OF THE STUDY:

1-To assess the prevalence ofiron deficiency/iron deficiency anaemia in Al Shigla
I

area.

2- To determine the possible causative factors implicated.

Tools to achieve the study objectives

a-Field survey using a questionnaire to investigate the background of the children,

that is, household socio-economic status, living conditions, dietary history,

sanitary conditions etc. Children nutritional status will be assessed and their

dietary intake and disease episodes recorded.

b-Chemical analysis of samples of their diets for major nutrients and chemical and

microbiological analysis of the water used.

c- Haematological investigations to ascertain body iron status, iron deficiency and

iron deficiency anaemia that include haemoglobin, serum iron, unsaturation iron

binding capacity, total iron binding capacity and serum ferritin in addition to

morphological examination of erythrocytes.

d- Stool examination for parasitic and worm infestations.
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ABSTRACT

Iron deficiency anaemia (IDA) is a public health problem throughout the

world.

Childhood iron deficiency anaemia has been associated with impairment of

congnitive performance, motor development and scholastic achievement. IDA

increase morbidity from infectious diseases, because several immune mechanisms are

affected.

A prospective survey (systematic, cluster sampling) was carried out

among pre-school children in Al Shigla area (Khartoum State), to study the prevalence

and aetiological factors of IDA. One hundred and seventy children were selected for

general nutritional evaluation, 110 of them for haemoglobin levels and morphological

classification of anaemia and 70 for further haematological investigations (Serum iron,

unsaturated iron binding capacity, total iron binding capacity, transferrin saturation

rate and serum ferritin).

The questionnaire that was used included demographic, socio-economic

characteristics, diet and disease history, food frequency, 24 hours, recall and

anthropometric measurements. Fifty healthy children with normal haematological

parameters were used as reference population.

The population at Al Shigla were living in poor conditions: 55.3% in mud-

houses or shelters, have pit-latrines or none (20%), and mostly (85.3%) relied on water

brought by tankers which showed poor hygienic standard. The majority (90%) lived in

extended families, were illiterate or semi-literate and 54.1% had income levels less

than LS.3000/day irrespective of family size or mode of spending.

A sample of 170 children showed mostly (84.1%) normal nutritional status

with only 4.7% severe cases. Their food consumption patterns were those of the

general households: High frequency of cereals consumption (95.3%), legumes

(89.4%) and tea (93.5%) and low meat, fish and poultry group (MFP,22.3%) and

vitamin C (22.9%). Disease episodes showed 64.7% had diarrhoea; 22.4% had giardia;

12.9% had malaria and 10.6% had worm infestation. This most probably due to

unsanitary living conditions.

Haemoglobin analysis (>11 g\dl) for 110 of the children, showed high

prevalence of anaemia (96.4%) with 25.4% severe cases. Blood film examinations of

these children showed 66% prevalence of-IDA.

Ill



Further haematological investigations of 50 of the children confirmed them as

IDA cases.

Thus the high prevalence of IDA in Al Shigla was multi-factorial. Poor

income lead to low budget for food expenditure that resulted in inadequate intake of

dietary iron (21-23% of WHO-RDI) and of vitamin C (10-25% of WHO-RDI). High

intake of cereals and legumes (80% of total energy), low intake of MFP group (2% of

total energy) and high tea consumption. The diet was therefore characterised by foods

that provided inadequate amounts of iron (mostly non-heme) and were rich in

inhibitors of iron absorption (phytates and tannins) and poor fa enhancers of iron

absorption (MFP group and vitamin C). In addition episodes of diseases that may

influence food (hence iron) utilisation contributed to the prevalence of IDA.

Stepwise regression analysis showed negative correlation between incidences

of IDA and food expenditure (PO.l), and positive correlation was found between

consumption of cereals and legumes (P<0.05), number of children/household

(PO.05), family size (PO.01) and episodes of diarrhoea (P<0.01), acute respiratory

infections (P<0.01), malaria and giardiasis (PO.05).

Chi-square analysis showed significant positive correlation between diarrhoea

and iron intake; the severity of malaria and energy intake (food intake) or iron intake;

giardiasis and energy intake; family size and iron intake and between number of

children/household and energy intake or iron intake.

IV



CHAPTER ONE



Chapter 1

LITREATURE REVIEW

,1 . DIETARY IRON:

.1.1. Food sources:

All foods contain iron in varying amounts. The best sources are meat, fish

,d poultry. Pulses, dried fruits and green leafy vegetables are also good sources but

e amounts depend on the iron content of the soil. Milk is a poor source of iron

TPassmore and Eastwood. 1986).

However, foods rich in iron but used on n •, frequent basis can not be

jonsidered good sources for an individual, a community or a population. Only foods

used on a regular basis are considered when assessing dietary iron intake.

1.1.2. Forms of iron in foods:

The amount of iron that can be absorbed from any food depends on the

form of iron in the diet (Halberg, 1982). There are two forms of iron in foods, heme

and non-heme iron.

1.1.2.1. Heme iron:

This is the iron present in haemoglobin and myoglobin which is generally

about forty percent in meat, fish and poultry (Anderson et al, 1982). It is present in

the ferrous state (Fe2+), hence is readily available. The heme-is split from the globin

portions of hemoglobin and myoglobin in the intestinal lumen. The heme is then

lassimilated intact by the intestinal mucosa, and the ionic iron is released by a heme-

Splitting enzyme within the mucosal cell (INACG, 1979).

[1.1.2.2. Non-heme iron:

Non-heme iron is the major source of dietary iron. It comes from the

remainder of iron in meat, fish, poultry in addition to all the iron in grains, vegetables,

fruits, eggs and iron salts in supplements (Anderson et al, 1982).

It is in the ferric state (Fe3+) as insoluble complexes with proteins, phytates,

oxalates, phosphates and carbonates.



4.1.3. Absorption of dietary iron:

.1. Absorption of heme iron:

Heme iron is absorbed into the mucosal cells intact as the intact porphyrin

. Its absorption increases in iron deficiency and is reduced when the

i s overloaded with iron. Availability varies from 25% in people with 500

me. iron stores to about 35% in those with very low or no iron stores (Anderson

etal.,1982).

1.13.2. Absorption of non-heme iron:

Non-heme iron absorption is strongly influenced by the iron status of the

individual, solubility in the gastric juice and by the presence of inhibitors and/or

enhancers in the diet.

To be absorbed, non-heme iron should reach the duodenum and upper

jejunum in a soluble form i.e. must be ionized by the acid gastric juice. At the

duodenum, the pH reaches 7 because of duodenal secretions. At this pH most of the

ferric iron is precipitated, but on the other hand, the ferrous form of iron is

significantly more soluble and is therefore still available for absorption.

Martinez-Torres and Layrisse (1973) demonstrated that iron absorption

varied greatly between different foods. It was lower for vegetable foods e.g. rice,

black beans, corn, wheat and the percentage of absorption varied between 1 - 7%

compared to animal foods e.g. meat, fish, where it varied from 12-22%.

These findings were confirmed by the use of extrinsic tag radioiron (55Fe

and 59Fe) technique studies.

The inhibitory foods included cereals (Hallberg etal, 1987), legumes such

as soy (Hurrell et al, 1992) and beverages such as tea (Disler etal, 1975) and coffee

(Morch et al, 1983). However, fruits, meat and some vegetables enhances non-heme

iron absorption.

1.1.3.3. Absorption of heme vs. non-heme iron:

Dietary constituents that decrease the absorption of non-heme iron have

significantly less effect on'heme iron absorption. Bjorn-Rasmussen et al., (1974)

reported that 37% of the heme iron was absorbed from a test meal in contrast to only

5% of the non-heme iron. ;



"5X3.4- iron absorption pools:

« ,, A »-' Dietary iron is absorbed from two independent pools, a heme iron pool and
C^ "a non-heme iron pool each of these pools can be labelled with a different radioactive

isotope of iron when studying iron absorption from different plant and animal foods

(Bjom-Rasmussen et al, 1974; Cook et al, 1972). Labelled heme and non-heme iron

added to the food will mix with the corresponding forms of intrinsic dietary iron in the

food (Bjorn-Rasmussen et al, 1974; 1976; Layrisse et al, 1974).

In many developing countries where the heme pool of the diet is small or

absent, only one radioactive isotope of iron is used to label the non-heme pool

(extrinsic tag) which is mixed with a homogenized meal or a vegetable food before

cooking (Layrisse et al, 1974).

Onqe in the mucosal cells, both types of iron form a common pool. The

intestinal mucosa seems to control the rate of iron absorption in response to the body's

requirement for iron i.e. amount available from blood to meet the needs of the newly

formed cells. Hence the rate of absorption regulates iron content of the body. Within

the mucosal cells, iron may combine with apoferritin to form ferritin, the storage form

of iron.

The rate of iron release from the mucosal cells into general circulation may

be regulated by the amount and saturation of transferrin which is usually saturated to

about one-third of its total iron binding capacity (TIBC). If iron is not needed,

transferrin remains saturated, less is absorbed from the mucosal cells and that

remaining in the cells is sloughed at the end of their 2-3 day life. If iron is needed,

transferrin is less saturated when it reaches the intestinal mucosal cells and more iron

then passes from the mucosal cells to transferrin (Krause and Mahan, 1984)

1.1.4. Dietary factors that affect non-heme iron absorption:

As mentioned earlier there are certain dietary factors that inhibit iron

absorption and others that enhance it.

1.1.4.1. Dietary inhibitors:
f I*

Polyphenol i compounds and phytic acid are the major inhibitors of iron

absorption.

Other inhibitors found in foods include phosvitin in eggs (Callender et al,

1970) and cows milk which was reported to decrease the absorption of ferrous iron by

about 75% compared to when iron is given alone to infants (Heinrich et al, 1975).



Recently, Hallberg et al (1992) reported that the high calcium content in cow's milk

is a potent inhibitor of iron absorption.

Other complexing agents in foods e.g. oxalates and phosphates also hinder

iron absorption.There are also non-dietary inhibitors that include anti-acids, continued

use of prescription medications (atropine, neomycin, tetracycline etc) that inhibitat

intestinal iron absorption and chloroamphenicol that increases serum iron level as well

as total iron binding capacity (Roe, 1985). However, the durg-nutrient interactions are

beyond the scope of this study. Inhibitors bind iron in complexes in the duodenum

from which iron is not available for absorption.

1.1.4.1.1< Polyphenol [compounds:

These are found in many foods in varying amounts e.g. sorghum, pulses,

vegetables, various spices, tea and coffee. Sorghum contains polymerized catechin

(condensed tannins), tea contains mixed polymers of catechin and gallic acid with

glucose while coffee contains chlorogenic acid.

The effect of tannic acid in tea in inhibiting dietary iron absorption is well

documented. Disler et al., (1975) fed a group of Indian women in South Africa a meal

of rice, potato and onion soup followed by either water or tea. Iron absorption from

the meal was 10% with water but 2.5% with tea - thus a 75% reduction. Inhibition of

iron absorption by tea consumption was also demonstrated by Rossander et al.,

(1979a,b).

Later studies (Hurrell et ah, 1996) used intrinsic tag radio-iron absorption

with different beverages when subjects consumed two iron fortified bread rolls with

water or tea. Iron absorption was 10% with water but reduced to 1% with tea, a 90%

reduction.

1.1.4.1.2. Phytic acid:

Myoinositol-6-phospate, phytic acid, occur as magnesium, calcium and

potassium salt in cereal grains (in the aleurone layer or bran) and in legumes (in the

protein bodies in the endosperm). .

In the gut, it complexes with a peptide and iron (or zinc) to form a peptide-

phytate-iron complex, thus the iron becomes unavailable for absorption. The phytic

acid binds to the amino groups of the partially digested peptides and the iron binds

directly to the phosphate group, the, carboxylic acid groups or to the peptides. A

highly complex molecule is thus formed'(Hurrell, 1996).



\/ - Phytates were reported to inhibit iron absorption (Me Donald et al 1966).

a dose-dependent study of the effect of sodium phytate on iron absorption, it was

that 2mg. inhibited the absorption by 18%, 25 mg. by 64% and 250 mg. by 82%

etal, 1989).

Phytic acid occurs at about 1% in most cereal grains and legume seeds

(Reddy et al, 1982). However it is reduced by 50% in high extraction wheat and by

80% in low extraction wheat.

Hurrel et al, (1996) tested three products with varying amounts of phytic

acid: a high extraction wheat porridge (240 mg./100g), a low extraction porridge (120

mg./100g.) and bread from low extraction porridge (0.0 mg./100g). Mean iron

absorption from the three products was 1%, 5% and 14% respectively, that is, a 14-

fold increase when wheat flour contains no phytic acid.

Cooking was found to reduce the phytate content of peas (Beal and Mehta,

1985), cooked legumes (El Tinay et al., 1989), cereals and legumes (Marto et al,

1990) and tubers (Yousif, 1993).

1.1.4.2.Dietary enhancers:

Dietary enhancers reduce the ferric iron (Fe3+) to ferrous iron (Fe2+) and

bind the iron in a soluble complex thus making it available for absorption.

1.1.4.2.l.Ascorbic acid:

Ascorbic acid is a powerful reducing agent that forms a soluble chelate

complex at low pH which remains soluble at the higher pHofthe small intestine

(Monsen et al, 1988).

Callender et al., (1970) reported that orange juice more than doubled the

absorption of iron from an entire meal. This was followed by other reports that

ascorbic acid increased iron absorption when added to a variety of foodstuffs (Sayers

et al, 1973; Bjorn-Rasmussen and Hallberg, 1974) in proportions equal to the

ascorbate content of the diet (Cook and Monsen, 1977).

Ballot et al., (1987) found that the mean absorption from a 200g. rice meal

was 2.5% which increased to 11.1% with 100 ml. orange juice and 12.3% with pear

juice. In the same study, 100 g. of grapes, peaches and apples (ascorbic acid range 4 -

7 mg./100 g.) caused a slight reduction^ iron absorption from the rice meal probably

due to their polyphenol content while strawberry (60 mg. Ascorbic acid/100 g.) had no

effect. Banana and melon caused a modest 2-fold increase but only guava and papaya



,'„ (150-180 mg. Ascorbic acid/100 g.) increased absorption substantially to 12.6% and

*" 17.3% respectively. This emphasises that many of the fruits regularly consumed have

little or no influence on iron absorption.

Davidson et al, (1994) showed that iron bioavailability from soy-based

infant formulas can be similarly increased by either removing phytic acid or increasing

the ascorbic acid content. However, Hunt et al, (1994) supplemented meals for

women with low iron stores with ascorbic acid (500 mg., 3 x a day) for five of the

ten experimental periods; ascorbic acid slightly increased serum ferritin (10.7 to 11.9

ug./l.) concluding that ascorbic acid had less effect on iron bioavailability than was

predicted from single meals.

1.1.4.2.2. Muscle proteins:

Meat, fish and poultry were found to increase the absorption of non-heme

iron by about 4-folds when these are replaced by equivalent portions of cheese, milk

or eggs (Cook and Monsen, 1975). This factor present in meat, fish and poultry but

not in cheese, milk and eggs was termed the meat-fish-poultry (MFP) factor.

Cook and Monsen (1975) postulated that digestion of the protein in meat,

fish or poultry released polypeptides and amino acids that formed soluble absorbable

complexes with non-heme iron in the upper small intestine.

Taylor et al, (1986) fed subjects a meal of300g. maize or beans labelled

with 53Fe with lOOg. veal or533g. glutathione (tripeptide of glutamic acid, cysteine

and glycine) containing the same amount of cysteine as the meat. Absorption of iron

was 4.1% from the maize meal alone, 7.6% from the maize meal and veal and 6.8%

from the maize meal with glutathione. He concluded that muscle proteins on

digestion forms cysteine containing peptides that reduces Fe3+ to Fe2+ and form a

soluble ferrous complex.

This explains previous observations that addition of proteins (Rossander

et al., 1979a&b) or different amino acid mixtures (Martinez-Torres and Layrisse

1981) promote iron absorption.

1.2. IRON COMPOUNDS1N THE BODY:

1.2.1. Forms of iron in the body:

Iron compounds in the body are grouped according to their functions into:

a)-Those that have metabolic or.enzymatic functions: haemoglobin, myoglobin,

cytochromes -and other proteins that function in the transport, storage and



r -„ distribution of oxygen. These'amount to 25-55mgAg. Body weight of which

80% is in haemoglobin (Smith and Rios, 1974).

bV Those that have storage functions: ferritin, which are soluble complexes of a core

of Fe3+ compounds surrounded by a coat of proteins (apoferritin) and as

haemosiderin, which are insoluble complexes probably formed from ferritin.

Total store is normally about lg. mostly as ferritin (Passmore and Eastwood,

1986).

1.2.2. Iron transport:

Iron is absorbed into the blood stream and transported bound to a protein,

transferrin. Its concentration in plasma is 3 - 4 g/1. (22 - 45 mol./l), one molecule of

which can bind two molecules of iron so that the total iron binding capacity (TIBC) of

plasma is 3.1-5.1mg./l. (68-90 mol./I). Normally TIBC is not fully saturated and

plasma iron is much lower in patients with Iron deficiency anaemia (Passmore and

Eastwood, 1986).

1.2.3. Iron balance:

Iron balance or homeostasis depends on three factors: iron requirement for

production of haemoglobin, iron losses from physiological and pathological processes

and amount of iron absorbed from the intestine.

Iron requirements are greatest in infancy, childhood and pregnancy due to the

increase of tissue and red cell mass, in addition to menustrating females as

replacement for iron loss.

Iron loss through desquamation of cells of the intestinal mucosa is relatively

fixed and does not vary in response to iron deficiency or overload (Green et al, 1968).

Losses from other routes e.g. urine, sweat are of the order of 14mg./day/kg. body

weight (WHO, 1970). Studies with radioisotopes indicated a daily loss in adults of

upto 1 mg. Fe/day (Green et al, 1968), hence absorption of this amount per day is

considered safe to meet body needs in the absence of blood losses. This restricted

range of loss shows the importance of absorption as the major factor in iron balance.

Pathological losses can be caused by diseases of the gastrointestinal tract

e.g. hookworm infestation (Roche and Layrisse, 1966), Ancylostoma duodenale

(WHO, 1968) particularly in the tropics due to sucking of blood from the intestine.

The body conserves and fe-utilizes absorbed iron. The quantity of body

iron is normally maintained within narrow limits through the regulation of intake.
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the supply of dietary iron becomes inadequate, iron is mobilized from ferritin

haemosiderin for the production of haemoglobin and other iron compounds

l?'(Hershko, 1977). When this production is restricted, impairement of body functions

joccur.

Long term studies with 5:)Fe-labelled iron showed that iron losses are not

increased in subjects working in hot humid climates (Green et al., 1968) which

disqualifies earlier hypothesis that in hot climates greater amounts of iron are lost in

sweat (Mitchei and Hamilton, 1949: Hussain et al, 1960).

Generally, less than 10% of dietary iron has to be absorbed to balance daily

losses in adult males and non-menustrating females (up to 20% in menustrating and

pregnant women).

1.3. CAUSES OF IRON DEFICIENCY:

Iron deficiency (ID) can be caused by low intake of dietary iron, poor

absorption and intestinal parasites, hookworms. Malaria has also been implicated in

many developing countries.

1.3.1. Low intake of dietary iron:

The Joint FAO/WHO Expert Group recommended 10 mg. dietary iron/day

for pre-school children when animal foods provided less than 10% of the total

calories, and 5 mg. dietary iron/day when animal foods provided more than 25% of the

total calories (Passmore et al, 1974). This was based on the assumption that the

average iron absorption is 10% (Committee on Nutrition, American Academy of

Pediatrics, 1969).

However, in developing countries the recommendations need not be

interpreted too rigidly since dietary composition has a great influence on iron

absorption e.g. cereals are the major energy source and meat consumption is low.

Sawaya et al., (1988) reported that the intake of children aged 0-6 years old

in Saudi Arabia did not exceed 38% of the FAO/WHO Pvecommended Daily

Allowance. Decreased intake was also reported by Eid et al (1984) in school children

in Kuwait. Similarly, the intake of calcium, iron and vitamin C by pregnant women in

Kuwait was less than 75% of the USA Recommended Daily Allowance (Prakash

et al., 1984). ;
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Said et al., (1980) attributed the increase in iron deficiency anaemia

Cairo school children in a 1975 survey compared to a 1982 survey to an

f ^increase in the price of animal foods hence their lower intake.

^ El Sahan (1996) reviewed the major cause of iron deficiency anaemia

•among pre-school children, school children, pregnant and lactating women in Egypt.

He stated the major cause as the low availability of dietary iron in the Egyptian diet

since cereals and legumes were the major contributors of energy and protein in

addition to low intake of animal protein.

In Spain, Arija et al (1990) assessed the dietary iron intake of 300 children

aged 0.5-16 years old and found that 24 - 77% of the children had iron intakes below

the Catalonian Recommended Daily Amounts which varied according to age and sex.

Low intake of dietary iron was also reported as a causative factor in

incidence of iron deficiency anaemia among pre-school children in Northern Ireland

(Grant, 1990) and in Argentine where the intake was reported as 5.6 + 3.5 mg./day

(Calvo and Guazzo, 1990).

1.3.2. Poor absorption of dietary iron:

Dietary factors that enhance or reduce the absorption of dietary non-heme

iron were reviewed in Section 2.1.4.

The importance of animal foods was stressed in the FAO/WHO - RDA

(Passmore et al, 1974) in which 10 mg. Fe/day was suggested when animal foods

contribute less than 10% of the total calories, and 5 mg. Fe/day when the contribution

is more than 25%.

Foods rich in vitamin C are recommended especially when consumption of

heme iron is limited or rare. Musaiger and Radwan (1995) reported that daily

consumption of foods rich in vitamin C among girls aged 18 and 20 years old in the

United Arab Eimarates was 41% and 59% respectively. Consumption of fresh fruits

among the 20 - 60 years eld in the same country was 46% by the males and 51% by the

females, while that of fresh vegetables was 60% and 65% respectively (Musaiger and

Aburmeilah, 1995). However, the situation was worse among school children and

adolescents because they consumed less meat and fish.

A dietary survey of fresh university of Khartoum students (96 males and 60

females) showed low consumption of fresh green salad and none of the students

consumed any fresh fruit during the survey period (Abuzied, 1996).
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Tea is a potent inhibitor of iron absorption. Musaiger and Miladi (1995)

the food consumption patterns and dietary habits in the Arab countries of the

. They reported that pre-school children, school children and adults consumed tea

a high quantity especially after the heavy mid-day meal (lunch) which may cause

iron absorption to drop from 11% to 2%.

133. Parasitic infections:

Infections especially parasitic ones interfere with food intake, absorption and

utilization of many nutrients especially iron.

133.1. Helminthic diseases:

Helrninthic infestation e.g. hookworm, schistosomiasis, cause haemorrhage

thus loss of haemoglobin in faeces and urine. This increases the demand for dietary

iron, but when the individual lives on diets that are marginal or deficient in iron and

protein, iron deficiency anaemia occurs.

The relationship between anaemia and hookworm infestation was first

reported by Layrisse and Roche (1964) in Venezuela and by Gillies et al (1964) in

West Africa,

Surveys of school children in Kenya (Stephenson et al, 1985) showed that

incidencies of haemoglobin deficiencies associated with hookworm infestation were

greater than those associated with schistosomiases or malaria. Similar results were

obtained by Stoltzfuz et al, (1997) in Zanzibar who reported that one-fourth of all

anaemias, one-third of iron deficiency anaemia and three-forth of severe anaemia

were due to hookworm infection. Less than 11% was due to malaria or Ascaris

lumbricoides.

Intestinal parasites were also implicated in iron deficiency anaemia

incidencies in some countries of the Middle East. El-Hazmi (1985) showed that

incidencies of anaemia were significantly higher in parasitic infected individuals

(21%) compared to parasitic free ones. Wasfi (1979) reported that the high

prevalence of parasitic infections was a contributing factor to the causation of

anaemia among pre-school and school children in Egypt.

Recently, Hopkins et al., (1997) reported that infection withal, duodenale

as one of the factors for the increased prevalence of iron deficiency and anaemia

among the aborginal populations, in-north-west Australia particularly among women

and children.

13



Malaria:

'Woodruff et al., (1979) investigated the causes of anaemia in malaria. He

that malaria attack especially when caused by Plasmodiumfalciparum is

lied. by haemolysis which may continue after the parasite have been

but that most of the iron is retained in the body and can be reutilized for

"': haemoglobin synthesis.

"'* • Jhaver et al, (1994) surveyed 321 children under five years old from a

population of 1800 in a population of 11000 by systematic random sampling in

Pakistan. He reported significant association between anaemia (Haemoglobin level

<llg./dl.) and episodes of diarrhoea but found no significant association between

anaemia and episodes of malaria.

Recently, however, Miladi (1996) suggested endemic malaria in Sudan,

Somalia and Mauritania as a contributory factor to iron deficiency anaemia.

1.3.4. Protein deficiency: P^>frf^J^\^r-v~-

Protein is needed for the production of haemoglobin, red blood cells and the

transport protein, transferrin. This can be affected by a reduced intake of amino

acids. It will be affected only when the deficiency is severe and continued for a long

time as synthesis of haemoglobin takes precedence over that of plasma proteins i.e.

mild anaemia seen in kwashiorkor (Passmore and Eastwood, 1986).

1.4. CONSEQUENCES OF IRON DEFICIENCY:

Insufficient iron intake, malabsorption or increased iron losses will lead to

iron deficiency (ID). There are three stages of ID: decreased iron stores, exhausted

iron stores and overt iron deficiency. The last stage leads to iron deficiency anaemia

(IDA).

1.4.1. Decreased iron stores:

This is assessed by the estimation of available iron stores. In the past, many

methods were used. These included the histological examination of amounts of

stainable iron present in the reticulo-endothelial cells ofthe bone marrow (Rath and

Finch, 1948), by performing phlebotomies on volunteers until there is evidence of

iron deficient erythropoiesis (Haskins et al, 1952) or by measuring increased iron

absorption from the gut (Heinrich, 1970). All these methods can not be applied to

population surveys. •-



Measurements of serum ferritin by immunoradiometric methods (Addison

I 1972: Miles et al, 1974) provide a sensitive index of iron stores in the body.

ices cited in the literature show a close relationship between serum

•racentration and the size of body stores.

A close correlation was reported between serum ferritin concentration and

J; the size of body iron stores measured by repeated phlebtomies (Jacobs et al, 1972;

Walters etal, 1973). There was a significant correlation between serum ferritin and

iron stores as judged by the histological assessment of bone marrow haemosiderin

(Lipschitz et al, 1974) and an inverse relationship between serum ferritin and iron

absorption in normal subjects (Cook et al, 1974). Furthermore, in ID state serum

ferritin is very low (4 jig./l/) but very high (>1000 jigA) with iron overload (Jacobs

etal, 1972; Lipschitz, etal, 1974).

Serum ferritin concentrations fall when iron overload patients were

subjected repeated phlebotomies (Jacobs et al., 1972; Lipschitz, et al, 1974). The

later result suggests a serum ferritin concentration of lu,g./l. to be equivalent to about

lOg of stored iron.

1.4.2. Exhausted iron stores:

After iron stores are exhausted, further depletion will result in the restriction

of haemoglobin synthesis. This results in the fall of transferrin saturation from about

30% to less than 15% (Bainton and Finch, 1964) and the concentration of

protoporphyrin in red cells rises to more than 70 jig./100 ml. (Langer et al, 1972). The

measurement of transferrin saturation rate which reflects the adequacy of iron supply

to the marrow is a less specific index.

1.4.3. Overt iron deficiency:

Reduced haemoglobin synthesis results in decreased concentration of

circulating haemoglobin, thus the cells become hypochromic (pale) and microcytic

(small) - classical signs of iron deficiency anaemia (IDA).

The use of haemoglobin concentration orhaematocritasanindexofiron

deficiency in population surveys has limitations (WHO, 1975). In each individual

there is a homeostatic mechanism that sets the haemoglobin level which is accepted as

normal for the particular individual. The distribution of such normal values in the

population should be derived from a representative sample of healthy persons in

whom the presence of nutritional deficiencies has been excluded by specific
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aboratory tests (WHO, 1975) or prior administration of haematinics (Garby et al.,

969). This distribution of normal values is likely to be the same throughout the

w l d when allowance is made for age, sex, pregnancy and altitude (WHO, 1972).

Thus a haemoglobin concentration of llg./100ml. was suggested for

children aged 6 months to 6 years below which anaemia is likely to be present at sea

level. However, in studies of nutritional anaemias it is advisable to characterise the

status of populations by providing frequency distributions rather than relating it to a

single arbitrary value.

1.4.4. Iron deficiency anaemia (IDA):

Normal subjects have stores of iron which when slightly reduced may not

show any biochemical or clinical abnormalities. Further depletion of this stores may

produce biochemical or clinical abnormalities but not anaemia. Still further

reduction results in IDA.

Nutritional anaemia is defined, as a condition in which the concentration of

haemoglobin is below the level that is normal for a given individual. The main

causes are a) internal or external haemorrhage leading to loss of blood from

circulation, b) haemolysis and c) reduced production of erythrocytes and

haemoglobin. These may result from a deficiency in one or more nutrients (iron,

folate, cyanocobalamin). However, IDA is the commonest cause of anaemia in

developing countries (WHO, 1975).

Mild or moderate anaemia per se can only be demonstrated by an increase

in haemoglobin concentration following therapy (Garby et al, 1969) and is not

associated with a detectable increase in morbidity or easily measurable impairment of

body functions (Elwood, 1970). This is understood to be due to some reduction in

the oxygen transport system and the capacity of the body to compensate for any

impairment of one of its transport components.

Severe anaemia reduces maximum oxygen transport (Hoffbrand and Lewis,

1989) hence reduces the capacity of the body to perform energy, thus demanding

tasks by imposing a ceiling on oxygen transport to the tissue.

IDA may reduce myeloperoxidase activity thus reducing body defence

against bacteria (Chandra, 1973), may impair the immune response (Nadler et al,

1972; Joynson et al, 1972) or cause, children to become more prone to respiratory

infections (Andelman and Sered, 1966).



>REVALENCE OF IRON DEFICIENCY ANAEMIA:

tent of prevalence worldwide:

Iron deficiency anaemia (IDA) affects 1.3 billion people, that is 24% of the

population compared to iodine deficiency disorders (4%) and vitamin A

deficiency (7% among the world's under five years old) - (Hurrel, 1996). Therefore,

* ' iron deficiency or anaemia is the major nutritional problem worldwide.

De Mayer and Adiels-Tegman (1985) reported that 50% of the population

groups in South Asia and Africa were anaemic, 25% in the countries of Latin America

and 10% in the industrialised countries of the west (inspite of the high standards of

living in the west). Worldwide, 43% of children from birth to 4 years, 37% of

children from 5-12 years and 35% of adult women are anaemic.

Recently, the FAO/WHO (1992) grouped the population groups most

affected by anaemia as pregnant women, pre-school children, low-birth weight

infants, other women of child-bearing age, the elderly, school-age children and adult

men.

1.5.2. Nutritional and health consequences of EDA:

IDA has severe nutritional and health consequences including inadequate

growth and mental development in children, high maternal mortality, high incidence

of low-birth weight infants and low productivity in adults (FAO/WHO, 1992). Poor

school performance among school children and adolescents was associated with IDA

(Pollitt et al, 1989; Soemantri, 1989, Seshandri and Gopaldes, 1989), IDA was

associated with low physical performance in a group of adolescents in London

(Nelsons al, 1994).

1.5.3. Some epidemiological studies:

1.5.3.1. General:

Some recent epidemiological studies were reviewed to stress the fact that

iron deficiency or iron deficiency anaemia is still the major nutritional problem

worldwide.

Looker et al., (1'997) reported on the prevalence of iron deficiency in the

United States. A national representative cross-sectional health examination survey

(sample 24,894 subjects) involving toddlers (1-2 years old), adolescent girls and

"women of child bearing age. Jrdn deficiency was defined as having abnormal values

of at least two of three laboratory tests of iron status (erythrocyte protoporphim,
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saturation rate, serum ferritin) while iron deficiency anaemia as iron

• plus low haemoglobin, ton deficiency was reported in 9% of the toddlers,

^adolescent girls and 11% in women of child bearing age. Iron deficiency

was reported in 3%, 2% and 5% respectively. Hence ID and IDA are still

an among these age groups in the United States.

In Sydney (Australia), Childs etal, (1997) assessed the iron status of 678

lildren (12-62 months) living in 32 randomly selected districts using plasma ferritin,

protoporhyrin, red cell indices and haemoglobin tests. Iron depletion was

"reported in 10.5%, iron deficiency in 2.8% and iron deficiency anaemia in 1.1%. The

highest prevalence of IDA (3% -176 children) was among the 24 - 35 months old.

The 9-23 months old (182 children) had the highest iron depletion (18.7%) and iron

deficiency (5.4%).

In Northern Ireland, 64% of 485 pre-school children were screened for iron

deficiency using haemoglobin, mean corpuscular volume and serum ferritin blood

parameters (Grant, 1990). Iron deficiency was found in 17% (serum ferritin <

10ug./l.) and 3% had iron deficiency anaemia.

Prevalence of iron deficiency was assessed in children aged 9-24 months

old from a large urban area in Argentine (Calvo and Guazzo, 1990). Hematologic

indicators were measured in venous blood from 384 children.Weighted incidence of

anaemia was 46.7% with serum ferritin <12 u.g./l in 60.2%.

Paracha et al., (1997) studied the prevalence of anaemia in the semi-urban

areas of Peshawar in Pakistan in children less or two years old. Blood samples were

withdrawn from 275 children for haemoglobin and serum ferritin measurements. The

classification for anaemia used was as follows: anaemia when haemoglobin levels

were less than 11 g./dl.; iron deficiency when serum ferritin was less than 12 t|g./ml.

Of the sample studied, 90% were anaemic, 27% had iron deficiency and 63% had

iron deficiency anaemia.

In Indonesia, Gross et al., (1997) reported the prevalence of anaemia in pre-

school children as part of a study in different population groups. Anaemia or iron

deficiency anaemia was defined as haemoglobin levels less than 110 g./l among pre-

schoolers. Prevalence was 35% among the less than 24 months old, 33% among the

24-35 months old, 18.5% among'the 36 - 47 months old and 12.9% among the

48 - 60 months old. ' •



The lower prevalence among the 48 - 60 months age group was also

-among Chinese (Chen and Ge, 1994) and Chilean (Ruz, 1994) pre-school
\

V

^ Prevalence of IDA in the Arab countries:

Iron deficiency anaemia is the commonest nutritional disorder and affects a

percentage of people especially pre-school children and reproductive women in

Arab Gulf countries despite the significant improvement in economic and health

A cut-off point of haemoglobin concentration less than 11 g./dl was used in all

-*the reports to diagnose IDA among pre-school children (0-5 years old).

,v.
1'. Earlier reports showed prevalence as 34.9% in Bahrain (Amine, 1980),

/46.9% in Kuwait (Mostafa, 1979), 64.9% among males and 67.4% among females in

r'Oman (Amine, 1980) and 36% in Saudi Arabia (Subaei et al, 1981).

Recent studies by Al Fawaz (1993) on prevalence of IDA among 6 - 24
y

months old attending the baby clinic at King Khalid University Hospital showed that

37% were anaemic. Similar results (34.7%) were reported by Hossain et al., (1995) in

Al-Ain, United Arab Emirates.

In Egypt, the National Nutrition Survey on pre-school children (6-72

months) of 1978 revealed the prevalence rate of IDA as 39.4% of the total

representative sample of 1609 child examined, and the prevalence of severe IDA (Hg

level < 9.5 g./dl.) as 12.2% (Nutrition Institute & Centre for Disease Control, 1979).

IDA prevalence was highest among the 12 - 23 months old (59.4%) and lowest among

the 60 - 71 months old (12.8%). Chronic undernutrition was more common among

anaemic children (31.4) than non-anaemic ones (17.4%).

A follow-up survey in Egypt was conducted in 1986 (CAPMAS &

UNICEF, 1988) on 1020 pre-school children in 34 sites previously surveyed in 1978.

Results showed IDA prevalence of 51.6% compared to 48.0% in 34 sites in 1978, the

difference attributed mostly to the increase in severe anaemia cases (26.8% vs. 14.8%

in 1978).

1.53.3. Prevalence of IDA in Sudan:

Very scarce information is available about the prevalence of iron deficiency

anaemia among children in Sudan. ;

Osman and Wisely (1983-84) investigated the nutritional status of pre-

children in 4 villages (Baika, Mobi, Fadasi elamrab, Wad elnour) around Wad
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They found that all the children aged less than five years were anaemic

' A recent report by the National Nutrition Department, Federal Ministry of

n Khartoum State (1997) showed that 32% of children surveyed under five

old (325 children per province) were anaemic having haemoglobin levels less

11.0 g./dl." The prevalence rate was high in Karari (61.55), 48.9% in Gebelawlia

42.2% in Ombada. However, a lower prevalence rate was reported in Khartoum

' North (16.9%), Khartoum (12.9%) and Omdurman (11.7).
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CHAPTER TWO



Chapter 2

MATERIALS AND METHODS

0 PREPARATION FOR THE SURVEY:

1.1. Choice of survey area:

Al-Shigla area in Hag Yousif town, east of central Khartoum North, is part

^ef Sharg Al-Nil province, Khartoum State. It was chosen for conducting the survey on

.the advice of the Nutrition Department, Khartoum State.

,^' The Nutrition Department, Khartoum State, expected a high incidence of

anaemia in the Al Shigla area as the residents are mostly displaced people from

^southern Sudan due to the civil war and settlers from western Sudan due to the

draughts. In addition the area includes people from other parts of Sudan.

On inspection of the area, the population was found to represent people

from different socioeconomic status and ethnic group. The later can be a reason for

expecting different food habits.

2.1.2. Initial assessment:

An initial assessment of Al-Shigla was conducted according to Young

(1992) to collect existing information about the target group (< 5 years old). This was

necessary as a base for the rapid assessment.

Initial assessment was carried out by reading clinical reports at Al-Shigla

health centre, which showed that in this area the prevalent diseases were prbtein-

energy-malnutrition (PEM), diarrhoea, malaria and acute respiratory infection (API).

The principle causes of mortality within the less than 5 years old children were the

former three diseases.

The above was supported by mothers and health guides interviewed by the

author. In addition, it was pointed out that traditional medicines were more used than

drugs in the treatment of diarrhoea and parasites. Severely malnourished children

were referred to the health centre for supplementary feeding.

In addition, communal consent was obtained after meetings were arranged

with the community leaders of the area e.g. sultans, shieks, school principle,medical

personnel etc. The author explained to them the objectives of the study and the

benefits of its outcome to the area. The leaders explained t the tribal composition
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itnilation, their food habits and available community services e.g. education,
•f

sources etc.

The local market was visited to record available foods both fresh and dried.

was mapped for major and minor roads and location of the different types of

All the information collected from this initial assessment was incorporated in

questionnaire.

3. The questionnaire:

A questionnaire was designed, written in Arabic to facilitate its

ig by the respondents. Its objectives were to collect socioeconomic

formations about the households, to assess the nutritional status, food intake and

uency and diseases of the children under five years old.

;2.1.4. Pilot study:

A pilot study was carried out to test the validity of the questionnaire.

Twenty-five households were randomly selected, the questionnaire completed.

'weights and heights of the children under five recorded and venous blood samples

withdrawn for haemoglobin measurements. Prevalence of malnutrition was about 13

per cent and about 8 per cent of the children were anaemic (Hb levels < 1 l.Og/dl).

The questionnaire (Appendix 1) was adopted as it was, but some translators

were employed for some ofthe respondents from southern Sudan whose Arabic was

poor.

2.1.5. Sample size:

Sample size was calculated according to the method described by Boelaert

et ai, (1995) which was based on the precision in systematic sampling with a 5% risk

error and calculated according to the expected malnutrition prevalence of 13% (see

Section 2.1.4.) and a precision or systematic sampling of 95% with a 5% risk factor.

A = t2>

where,

A = Sample size
1 = Parameter related to the error risk equals 1.96 for an error risk of 5%

P a Expected prevalence of malnutrition in the population expressed as a fraction of 1

H & 1 - p expected proportion of phildren not presenting malnutrition expressed as a



,.-2

Ition of 1

lute precision expressed as a fraction of 1

ugly.

Sample size = 1.962 x 0.13 x 0.87/ 0.05' = 174 children

louseholds:

The method of systematic cluster sampling of households was used. The

a was mapped into 20 clusters with 10 households chosen per cluster.

In each cluster, the first household was chosen from the direction of a pencil

haphazardly thrown. This was followed by the next household and so on until the

required number of households was met - that is - one child under five years old per

household randomly selected whenever there were more than one child in a

t household. Selected households were numbered for the conduction of the survey.

I 2.2. CONDUCTION OF THE SURVEY:

2.2.1. Activity:

The number of households, visited was 200 during the period

September/October 1996. The author was aided by three field workers in the

conduction of the work.

The questionnaire was completed for each household and anthropometric

measurements (weight, and height./\were carried out for each child. Whenever

possible venous blood and stool samples were collected according to plan. However,

out of the 200 questionnaires only 172 were selected, the rest rejected because the

respondents were either non-cooperative or failed to answer vital questions e.g.

disease episodes, income etc.

2.2.2. Anthropometric measurements:

2.2.2.1. Weight:

Children were weighed with the minimum clothing and barefooted to the

nearest 0.1kg. using a UNICEF 25 kg. hanging Salte balance. The scale was checked

periodically by checking the zero adjustment using a 10kg. known weight.

2.2.2.2. Height:

Children's height was measured while standing barefoot on a horizontal

surface against a vertical measuring meter with a movable horizontal bar that rests flat

on top of the head.
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The child stood straight with heels, knees and shoulders against the wall

measured to the nearest 0.1 cm.

Food intake:

Food intake was assessed using two methods. The first was the frequency

intake of food items three days prior to the survey.

The second method was the 24 hour recall method in which food intake in

iusehold measures was recorded. These measures were later converted to weights in

grams and the nutrients that affect body iron status calculated from these weights

using the food composition data obtained by chemical analysis of the different diets

collected from the households (see Section 2.3.2.).

23. CHEMICAL ANALYSIS OF THE DIETS:

2 J.I. Collection of samples:

Prepared diets found commonly consumed during the survey period were

selected for analysis. These were collected from different households that took part in

the survey.

Seventy diets were collected in polythene bags that were instantly sealed

and stored in an ice-cooler. On reaching the laboratory, samples of each diet i.e.

mullah bamia, were mixed together and sub-samples were dried in porclean crucibles

to constant weight (AOAC, 1984). Dried sub-samples of each diet were pouled to

form one composite sample which was grounded to a fine homogenous powder using

a coffee grinder followed by further grinding in a mortar using a pistile. Powdered

samples were stored in labelled glass containers at room temperature.

2.3.2. Chemical analysis of dried samples:

23.2.1. Proximate composition:

Moisture, fat, ash and crude fiber were determined according to the AOAC

(1980). Carbohydrates were obtained by difference. The Atwater factors of 4,9 and 4

were used for energy calculations derived from proteins, fats and carbohydrates

respectively.

2.3.2.2. Protein content: '

Crude protein was determined and calculated according to Das (1986) using
a Neutron Generator 14 MeV (150-KV> accelerator). Samples were prepared in pellet

form and irradiated for 10 minutes- (irradiation time depends on activity of the samples

waiting time depends on half life of the element).



The nitrogen in the sample and standard nitrogen were irradiated and

under a well defined time (7 min.) and spectrums obtained under defined

ag conditions.

Msa = Mst x Nc f sa) x A (st) x M* (sa)
Nc (st) A (sa) M* (st)

/Twhere,

'• Msa = Mass of element

Mst = Mass of standard

Nc(sa)= Sample area

Nc(st)= Standard area

A (sa) = Sample flux monitor area

A (st) = Standard flux monitor area

M* (sa)31 Standard flux monitor mass

M* (st)= Standard flux monitor mass

Nitrogen in sample (%) = mass of element (Msa) x 100
mass of standard (Mst)

Crude protein in the sample was calculated using the factor 6.25.

2.3.2.3. Iron:

Iron was determined according to the method described by Jenkins et al

(1981) using X-Rays Flourescent (XRF) technique. Samples were prepared for

analysis by compressing Ig. into a self-supporting pellet using a hydraulic press (2C

tons/in2) for two minutes. Peak areas were determined using the AXTT, computer

programme.

Iron concentration (ug/g.) = C As

WAr

Where,

C = Amount of iron in the standard reference

W = Weight of the sample (g.)

As = Peak area of iron in ti^e sample

Ar = Peak area of the element in the standard



feR ANALYSIS:

lples:

^ Water samples were collected from the following sources (four from each

e): directly from the tap of the well, from storage tanks and from household

containers (plastic and metal containers, ziers). Samples from each source

pooled together to form one composite sample. Samples were stored either in

lid-washed glass bottles for chemical analysis or in clean sterilized chlorine-free

containers (sodium thiosulphate used as a dechlorinating agent) for

W^tticrobiological analysis. Samples were examined within 24 hours of collection

;. ̂ according to APHA, AWWA,WPCF (1980).

12.4.2. Chemical analysis of water:

The following parameters were determined: pH, hardness, total alkalinity,

nitrate, nitrite, total solids and the minerals calcium, magnesium, manganese,

phosphorous, potassium, zinc, iron and copper.

The procedures of HACH (1994) was used and measurements carried out

on a DRIL 2000 Portable Laboratory Technique Instrument.

2.4.3. Microbiological analysis:

Microbiological analysis of the water samples were carried out according to

APHA/AWWA/WPCF (1980). Total bacterial count, coliform bacteria, yeasts,

moulds and staphylococci were determined.

For salmonella, nutrient broth was used as a pre-enrichment medium and

Rapport Vassiliad broth for the isolation of salmonella. For the fermentation of

glucose test, the bacteria was grown in two tubes of Hung Leifson's medium

according to the procedure described by Cowan (1979). Oxidase and catalase tests

were carried out according to the procedure described by Mohamed (1995).

2.5. HAEMATOLOGICAL INVESTIGATIONS:

2.5.1. Samples size:

Sample size for haematological investigations was decided according to the

equation in Section 2.1.5. and the 8% prevalence of anaemia in the pilot study.

Sample size = 1.962x 0.08x0.92 = 113 children
0.052



vFbr the in-depth studies, haematological studies were carried out in

Jdfen, the size was determined by the high cost of reagents and procedures.

I collection:

110 blood samples were collected using 1 mm. glass capillary tubes. The

as used for haemoglobin determination and film investigation.

For the seventy children, venous blood was collected using 5 ml. disposable

res. Samples were transferred either into containers containing EDTA (eihylene

tetra-aceticacid) for film investigation and haemoglobin analysis or into

atainers that were left for two hours at room temperature for the blood to clot, then

ents centrifuged and the serum stored in plastic containers for further studies

^(estimation of serum iron, unsaturated total iron binding capacity and serum ferritin).

" .2&3. B I o o d fiIm:

For the cell morphology, a thin blood spread film was fixed with methanol

and stained with Giemsa stain and examined under a microscope.

For the malaria test, a thick film was also prepared and stained with Giemsa

stain.

2.5.4. Haemoglobin:

Haemoglobin was measured after accurate dilution with Drabkin's solution

that converts haemoglobin to cyanmethemoglobin as described by Chanarin (1986).

Absorbance was measured against a reference standard solution of

cyanmethemoglobin at 540 nm using a Corning colorimeter Model CIBA Coming252.

2.5.5. Total serum iron:

Total serum iron was determined using SIGMA Diagnostic Kit procedure

No.565 based on the method of Persijn et al, (1971) using ferrozine.

The method is based on the dissociation oftransferrin-bound serum iron to

form ferrous ions at acid pH and in the presence of a suitable reducing agent. The

ferrous iron react with ferrozine to produce a magenta coloured complex with an

absorption maximum at 560 nm. The difference in colour intensity at this wavelength,

before and after addition of ferrozine is proportional to serum iron concentration.

2.5.6. Unsaturated iron binding capacity (UIBC):

Serum UIBC was determined according to SIGMA Diagnostic Kit based on

the method of Persijn et al, (1971) using ferrozine.
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At alkaline pH ferrous iron added to serum bind specifically with

transferrin at unsaturated iron-binding sites. Remaining unbound ferrous ions are

measured with the ferrozine reaction. The difference between the amount of unbound

iron and the total amount added to serum is equivalent to the quantity bound to

transferrin which is the amount of UIBC.

2.5.7. Total iron binding capacity (TIBC):

Serum TIBC is calculated as follows:

TIBC (jig/dl) = Serum iron + Serum UIBC

2.5.8. Transferrin saturation rate(TSR):

Transferrin saturation rate is calculated as follows:

TSR (%) = Serum iron x 100
TIBC

2.5.9. Serum ferritin:

The BIO-RAD Kit (1996) for the immunoassay quantitative determination

of ferritin in human serum was used. The method is based on the principle of a solid-

phase enzyme- linked immunosorbent assay that utilises two different anti-bodies

which have a high affinity and specificity for distinct antigenic determinants on the

intact ferritin molecule.

One of these antibodies is conjugated to a peroxidase and the other antibody

is bound to biotin. The two antibodies bind to ferritin present in the sample resulting

in the ferritin molecule becoming sandwiched between the two antibodies. This

soluble immuno couples will then bind to avidin coated microcells as avidin has a

high affinity for biotin. Following a 45 minutes incubation at 37°C the cells are

washed with the wash' solution provided to remove unbound antibody complexes. A

solution of 3,3>5,5-tetramethylbenzidine was added and incubated for 15 min.,

resulting in the development was stopped by the addition of Stop Solution, and it was

measured spectrophotometrically at 450 nm. The concentration of ferritin is directly

proportional to the colour intensity of the test sample.

2.6. STOOLS' INVESTIGATIONS:

Stools were diluted in salt water and examined under the microscope for

worm's eggs and intestinal protozoa according to WHO (1991)
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STATISTICAL ANALYSIS:

A data base was constructed and data entered, double-entered and validated

EP6 info version 6.02 (Dean etal, 1994). Results were presented as Mean ±

Statistical analysis were carried out for analysis of the data obtained (socio-

mornic, anthropometric, food frequency). Normally distributed data was analysed

rising student t-test, chi-square test and analysis of variance.

SPSS version 6 (Norusis ,1993.) was used for multiple regression and

correlation coefficient analysis and to evaluate the relationship between the variables.

Results are presented in tables and figures.
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CHAPTER THREE



Chapter 3

RESULTS

| . l . HOUSEHOLDS BACKGROUND:
3.1X Repondents:

One hundred and-seventy households were chosen for this study. Most of

the respondents (58.8%) were from southern Sudan. The rest were from the different

parts of the north, the majority being from Kordofan( 17.0%) as shown in Table 1.

This was followed by the North (Northern and River Nile States), Blue Nile, and

Gezira areas. One respondent was from Darfur and one from White Nile state .

3.1.2.General demographic characteristics:

The number of households is shown in Table 2; most of the households

(70%) had 5-10 individuals.

Illiteracy was more prevalent among mothers (60%) than fathers (47%),

while similar numbers had primary education. Generally, fathers had more chances of

education compared to the mothers.

A monthly income of more than LS.90,000 was reported by 45.9% of the

households who were employed as labourers paid on daily basis e.g. brick-layers,

cloth-washers, vegetables retailers etc. Only 6% had income lower than LS.30,000/

month.

3.1.3. Foods available at the local market:

Foods available at El-Shigla local market were of traditional nature. These

included meat, cereals, sorghum and millet which are traditionally prepared as kisra,

accida or madida in addition to bread from wheat flour.

Legumes that are made into traditional stews included faba beans, lentils,

white bean and pigeon pea.
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T able 1: Sample's distribution according to area of origin;-

Area of origin

Southern Sudan

Kordofan

Northern

Blue Nile

Gezira

White Nile

Darfiir

Total

Number

100

29

16

13

10

1

1

170

Percentage

58.8

17.1

9.4

7.6

5.9

0.6

0.6

100
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Table 2: Socio-economic status of households:-

Variable

Number of persons/household:

1-4

5-10

11-15

16-22

Total

Mothers' educational levels:

None

Intermediate

Primary

Secondary

University

Total

Fathers' educational level:

None

Intermediate

Primary

Secondary

University

Total

Household income/month (LSxlOOO):

<30

31-60

61-90

>90

Total

Source of household income:

Father

Mother

Father + mother

Relatives

Total

Number

26

119

22

3

170

102

3

31

32

2

170

80

2

29

46

13

170

11

47

34

78

170

132

13

19

6

170

Percentage

15.3

70.0

12.9

1.8

100

60.0

1.8

18.2

18.8

1.1

100

47.0

1.0

17.1

27.1

7.6

100

6.5

27.6

20.0

45.9

100

77.6

7.6

11.2

3.5

100
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Vegetables available at the local market for cooking were okra, eggplant.

I courgett, purslane and pumpkin while those available for fresh consumption were

p tomatoes, cucumber, onions and girgir (water crest). Fruits included banana, orange.

: lemon and grape fruit. There were some eating-places that sold some prepared dishes

some of which were unique to certain areas of Sudan.

From southern Sudan there were two traditional dishes, "Mendisha" and

"Muakla". Mendisha is dried fish boiled in water to which waika (dried okra) is

added and is consumed with kisra or accida. Muakla is made by adding water to

wheat flour and the mixture made into tiny balls which are dried; when needed they

are boiled in water and used instead of bread, kisra or accida.

"Barkiep" a dish prepared from fermented milk from western Sudan was

also available.

3.1.4. Household food consumption pattern:

Household food consumption patterns were investigated by asking the

respondents about the foods they usually consume (diet history) and those that they

consumed at least once prior to the survey.

Table 3 shows the frequency of the food items consumed usually and three

days before the survey. The general pattern was that more than 90% usually ate meat,

cereals and cooked vegetables. Between 70-80% consumed legumes, fresh vegetables

and milk as a drink or a prepared dish or added to tea. Fish and fresh fruits (lemon,

grapefruit, banana) was eaten by 58 - 60% of the respondents. In addition, Gongolaze

{Adansonia digitata ), Karkade {Hibiscus sabdariffd) and Guddiem (Grewia tenax)

were reportedly consumed occassionally.

However, the above frequency pattern'decreased during the last three days

prior to the survey except for cereals and legumes which remained at the same level,

being 99% and 80% respectively. Negative answers were 81.2% for meat, 46.5% for

fish, 57.7% for fresh vegetables, 40% for cooked vegetables, 81.2% for fruits and 50%

for milk.

Tea consumption was recorded for the last three days prior to the survey.

Most of the respondents (168) drank tea daily with milk in 48 households and without

in 120 others. Average daily consumption ranged between 1 - 3 cups/day. Amounts

Df sugar added to the tea depended on the household income (range 10 - 50g./day).



I
y' 3.1.5- Sanitary conditions of the households:

% Many households (55.3%) lived in poor housing conditions (shelter, mud-

'\ room, brick-room, mud-house), 43.5% lived in red-brick houses and only two

- households lived in modern cement buildings (Table 4).

Most of the households (85.3%) did not have a water source inside their

houses and depended on buying their water from tankers. Only 14.7% households had

piped water inside their homes.

Water was stored in plastic pales, 4-gallon tins or zeirs (earthenware

containers) in descending numbers of households.

The majority of the households (76.5%) had pit-latrines and only five

households had flush-toilets. However, thirty-five households had neither facility and

depended on the open spaces around.

3.1.6. Chemical and microbiological analysis of domestic water:

Results of the chemical analysis of the water samples obtained from the

different water sources (main water source, tanker) and household storage containers

(plastic barrel, iron barrel, zeir) are shown in Table 5. No variation was found in the
t

values obtained for the different parameters in all the five water samples.

Results of the microbiological examination of the water samples are shown

* in Table 6. The total bacterial count ranged between 4.2 - 5.5 Logi0CFU/g., most

• probable number of coliform bacteria between 16.0-26.0/100 ml. Yeast count was

similar in all the samples. The dominant bacterial groups were the gram-positive

micrococci and streptococci and the gram-negative actinobacter and salmonella.
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Table 3: Food frequency patterns of the households:-

Food item

Milk

Meat

Fish

Legumes

Cereals

Fresh vegetables

Cooked vegetables

Fruits

Tea

Tea with milk

Tea without milk

General pattern

Frequency

143

157

99

137

169

129

167

101

170

50

120

Percentage

84

92.3

58.2

80.6

99.4

75.9

98.2

59.4

100

29.4

70.5

Pattern last 3 days before survey

Frequency

85

32

91

137

169

72

102

32

168

48

120

Percentage

50

18.8

53.5

80.6

99.4

42.3

60.0

18.8

98.8

28.8

70.6
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Table 4: Sanitary conditions of the households:-

Variable

Type of roofing:

Shelter

Mud room

Break room

Mud house

Red-brick house

Source of water:

Tanker

Piped

Water storage container:

Plastic barrel

Iron barrel

Zeir

Type of latrine:

Pit

Flush

None

Number

- 20

30

17

27

74

145

25

• 8 0

65

25

130

5

35

Percentage

11.8

17.6

10.0

15.9

43.5

85.3

14.7

47.1

38.2

14.7

76.5

2.9

20.6
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Table 5: Chemical analysis of water samples:-

Parameter

pH

Hardness (mg. Ca2C03/l)

Total alkalinity (mg.Ca2CO3/l)

Calcium (mg./I)

Copper (mg./l)

Iron (mg./l)

Nitrate (N03 mg./l)

Nitrite (N02 mg./l)

T.S.

Water samples

Main source

8.0

212

193

48

0.04

0.30

0.38

0.22

482

tanker

8.0

212

194

48

0.04

0.30

0.38

0.22

485

Zeir

8.0

212

193

48

0.04

0.30

0.37

0.22

483

Iron

barrel

8.0

212

193

48

0.03

0.30

0.37

0.22'

483

Plastic

barrel

8.0

210

194

50

0.05

0.32

0.37

0.22

490
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Table 6: Microbiological analysis of water samples:-

Water source

Tanker

Zeir

Iron barrel

Plastic barrel

TBC

4.20

5.53

4.40

5.30

MPN

16.0

11.0

26.0

22.0

Yeast

3.3x10
3

3.5x10
3

3.0x10
3

3.2x10
3

Gram +ve b.

micrococus

streptococus

micrococus

streptococus

staphylococus

bacillus

listeria

clostridium

micrococus

streptococus

staphylococus

bacillus

listeria

micrococus

streptococus

staphylococus

listeria

Gram -ve b.

Salmonella

51 shottmuelleia

S. enteridis

S. typhimurium

S. shottmuelleia

S. enteridis

S. typhimurium

S. shottmuelleia

S. enteridis

S. typhimurium

S. shottmuelleia

S. enteridis

S. typhimurium

Other bact

Enterobacteria

Actinobacillus

Enterobacteria

Actinobacillus

Chromobacterium

Actinobacillus

Chromobacterium

cardiobacterium

Actinobacillus

Chromobacterium

Cardiobacterium

TBC= Total bacterial count

MPN= Most probable number of coliform
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32. REFERENCE SAMPLE:

3.2.1.Choice of sample:

The aim of including this reference sample was to compare its blood iron

status values with those available in the literature to decide the cut-off points that will

be used for body iron status.

A kindergarden at El Shigla run by the World Council of Churches for the

under five years old was chosen. A daily breakfast meal of rehydrated dried beef meat

(made in Italy) was served to these children. Hence these children were guaranteed a

daily ration of meat for six days of the week.

The children (n=50) in the kindergarden had a daily supply of 6 kg. of

dehydrated meat. The meat contained 10% moisture, therefore, recalculating its iron

content from fresh meat (75% moisture; 2.7 mg. Fe/lOOg), the 6 kg. Provided 540 mg

Fe/day. These children therefore had each for six days of the week 7.6 mg. total

iron/day from animal origin in addition to what was provided in their home diets.

The rehydrated meat was served to the children in a communal dish with

boiled lentils or white beans with "muakla" stew.

There were .seventy-one children at the kindergarden of which fifty were

chosen. The rest were omitted from the study because they were either sick or their

mothers refused to participate in the study. The fifty children were chosen after

clinical examinations, laboratory tests for malaria and stool investigations for worm

infestation. They were all found to be healthy. Informed consent was obtained from

the parents before the start of the study.

3.2.2. Blood iron parameters:

The blood iron parameters of the reference sample is shown in Table 7. The

results include values for haemoglobin, serum iron (SFe), Total Iron Binding Capacity

(TIBC), Transferrin Saturation Rate (TSR) and Serum Ferritin (SF).

The lowest value obtained for haemoglobin (g./dl.) was 11.0 and the highest

was 14.0. Ranges for other parameters were as follows: serum iron (p.g./dl.) = 62.0 -

70.0, TIBC (ug./dl.) = 271-366.1), TSR (%) = 15.6 - 20.0. The lowest value for serum

ferritin (pg./dl.) was 15.5 and the highest was 21.1.
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No significant difference was found in any of these blood parameters

between the different age groups.

3.2.3. Relation between blood iron status and place of origin:

Table 8 shows the blood iron parameters of the reference sample from southern

Sudan (32 children) and those from northern Sudan (18 children) which might reflect

the effect of different dietary habits on these parameters.

Again no significant differences were obtained for all the iron blood parameters.
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Table 7: Blood iron parameters of the reference sample:-

Parameter

Haemoglobin (g/dl)

Serum iron (ng./dl.)

T.I.B.C. (jj.g./dl.)

T.S.R. (%)

Serum ferritin (jj.g./I)

U.I.B.C. (MgVdl.)

Age group in months

12-23

n=13

12.0 ±2.1

(11.0-13.0)

68.0 + 30.0

271.7± 37.1

(238-352)

15.6 ±2.3

(13.0-18.0)

15.5 ±1.8

(12.0-20.0)

229.1±32.1

(200-300)

24-35

n=ll

12.0 ±1.0

(11.0-14.0)

66.0 ±24.0

334.6± 64.4

(238-394)

20.0 ± 4.4

(15.0-28.0)

17.7.12.9

(14.0-23.0)

265± 60.6

(188-330)

36-48

n=9

12.9 ±2.0

(11.0-13.0)

68 ± 32.0

366.1+61.2

(265-435)

19.9 ±4.7

(14.0-27.0)

17.4 ±2.7

(14.0-22.0)

315.4±36.4

(225-325)

49-60

n=13

12.1 ±0.5

(12.0-13.0)

62.0 ± 25.0

330.0+63.0

(238-401)

19.0 ±5.8

(14.0-27.0)

18.8 ±4.4

(12.0-28.0)

291.2136.4

(225-325)

61-84

n=4

12.5 ±2.0

(12.0-14.0)

70.0 ±35.0

310.2+63.5

(238-401)

19.4 ±4.8

(14.0-27.0)

21.1 ±4.6

(15.0-28.0)

247.3±39.1

(193-293)

Values are Mean 1 S.D.
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Table 8: Blood iron parameters of reference

sample in relation to place of origin;-

Blood parameter

Haemoglobin (g./dl.)

SFe (jag./dl.)

TIBC Oig./dl.)

TSR (%)

SF Oig./dl.)

Southern Sudan

12.6 ± 0.62a

67.0 ± 26.4b

341.1 ±60.7d

18.8 + 4.7"5

18.4±4.5f

Northern Sudan

12.6±0.78a

57.6±21.7b

304.1d

18.8 ±4.6e

17.8 ± 3.lf

Values = Mean ± SD

Numbers sharing the same letters are not significantly different at P = 0.05
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3.3. TARGET GROUP:

3.3.1. General characteristics:

The target or study group consisted of 170 children aged 2 - 5 years. One

child was chosen randomly from each of the 170 households chosen for the study.

Table 9 shows the general characteristics of this target group.

Households with 1-4 children and 5-9 children were 52.3% and 47.7%

respectively.

Almost all the children were less than 5 years old (99.4%) with a higher

proportions aged 24-35 months (34.7%) and 36-48 months (34.1%). The age group

12 - 23 months was 16.5% with only one child in the 49 - 60 category.

Most of the children (88.8%) were weaned at the age of less than one year

old. Cow's milk was the first food available in the household. Only 2% of the

mothers used commercial formulas to feed their infants. Rice, vegetables or specially

prepared foods were fed to only 5% of the children.

More than 80% of the sample did not suffer from episodes of malaria, worm

infestation or infection of the upper respiratory tract and the majority (64.7%) had one

or more episodes of diarrhoea in the three months prior to the survey. Episodes of

giardiasis affected 39 children. Worm infestation which affected 18 children included

Ascaris lambricodes and Hymenolepsis nana.

43



Table 9; General characteristics of the target group (n=170>;-

Variable
Number of children/household

1 - 4
5 - 9

Number of children < 5 years old:
1-4
5 - 9

Age (months):
12-23
24-35
36-48
49-60
61-84

Age of weaning:
<1

1-2
>2

Episodes of malaria:
None

1
> 1

Episodes of diarrhoea:
None
1-2
>2

Episodes of giardia:
None
.. 1
> 1

Episodes of upper respiratory infection:
None

1
> 1

Episodes of worm infestations:
None

1

Number

89
81

169
1

28
59
58
4
1

151
15
4

148
18
4

60
95
15

132
28
10

137
28
5

152
18

Percentage

52.3
47.7

99.4
0.6

16.5
34.7
34.1
14.1
0.6

88.8
8.8
2.4

87.1
10.6
2.3

35.3
55.9
8.8

L_ 77.6
16.4
5.9

80.6
16.5
2.9

89.4
10.6
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Table 10: Calculated chemical composition of UNIMIX:-

Constituent

Wheat flour

Sugar

Skim milk powder

Vegetable oil

Total

Per 100 g.

Weight (g.)

500

125

250

200

1075

-

Kcals

-

-

-

-

-

470

Protein (g.)

49.5

-

91.2

-

140.7

13.0

Fat (g.)

6.0

-

2.5

200

208.5

19.4

NFE (g.)

384

125

147.5

-

656.5

61.0

Fe (mg.)

5.5

-

-

-

5.5

0.51

FAO (1982) used in this calculations
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3.3.2. Feeding centres:

There was a feeding centre run by the Islamic Relief Agency within the

El Shigla Health Centre, the later is run by a medical assistant, a nurse and a junior

laboratory technician.

Food supplementation in the form of UNTMIX was provided to only the

under five years old who suffer from protein-energy malnutrition. This was issued to

the mothers as a weekly ration (500g./child) which provided 470 Kcals., 13.0 g.

protein and 0.5 mg. Fe per 100 g. ration (Table 11 - FAO (1982).

3.3.3. Food consumption pattern:

A 24-hour recall was used to identify foods consumed by the target group.

These foods were grouped into cereals, legumes and meat/fish/poultry. Vitamin C

foods and tea consumption were also included to assess the overall consumption on

iron bioavailability.

Fig 1 (Appendix 2) shows the frequency of consumption of the above food

groups. It is evident that there was high consumption of cereals (95.3%) and legumes

(89.4%) and low consumption of the meat/fish/poultry group and vitamin C rich

foods. In addition there was high consumption of tea (93.5%).

Consumption of the meat/fish/poultry group increased by age and was maximum for

the 36 - 60 months old. However, more vitamin C foods were consumed by the 36-

48 months old than the rest of the age groups. Consumption of cereals, legumes and

tea was high for all age groups.

3.3.4. Nutritional status:

The nutritional status ofthe target group was assessed using weight/height,

height/age and Z scores. Fig.2 shows that 84.1% ofthe sample had normal nutritional

status, 11.1% were moderately thin and only 4.7% were severely wasted according to

their weight/height Z scores.

Table 11 shows the distribution of malnutrition (wasting) within the

different age groups. The 12 - 23 months old were the most affected (39.2%) with

the highest number of severely wasted cases. However, there was a trend of

decreasing incidences of malnutrition with advancing age whether the condition was

severe, moderate or normal. This trend of adequate nourishment was 60.0%, 84.4%,

89.6% and 95.8% with the increasing'age groups ofthe sample..
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Fig (1) Food consumption pattern of the target group
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Fig (2) Nutritional status of the target group
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jf Low height/age and low weight/height Z scores analysis showed that
I
I 48.2% of the sample were stunted of which 51.7% were children of normal nutritional
f status (Table l l a ) .
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Table (11 a) Low height /age and low weight /height Z-score analysis

Low
weight/Height

Yes:

n

No:

n

Total
n

Low height / age
Yes No Total

8
(4.7)

74
(43.5)

82
(48.2)

19
(11.2)

69
(40.6)

88
(51.7)

27
(15.9)

143
(84.1)

170
(100.0)

(Low height/age and low weight /height defined as <-2 SD)
n = Number
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Table l ib : Distribution of children by age and nutritional status: -

v
Age groups/ Months

12-23

24-35

36-48

49-60

Total

Nutritional status

Normal

17

51

52

23

143

Moderate (-2 to -3 )

6

7

5

1

19

Severe (< -3)

5

1

1

1

8

Total

28

59

58

25

170

51



3.4. STUDY GROUP:

3.4.1. Prevalence of anaemia:

A study group of 110 children was chosen from the target group of 170

children for further haematological examinations.

Of the sample, 106 children (96.3%) were anaemic, with a haemoglobin

levels of less than llg./dl. Only 4 children had Hb more than 11 g./dl (table 12).

Results were confirmed by cell morphology examinations that showed microcytic

hypochromic erythrocytes.

The haemoglobin measurement showed that 9.1% were mildly anaemic

(Hb=10-ll g./dl), 61.8% were moderately anaemic (Hb=7-10g./dl), and 25.4% were

severely anaemic (Hb<7g./dl), (table 12).

4.4.2. Nutritional status and severity of anaemia:

The nutritional status of the children (n=l 10) and the severity of anaemia is

shown in Table 12. Only four of the children with normal nutritional status had

normal haemoglobin levels (Hb>l lg./dL).

4.4.3. Body iron status:

Of the 106 child, blood samples from seventy anaemic children

(haemoglobin levels below 11 g./dl), were further investigated for haemoglobin,

serum iron, unsaturated total iron binding capacity, serum ferritin, transferin saturation

rate and total iron binding capacity.

52



Table 12: Distribution of children by Nutritional status and

severity of anaemia

Nutritional

status

Normal

Moderate

Severe

Total

No. of

children

94

11

5

110

Severity of anaemia

Normal

4

-

-

4 (3.6%)

Mild

9

1

-

10(9.1%)

Moderate

56

8

4

68(61.8%)

Severe

25

2

1

28 (25.4%)

Table 13: Blood anaemia parameters according to age

Parameter

Hb. (g./dl)

SFe (ug/dl)

TIBC (ug./dl)

TSR (%)

SF (ug./l)

UIBC (ng./dl)

Age groups in months

12-23

8.4 ±1.4

23.4 ±1.4

465 ± 34.9

5.6 ± 0.2

7.6 ±1.0

431 ±34.3

24-35

7.8 ±1.4

23.5 ±5.2

474 ± 37.3

4.4 ±1.4

7.6 ±1.3

447 ± 38.9

36-48

7.8 ±1.5

20.5 ±5.7

495 ±41.8

4.4 ±1.5

6.8 ±1.6

440 ±38.3

49-60

8.9 ± 0.9

26.8 ±3.4

409 ± 99.7

6.6 ±1.1

8.0 ±2.0

383 ± 96.4

61-84

10.1

36.0

438

6.8

9.2

408

Values are expressed as means ± S.D.
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Twenty samples were excluded because the children had other medical

conditions that modifies serum ferritin.

Table 13 showed low values for haemoglobin, serum iron, transferin

saturation rate and serum ferritin with high values for total iron binding capacity.

These results clearly indicated that these fifty children suffered from iron deficiency

anaemia.This was further confirmed when these values were compared with those

obtained for the reference (healthy) children (Fig.3)-

3.4.4. General characteristics of the study group:

The general characteristics of the study group are shown in Table 14. The

children were mostly above 2 years of age (82%), suffered from iron deficiency

anaemia (IDA) but the majority (84%) were of normal nutritional status (weight-for-

height).

68% of the children suffered from parasitic infections - these included

worm infestations (4%), malaria (26%) and giardia (34%).

3.4.5. Correlation between nutritional status and different blood parameters:

Correlation between the nutritional status of the study group (n=50) and

haemoglobin levels, transferrin saturation rate and serum ferritin are shown in

Tablel5. No correlation was found between the present nutritional status and blood

haemoglobin levels, iron transport and iron stores, hence iron deficiency anaemia.

4.4.6. Correlation between parasitic infections and haemoglobin levels:

Table 16 shows general parasitic infections in relation to haemoglobin

levels, hence iron deficiency anaemia. No correlation was found between the two

variables. (P=0.387).
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Table 14: General characteristic of the study group:-

Characteristic

Age:

12-23

24-35

36-48

49-60

61-84

Total

Nutritional status:

Normal

Mild

Severe

Total

Haemoglobin levels(g./dl):

<7

7-10

10.1 -< 11.0

Total

Parasitic infections:

Ascaris lumbricoids

Entamoeba coli

Hymenolepsis nana

Giardia lambila

Plasmodium falciparum

Total

Number

9

15

12

13

I

50

42

5

3

50

17

25

8

50

1

1

2

17

13

34
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Table 15; Correlation between present nutritional status and different blood

parameters;-

Parameter

Haemoglobin (g./dl)

Mild anaemia (7-10)

Moderate anaemia (10-11)

Severe anaemia (<7)

Total*

Trans. Saturation rate (%):

2.0-4.0

4.1-6.0

6.1->15

Total**

Serum ferritin (|xg./l):

5.0-5.9

6.0-7.9

8.0-<10

Total***

Nutritional status (WHZ)

Normal

25

8

9

42

15

14

13

42

11

14

42

42

Moderate

3

-

2

5

0

1

2

3

1

1

3

3

Sever

2

1

-

3

1

3

1

5

2

1

5

5

Total

30

9

11

50

16

18

16

50

14

16

20

50

* P = 0.8925

** P = 0.4597

*** P=0.96054
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Table 16; Correlation between parasitic infections and haemoglobin

levels:-

Parasite

Ascaris lambricoids

Entamoeba coli

Hymenolepsis nana

Giardia lambila

Plasmodium falciparum

Total

Haemoglobin level (p.g./dl)

<11

-

-

-

2

2

4

7-10

-

-

-

5

8

13

<7

1

-

2

10

17

Total

1

1

2

17

13

34

P = 0.387
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3.4.7. Food intake:

3.4.7.1. Diets:

The majority of the diets collected from the households were cereals and

legume dishes (52%) and 16% were of dried meat "Sharmout" origin. Dried fish

"Mandisha" was consumed only by respondents from southern Sudan. "Mullah roub"

of milk origin was consumed by some of the respondents. One recipe, "Lisan al-tair"

was prepared from wild weeds (growing near the houses) mixed with dried okra

"Waika".

Results of the chemical analysis of these diets for proximate composition

and iron are shown in Appendix 3. These values were used for calculations of

nutrients intake.

3.4.7.2. Frequency of food items consumed:

The frequency of food items consumed, grouped according to the objectives

of the study, that is, cereals & legumes; MFP, vitamin C rich foods (fruits &

vegetables) in addition to frequency of tea consumption are shown in Fig.4 (See

Appendix 3 for data).

MFP consumption increased with age although the only child aged 72

months did not consume any during the previous day to the survey. Vitamin C foods

increased with age till 36 - 48 months then decreased. Consumption of cereals and

legumes, and tea was very high.

3.4.7.3. Nutrients intake:

Table 17 shows the average nutrients intake according to the age of the

children in terms of protein, iron, vitamin C and energy according to the dietary

survey carried out by the 24-Hour Recall method.
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Fig. (4) Frequency of food items consumed
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Table 18 shows the intake of these children as a percentage of their WHO-

Recommended Daily Intakes according to their ages.

Results showed a decrease in energy intake with age especially for the 72

months old child (63.9% of the WHO-RDI). The same trend was found for the

protein intake (apart from that of the 49-60 months) which was also very low for the

same child. Iron intake ranged from 21.0% to 30% of the WHO-RDI and vitamin C

intake ranged between 22.5% to 26% apart from the only child aged 72 months with

10% intake of the WHO-RDI.

All the children, did not meet their WHO-RDI for these specific nutrients.

3.4.7.4. Contribution of food items to the total energy:

The contribution of the food items consumed to the total energy is shown in

Table 19.

Cereals and legumes were the major energy sources contributing 80% to the

total energy followed by sugar and sweet products (12%). MFP factor contributed

only 2% to the total energy intake. Other sources contributed to the total energy

intake in minor amounts e.g. milk and its products,]cooked vegetables.
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Table 17: Average nutrients' intake according to age of children

Age (months)

12-23

24-35

36-48

49-60

>60

Energy (kcal.)

1011

1112

1200

1228

1201

Protein (g.)

8.9

10.3

9.2

12.9

10.1

Iron (mg.)

2.3

3.0

2.5

2.2

2.1

Vitamin-C (mg.)

5.0

4.5

5.2

4.8

2.0

Table 18: Nutrients' intake as

Age (months)

12-23

24-35

36-48

49-60

>60

Energy

87.9

82.3

77.4

79.2

63.9

percentage of WHO-RDI

Protein

65.9

66.4

52.6

73.7

48.0

Iron

23.0

30.0

25.0

22.0

21.0

Vitamin C
(**»>
25.0

22.5

26.0

24.0

10.0

Table 19: Contribution of food items consumed (%) to the total energy

Food item

Cereals and legumes

Sugar and sweet products

MFP

Milk and its products

Others

Percentage

80.0

12.0

2.0

0.5

5.5
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3.5. FACTORS CORRELATED WITH IDA PREVALENCE:

Table 20 lists the factors that could probably be related to the severity of

iron deficiency anaemia in Al-Shigla. These factors were grouped into four

categories: socio-economic, environmental, child related factors and disease episodes.

3.5.1 Socio-economic factors:

There was a highly significant correlation (P < 0.01) between the family

size and severity of anaemia i.e. an increase in the number of family members resulted

in an increase in the severity of IDA. Likewise, an increase in the number of children

per household causes an increase in the severity of anaemia (P< 0.05). There was no

significant relationship (P > 0.01) between food expenditure and severity of IDA.

However, the study showed that total income and parents' education was not related to

the severity of ID A.

There was no significant correlation between total income, parents'

education and the severity of anemia (P > 0.1).

3.5.2. Environmental factors:

Stored water (zeers, plastic or iron container) unlike piped water correlated

significantly (P < 0.05) with the severity of IDA.

3.5.3. Food intake:

A significant relationship (P < 0.05) was found between the intake of

cereals, legumes and dietary iron. Less intake correlated negatively with the severity

of IDA. However, tea consumption, which was low among the children, did not

correlate significantly with the prevalence of IDA. Similarly, the very low intake of

vitamin C had no effect on the severity of anaemia.

3.5.4. Nutritional status:

Nutritional status'of the children (wasting, stunting) did net correlate with

the severity of IDA.



3.5.5. Disease episodes:

Episodes of malaria and acute respiratory infections correlated significantly

(P < 0.01) with the severity of anaemia. Episodes of giardia infection correlated

significantly with the severity of IDA (P<0.05).

3.5.6. Factors inter-relationships:

Further investigations were carried out using multiple regression analysis

(Table 21). The family size and family income correlated significantly with the energy

intake of the children, however, the iron intake although significantly correlated with

the number of children in the household the correlation was less significant with the

family size.

Family income significantly correlated with the decreased frequency of

intake of cereals and legumes, the higher the income the less the frequency of

consumption.

Diarrhoea incidences during the survey correlated significantly with iron

intake and water storage and to a lesser extent with energy intake and incidences of

giardia. There was a positive correlation between incidences of malaria and the

intakes of energy and iron and between incidences of giardia and energy intake.

Chi-square analysis of dependency between dependent variables (Table 22)

showed that energy intake significantly correlated with malaria, giardia and number of

children/household. Iron intake correlated with diarrhoea, malaria, family size and

number of children/household. Diarrhoea correlated significantly with the water

storage container.



Table 20: Factors that probably correlated with IDA prevalence

Factors

Socio-economic factors:

Total income

Food expenditure

Father's education

Mother's education

Family size

Number of children/household

Environmental factors:

Water storage container

Child related factors:

Food intake: Cereals and legumes

Iron in foods

Tea consumption

Vitamin C

Nutritional status:

Wasting

• Stunting

Disease episodes (last 3 months):

Diarrhoea

Acute respiratory infections

Malaria

Giardia

Infectious diseases:

Malaria

Giadiasis

Respiratory tract infection '*

Worms / •' •,

in Al-Shisriii

Hb levels

NS

c

NS

NS

a

b

b

b

b

c

NS

NS

NS

a

a

b

b

a

b

a

b

Not significant: NS Significant: a = at 1%; b= at 5% c= at 10%
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Table 21: Regression coefficient, standard error and t-ratio in stepwise

regression for dependent variable iron deficiency;-

Variable

Socioeconomic factors:

Food expenditure

Family size

No. of children/household

Environmental factors:

Water storage container

Child related factors:

Cereals/legumes consumption

Tea consumption

Iron in food

Disease episode/last 3 months:

Diarrhoea

Acute respiratory infections

Malaria

Gardia

Other infectious diseases

Infectious disease

Malaria

Giardiasis

Respiratory infections

Coefficient

-2.720

-0.606

0.105

0.862

-0.114

-0.671

0.752

1.722

2.834

-0.611

-2.731

-0.464—

SE

1.257

0.137

0.043

0.371

0.063

0.262

0.311

0.637

1.037

0.262

1.257

0.252

t ratio

-2.173

-4.422

2.430

2.329

-1.806

-2.563

2.419

2.705

2.732

-1.833

-2.173

-1.833

Significance

c

a

b

b

b

C

B

A

A

B

B

C

a

b

a

Significant: a = at 1 %; b= at 5% c= at 10%
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Table 22: Chi-square analysis of dependency between dependent variables:-

Factors

Diarrohea:

Energy consumption

Iron consumption

Water storage container

Gardia

Malaria:

Energy consumption

Iron consumption

Giardia:

Energy consumption

Iron consumption

Family size:

Energy consumption

Iron consumption

No. of children:

Energy consumption

Iron consumption

P-value

0.51

0.001

0.01

0.29

0.003

6.004

0.023

0.14

0.21

0.001

0.002

0.025

Significance

NS

S

s
NS

S

s

s
NS

NS

S

S

S

Significant: a = at 1 %; b= at 5% c= at 10%



CHAPTER FOUR



Chapter 4

DISCUSSION

SOCIOECONOMIC STATUS OF HOUSEHOLDS:

Starting from the mid-eighties and due to the civil war in southern Sudan

and drought in western Sudan people started migrating to different areas where living

was safe and work could be found. Al Shigla became one of these areas in Khartoum

State. Thus the displaced constituted migration about 75% of the population at the

time of the study.

As the population was mostly displaced living in poor shanty environment

away from their original mode of living, we expected high prevalence of

undernutrition in general and nutritional anaemia in particular as suggested by the

Nutrition Department/Khartoum State.

The housing conditions reflected the poor status of the population (Table 4)

as the majority (55.3%) lived either in mud-houses or just in shelters made from old

jute/plastic/cartons or dried grass. The majority of the houses were not painted,

without windows, were damp and invested with insects e.g. flies, mosquitoes etc.

Furthermore 76.5% of the households had pit-latrines with the sanitary inconvenience

caused due to ignorance of basic health measures. In addition 20% of the households

had no latrines, therefore, used their surrounding •areas instead. In such population the

above mentioned factors could result in different nutrients consumption for children

and generally, in food quality and quantity, which can affect the prevalence and

severity of iron deficiency anaemia. The children brought up under such conditions

probably were unable to eat adequatefood, perhaps owing to loss of appetite due to

infectious diseases. Also such children were also prone to diarrhoeal diseases, due to

infection or contamination, and consequently become iron deficient.

Most of the water was bought from tankers and kept in the houses inside

containers from which residents helped themselves. Although the water was

chemically sound as specified by WHO Standards (1985), samples withdrawn from

main source, tankers and home containers (ziers, barrels) showed different

microbiological loads (Table 5) where microbes passed from the main source to the
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home containers, which indicated faecal contamination of water. Total bacterial

count was higher in the storage containers compared to the tanker. That was due to

contamination with wind dust and foreign materials, since in the area more than 75%

of the containers were not covered. Salmonella and other bacteria originally found in

the tanker's water was also detected in the home containers. That showed poor

hygiene standards that could cause gastrointestinal disturbances i.g. diarrhoea... .etc.

The population were generally of the extended family type as 70% of the

households had 5-10 residents (Table 2). Similarly 12.9% had 11-15 residents. Thus

about 90% live in accordance with their rural backgrounds i.e. still as an extended

family in the same household.

The majority of the respondents (47% males; 60% females) were either

illiterate or semi-literate (primary/intermediate schooling). The males were mostly

(77.6%) the sole bread-winners while the income of 54.1% was less than LS.90,000

per month - that is - LS.3000 per day irrespective of the family size and mode of

spending.

It is clear from the above that the households which represented a

representative sample of. the area (see Section 2.1.5.) were all of poor socioeconomic

status e.g. of low income, poor or no education living in unhealthy environmental

conditions.

Under such conditions one would expect higher than average incidences of

undernutrition due to poverty and unsanitary living environment. This was stated by

Musgrove (1984) and Nosov (1984) who reported that social, home and sanitation

conditions play a major role in the epidemiology of undernutrition namely a) the

sanitation conditions of populated areas such as water supply, sewage and street

cleaning, b) housing conditions and community facilities, c) cultural levels and health

education of the population, and d) level of education and services e.g. medical care

and general public health.

HOUSEHOLDS FOOD CONSUMPTION PATTERNS:

The foods that provided a balanced diet were available at the market e.g.

meat, Mendisha (dried fish), poultry, cereals, legumes, fresh fruits and vegetables. As

such, one would not expect prevalence of iron deficiency anaemia as the meat, fish

and poultry (MB?) and vitamin C foods'were available.



The pattern of consumption frequency during the last three days prior to the

survey (Table 3) showed a high frequency of fish consumption but this was mostly as

Mendisha prepared as fish soup and consumed at the household level. It should

therefore be noted that the amount of fish intake in the householder se depends on

the concentration of the soup. On the other hand, males tend to take their meals in the

market. These meals are protein rich, which will lead to further reduction in family

income.

The same pattern showed high intake of cooked vegetables and cooking is

known to destroy vitamin C. Fresh vegetables included tomatoes, cucumber, onions

and water cress (girgir); of these only watercress is a rich source of vitamin C. The

frequency of household fruit consumption was very low (18.8%). It can thus be

concluded that the household vitamin C intake was very low. Vit.-C is an enhancer of

non-heme iron absorption (Callender et al, 1970; Sayers et al, 1973; Bjorn and

Hallberg, 1974; Cook and Monsen, 1977, Balloted/, 1987; Davidson^al, 1994).

This low consumption of fresh vegetables and very low consumption of fruits was

also reported by Abuzied (1996) within the first year student population of the

University of Khartoum living in the University hostels.

On the other hand the frequency of consumption of cereals that are rich in

phytates which inhibit non-heme iron absorption (Me Donald et al, 1966; Hallberg

et al, 1989) was very high (99.4%). Similarly, there was high consumption of legumes

(80.8%). The frequency of tea consumption which is rich in tannins that inhibit non-

heme iron absorption (Disler et al, 1975; Rossander et al, 1979) was also very high.

It can therefore be concluded that the household food consumption pattern

was rich in foods that contain non-heme iron and inhibitors of non-heme iron

absorption and poor in vitamin C that enhance non-heme iron absorption. This pattern

of household food intake could lead to high incidences of iron deficiency/iron

deficiency anaemia within the under five years old if their food intake was similar to

that of the general household:

REFERENCE SAMPLE:

Blood parameters generally > used to identify iron deficiency(ID)/iron

deficiency anaemia (IDA) are haemoglobin, hematocrit (PCV), serum iron (SFe),

transferin saturation rate (TSR), total iron binding capacity (TIBC) and serum ferritin
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(SF). To identify ED/IDA it was recommended to use any two of the above

parameters in addition to serum ferritin (Jacobs et al, 1972; Cook and Finch, 1979;

Kraus and Mahan, 1984). Data obtained by Sigma Diagnostics (1994) showed the

following values for approximately 50 normal individuals: SFe range 35-140[ig/dI.,

TIBC range 245-400fig/dl. and TSR range 13-45%. In a survey on the Venezuelan

population Layrisse et al (1990) used the following cut-off values for iron status

indicators to predict anaemia and ID according to age and sex: 1-2 years old, TSR

<12%, SF<10 ug/1. and for the 4-7 years old, TSR <14 and SF <10 (ig/1. Therefore, to

identify body iron status in this study a number of indicators were used. These were

haemoglobin, SFe, TIBC, TSR and SF.

Results in Table 7 showed that for all age groups SFe values were in the

same range as those obtained by Sigma Diagnostics (1994). Similarly for TIBC where

results showed a range of 271.1-366.1 fig/dl. with none of the children reaching the

maximum of 400. It was reported (Kraus and Mahan, 1984) that TIBC increases with

decreased iron stores so the iron stores of these children was at least hot depleted.

TSR values obtained were all within the Sigma Diagnostics (1994) range and were all

higher than those suggested by Layrisse et al (1990) for Venezuelan children aged 1-7

years old. Values obtained for SF ranged 15.5-21.1 u.g/dl. which were higher than the

WHO (1995) and Layrisse et al (1990) cut-off points. Finally, haemoglobin levels

were all above xhe ll.Og/dl set as cut-off point by the WHO (1995). Therefore, the

children met the cut-off points for body iron status of the WHO (1995), Layrisse et al

(1990) and Sigma Diagnostics (1994).

From Table 7 it appeared that except for SF values which increased with

age, age had no effect on the rest of the indicators for all ages studied.

One would expect some differences in the body iron indicators due to

different places of origin because of different dietary habits. However, no significant

difference was detected in any of these indicators in children coming from southern

compared to northern Sudan (Table 8). This can probably be attributed to the intake

of the rehydrated meat by all the children in the kindergarten.

THE TARGET GROUP:

The target group in this study (n=170) was a representative sample of the

children under five years old in Al Shigla area.
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Disease episodes:

Disease episodes during the last three months prior to nutritional survey

are usually recorded to study whether they affect any nutritional deficiency

encountered.

In this study the highest disease episode (Table 9) was diarrhoea (64.7%),

and about one-quarter of the children had giardiasis. This most probably due to their,

poor hygienic living conditions and the water, available to them (Section 5.1.2.).

Malaria episodes (12.9%) and worm infestation were low. These types of disease

episodes could have a negative impact on the children's food intake which could be

reflected in their nutritional status and body iron parameters.

IDA was associated with episodes of diarrhoea in Pakistan (Jhaver et al,

1994), with hookworm infestation in Venezuela (Layrisse and Roche, 1964), West

Africa (Gillies etal, 1964) and Kenya (Stephenson e? al, 1985). In general, intestinal

parasitic infections were also associated with IDA in Egypt (Wasfi, 1979) and in the

Middle East (El Hazmi, 1985). hi this study the respondents identified episodes of

malaria, giardiasis and diarrhoea but failed to specify the type of heminthic infection.

Food consumption pattern:

The frequency of food consumption (Fig 1, Appendix 2) reflected the low

socio-economic status of the studied families. That was shown by their high

consumption patterns of cereals (95.3%) and legumes (89.4%) and the low

consumption pattern of the MFP group. In addition, the low consumption pattern of

vitamin C foods which are comparatively cheap (lemon, girgir) when compared to

other food items could probably be due to the illiterate or semi-literate background of

most of their parents hence their inability to understand the importance of fresh

vegetables and fruits for a balanced diet.

The food intake of the children followed the pattern of their households

(Section 4.2). that is, high phytates and tannates and low vitamin C and MFP group

intake. Therefore it should be expected that most of the iron in their diet was non-

heme iron which would be poorly absorbed. Furthermore, such type of dietary intake

could have adverse effects on the nutritional and body iron status of the children.
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Assessment nutritional status:

Although 84.1% of the sample had normal nutritional status (Table 11) as

assessed by weight/height Z score, still there were 15.9% wasted. Of these 4.7% had

severe wasting reflecting recent dietary intake. Of those with normal status. 51.7%

were stunted (Table lla). It appeared that nearly half of the children with normal

nutritional status had a history of undernutrition.

The discrepancy between wastage and stunting can be explained by the fact

that children who were stunted earlier in life might have had normal weight later but

still remained short (ACC/SCN, 1997). WHO (1997) estimated a prevalence of

64.2% of stunting in the developing countries, so the figure obtained in this study

although below that of the WHO is still high. Better nutritional status for the stunted

could be explained by the food supplements distributed by the Islamic Relief Agency

for the children suffering from protein energy malnutrition. Therefore, the prevalence

of anaemia may be due to the past nutrition status, because the body iron stores

depletion will need 3-6 months to be completed, then the cell will be reduced to

hypochromic microcytic.

Prevalence of anaemia:

Results from this study showed a high prevalence of anaemia (96.4%) of

which 25.4% were severe cases. The magnitude of severe cases was high as compared

with FAO/WHO (1992). This is most probably due to displacement, over crowding

and illiteracy, which favour the spread of infection which had direct effect on iron

balance.

Khartoum State Ministry of Health (1997) reported lower values for the

prevalence of anaemia in its seven provinces. Values ranged from 11.7% in

Omdurman Province to 61.5% in Karari Province with an average of 32.0% for the

whole state. The prevalence in the East Nile Province was 29.8%. Al Shigla is part of

this province but showed higher prevalence. However, Magboul et al (unpublished

data) found an average prevalence of 91.5% in six areas of Khartoum North (30 <5

years old children/area) which was similar to what was reported in this study and a

slightly higher rate of prevalence of severe anaemia in El Ezergaab (33.3%) which

supports the high prevalence of severe anaemia in this study.
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The Federal Ministry of Health (1997) in a national nutrition survey

covering six states (S. Darfur,N. Kordofan, Gezira, Kassala, Red Sea, Nahr El Niel)

reported high prevalence of anaemia (Hb < 1 l.Og/dl) in the under fives children (300

children/state). Prevalence ranged between 81.7% and 92.1% with the lowest

prevalence in Kassala State and the highest in Nahr El Niel State. These results were

comparable to what was found in this study, that is, anaemia was wide spread in

Sudan.

High prevalence of anaemia (Hb < 1 l.Og/dl) was also reported in many

countries among the pre-school children. Studies showed prevalence of 95% in

Calcutta, India (Food & Nutrition Board and UNICEF, 1981), 78.4% in Nepal

(Shrestha, 1986), 82% in Maldives (WHO, 1996) and 90% in Preshawar, Pakistan

(Paracha et al, 1997).

Cell morphology studies of 110 children showed clear microcytic

hypochromic red blood cells in 70 of them - that is a 66% prevalence of iron

deficiency anaemia (IDA). This percentage is in accordance with the WHO (1975)

range of microcytic hypochromic erythrocytes (9-70%) reported in anaemia cases.

This was confirmed by Stoflzfus (1977) and Charton and Bowthwell (1982) where

they reported microcytic hypochromic anaemia as the predominant form of anaemia

and was more severe among young children.

The study group:

PREVALENCE OF IDA:

Seventy children were further investigated to evaluate their body iron status.

Twenty with abnormal parameters (SFe, TSR, TIBC and SF) were excluded. As it was

described by Hoffbrand and Lewis (1989), that the infectious diseases and

inflammation can affect the biochemical parameters of iron. Hence cautions is

required when designing health programme strategies based exclusively on the

biochemical assessment of iron status.

SFe and TSR values for the remaining 50 children were all below the cut-

off points of Sigma Diagnostics (1994) with a high TIBC values. SF was below

that of the WHO (1995). All parameters also showed IDA when compared to values

suggested as cut-off points for Sudanese children under five years old. The 50 children
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were therefore suffering from IDA. Iron stores were depleted as shown by the low

serum ferriten levels.

Causative factors of IDA:

Socioeconomic status of the household:

IDA was correlated significantly with family size (PO.01) and to a lesser

extent with the number of children/household (P<0.05). Both factors were

significantly correlated with energy and iron intakes. That meant, the larger the family

size and/or the more the number of children per household the less energy and dietary

iron were available to the children. These were low income families whose food

expenditure correlated with the prevalence of IDA (PO.01) in the sense that they had

low budget for food expenditure.

In conclusion the large number of individuals to cater for (including

children) in addition to low purchasing power was reflected in the increased

prevalence of IDA.

Food intake:

The low income of the households and the low food expenditure was

reflected in the food consumption patterns of the under fives. Cereals and legumes

contributed to 80% of the total energy (Table 19) and the consumption of tea was

rather high, all these contributed to the inhibitory factors (phytates and tannins) that

reduced the absorption of dietary iron. Furthermore, family income correlated

positively with cereal intake i.e. the lower the income the more the intake. As

expected there was a positive correlation between the intake of cereals and legumes

and prevalence of IDA (P=0.05).

In addition, the intake of dietary iron was veryl low (21-23% of WHO-RDI)

and similarly that of vitamin C (10-25% of WHO-RDI) as reported earlier (Table 18).

Dietary inadequacy of iron is in itself a major cause of IDA (Grant, 1990).

Low correlation was obtained between IDA and the drinking of tea (P=0.1),

which may be due to the low concentration of raw tea or boiling time which reduce

the tannin, and no significant correlation was obtained for vitamin C. Low intake of

iron and vitamin C could probably be factors in these findings.

75



Disease*,

Disease episodes three months before the survey positively correlated with

IDA incidences. The correlation was stronger in the cases of diarrohea and acute

respiratory infections (P<0.01) when compared with malaria or giardia (P=0.05) cases

(Table 20).

Diarrohea causes reduced dietary intake (Brown, 1990) and shortens

intestinal transit time (Resenbery etal, 1977). Malaria or giardia depresses appetite

and also reduce food intake. Therefore, one or more of these diseases can cause

reduced intake of energy and iron. In addition contaminated water and general

unsanitary living conditions contributed to the increase in the episodes of these

diseases.

Malaria correlated significantly with energy and iron intake which can be

explained by the reduced intake (Table 21) of food by those affected. Similarly

diarrhoea correlated significantly with iron consumption but giardia did not.

In South Africa, Seshadri et al (1984) reported that although infestation was

a major cause of anaemia yet the haemoglobin levels of infested and non-infested

children were not different. Pawalowski etal (1991) found no clear relationship and

this was attributed to other factors e.g. intensity of infection, previous dietary iron

intake, worm load etc. Probably the negative relationship found between iron

consumption and episodes of giardiasis at the time of the survey could be explained

similarly.

IDA had a positive correlation with malaria episodes but a negative one in

those who had malaria at the time of the survey in the sense that the lower the severity

of IDA the higher the incidence of malaria (Table 21). The positive correlation was

found between IDA giardiasis and respiratory tract infection.

Malaria is a prime cause of anaemia through multiple mechanisms. The

malaria parasite requires iron for its multiplication in the blood and there is evidence

of a possible association of iron treatment and malaria (WHO, 1991). On the other

hand, the association of iron deficiency and increased susceptibility to infection is a

long standing clinical observation. Both humoral and cellular immunity are affected

(WHO, 1991). ;
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CHAPTER FIVE



CONCLUSIONS

1. Al Shigla area was inhabited mostly ^by displaced people from southern and

western Sudan who were of low socio-economic status living in unsanitary

conditions.

2. The pre-school children suffered from a high prevalence of anaemia (96.4%) of

which 25.4% were severe cases. 66% were iron deficiency anaemia cases

(haemoglobin and blood film).

3. IDA was further confirmed by further investigation of serum iron, transferin

saturation rate, total iron binding capacity and serum ferritm.

4. Causative factors of IDA among pre-school children in Al Shigla were:

i) The preschoolers had the same food intake as the rest of the

households. Results showed low intake of total dietary iron mostly non-heme

iron from cereals and legumes and low intake of vitamin C hence low

bioavailability.

ii) High consumption of tea also contributed to the low bioavailability of the

dietary iron.

iii) Unsanitary living conditions especially water contributed to episodes of

diseases that either cause incomplete utilization of the food ingested

(diarrhoea) or may reduce food intake (malaria, giardiases, some worm

infestation.

6. Pre-school children at Al Shigla who were healthy and whose home diets were

similar to the above but had breakfast supplemented with heme iron (rehydrated

meat) showed normal haematological parameters which agreed with the cut-off

points of the WHO for haemoglobin and serum ferritin and with Sigma Diagnostics

for serum iron, transferin saturation rate and total iron binding capacity. That

supported the above findings on the causative factors of IDA at Al Shigia.
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RECOMMENDATIONS

1. IDA is prevalent in Al Shigla affecting children growth and scholastic

achievements, and therefore should be considered a major health problem in

Sudan that needs attention or at least given the same importance as vitamin A and

iodine deficiencies in terms of prevalence surveys and efforts to reduce its

incidences.

2. As sorghum was the main cereal and as it is milled in small mills and since there

is a need for iron fortification it is suggested that other vehicles should be used i.e.

salt or sugar. In such a case the mistakes of the failed fortification of salt with

iodine should be borne in mind. There are plans for the fortification of wheat with

iron, a policy that will benefit the wheat consumers.

3. Consumption of cheap sources of vitamin C should be encouraged e.g. water crest

(girgir), green pepper, onions, tomatoes and the fruits mangoes, grape-fruit,

lemon, guava, oranges during their season as their prices will be very low.

4. Piped water should be connected if not to every house then to a number of houses

to reduce contamination from source to house.

5. The importance of personal hygiene should be stressed as a means to reduce

prevalent diseases.

6. Cut-off-points of the WHO for haemoglobin and serum ferritin and those of

Sigma Diagnostics for serum iron, transferin saturation rate and total iron binding

capacity can be used for Sudanese children.

7. Information about IDA and its causative factors in Sudan is still scarce, therefore,

it is recommended that more research is needed in this area on dietary patterns,

environment (sanitation and safe drinking water) and disease control which all

have an impact on IDA prevalence.

8. In Sudan, activities in the area of nutrition are carried out by many governmental

departments in the ministries of health, agriculture and education in addition to the

NGO's (national and international) and the United Nations agencies. In most

cases, lack of coordination is the norm. Therefore, a national strategy directed by

a national body is recommended to coordinate all the nutritional activities to the

benefit of the population in Sudan instead of the scattered efforts carried out

currently.
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APPENDICES



Appendix 1:

UNIVERSITY OF KHARTOUM
COLLEGE OF POST-GRADUATE STUDTVS

Survey on the prevalence and causative factors of IDA among pre-scfaool
children in Al Shigla area. Khartoum North

Date: Cluster No.: House No.:

HOUSEHOLD:
l.Type: Shelter_
Red-brick house:

Mud-house: Mud-room: Break-room:

2.Water: Source: Pipe:_ Tanker:
Storage container: Zeir:_ Plastic pale:_ 4-gallon tin:_

3. Latrines: Yes: No:
if yes, then: Flush toilet:_ Pit-latrine:

FAMILY BACKGROUND:
1. Origin :
2. Number: Household: Children Preschoolers
3. Education of parents: Father: Mother:
4. Occupation: ,
5. Income/month (LS.xlOOO): <30: 30-60: 60-90:_

>90:
6. Food expenditure/day (LSxlOOO): <1: 1-2: 2 -3:_ 3-4:

7. Income generating activities: Yes:
If yes, specify:

No:

8. Family food consumption patterns:
Food group
Dairy products:

Meat products:

Food item
Fresh milk
Milk powder
Cheese
Zabadi
Roub *
Mish |
Samin
Others, specify
Beef
Mutton
Goat
Camel
Kidney
Others, specify

Dietary history 3 days before survey



Legumes:

Cereals: Wheat

Dura

Dukhn

Fresh vegetables:

Cooked vegetables:

Fruits:

CHILDREN:
1. Sex: Male:

Fulmasri
Addas
Luba affin
Luba hilo
Luba adasi
Kabkabi
Hilba
Others, specify
Bread
Gurasa
Biscuits
Others, specify
Kisra
Asida
Gurasa
Madida
Nasha
Kisra
Asida
Gurasa
Madida
Nasha
Girgir
Tomatoes
Green pepper
Cucumber
Onions
Others, specify
Mulokia
Rigla
Fasoulia
Pumpkin
Bamia
Pumpkin
Aswad
Onions
Others, specify
Banana
Oranges
Lemon
Grape fruit
Mangoes
Dates
Others,specify

Female:
2. Age (months):
3. Does he/she drinks tea: Yes: " No:

If yes, then with milk: Yes: No:



4. Disease episodes during last 3 months prior to the survey:
Diarrhoea: Dysentry:. Upper respiratory infections:.
Malaria: Giardiasis:. Anaemia:
Worm infestations:_

5. Anthropometry:
Weight (kg.):

Others (specify):_

Height (cm.):.

6. Children food consumption patterns:

Food group
Dairy products:

Meat products:

Legumes:

Cereals: Wheat

Dura

Dukhn

Fresh vegetables:

Food item
Fresh milk
Milk powder
Cheese
Zabadi
Roub
Mish
Samin
Others, specify
Beef
Mutton
Goat

Camel
Kidney
Others, specify
Ful masri
Addas
Luba affin
Luba hilo
Luba adasi
Kabkabi
Hilba
Others, specify
Bread
Gurasa
Biscuits
Others, specify
Kisra
Asida
Gurasa
Madida
Nasha
Kisra.*
Asida
Gurasa
Madida
Nasha
Girgir
Tomatoes'
Green p'epper

Dietary history 3 days before survey



Cooked vegetables:

Fruits:

7. Blood analysis:
Haemoglobin (g/dl):
Blood film: Morphology:,

Cucumber
Onions
Others, specify
Mulokia
Rigla
Fasoulia
Pumpkin
Bamia
Pumpkin
Aswad
Onions
Others, specify
Banana
Oranges
Lemon
Grape fruit
Mangoes

Dates
Others,specify

8. Stool analysis:
Giardia: +ve:_
Worms: +ve:

-ve:_
-ve:

. Malaria: Positive:
Negative:

Specify:_

9. 24 Hour Recall:



Appendix 2:

Food consumption pattern of the target
Age/months

12-23
24-35
36-48
49-60
61-84
Total

n

28
59
58
24
1
170

group:
Frequency of consumption

Cereals
28
55
58
20
1
162

Legumes
25
55
50
21
1
152

MFP -
2
5
15
16
-
38

Vit. C
6
8
20
5
-
39

Tea
22
59
58
20
-
159



Appendix 3:

Proximate composition <
Dish

Asida dura
Madida dura
Balila lubia
Muakala
Mandisha**
Roub
Sharmout**
Waika**
Addas**
Addas soup
Aswad**
Ful masri
Bamia**
Rigla**
Warag**
Lisan altair**

kcal

Energ
y
50
39
46
149
33
46
91
46
63
48
54
97
49
67
29
36

jf dishes consumed/1 OOg.

Moisture

87.0
90.0
88.0
62.4
89.5
89.5
80.0
89.2
83.5
88.0
89.0
77.0
87.0
86.0
89.9
90.0

Protein

2.6
1.5
1.0
4.1
1.9
4.2
1.6
1.7
3.9
3.2
1.4
7.5
2.1
1.4
1.6
1.2

%

Fat

0.6
0.2
0.3
0.7
1.2
0.9
4.5
3.5
2.5*
0.8
4.4
3.0
2.5
4.9
1.0
2.0

Cfibre

0.70
0.2
0.1
0.1
2.2
0.1
1.4
2.5
0.4
0.0
1.8
1.5
1.7
1.9
2.0
1.5

Ash

0.41
0.45
0.91
1.00
1.50
0.11
1.52
1.22
3.52
1.10
1.10
0.90
2.00
1.50
2.10
2.30

CH2O*

8.7
7.7
9.7

31.7
3.7
5.2
11.0
1.9
6.2
6.9
2.3
10.1
4.7
4.3
3.4
3.0

mg/100
g

Iron

0.36
[__Q22

0.10
0.30
1.10
1.00

1 0.65
r 0.82
-

0.521.00
0.90
1.40
1.50
0.90
3.00
1.00

* Carbohydrates by difference
* *mullah/stew/sauce

Note:
Madida: slightly thinner than asida and is consumed with sugar
Balaila lubia: consumed with the water used for boiling it
Mandisha and Sharmout: cooked with waika
Addas soup: nearly same amount of addas added but differs from addas mullah in that
no oil, tomato paste or onions are used



Appendix 4:

Blood profile of the 20 anaemic children excluded from the in-depth study
TIBC (ug/dl)

445
341
186
530
430
522
131
408
489
550
424
550
404
479
262
500
439
487
483
393

UIBC (ug/dl)
410
188
120
460
400
480
128
379
467
492
391
492
379
448
240
480
406
460
453
368

TSR(%)
7.8
44.8
40.0
13.2
6.9
11.8
31.0
7.1
4.4
10,5
78.0
10.5
7.3
6.6
8.3
4.0
17.3
5.2
7.2
6.3

SFe (ug/dl)
35
153
68
70
30
62
182
29
22
21
33
5.8
30
31
22
-20
33
27
36
25

SF (ug/1)
20.1
15.2
120.2
120
19.0
189.0
59.0
11.2
16.0
12.0
152
12.0
9.0
19.0
8.1
6.2
17.5
120
11.5
7.0



Appendix 5:

Characteristic of variable studied

Variable Classifications

Socio-economic characteristic of study families:

Total income (1)<30.000 (2)31-90 (3)>90.000

Foodexpenture (l)<30.000 (2)31-90 (3)>90.000

Family size:

No. of children/ household: (1)1-4 (2)5-8 (3)>8

Mother education: (l)none (2) intermediate (3) Secondary (4) Higher

Father education: (l)none (2) intermediate (3) Secondary (4) Higher

Source of drinking water: (l)Pipe (2) Tank (3) Storage contains

Nutritional status of children:

Wasting: (1) Normal (2) Moderate (3) Severe

Stunting: (1) Normal (2) Moderate (3) Severe

Food consumption patterns /% from WHO RDI:

Kcal: (l)<100% (2)71-100 (3)51-70 (4)>50

Iron: (l)<100% (2)71-100 (3)51-70 (4)>50

V.C: (l)<100% (2)71-100 (3)51-70 (4)>50

Episodes of disease/ last months:

Diarrhoeal: (l)Non (2)1 (3)<1

Malaria: (l)Non (2)1 (3)<1

Giardia: • (l)Non (2)1 (3)<1

Respiratory infection: (l)Non (2)1 (3)<1

Severity of diseases:

Malarial: ... (1) Normal (2) Mild (3) Severe

Giardia: (1) Normal (2) Mild (3) Severe

Diarrhoea: (1) Normal (2) Mild (3) Severe

The severity of diseases and nutritionpl status evaluation were classified e according

to WHO criteria.


