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ABSTRACT v

Background. Children under five years constitute the most vulnerable group and their
nutritional status is a sensitive indicator of community health and nutrition. Diet of many South
Africans consists of porridge as staple food which is usually consumed with vegetables, legumes
and a small amount of animal derived food. These animal derived food sources are not consumed

extensively due to their high cost, limited supply and religious or cultural practices.

Objective. To determine the prevalence of zinc and iron deficiency among pre-school children

aged 3-5 years in Vhembe district of the Limpopo province, South Africa.

Methods. This study was carried out on 400 pre-school children in Vhembe district, Limpopo
province, South Africa. Municipalities were purposively selected and subjects were chosen by
simple random sampling methods. Anthropometric measurements were made following standard

techniques. Serum zinc, iron, ferritin, Tsauration, transferrin and CRP levels were measured by

atomic absorption spectrophotometer.

Results. Of the 400 children, 349 were included in the final analysis of results. The prevalence
of wasting, stunting and underweight was 1.4%, 18.6% and 0.3% respectively while 20.9% of
the children were overweight and 9.7% were obese. The prevalence of zinc deficiency was
42.6% and anaemia was 28%, both were significantly higher in females as compared to males.
When using both serum ferritin and Tsaturation levels as markers of iron deficiency 7(2%)
children were found to have IDA. Combined iron and zinc deficiencies using ferritin as a marker
of iron deficiency was found in 8(2.3%) of the children while when using Tsaturation as a

marker of iron 42(12%) of the children had combined iron and zinc deficiencies.

Conclusion. Zinc deficiency and anaemia are common in pre-school children of Vhembe
district, Limpopo province. Iron and zinc deficiency in children is associated with poor growth

development, alteration in neurological function, immunological response and behaviour

changes.
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DEFINITIOI@ZEQE{MMS

The following terms are consistently used in this proposal and the definitions are operational
Fasting is defined as no food or beverage consumption for at least 8 hours.

Malnutrition is an incorrect or unbalanced intake of nutrients.

Nutritional status is a condition of health of individuals as influenced by utilization of the
nutrients.
Stunting is defined as more than 2 standard deviations below the median value of the WHO

International Growth Reference for length- or height-for-age.

Wasting is defined as more than 2 standard deviations below the median value of the WHO

International Growth Reference weight-for-height median.

Underweight is defined as more than 2 standard deviations below the median value of the WHO
International Growth Reference weight-for-age median.

Zinc is defined as an essential mineral that is naturally present in some foods, added to others,
and available as a dietary supplement.

Zinc deficiency is caused by inadequate zinc in the diet or by liver disease or cystic fibrosis or
other disease.

Recommended dietary allowance (RDA) is the amount of nutrients and calorie intake per day
considered necessary for maintenance of good health, calculated for males and females of

various ages and recommended by the Food and Nutrition Board of the National Research

Council (Institute of Medicine/FNB, 2001)

XV
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INTRODUCTION

1.1 Background and Motivation

Despite the legislated fortification of staple foods in South Africa since 2003, there is a general
shortage of zinc in a large part of the population’s diets because 75% of zinc is destroyed in the
milling process of wheat flour (Labadarios ef al, 2005). Furthermore, zinc deficiency still
appears to be an important public health problem in many low—income countries (Dhansay,
2007). The global prevalence of zinc deficiency was estimated to be 31% (4%-73%) with a high

prevalence of 37%-62% found in southern and central African regions (Caulfield and Black,

2004).

Zinc deficiency is an important cause of morbidity due to increased predisposition to infectious
diseases and growth faltering among children (Dhingra et al,, 2009). Increased demand of zinc
depends on rapid growth and decreased intake of zinc due to inadequate feeding practices

predisposed to children, especially those living in communities of low socioeconomic status at an

elevated risk of zinc deficiency (Black, 2003).

In recent decades, there has been heightened interest in the role of zinc in human nutrition
research, as it plays an indispensable role as a key component of a host of enzymes crucial for
optimal metabolism and body functioning [International Zinc Nutrition Consultative Group
(IZINCG, 2007)]. In addition, zinc is an anti-inflammatory and antioxidant agent and also
functions in cell-mediated immune responses (Prasad, 2007). In childhood, it is required for

optimal growth and development, as well as brain functioning (Gibson, 2006).

Data derived from Food and Agricultural Organisation National Food Balance Sheets (2004)
suggests that, about half of the world’s population is at risk of inadequate zinc intake (FAO,
2004). Maize meal porridge, rice and bread are the staple foods in the South African diet and are

usually consumed with vegetables and a small amount of animal-derived food (Labadarios ef .,
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2005). Low intake of animal source food leads:da low intake of important micronutrients, such
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as zinc, iron, vitamin A, and calcium (Neumann,¥003).

[ron deficiency causes anaemia leading to compromised physical work capacity and poor growth
and development, alteration in neurological function and immunological response (Hambridge,
2000; Hotz and Brown, 2004). Such deficiencies are caused by lack of financial means to acquire
and consume red meat, chicken, fish in the amounts required (Igbal ez al., 2006). High incidence
rates of infectious diseases in combination with poor nutritional quality of traditional diets

contribute to insufficient nutrient intake and are considered the main causes of malnutrition

(Pinstrup-Andersen et al., 1993; Waterlow, 1994).

The co-existence of iron and zinc deficiency is a major public health problem (Sreedhar ef al.,
2004). Iron and zinc are essential micronutrients for human health. Deficiencies in these two
nutrients remain a global problem, especially among women and children in developing
countries (Adelekan, 2003). However, it seems dietary zinc reduces iron biochemical indices
including ferritin, haemoglobin (Hb) and Transferrin Saturation (Paknahad et al., 2007). Meat is
the most important common dietary source of bioavailable iron and zinc. Phytates, oxalates,

tannins and fibre on the other hand inhibit iron and zinc absorption leading to decreased

bioavailability (Shan et al., 2003).

Iron and zinc are known to interact at the site of absorption as high intakes of iron can inhibit
the absorption of zinc because of competition for similar transport pathways (Sreedhar et al,
2004). Similarly, it has been shown that a high ratio of zinc to iron can inhibit iron absorption
(Whittaker, 1998). Moreover, these two minerals have opposing effects on oxidant-antioxidant
balance in either iron- or zinc-deficient intestines (Sreedhar and Nair, 2005). Although large
nutritional national studies (Labadarios ef al., 1999; Labadarios et al., 2005; Samuel et al., 2010)
have been conducted among South African children, little is known concerning the prevalence of

zinc deficiency and its clinical sign in pre-school children in rural South Africa.

© University of Venda



1.2 Problem Statement. N

It was estimated that zinc deficiency affects }é?u:mw;;:ithird of the world’s population, with
estimations ranging from 4% to 73% across sub regions in Sub Saharan Africa (WFP/CDC,
2005). This condition was responsible for 4% of deaths and disability-adjusted life years among
children under five years old worldwide (Black et al., 2008). Furthermore, zinc deficiency was
responsible for approximately 16% of infections of the lower respiratory tract, 18.5% of malaria
cases and 10% of diarrheal diseases (IZiINCG, 2004). In 2002, about 1.4% of deaths worldwide
were attributed to zinc deficiency (WFP/CDC, 2005). According to Labadarios (2005) in South
Africa, the level of zinc deficiency in children aged 1-9 years ranged between 27% and 58.5%,
while the level of zinc deficiency in Limpopo and Mpumalanga provinces were found to be
27.3%. These findings are despite the legislated fortification of flour and maize meals since 2003

(Dhansay, 2007). According to Hotz and Brown (2004), the prevalence of serum zinc deficiency

greater than 20% call for national nutrition interventions.

Iron deficiency (ID) and iron deficiency anemia (IDA) are two of the most common nutritional
deficiencies among children (Scrimshaw, 1991). World Health Organisation (WHO) estimates
that iron deficiency anemia affects quarter of the world population and this is more in pre-school
children particularly in Africa (WHO, 2008). Malnutrition is a major underlying cause of deaths
in 64% of children under the age of five in South Africa. One in five children is stunted and
many are deficient in minerals vital to good health and optimal development (UNICEF, 2009).
This study was the first to be conducted in Vhembe district of Limpopo province in order to

establish the extent of zinc deficiency in pre-school children aged 3-5 years.

1.3 Aim of the Study

The purpose of the study was to determine the prevalence of zinc deficiency among pre-school

children in Vhembe District of the Limpopo province in South Africa.

1.4 Objectives

1.4.1. To determine serum zinc concentrations among pre-school children using flame atomic

absorption spectrophotometer.
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1.4.2. To determine the presence of clinical sign%&%geﬁciency among pre-school children
using clinical assessment and liquid zinc.

1.4.3. To determine the anthropometric status (weight and height) of the pre-school children.
1.4.4 To determine the iron status of pre-school children using haemoglobin, serum ferritin,

transferrin receptor and C- reactive protein (CRP).

1.4.5 To compare zinc status with anthropometric measurements and iron status.

Prevalence or nutrient status is normally determined by using more than two of the four
assessment techniques which are anthropometric, biochemical, clinical and dietary
measurements (Lee and Nieman, 2003). In this study three methods were used namely:

anthropometric, biochemical and clinical measurements.

1.5 Expected outcomes of the study

The following were expected outcomes of the study:
e [ron and zinc status of pre-school children in Vhembe district.
e Association between zinc status and wasting, stunting and underweight.

e Association between iron status and wasting, stunting and underweight.

1.6 Significance
It is envisaged that findings of this study will help the Department of Health Authorities in

understanding zinc and iron status of communities in Vhembe District and in South Africa. As
such, intervention measures would be developed to control and prevent zinc and iron
deficiencies. Additionally, such data would provide baseline information for future studies
concerning zinc and iron status among children in the region, and possibly an intervention

strategy should the prevalence be found to be of public health significance.

1.7 Structure of the dissertation

Chapter 1 introduces zinc and iron situation in South Africa. It also presents the aim, objectives,

problem statement and the significance of the study conducted.
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Chapter 2 deals with a discussion of the reviefved literature on zinc, relationship between
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anthropometric indices and zinc deficiency, clin@ signs of zinc deficiency, determination of
zinc status in children, nutritional status of children and iron status.

Chapter 3 describes the methods used to answer the research question.

Chapter 4 reports the findings of the study which include demographic data, anthropometric
measurements, iron status, zinc status, combined iron and zinc status and finally correlations
between biochemical and anthropometric are presented. Results are presented using tables,
percentages, median and Interquartile range.

Chapter 5 discusses the findings of the study. Observed findings are compared to known

literature.

Chapter 6 deals with the conclusion and recommendations.

Appendices and references used are listed at the end of dissertation in the order of use.

© University of Venda




CHAPTERZWO....
LITERATURE REVIEW

2.1 Overview

Zinc deficiency is largely related to inadequate intake or absorption of zinc from the diet,
although excessive losses of zinc during diarrhea may also contribute to this. The distinction
between intake and absorption is important: high levels of inhibitors (such as fiber and phytates)
in the diet may result in low absorption of zinc, even though intake of zinc may be acceptable.
For this reason, zinc requirements for dietary intake are adjusted upward for populations in

which animal products, the best sources of zinc, are limited, and in which plant sources of zinc

are high in phytates (Cole et al., 2010).

Severe zinc deficiency was defined in the early 1900s as a condition characterized by short
stature, hypogonadism, impaired immune function, skin disorders, cognitive dysfunction, and
anorexia (Prasad, 1991). Using food availability data, it is estimated that zinc deficiency affects
about one-third of the world's population, with estimates ranging from 4% to 73% across sub

regions of Africa. Although severe zinc deficiency is rare, mild-to-moderate zinc deficiency is

quite common throughout the world (Sandstead, 1991).

Global estimates of zinc deficiency in children are lacking. However, based on an estimated
prevalence of inadequate intakes obtained from various national food supplies (including
absorbable zinc content), the global prevalence of zinc deficiency is estimated to be 31% (range
is 4%-73%) with a high prevalence (i.c. 37%-62%) found in southern and central African
regions (Caulfield and Black 2004). It was indicated that zinc deficiency at national level ranged
between 27% and 58.5% in South Africa (Labadarios, 2005). In essence, this section contains a

comprehensive discussion of what is known about the selected topic and espouses the

conceptualisation of the study by means of a well suited theoretical framework. The information

included in this section is presented under the following subtopics: Nutritional Status of Children
under Five Years of Age; Definition of Zinc; Sources of Zinc; Recommended Dietary Intake

(RDI); Function of Zinc and Serum Zinc Levels; Clinical Signs of Zinc Deficiency and the iron

status of children.
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Zinc is an essential mineral that is naturally present in some foods, added to others, and available

2.2 Definition of zinc

as a dietary supplement (IZiNCG, 2004). According to Hambridge (2000), zinc is a trace mineral

essential for all forms of life because of its fundamental role in gene expression, cell

development and replication.

2.3 Sources of zinc

Human colostrum (the first secretion from the mammary glands after childbirth) is a good source
of zinc (Silverstre et al., 2000, 2001; Turan et al., 2001). The zinc content of most municipal

drinking water is negligible. Common food sources of zinc are as follows according to Joshi

(2002):

Rich sources: Beef, liver, oyster, spices, wheat bran.

Good sources: Cheddar cheese, crab, lamb, peanut butter, peanuts, popcorn, pork and poultry.
Fair sources: Beans, calms, eggs, fish, sausages and luncheon meats, turnip greens, wheat
cereals, whole grain products (wheat, rye, oats, rice, barley).

Negligible sources: Beverages, fats and oils, fruits and vegetables, milk, sugar, white bread.

Supplemental sources: Wheat germ, yeast (torula), carbonates or zinc sulphates are commonly

used where zinc supplementation is necessary (Joshi, 2002).

Zinc is also found in many cold lozenges and some over-the-counter drugs sold as cold remedies.
Oysters contain more zinc per serving than other foods, but red meat and poultry provide the
majority of zinc. Other good food sources include lean meats and poultry, beans, nuts and certain

types of seafood (such as crab and lobster), whole grains, fortified foods including fortified

breakfast cereals, and dairy products (Institute of Medicine/FNB, 2001).

The bioavailability of zinc in different foods varies widely from 5% to 50%. Meat, seafood (in
particular Oysters) and liver are good sources of bioavailable zinc (Gibney er al., 2002). It has
been estimated that approximately 70% of dietary zinc is provided by animal products. In meat
products the zinc content to some extent follows the colour of the meat, so that the highest

content, approximately 50 mg/kg, is found in lean red meat, at least twice that in chicken

%
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(Gibney et al., 2002). However, in many pa@g&f the world, most of the zinc is provided by

University of Venda
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cereals. In cereals, most of the zinc is found 1M1e outér fiber rich part of the kernel, thus the

degree of refinement determines the total zinc content (Gibney er al., 2002).

Recommended Daily Intake (RDI) is the daily intake level of a nutrient that is considered to be

sufficient to meet the requirements of 97% -98% of healthy individuals. The RDI is used to

determine  the daily value of foods  (http:/healthyeatingclub.com/info/books-

phds/foodfacts/htm/datasj.html, Accessed 22/07/2011). Table 2 illustrates zinc per food

serving.

Table 1.1: Zinc per serving

' Source of zinc Amount Zinc (mg)
Meat and meat product Beef stew (250g) 3mg
Chicken boiled (100g) 2mg
Vegetables Cabbage, raw (50g) 3mg
Tomato, raw (120g) 2mg
Milk and milk products Cow’s milk , skim (30g) 1 mg
Human’s milk (100g) 3 mg
Egg and cheese dishes Egg boiled (55g) 2 mg
Egg fried (60g) 2 mg
Fruits Apple, skin (100g) Img
Banana (100g) 2 mg
Source: (http://healthyeatingclub.com/info/books—hds/foodfacts/htm/datasi.html, Accessed
22/07/2011).

Recommended dietary allowance (RDA) is the amount of nutrient and calorie intake per day

considered necessary for maintenance of good health, calculated for males and females of

various ages and recommended by the Food and Nutrition Board of the National Research

Council (USDA, 2006). Phytates and fiber which are present in whole-grain breads, cereals,

legumes and other foods-bind zinc and inhibit its absorption (Wise, 1995; Sandstorm, 1997).
Thus, the bioavailability of zinc from grains and plant foods is lower than that from animal

8
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foods, although many grain-and plant-based fdads are still good sources of zinc (Institute of

University of Venda
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Medicine/FNB, 2001). Table 1 illustrates the re%mended dietary allowances (RDAs) for zinc.

Table 1.2: Recommended Dietary Allowance (RDAs) for Zinc

% Male Female
Birth to 6 months 2mg 2mg
7 months to 3 years 3mg 3mg
4 to 8 years Smg Smg
9to 13 years 8mg 8mg
14 to 18 years 11mg 9mg

Adapted from Institute of Medicine/FNB, 2001

2.4 Function of Zinc

Zinc is an essential mineral involved in normal growth and development (Spevackova et al.,
1996). Zinc deficiency is associated with poor growth, depressed immune function, hair loss,
increased susceptibility to and severity of infections and neurobehavioral abnormalities by
e receptors in the hypothalamus in parallel with decrease of beta-

increasing number of opiat
endorphin and an increase to metenkephelin (Black, 1998; Bhutta et al, 2000; Brown et al,

2002; Fraker and King, 2004).

2.4.1 Normal growth and development

Normal growth is the result of a number of factors, such as growth hormones, genetic, nutrition,
general health, intrauterine growth, emotional care/deprivation, and psychological factors, as
well as the continuous and complex interaction between these factors during the whole period of
growth (Eveleth and Tanner, 1990). Human development involves progressive changes in size
(Rolfes et al.,, 2006), as well as accompanying changes in skill and behaviour (Rovee-Collier and
2000). Each living organism and each body system has its own unique schedule of

Hayne,

growth and development, varying in rate, patterns and duration (Rolfes et al., 2006).

The role of zinc in growth retardation is believed to be via zinc-finger proteins which attach to

DNA at critical points and alter the expression of specific enzymes and hormones or other

9
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metabolic entities. Under these conditions, thes§ynthesis of these zinc finger proteins become the
most sensitive processes affected by zinc deﬁ@r?g"%z%ggause the regulation, in these cases, is to
control the synthesis of the respective enzyme proteins (Oberleas and Harland, 2010). Since
thymidine triphosphate is an essential component of DNA replication, the lack of thymidine
kinase slows DNA replication and thus explains the depression of growth rate (cell division) in

zinc-deficient subjects (Oberleas and Harland, 2010).

2.4.2 Structural component

Zinc plays an important role in the structure of proteins and cell membranes. A finger-like
structure, known as a zinc finger motif, stabilises the structure of a number of proteins. For
example, copper provides the catalytic activity for the antioxidant enzymes copper-zinc
superoxide dismutase (CuZnSOD), while zinc plays a critical structural role (FNB, 2001; King et
al,, 2006). The structure and function of cell membrane are also affected by zinc, as loss of zinc
from biological membranes increases their susceptibility to oxidative damage due to inability to

protect cell membranes from viruses, toxins and impairs their function (O’Dell, 2000).

2.4.3 Brain Function
Zine is found in the vesicles of the mossy fiber system in the brain's hippocampus. These fibers

play a role in enhancing memory and thinking skills (Standstead, 1986; Preiffer and Braverman,
1997). It acts as a neuromodulator at excitatory synapses and has a considerable role in the stress
response and in the functionality of zinc-dependent enzymes (aromatase, diphosphoinositide
kinase and choline acetyltransferase) contributing to maintaining brain compensatory capacity.
There is much evidence that age-related changes are frequently associated with a decline in brain

functions and impaired cognitive performances, brain shrinks in size, and brain cells (neurons) in

certain areas are lost or become faulty (Mocchegiani e al., 2005).
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2.4.4 Cellular growth and differentia%quw
The significance of zinc in the body's respons%‘?c)mimrglmfneuaion is well known. Zinc is a component
of thymic hormone which controls and facilitates the maturation of lymphocytes, and it also
plays a role in cell division and DNA replication, thereby aiding in the production of immune
system cells (Agget, 1985; Wu and Wu, 1987). The zinc in these enzymes is tightly bound and
forms a variety of structures that are functionally important to the enzyme (Chesters, 1991).

Numerous enzymes associated with DNA and RNA synthesis are also zinc metalloenzymes,

including RNA polymerase (Wu et al., 1992).

Connective tissue and fetal thymidine kinase may be depressed. Zinc functioning in enzyme
systems, is largely involved in nucleic acid metabolism, protein synthesis, and carbohydrate
metabolism. In rapidly growing tissues, Zinc deficiency greatly reduces synthesis of DNA, RNA,

and protein, and hence, impairs cellular division, growth, and repair (Cha and Rojhani, 1997).

2.5 Causes of Zinc deficiency

Zinc deficiency is typically the result of inadequate dietary intake of zinc, disease states that
promote zinc losses, or physiological states that require increased zinc. Populations that consume
primarily plant based diets that are low in bioavailable zinc often have zinc deficiencies
(Sandstead, 1991; Solomons, 2001). Diseases or conditions that involve intestinal malabsorption
promote zinc losses. Fecal losses of zinc caused by diarrhea are one contributing factor (Castillo-
Duran, 1988), often common in developing countries. Changes in intestinal tract absorbability
and permeability due, in part, to viral, protozoal, and bacteria pathogens may also encourage
fecal losses of zinc (Manary et al., 2000). Physiological states that require increased zinc include
periods of growth in infants and children (Gibson, 2006). Too much supplementary iron can

interfere with zinc absorption because they compete for similar transport pathways making one

to be more prevalent than the other (Sreedhar, 2004).

2.6 Determination of zinc status of children
Zinc plasma levels help to detect the zinc deficiency which can contribute to mental health

problems. Zinc is necessary for immune and brain development. Serum or plasma zinc is the best
available biomarker of the risk of zinc deficiency in populations (IZiNCG, 2007). The rationale
11
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for this selection is that serum or plasma zinc cts dietary zinc intake; it responds consistently
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@) ot
to zinc supplementation; and reference data arMaiTa"bTe for most age and sex groups.

Such indicators (biochemical and dietary) can be useful for identifying populations and specific
subgroup that are at elevated risk for zinc deficiency and may thus be used to identify groups to
whom interventions should be targeted (WHO, 2007; UNICEF, 2007 IAEA, 2007 and IZiNCG,
2007). Biochemical indicators may indicate the severity and extensiveness of zinc deficiency,
although additional information will be needed to establish the specific cause of the deficiency.

To date, serum zinc is the only biochemical indicator of zinc status known to meet these criteria.

Reference values for serum zinc concentration are based on results obtained from a large sample
of presumably well-nourished Americans who participated in the NHANES II survey and were
free from infection on the day of blood collection and not on any medications that may have
affected their results (Hotz et al., 2003). For population assessment, the recommended indicator
to use is the percentage of the population with serum zinc concentrations below the age/sex/time
of day-specific lower cut-off (Hotz ef al., 2003; IZiNCG, 2004; Hess et al., 2007). This is

considered to be elevated and of public health concern when the prevalence of low serum zinc’s

concentrations is greater than 20% (Hess ef al., 2007).

The recommended cut-off for children under 10 years of age is 65 pg/dL (9.9umol/L) for
samples collected in the morning hours in nonfasted state (IZINCG, 2007). In the study
conducted in the western region of Saudi Arabia, the range of serum zinc of all studied ages
including infants and adults was reported to be 0.5-13.9 umol/L, which is lower than the
international standard of 7.65-22.95 pmol/L (Kumosani et al., 1997). In Kenya, low serum zinc
levels were used as an indicator of poor zinc status. The low plasma zinc level was considered to
be < 10.7umol/I (IZiNCG, 2004), while serum zinc levels between 12-18 pmol/l were considered
to be within the normal range (Thompson, 1991; Brown e? al., 1998; Wood, 2000).

Despite the legislated fortification of flour and maize since 2003 the level of zinc deficiency
among children aged 1-9 years in South Africa ranged between 27.3% and 58.5% with the
biochemical indicator of <65 pg/dL (Labadarios ef al., 2005). The province with the highest
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prevalence was Western Cape with 58.5%.§allowed by North West with 41.1%, while
Mpumalanga and Limpopo provinces recordeé@i%}"y&f%’? zinc deficiency (Dhansay et al., 2007,
Jooste et al,, 2007; Labadarios and Louw, 2007). Furthermore, Labadarios et al. (2008) indicated
that nationally 45.3% of children aged 1-9 years still had an inadequate zinc status. According to

IZiNCG (2004), a prevalence of serum zinc deficiencies greater than 20% called for national

nutritional intervention.

2.7 Zinc deficiency in Africa/ South Africa
Dietary inadequacy is vital for the aetiology of zinc deficiency. Other aspects include disease
states that induce excessive losses or impaired utilisation of zinc and physiological states that

increase zinc requirements (Gibson, 2006). Achieving dietary adequacy of zinc may be difficult

in developing countries, particularly in resource poor communities, as zinc rich foods, such as

meat and fish are usually priced beyond the reach of many households. There is heavy reliance

on cheaper plant based diets which are not only poor in zinc content but may also be hindering

the bioavailability of zinc (Gibson, 1994).

Inadequate zinc intakes have also been identified among segments of the South African

population, such as infants (weaning practices) (Oelofse et al., 2002), children (poor feeding

practices) (Faber et al., 2001) and the elderly (physiological changes) (Charlton ef al., 2001).

The 1999 National Food Consumption Survey (N FCS) was the first survey in South Africa that

provided estimates on food consumption and the contribution various foods make to the nutrient

intake of children aged 1 and 9
2005).

years using a nationally representative sample (Labadarios et al.,

Nationally, 45.3% of children of this age group (1-9) had inadequate zinc intake and were
considered to be at risk of zinc deficiency by the authors while prevalence of zinc deficiency
Nigeria (UNICEF, 2011). Porridge and rice are the staple

among under five children is 20% in
e usually consumed with vegetables and a small amount of

foods in the South African diet and ar
animal-derived food (Labadarios ef a

intake of important micronutrients, such

1, 2005). Low intake of animal source food leads to low

as zinc, iron, vitamin A and calcium (Neumann, 2003).
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In the follow-up of the NFCS, the impact of fodd fortification on the nutritional status of South

University of Venda

African children has been determined and ha@&ﬁ‘ﬁi@a that suboptimal zinc status remains a
public health problem (Labadarios e al., 2008; Steyn et al., 2008). The province with the highest
prevalence of zinc deficiency in SA was Western Cape with 58.5% followed by North West with
41.1%, while Mpumalanga and Limpopo provinces indicated 27.3% of zinc deficiency (Dhansay
et al., 2007; Labadarios and Louw, 2007). Perhaps, the differences in serum levels in different

areas can be attributed to soil zinc concentrations (Dehghani ef al., 2011) and varying traditional

diets (Downs et al., 2009).

2.8 Clinical signs for zinc deficiency

Much of what is known about severe zinc deficiency was derived from the studies of individuals
born with acrodermatitis enterpathica, a genetic disorder resulting from the impaired uptake and

transport of zinc (Kings et al., 2000). The symptoms of severe zinc deficiency include the

following:

2.8.1 Growth retardation and development

Significant delays in linear growth and weight gain, known as growth retardation or failure to

thrive. are common features of mild zinc deficiency in children. In the 1970s and 1980s, several

randomised, placebo-controlled studies of zinc supplementation in young children with

significant growth delays were conducted in Denver, Colorado (USA) and it was observed that

modest zinc supplementation (5.7mg/day) resulted in increased growth rates compared to

placebo (Walravens et al., 1989; Black, 1998; MacDonald, 2000).

A number of studies in developing countries observed similar results with modest zinc

supplementation (Black, 1998; Brown ef al, 2002). A data from zinc intervention trials

confirmed the widespread occurrence of growth-limiting zinc deficiency in young children,

especially in developing countries (Hambidge and Krebs, 2000). Although the exact mechanism
for the growth-limiting effects of zinc

availability affects cell-signalling system
hormone, insulin like growth factor- (IGF-1) causing zinc absorption suppressed, reducing IGF-

deficiency are not known, research indicates that zinc

s that coordinate the response to the growth-regulating
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1, which normally supports tissue growthdz(Fairweather-Tait, 1998; Brown er al, 2002;
&) emnis
MacDonald, 2000). Z

2.8.2 Delayed neurological and behavioural development in young children

Low maternal zinc nutritional status has been associated with diminished attention in new born
infants and poorer motor function at six months of age. Zinc supplementation has been
associated with improved motor development in very low-birth weight infants and more vigorous
activity in infants and toddlers (Caulfield ef al, 1998). Additionally, zinc supplementation was
associated with better neuropsychological functioning (e.g. attention) in Chinese first grade
students, but this was observed only when zinc was provided with other micronutrients
(Standstead et al, 1998). Two other studies failed to find an association between zinc
supplementation and measures of attention in children diagnosed with growth retardation. Some

studies suggest that zinc deficiency may depress cognitive development in young children

(Black, 1998).

2.8.3 Hair Loss

Deficiency in zinc can contribute to hair shedding and this result from seasonal changes in linear
growth velocity, such that rapid periods of growth lead to a gradual depletion of tissue zinc pools
because without zinc and other related minerals, hair shafts get weakened, causing hair breakage
and very slow hair re-growth (Rushton, 2002). Zinc benefits for hair include promotion of cell
reproduction, tissue growth and repair of broken tissues. It also maintains the oil-secreting glands

that are attached to hair follicles, thus decreasing their chances of falling off (Yenigun et al,

2004). Zinc deficiency does no
the scalp, the scalp may turn out
the deficient nutrients. Turning grey
shown to be effective (Alien, 2007). Eve

balding, zinc can reverse the effects when tak

t only produce problems with hair loss, but also with variations in
to be too dry or flaky and may at times be irritated because of
of hair can be stopped, and is the one area where zinc has
n when hair is already grey or becoming thinner and

en in proper amounts (Capelle, 2007).
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2.8.4 Dandruff ¢ e

Dandruff is a mild inflammation of the scag? initiated by lethal or nonlethal cellular injury.
Cellular injury may be caused by oxygen or nutrient deprivation (zinc), microorganisms causing
flaking (McOsker and Hannon, 1967). These flakes are often extremely visible on the hair and
often fall on the shoulder showing a high visibility of the problem. There is sometimes itching or
soreness and the scalp can feel rather tight. Also highly effective in treating dandruff is zinc. A
lot of anti-dandruff shampoos contain zinc pyrithione which seems to be very good at clearing
the problem. Very often dandruff or a flaky scalp can be more socially unacceptable than body
odour and bad breath. Some people feel that a lack of cleanliness causes dandruff, but this is far

from the truth (http://www.stophairlossnow.com/Dandrff.htm). Zinc pyrithionine is an active

ingredient in dandruff shampoos and is found to be very effective (Jenkins, 2006).

2.8.5 Delay in wound healing

Zinc helps maintain the integrity of the skin and mucosal membrane (Wintergerst e al., 2007).

Patients with chronic leg ulcers have abnormal zinc metabolism and low serum zinc levels

(Lansdown ef al, 2007) and clinicians frequently treat skin ulcers with zinc supplements

(Anderson, 1995). The authors of a systematic review concluded that zinc sulfate might be

effective for treating leg ulcers i

Hawke, 2000). However, research h

n individuals who have low serum zinc levels (Wilkinson and
as not shown that the general use of zinc sulfate in patients

with chronic leg ulcers, arterial or venous ulcers is effective (Hawke and Wilkinson, 1998).

2.8.6 Rough skin

The skin is the largest or
s functions include protection and body temperature regulation. Zinc

gan in the body and provides a barrier between the body's internal and

external environment. It
helps in the stabilisation of collagen and protein, which is necessary for healthy skin. It also
helps control the amount of oil in the skin. With age, collagen starts to break down and the skin
begins sagging. Zinc supplements are essential for a healthy glowing skin. Zinc sulphate and zinc
gluconate help in preventing and reducing acne by normalising functioning of the oil-producing

glands (sebaceous) in the skin (

hormonal ill effects on the skin a

Chen ef al., 1985). Zinc supplements reduce skin inflammations,

nd heal blemishes (Jenkins, 2006).
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Zinc has a soothing effect on skin and gives\° mediate relief. Zinc oxide acts as an astringent
and drying agent. Zinc sulphate lotions prove effective in skin burns, irritations and surgical
incisions. Zinc is an excellent sunscreen as applying lotions containing zinc helps protect skin
from harmful ultraviolet rays of the sun. It has also been found beneficial to cure chapped lips.

According to reports, zinc has been found to be effective in curing psoriasis but it is not proved

safe yet (Jenkins, 2006).

2.8.7 Mild anemia

Iron-deficiency anaemia is a serious world-wide public health problem. Iron fortification
programmes have been credited with improving the iron status of millions of women, infants and
children. Fortification of foods with iron does not significantly affect zinc absorption, however,
large amounts of supplemental iron (greater than 25mg) might decrease zinc absorption
(Whittaker, 1998; Institute of medicine and FNB, 2001). Taking iron supplements between meals
helps decrease its effect on zinc absorption (Whittaker, 1998). High zinc intake can inhibit

copper absorption, sometimes producing copper deficiency and associated anaemia (Broun et al.,

1990; Willis et al., 2005).

2.8.8 Attention deficit hyperactivity disorder (ADHD)
Attention deficit hyperactivity disorder (ADHD) is a developmental disorder characterised by

Inattention hyperactivity, and impulsivity (Noorbala and Akhondzadeh, 2006). It is the most

commonly diagnosed behavioural disorder of childhood, affecting between 3% - 5% of school-
aged children (Kidd, 2000). Although many people sometimes have difficulties in sitting still,

paying attention, or controlling impulsive behaviour, people with ADHD find that these

symptoms greatly interfere with their everyday life. Generally, these symptoms appear before the

age of 7 years and can lead to problems in school and in social settings. One- to two-thirds of all

children with ADHD continue to have symptoms when they grow up. A diagnosis can be

controversial. since there are no lab tests for ADHD and no objective way to measure a child's

behaviour (Lamont, 1997).
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Some experts also disagree about the best wy to treat ADHD, but taking action early can
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improve a child's educational and social dewopment. Zinc (35 mg per day); regulates the

activity of brain chemicals, fatty acids, and melatonin, all of which are related to behaviour. A
study of children with attention deficit hyperactivity disorder found that in those given the extra
zine their behaviour improved faster. Furthermore, several studies have found that zinc may help
improve behaviour due to regulation of brain chemicals activity, melatonin, but only slightly
(Sinn, 2008). Higher doses of zinc can be dangerous; zinc regulates the activity of brain
chemicals, melatonin, all of which are related to behaviour. High doses of zinc may aggravate

regulation of the activity of brain chemicals and some researchers have suggested that zinc may

play a role in regulating the production of dopamine in the brain (Sinn, 2008).

2.8.9 White spot on the finger nails

Leukonychia punctata refers to the condition, where white spots develop on the nails. The other
types are leukonychia totalis, Jeukonychia partialis and leukonychia striata. In leukonychia
totalis, the entire nail becomes white, while eukonychia partialis refers to whitening of a part of
the nail. On the other hand, leukonychia striata is the condition, where white or discoloured
bands appear on the nail (Fatourechi ef al., 2002). Out of all these types, leukonychia punctata

i.e. white spots on nails is the most common form which can be more commonly observed in

young people and women. White spots that appear on several fingernails and keep appearing

freshly and it indicates the deficiency of the trace mineral zinc (Admas, 1990).

2.8.10 Diarrhoea

Acute Diarrhoea is associated with high rates of mortalit
countries (WHO/UNICEF, 2004). 7inc deficiency causes alterations in immune response that
probably contribute to increased susceptibility to infections, such as those that cause diarrhoea,
especially in children (Wintergerst e/ al., 2007). Studies have shown that poor, malnourished

er courses of infectious diarrhoea after taking zinc supplements. The

y among children in developing

children experienced short :
children in these studies received 4-40mg of zinc a day in the form of zinc acetate, zinc
gluconate or zinc sulfate (Black, 1998). Zinc supplement studies have found a significant
ity of episodes of acute diarrhoea in children, especially those

t al., 1995).

reduction in the duration and sever
with low tissue zinc levels (Sazalwa e
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In addition, results from a zinc supplementatigi‘i)iﬁ'nnaﬁmésdgloping countries suggested that zinc helps

reduce the duration and severity of diarrhoea in zinc deficient or otherwise malnourished

children (Bhutta et al., 2000). Similar findings were reported in a meta-analysis review of zinc

supplementation for preventing and treating diarrhoea (Fischer-Walker and Black, 2007; Lukacik

et al., 2008). Studies have shown that zinc supplementation reduces the prevalence of common

childhood infections (Briefel et al., 2000; Brown et al., 2002; Bhandari et al., 2002).

2.8.11 Night Blindness
A significant symptom of Vitamin A deficiency in developing countries can be due to deficiency

of zinc, which is a coenzyme for conversion of retinol to retinaldehyde by retinol dehydrogenase
(Mann and Truswell, 2007). In Vitamin A metabolism, zinc is particularly important in the
process of retinol-binding protein synthesis, consequently in the hepatic mobilisation of retinol
(Ferraz et al, 2004). Zinc deficiency may contribute to Vitamin A deficiency even in the
presence of adequate hepatic reserves of the vitamin A (Ahn and Koo, 1995; Christian and West,

1995). As such it is possible that the same mechanisms might be involved in humans.

2.9 Nutritional status of children under five years of age.
Malnutrition prevails everywhere in both developed and developing countries (Abdalla et al,
2008). Besides protein-energy malnutrition, children also suffer from micronutrient deficiency.

Pre-school children’s age is an important stage of life where nutrition plays an important role and

has long lasting effects in later life (Khan Khattak and Ali, 2010). Although good nutrition is

universally accepted as a basic human right, it is estimated that globally, more than 800 million

people suffer from malnutrition and that in developing countries, more than 20% of the

populations are hungry (Khan Khattak and Ali, 2010).

Grant (1993) estimated that in 1990, 193 million pre-school children were underweight in

Southern Africa. According to the literature, widespread outspoken hunger may not be a major

h and nutritional status of millions of Southern Africans are far from

problem, but the healt
rison in the Republic of South Africa (RSA) of a few health indicators

optimal. A recent compa
pectancy at birth and incidence of tuberculosis) and the money spent

(infant mortality rate, life ex
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on health services compared with those offgther countries at similar levels of economic
S University of Venda

development indicated non optimal use of res gé'"é”"(IVl"E:Intyre et al, 2001b).

South African national statistics currently use data from the three studies, Labadarios et al. (1995

and 2000) and the National Food Consumption Survey- Fortification Baseline (2005) for

reporting the nutritional status of children. These studies indicated that nutritional status can be

assessed by dietary, anthropometric, biochemical and clinical methods (Faber and Wenhold,
2007). A number of key indicators ar

The following are used extensively

e useful in determining the level of malnutrition in children.
in research undertaken in South Africa, height-for-age

(stunting), weight-for-height (wasting), and weight-for-age (underweight), and in addition

micronutrient status including zinc assessment.

2.9.1 Underweight
Underweight is defined as more than 2 standard deviations below the WH
weight-for-age median. A low weight-for-age indicates that an individual is

40% of the population is underweight, it is

O international growth

reference for
underweight. According to WHO (1995), when 20% -

considered to be a moderate public health problem. However, if more than 40% are underweight,

the population is severely underweight (WHO, 1995).

The WHO classifications of the prevalence of underweight are :< 10%, low prevalence; 10-19%,

medium: 20%-29%, high and > 30% very high (WHO, 1995). Worldwide, underweight
ted to decline from 26.5% in 1990 to 17.6% in 2015 (De Onis et al., 2004).

prevalence was projec
.6%). In South-East Asia, it was

d the highest prevalence in the world (43

South Central Asia ha
9. Most (72%) of the underweight children in the world live in

28.9% and in Asia overall, 29.0
Asia, especially in South Central Asia. The fall in prevalence of underweight in Asia from 1995

to 2000 was 3%-4%, about the same as the decline on a global basis. The prevalence of low

weight-for-age also increases with age (Allen and Gillespie, 2001).

The National Food Consumption Survey (Labadorios ef al., 2000), undertaken in 1999 in RSA,
reported that one in ten children aged one to nine years was underweight. Furthermore, younger

children (between 1-3 years) were most affected. The nutritional status of younger children
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(between 1-6 years) had neither improved %ﬁg’d@rated since the SAVACG national data of

1995. The 1999 survey placed emphasis on the high-risk segments of the population and

Captured a greater percentage of household of lower socioeconomic status than the SAVACG

Survey (Labadarios, 2000; Labadarios et al., 2005).

2.9.2 Wasting

WaSting is defined as more than 2 standard deviations below the WHO international growth
reference weight-for-height median. A healthy child gains approximately 2-3kg of body weight
cach year from the age of one until adolescence (Kruger e al, 2007). A low weight-for-height
reflects wasting, which occurs because of acute nutritional stress and severe food shortage or
illness. According to WHO, a prevalence of 5%-10% in a population is regarded as a moderate
Prevalence, and more than 10% is considered a severe problem (de Onis and Blossner, 2003).
Causes of wasting are inadequate food intake, poor feeding practices, disease and infections, or
Mostly, a combination of these factors are the known causes of wasting (Cogill, 2003).

The expected prevalence of wasting in developing countries is 2%-3%. When wasting rises to
about 5%, mortality rates increase substantially (WHO, 1995b). In Asia, the overall prevalence is
10-4%, and is highest in South Central Asia (15.4%), 10.4% in South-East Asia, and lower in
East Asia (3.4%). The global prevalence is 9.4% for developing countries. The prevalence in

South Central Asia (15.4%) and West Africa (15.6%) are the highest in the world (Allen and

Gillespie, 2001).

In 2005, nearly one out of every 20 children (5%) aged 1-9 years was wasted, while 1% of
children in this age group was severely wasted. Equal proportions (5%) of 1-3 years and 4-6
Years old were wasted in South Africa. The Northern Cape (19%) had the highest proportions of
children who were wasted, followed by the Western Cape (12%), Limpopo with 7.5% in 1999
and in 2005 it was 4.4%. The prevalence of wasting in Western and Northern Cape was higher
than the national prevalence (5%) while the prevalence of wasting in Limpopo was found to be
lower than the national prevalence (Labadarios, 2007). The prevalence of children affected by

Wasting seems to have decreased in rural areas since 1999. However, it is of concern that the

21

© University of Venda



"
University of Venda

Future Leaders

. NS
Prevalence of wasting and severe wasting &‘x) children in urban areas increased from 3.79 in

1999 to 4.5% in 2005 (Berry et al., 2010).

Another study reported that about one in ten of the under five-year old children in Limpopo were

severely underweight. A similar situation was found in the North West. The results on wasting

from Limpopo ( 15.0%) and North West (14.4%) reinforced the emerging pattern that in these

Provinces, the nutritional status of children under five was poorest (Nolunkcwe, 2007). These

results are much higher than the observation by Labadarios (2007).

293 Stunting

Stunting is present when a child’s height-for-age is less than
median. A child, whose height-for-age score is less than -3 standard deviations, is severely

-2 standard deviations from the

Stunted (WHO, 1995). Stunting usually becomes more prevalent after 3 months of age. The rate
of decline in Z-scores starts to slow down at around 18 months and is very gradual after 24
months. Height Z-scores usually stop declining after around 3 years of age (Lindsey and Stuart,

2001). A healthy child grows by 5 — 7 cm each year from the age of one until adolescence

(Kruger et a, 2007).

Section 28 (1) (¢) in the South African Constitution Bill of Rights gives every child the right to

basic nutrition (South African Constitution, 1996). If children are stunted, they have been
deprived of their right to basic nutrition over a period of time. The levels of stunting in the

country are a good indication of the extent to which children are receiving the basic minimum
Nutrition needed for physical growth and development. Stunting remains the most-common

Nutritional disorder affecting children at a national level, with 18% of children aged 1 - 9 years

affected in 2005 (Kruger et al., 2007).

Data on stunting rate were derived from the most recent Demographic and Health Survey (DHS)
and WHO surveys (WHOSIS, 2006; WHO, 2006; DAHS, 2006) and UNICEF population data of
2007. The results indicate that approximately 30% of the children under 5 years of age are

Stunted worldwide. The WHO considers a prevalence of stunting greater than 20% of the
Population to indicate a public health concern (IZiNCG, 2004). It has been estimated that 42% of
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children less than 5 years old who are living in low-income countries are stunted, a situation

which has changed little over recent decades (de Onis et al., 1993).

About 70% of the worlds stunted children under five years of age live in Asia (Allen and

Gillespie, 2001). Furthermore, Carlson and Wardlaw (1990) indicated that a third of pre-school

children (34%) worldwide have stunted physical growth. The recognition of childhood stunting

as an indirect indicator of a population’s risk of zinc deficiency (Hotz and Brown, 2004),

supports the proposition that inadequate zinc intake is a widespread public health problem.

Furthermore, Nolunkcwe (2007) confirmed that stunting or chronic malnutrition is the most

prevalent form of malnutrition amongst children less than five years in South Africa, as is the

case in other developing countries. A comparison between South Africa and other Southern

African Development Community member countries indicated that fewer (25%) under-fives in

South Africa suffer from chronic malnutrition compared to countries such as Mozambique

(41%), Angola (45%) and Lesotho (46%) (Labadarios, 2007). The civil wars in Mozambique and

Angola could have contributed to this situation. On the other hand the poorer economy of

Lesotho compared to that of South Africa could have been a contributing factor to the poor

nutrition levels (Nolunkcwe, 2007).

Nationally (1999), 6% of children showed signs of severe stunting in South Africa. Children

living in tribal areas were most affected with a rate of 6%. The high rates of severe stunting of

7% or more are of concern in the Northern Cape, Limpopo and Free State provinces. Nationally,

nearly a quarter of children in the 1 —3-year age group (23%) were affected by stunting, and 6%

of this group was severely stunted. Stunting prevalence rates seem to have decreased since 1999,

with the greatest improvement in rural areas. The prevalence rate remained the same in urban

areas (Labadarios, 2007).

cting children at a national level;

Stunting remains the most common nutritional disorder affe
d to 1999 where 23% of children

with 18% of children aged 1-9 years affected in 2005 compare
were affected. Children living in formal rural areas were worse off; with one out of four children

s stunted. The provinces with highest preval
), Northern Cape (28%) and Limpopo (24%) (Labadarios,

SR : ence rates in 2005 than the
living in tribal area

national (18%) were Free State (287
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2007). According to the World Health Organization’s criteria, these rates indicate a moderate

prevalence of stunting (WHO, 1995). The rate of stunting in Limpopo province worsened by 1%
from 1999 to 2005 (Labadarios, 2007).

A high prevalence of stunting was found in the Eastern Cape (32.8%) and Limpopo (27.1%)
provinces (Nolunkcwe, 2007). These are the two provinces with the lowest mean income of R1
479 and R1 234 per month, respectively according to Census 2001. Western Cape (17.7%) and
Gauteng (17.9%) had the lowest levels with the remaining provinces falling between the
extremes. Once again, the pattern largely reflects the poor economic development in the other
provinces (Nolunkcwe, 2007). The findings of Labadarios (2005) and Nolunkcwe (2007) on

stunting, with regard to Limpopo varied by 3.1%.

2.10 Relationship between underweight and, stunting, wasting and

micronutrient status (zinc and iron status).

Iron and zinc deficiencies may coexist in children that consume diets with insufficient amounts
of animal-source foods (Walker ef al., 2005) and cause growth faltering (Brown et al., 2002),
delayed development (Idjradinata and Pollitt, 1993) and increased morbidity due to infectious
disease (Bhutta er al., 1999) that affect the health, development and well-being. The mediate
causes of malnutrition (Under nutrition and micronutrient deficiencies) include poor quality of

food, insufficient food intake, and severe or repeated infectious diseases (de Onis and Blossner,

2003).

Stunting is recognised as an indirect indicator of zinc status in some populations because zinc
nutrition has been shown to have a significant impact on growth of young children. A meta-
analysis of 25 studies of the effect of zinc supplementation on growth in children less than 13
years of age showed that zinc supplementation has a high statistically significant effect on linear

growth and weight gain (Brown et al., 1998; Hotz and Brown, 2004).

As a preliminary step in estimating the global prevalence of zinc deficiency, the risk can be
estimated for each country based on existing values for the national prevalence of stunting in

pre-school children. Data on stunting rates were derived from the recent DHS and WHO surveys
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(WHOSIS 2006; WHO, 2006; DHS, 2006). A number of intervention trials have been carried out
to assess the impact of zinc supplementation, particularly in low-income populations who are
likely to suffer from zinc deficiency. These studies have shown that zinc supplementation

increases growth among stunted children (Briefel ef al., 2000; Brown et al., 2002; Bhandari er
al., 2002).

International Zinc Nutrition Consultative Group estimates that over 25% of the total population
in India is at risk of inadequate zinc intake (Hotz and Brown, 2004). A study by Mishra (2005)
using the National Family Health Survey (NFHS-2) found that in almost all the states of India,
tribal households had a higher incidence of childhood stunting (52,3%) than non-tribal
households (42, 8%). Several studies have also reported deficient intake of calories and protein
among tribal populations relative to the Indian RDAs, which may be an explanation for the high

rates of stunting among this group (Yadav and Singh, 1999; Agte et al, 2005; Mittal and
Srivastava, 2006).

In a meta-analysis, the results of more than thirty community-based intervention trials completed
in different parts of the world were examined to determine the overall magnitude of growth
responses to zinc supplementation. Notably, the responses to zinc supplementation were
significantly greater in those studies that enrolled subjects with pre-existing nutritional stunting
(Brown et al., 2002). These results indicated that children with low height-for-age are likely to
be zinc deficient, and they further suggest that the national prevalence of stunting among

children less than 5 years of age can be used as indirect indicators of a population’s risk of zinc

deficiency (WHO, 1995).

Iron deficiency is particularly prevalent in infants and young children. These age groups of
children have higher risk for developing iron deficiency because of the high demand for iron
during the period of rapid growth (Gibson, 2005). Studies (Lozoff et al., 1991; Ekiz et al., 2003;
Akman ef al., 2004) have shown that iron deficiency anaemia has an impact on psychomotor
development, cognitive functions and growth as well as on increased risk or respiratory
infections. Diet of many people in rural communities of South Africa consists of plant source

with a very minimal amount of animal source which are rich sources of iron and zinc.
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Consumption of this diet puts them at risk of health outcomes associated with lower intake of
nutrients including iron (Labadarios et al., 2005). Iron deficiency remains the most prevalent
micronutrient deficiency worldwide (Gibson, 2005). The cause of nutritional anaemia is that the
amount of iron absorbed is insufficient to meet body’s requirements. This insufficiency may be

due to inadequate iron intake from food and low bioavailability (Demaeyer et al., 1989).

2.10.1 Haemoglobin

Iron is an essential component of the hemoglobin molecule, the oxygen-carrying pigment for red
blood cells. Measurement of the concentration of hemoglobin in whole blood is probably the
most widely used test for iron deficiency anaemia (Gibson, 2005). Iron deficiency anaemia
develops only during the third stage of iron deficiency, when iron stores are exhausted and the
supply of hemoglobin is therefore an insensitive measure of iron deficiency (Gibson, 2005).
Hemoglobin differs according to gender and males have lower haemoglobin concentration than
females (Domellof et al., 2002a). The children are considered anaemic when the hemoglobin

level is < 11g/dl (WHO, 2001).

2.10.2 Serum Ferritin

Ferritin is the most important intracellular iron storage protein found in reticuloendothelias
system. Function of ferritin is not an intermediate protein during hemoglobin synthesis but also
as a storage protein for iron released during hemoglobin denaturation. Serum ferritin is the only
measure or iron status that can reflect a deficient, excess, or normal iron status (Gibson, 2005).
Iron deficiency leads to lower iron stores: serum ferritin values fall progressively as the stores
decline, before the characteristics changes in serum iron. Low concentration of serum ferritin is
characteristic only of iron deficiency (Dellman e al., 1996). Serum ferritin value of < 12 pg/dL

was considered deficient (WHO, 2001).

2.10.3 Transferrin Saturation

The Tsaturation is the serum iron divided by the total iron-binding capacity (TIBC) which
corresponds to circulating iron. The iron capacity reflects transferrin, the protein to which
virtually all iron in the blood is bound. The ratio of serum iron to transferrin saturation index or

percent (called total iron binding capacity) is the most specific indicator of iron deficiency, when
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is amply low. The transferrin saturation index of <15% indicates iron deficiency, while levels

from 5% to 10% make the diagnosis of iron deficiency possible but not authoritative (Wish,

2006).

2.10.4 C-reactive protein

C- reactive protein (CRP), is a test which measures the concentration in blood serum of a special
type of protein produced in the liver that is present during episodes of acute inflammation or
infection. In the body, CRP plays an important role of interacting with the complement system,

an immunologic defence mechanism. Concentration of C-reactive protein of less than Smg/l was

regarded as iron deficient (WHO, 2001).

Iron deficiency is the most prevalent micronutrient deficiency with 3 billion people affected
worldwide (SCN, 2004). Iron deficiency exists in all countries, but its magnitude is higher in
South East Asia (57%) and Africa (46%) (WHO, 2001). The prevalence of iron deficiency in
urban and rural areas of Nigeria showed that more children from rural areas (61%) were more
iron deficient than those from urban (45.6%) areas (Onyemaobi et al, 2011). In a reviewed
survey of Mexico it was found that children under 3 years of age living in Mexico city (42% for
anaemia and 57% for iron deficiency) and in children of low socioeconomic status aged 18 to 36

months, living in rural areas of the centre plateau of Mexico (70% for anaemia and 48% for iron

deficiency (Allen et al., 2000).

2.11 Summary

Micronutrient malnutrition continues to be a burden in many developing countries in Africa.
Malnutrition is manifested in most developing countries by early stunting and a high prevalence
of micronutrients deficiencies. Dietary inadequacy is a key factor in the aetiology of zinc
deficiency. Other aspects include disease states that induce excessive losses or impaired
utilisation of zinc and physiological states that increase zinc requirements (Gibson, 2006). The
findings of the first national survey of 1994 indicated that serum zinc levels in children aged 1-9
years old clearly indicate that zinc deficiency is a problem in this age group (NFCS-FB, 2005).

The higher prevalence of zinc deficiency in the younger age group 1-3 years may reflect the poor
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dietary choices and feeding practices. Fortification may not entirely address the zinc deficiency

problem because most of these staple foods are consumed with vegetables which contain high

amounts of phytates, oxalates, and tannins which inhibit absorption of zinc and iron.

Zinc and iron deficiencies coexist in malnourished child population of developing nations

because they share the same dietary sources. Poverty, poor food choices, lack of availability or

decreased accessibility to certain foods, coupled with lack of knowledge about the importance of

food group diversity for the health and growth of young children may limit the inclusion of

micronutrient rich food in the diets of children. Low serum zinc and iron concentration are

normally associated with low dietary intake of food rich in these micronutrients (Adelekan,

2003). Micronutrients rich foods are often expensive and the high cost of these micronutrients

rich food make it difficult for poor people to meet their theoretical needs of iron and zinc

because they cannot afford them (Ruel, 2003). Insufficient intake of these two micronutrients

from their rich sources may lead to growth faltering, delayed development and contribute to

mortality and morbidity from diarrhea,
1999: Brown et al., 2002; Black, 2003). There are still unresolved

n in public health policy to improve

pneumonia and stunting in children in developing

countries (Bhutta et al.,
questions, for instance of the role of zinc supplementatio
owth and development in young children. The ov
rweight, wasting and stunting directly influence zinc status as well

5 e erall nutritional status of
mortality, morbidity, gr

children as assessed by unde

as other micronutrients.
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CHAPTER THREE
METHODOLOGY

3.1 Study Design

Cross-sectional survey was used whereby the researcher aimed at describing the zinc and iron
status of pre-school children in the Vhembe District. Cross sectional study is research methods
that involve observation of all of a population or a representative subset at one specific point in
time (Leedy and Ormrod, 2002). This type of research involved either identifying the
characteristics of an observed phenomenon or exploring possible correlations among two or

more phenomena (Leedy and Ormrod, 2002).

The research type was quantitative, because the information was collected by quantifiable
measures e.g. biochemical variables, weight, height. According to Schneider e al (2003) this

type of data can be used to assess the prevalence of acute or chronic conditions in a population.

3.2 Populations and Area

The target population was children in the Vhembe district and the accessible population was
children aged 3-5 years in Makhado and Mutale municipalities. This target group was selected
because children under five years constitute the most vulnerable group of any community. Their
nutritional status is a sensitive indicator of community health and nutrition (Ibeanu er al., 2012).
Furthermore, pre-school children are at an important stage of life where nutrition plays an

important role in growth and development and has long lasting effects in later life (Khan Khattak

and Ali, 2010).

The study was conducted in Vhembe district which is one of five districts of Limpopo province.
The district is divided into four municipalities namely Thulamela, Makhado, Musina and Mutale.
According to 2011 census Vhembe district has a total population 1,294,722. 67.2% of this
population speaks Tshivenda, 24.8% speaks Xitsonga, 1.3% speaks Afrikaans and 1.6% speaks
Sepedi. For the purpose of this study Mutale and Makhado municipalities were selected. Mutale
had an estimated population of 91870 and 148 villages whereas Makhado had an estimated

population of 516,031 and 290 villages (Census, 2011).
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3.3 Sampling

Sampling is a process of selecting a representative portion of the designated population (Leedy
and Ormrod, 2002). The purpose of sampling is to increase the efficiency of a research study
(Schneider et al., 2003). According to Barlet ef al. (2001), a sample is a physical representation
of the target population. It should have the property that can identify every single element and

include it in the sample.

Mutale and Makhado municipalities were purposively selected. Simple random sampling was used to
select preschools and subjects. Simple random sampling is a sampling procedure which provides
equal opportunity of selection for each element in a population (Katzenellenbogen er al., 2003;
Schneider ef al., 2003; Castillo, 2009). A total number of participants in the current study are a

representative of all children aged 3-5 years in the chosen municipalities.

A list of pre-schools was obtained from the Department of Education in Vhembe district and
each pre-school was assigned a number, these numbers were placed in a bowl and mixed
thoroughly. The researcher picked one number at a time from the bowl blind-folded. Each
number represented a pre-school. The same procedure was used to select subjects for the study.
The following formula was used to calculate the total sample size used in the study: n = N/ (1 +
(NX ¢%)) where

n= sample size

N= total number of children in the pre-schools; and

e = the accepted level of error

n=N/(1+NXée?)

n= 7873/ (1+ (7873 x 0.05)

n = 7873/20.6825

n=380

The formula yielded a total of 380 subjects and an addition of 10% was added for attrition.

Data was collected from 380 subjects in 16 pre-schools of Makhado and Mutale municipalities.
The final sample size was 349 due to the missing values of some variables when data was

analysed.
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3.4 Inclusion and exclusion criteria
Children who were 3-5 years old (parents consented) and present on the day of data collection
were included in the study. Children whose parents/guardians did not give consent were
excluded from the study. The researcher did not have any reason to exclude children from the
study except those whose parents did not give consent. Children who were included in the study

were free from infection and not taking any medication.

3.5 Subject recruitment

First Visit

A list of pre-schools was obtained from the district office and pre-schools were randomly
selected. The selected pre-schools were visited and the research aims and objectives were
explained to the headmaster. In addition, permission to include pre-schools in the sample was

requested.

Second Visit
The researcher gave children consent forms to take to their parents to sign if they agree to have
their children included in the study. Children were instructed to return the consent forms to the

headmaster the following day.

Third Visit
The researcher gave more explanation to parents who needed clarity before they could give

consent for children to participate in the study. Data was also collected at this stage.

3.6 Measurements

The following measurements were carried out: anthropometric measurements, biochemical

measurements and clinical signs.

3.6.1 Anthropometric measurements
In this study, anthropometric measurements included weight and height. These anthropometric

measurements were used to assess body size. The weight and height were taken twice and the
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average was calculated. This was done to reduce error and to increase accuracy. Anthropometric
measurements (weight and height) where analysed using WHO Antro and Antroplus version

3.2.2 (WHO, 2011).

3.6.1.1 Weight

The children were weig

the middle of the platfo

hed without shoes and wearing light clothes. The subjects stood still in

rm of the scale without touching anything and with the body weight

equally distributed on both feet. The weights were taken by registered nutritionist using Seca

). The Seca solar scale was also calibrate
was recorded to the nearest 0.1kg (Lee and Nieman, 2003). A solar

solar scale (model 0213 d continuously against the

electronic scale. The weight

scale was used because some pre-schools did not have electricity.

3.6.1.2 Height
Height was taken using a height meter. 3

arms to side, legs straight and knees 108

he subject was barefooted and heels close together,
ether, looking straight ahead and wearing minimal

clothes. The subjects were standing with shoulders relaxed and looking straight ahead. Heels,

buttocks, scapular (shoulder blade) and bac
Frankfurt position (Lee and Nieman, 2003).

k of the head were against the vertical surface in a

The height was recorded in centimetres. The height

was recorded to the nearest 0.1cm (Lee and Nieman, 2003).

3.7 Clinical signs

| signs. Zinc deficiency is associated with lack of gustin

A professional nurse checked the clinica
ation (Pluhator ef al., 1996), and can potentially lead to

which leads to low salivary zinc concentr
(Bales et al., 1986: Uchida ef al., 2000). Liquid zinc

impaired taste acuity and 10Ss of appetite
ct was zinc deficient and oral zinc test was done using

was used to determine whether the subje
dren with impaired taste were zinc deficient or not (see

liquid zinc to help determine whether chil
ot considered to be able to express differences in taste

appendix C). Children below 5 years are
ho

d using the child’s own spontaneous verbal judgment

perception by use of the preferential methods. A reliable estimation of difference particularly in

children less than five years Was achieve

(Sjovall ef al,, 1984; Uchida et al. 2000).
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The procedure to check clinical signs was to place 10ml (about two teaspoons) of the liquid in

the mouth, hold the liquid zinc in the mouth for about ten to fifteen seconds and observe facial

expressions and taste. A professional nurse asked the children what liquid zinc tasted like and
recorded the results. Clinical signs like h

be identified by a naked eye were also checked.

air loss and white spot on the finger nails which could

3.8 Blood collection
3.8.1 Blood samples

A professional nurse collected the 380 blood s
The subject’s skin was cleaned wit
rict occlusion of subject’s arm with tourniquet for < 1 minute. A

amples from 16 pre-schools in Makhado and

Mutale municipalities. h alcohol-soaked gauze pads at the site

of the antecubital vein and rest
trace element-free siliconised 21-gauge minicath intravenous catheter was inserted into an
antecubital vein, and blood was drawn into two trace element-free evacuated tubes that utilised

an rubber. Rubber tip plunge

d was drawn it was kept for 5
s separated from the cells within 5 minutes after blood

r was not used since rubber is a zinc

siliconised rather th
minutes and centrifuged to separate

contaminant. Once the bloo

serum from the blood. Serum Wa
collection. Following the centrifugation serum was transferred into the new tube for storage in a

hed ice until analysis at Ampath laboratories using standardised methods.

cooler box with crus
1251- Radioimmunoassay was used for the quantitative determination of zinc in serum (see

appendix D). Access Ferritin assay

a reaction vessel with goa

is a two-site immunoenzymatic (“sandwich”) assay. A
sample is added to ¢ anti-ferritin-alkaline conjugate, and paramagnetic
ferritin complexes (see appendix E). C-RP

:th SYNCHRON LX® System(s),

particles coated with goat anti-mouse: Mouse anti-

when used in conjunction W

and Transferrin reagents,
nd SYNCHRON® Systems CAL 5 Plus, are intended for

UniCel® DxC 600/800 System(s) a

- reactive protein and transferrin concentration in human serum

quantitative determination of C

or plasma. CRP and Transferrin reagents are us
ic method (see appendi

ed to measure (C-reactive protein and Transferrin

concentration by a turbidimetr A e
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3.9 Data collection procedure

3.9.1 Physical arrangements
A separate class room was requested to be used to ensure privacy.

g anthropometric measurements and demographic information such

Two stations were arranged,

the first station was for takin
as age and gender. Weight and height w

with subjects relaxed and head in a Frankfort position.

ere taken with minimal clothes without shoes on and

In the second station a professional nurse was drawing blood. One child was brought to the room

at a time because the researcher did not want those who were scared of needles to scare the rest

of the study subjects. One needle was used per child. The researcher was present throughout the

data collection

3.10 Tools and specific procedures

Data was collected using a record sheet. Literature 0
her researcher conducted their studies u

g variables were measured: age, gender, anthropometric

n the same field of study was reviewed to

gather information on how ot sing the same procedure as

in the current study. The followin

measurements, biochemical measurement and cli
ested to check for anything that co
tematic fashion. Additional information such as age, gender,

nical signs (see Appendix C). The record sheet

was developed and pilot t uld impede the instrument's ability to

collect data in economical and sys

time of day and time since last meal were included in the record sheet.

3.11 Field workers

utritionist were recruited as fieldworkers. Field workers were

Two professional nurses and a n
f data collection were standardised. Professional nurses

trained by the researcher and methods ©
drawing blood as it is a req
was also recruited to tak
d on their expertises which were required for the study and

uirement by the Health Professional Council of

were responsible for
e anthropometric measurements. The

South Africa. A nutritionist
appointment of fieldworkers was base

for good general practice.
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3.12 Quality control

External and internal validity

The validity of a measurement instrument is the extent to which the instrument measures what it

1S supposed to measure. Furthermore, Reliability is the consistency with which a measuring

h repeated measurements, preferably
degree to which we may have errors in our measurements

instrument yields results wit more than 10 repeats. Both

validity and reliability, then, reflect the
(Polit and Hungler, 2009).

d Transferrin were handled as though capable of transmitting

For quality control Zinc, CRP an
infectious diseases because they are of human origin. Each serum or plasma donor unit used in

is material was tested by United States Food and Drug Administration

the preparation of th
(FDA) approved methods and fo
Virus (HIV) and hepatitis C virus in

antigen (HbsAg). At least tWoO levels of control
new calibration, with each
cedure as detailed in the appropriate system manual. The

und to be negative for antibodies to Human Immunodeficiency

fection (HCV) and nonreactive for Hepatitis B surface
material were analysed daily. In addition, these

controls were. with .cagh reagent cartridge, and after specific

maintenance or troubleshooting pro
system must have a Jot-specific parameter card and a valid calibration adjustment in memory
sample can be run (see appendix D).

before controls or patient

The Access Ferritin assay 1S a two-site immunoenzymatic (sandwich) assay. A sample is added

| with goat anti-ferritin-alkaline phosphate conjugate, and paramagnetic

to a reaction vesse
mouse: mouse anti-ferritin complexes. Serum or plasma (heparin)

particles coated with goat anti-
oclonal anti-ferritin on the solid phase, while the goat anti-

ferritin binds to the immobilized mon
ugate reacts with different antigenic sites on the ferritin molecules. After

sel, materials bound t

incubation in a reaction ves
Then, the che

hed away. miluminescent substrate Lumi-Phos

while unbound materials are Was
rated by the reaction is mea

530 is added to the vessel and light gene
rectly proportional t

sured with a luminometer.

o the concentration of ferritin in the sample. The

The light production is di
sorted, multi-point calibration curve.

amount of analytic in the sample is determined from a
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3.13 Institutional approval
ubmitted to the Higher Degrees and Ethics committee for approval

ical clearance certificate was issued (SHS/12/NUT/02/0212). A

ce certificate and the research proposal were submitted to the

The research proposal was s
before data collection and eth
letter together with ethical clearan

Departments of Health and Education provincial office requesting permission to conduct

research in pre-schools (see appendix B). Once permission was granted by the Departments of

Health and Education a list of pre-scho

Vhembe district. Permission to include

ols was obtained from the Department of Education,

pre-schools into the sample was sought with the

headmasters.

3.14 Ethical consideration

No subjects were enrolled into the study until the protocol, subjects’ information sheet and

g by the Higher Degree and Ethics Committee of the

recruitment material was approved in writin

University of Venda. The study was performe

of Helsinki (2008), Good Clinical Practice and t

d in accordance with principles of the Declaration
he laws of South Africa. No subject entered the

study without signed informed consent bY parents after a full and adequate oral and written
explanation of the study, including possible risks, has been provided by the investigator (see
appendix A). Subjects had the right to withdraw from the study at any time. If in the process of
the research a subject was diagnosed with a particular nutrition related health risk or disease, the
subject was informed; if informed, the subject was referred to appropriate health professional to
ease. Data generated from the study was stored in a computer

address the diagnosed risk or dis ' '
aintained subjects’ confidentiality. For data verification and

database, and in a manner that m :
or members of the Higher Degree and Ethics

uthorities and/

quality control purposes regulatory 4
a might be allowed access 10

Committee of the University of Vend
This was stat

patient data under conditions

ed in the patient information sheet. The anonymity of

of strict confidentiality.

subjects was ensured by using codes instead of names and in any publication of the data.
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3.15 Data analysis

3.15.1 Nutritional status
Weight for age, height-for-age and weight-for-height were analysed using the Z-scores. The Z-

d the anthropometric values as a number of standard or Z-scores below or

n or median value (http://www.who.into/nutgrowthdb/into, Accessed

ere gender and age independent thus permitting the evaluation of
height for age (HAZ) and

scores system expresse
above the reference mea
22/03/2013). Z-scores which W
children’s growth status was dete

weight for height (WHZ). The Z-sc

rmined by weight for age (WAZ),
ores classification indicated in Table 3.1 was used for

interpretation.

Table 3.1: Z-scores classification (http://www.who.into/nutgrowthdb/intro)
i PO TR o
WHZ

-

<3 Very low WAZ W Very low WHZ
Between -2 and -3 mﬁ’/_m’/ Low WHZ
Between -2 and +2 Normal WAZ m/ Normal WHZ
Between +2 and +3 High WAZ W High WHZ
Above +3 W Very high HAZ Very high WHZ

WAZ: Weight for age (underweight); HAZ: Height for age (stunting); WHZ: Weight for height (wasting)

shing whether the observation on nutritional status are of public health

lassification for assessing severity
ssed 22/03/2013)

For the purpose of establi
of Malnutrition by prevalence

importance, the following ¢

range was used (http://WWW .who.into/nutgrowthdb/into ; Aece

prevalence ranges

Table 3.2: Se\W—W
W’T Severity of malnutrition by prevalence ranges (70)
W'?To’/ﬂ/ﬂ/’ >30
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3.15.2 Clinical signs

The following classification was used to categorise the clinical signs of zinc deficiency using

liquid zinc:

3.3 Classification of zinc deficiency using liquid z

inc (Crosby, 2009)

matus

Description

easant metallic taste and perhaps

Good
(>9.9mmol)

level

If the zinc tastes bad, with a strong, unpl

makes your tongue feel fuzzy you have a good level of zinc in your body.

Right
(9.9mmol)

amount

If there is a strong, but not unpleasant taste may be a little bit metallic, and

the taste intensifies as time goes by, you have a right amount of zinc in

your body.

s little taste, but after ten seconds or so it tastes a little

Low level

(<9.9mmol)

Severe (<7mmol)

3.15.3 Blood analysis
Comparisons were made to the
children aged 1-9 (IZiNCG, 2007). T

serum ferritin, transferrin saturation, C-

If at first there i

sweet or gives your tongue “fuzzy” sensation you are low in zinc.

If it tastes like water or is “tasteless” you are extremely deficient in zinc.

normal values of International Zinc Consultative Group for

he following blood constituents were analysed: serum iron,

reactive protein.
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Table 3.4: An indication of lower cut-offs for serum zince concentration (pmol/dL) by age

group, gender, time of day and time since last meal (IZiNCG, 2007).

Time of day <10 years >or=10 years

And

Fasting status Males and Females Non-pregnant Males
females

Morning, Not available 70pg/dL 74pg/dL

fasting

Morning, 65pg/dL 66ug/dL 70ug/dL

Non-fasting

Afternoon 57ug/dL 59ug/dL 61pg/dL

Non-fasting

For conversion to umol/L, divide by 6.54

3.16 Statistic methods

analyse anthropometric measurements. Weight for a

analysed using the Z-scores. The Statistical Package for Social

ge, height for age
WHO Anthro was used to

and weight for height were F ; :
1 was used to analyse descriptive statistics (median and Interquartile

Sciences (SPSS) version 2

. isti essions.
range), Frequency, correlations and logistic regt
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CHAPTER 4
RESULTS

4.1 INTRODUCTION

This chapter presents the study results obtained from a sample of
The results presented herein include demographic data,

349 subjects from Makhado

and Mutale municipalities.

anthropometric measurements, iron status, zinc status, combined iron and zinc interactions and

lastly correlations between biochemical and anthropometric variables. The results are presented

in the form of tables, percentages, standard deviations, means, medians, interquartile ranges and

p-values.

4.1.1 Demographic Data
The study was carried out on 380 pre-school children aged 3-5 years and the number of children
included in the analysis was 349. The sample reduction was due to missing values for some of

the variables. About 186 (53.3%) of the study subjects were girls while 163 (46.7%) were boys.

The minimum age for boys was 2.96 years and maximum 5.89 years while the minimum age for

girls was 2.95 years and maximum was 5.89. Table 4.1 summarises distribution of subject by age

and gender.

Table 4.1: Age and gender distribution
Gender Sample Mean age  Std

Minimum Maximum

size (years) deviation  age age
Boys 163 45 0.73 2.96 223
Girls 186 4.5 0.65 2.9 ;

4.2 Zinc status
Bad taste of liquid zinc was con
who indicated that they had littl

levels. Children who indicated th
Four percent (4.1
there was little taste than sweet. About 65.9% indicated that

sidered to be indicative of good serum levels of zinc while those
c taste of sweetness Were considered to have low serum zinc
at liquid zinc was tasteless were considered to be extremely

. 4) of the children indicated that liquid zinc
deficient in zinc (Crosby, 2009)- ke =

tasted bad while 30% indicated that

79 indicated that liquid zinc tasted bad as compared to 2.4%

liquid zinc was tasteless. In boys 1
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of girls. In girls, 17.2 % indicated that they had little taste as compared to 12.8% of boys.

However, 32.1% of boys indicated that liquid zinc was tasteless as compared to 33.8% of girls.

In addition 0.5% of the children showed symptoms of zinc deficiency. With respect to symptoms

of zinc deficiency the prevalence was the same in both gender groups (0.5%) (Table 4.2).

Table 4.2: Zinc Taste Test

Description of taste ~ Boys (n=163) Girls (n=186) Total (n=349)
n % n % n %

Taste Bad 6 (1.7%) 8 (2.4%) 14 (4.1%)

Little taste than 45(12.8%) 60 (17.2%) 105 (30%)

Sweet

Taste less 112 (32.1%) 118 (33.8%) 230 (65.9%)

Table 4.3 illustrates the prevalence of zinc deficiency using serum zinc. The prevalence of zinc

deficiency was defined as serum zinc levels below 9.9 pmol/dl (IZINCG, 2007). Of all the
children, 149 (42.6%) were zinc deficient. The prevalence of zinc deficiency was virtually the

same in boys and girls.

Table 4.3: Prevalence of zinc deficiency using serum zinc
Zinc classification Boys (n=163) Girls (n=186) Total (p349)
n (%) n (%) n (%)
Deficient (<9.9 pg/dl) 65 (18.6%) 84 (24%) 149 (42.6%)
102 (29.3%) 200 (57.3%)

Normal (>9.9 pg/dl) 98 (28%)

nd liquid zinc

4.2.1 Association between serum zinc a
sted bad 5 (1.4%) were zinc deficient when

Of all girls 8 (2.4%) who indicated that liquid zinc ta
2%) of girls who indicated that they had little

assessed by serum zinc levels while from 60 (17.
s determined by serum zinc levels. From 118

taste than sweet 28 (8.1%) were zinc deficient a
(33.8%) girls who indicated that liquid zinc was tasteless 51 (14.6%) were zinc deficient when

Of all boys 6 (1.7%
y serum zinc levels while from 45 (12.8%) who

assessed by serum zinc levels. ) who indicated that liquid zinc taste bad 3

(0.8%) were zinc deficient when assessed b
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indicated that they had little taste than sweet 25 (7.2%) were zinc deficient when assessed by
serum zinc levels. Furthermore, 112 (32.1%) boys who indicated that liquid zinc was tasteless 37

(10.6%) were zinc deficient when assessed by serum zinc levels.

4.3 Anthropometric Measurements
Table 4.4 shows the median and Interquartile ranges of anthropometric measurements in the total
population as well as by gender. There were no gender differences in anthropometric

measurements.

Table 4.4 Anthropometric and biochemical variables of children by gender (median and

Interquartile range)

Variables Total (Median Boys (Median Girls (Median P-Values

and and and

Interquartile Interquartile Interquartile

range) range) range)
Weight (kg) 16.00(2.50) 17.00(2.75) 16.50(2.75) 0.599
Height (cm) 99.95 (7.45) 101.50 (7.90) 102.35(9.70) 0.954
WHZ 0.56(6.48) 0.10 (1.60) 0.19 (1.45) 0.321
HAZ -1.02 (1.33) -1.11 (1.34) -0.92 (1.43) 0.078
WAZ -0.23 (4.83) -0.28 (1.09) -0.22 (1.18) 0.466
BAZ 0.58 (1.40) 0.52 (1.34) 0.36 (1.42) 0.610

WAZ: Weight for age (underweight); HAZ: Height for age (stunting); WHZ: Weight for height (wasting);
BAZ: BMI for age (Overweight).

The prevalence of wasting, stunting and underweight was 1.4%, 18.6% and 0.3% respectively
while 20.9% of the children were overweight and 9.7% were obese (Table 4.5). Stunting was
more prevalent in boys (10%) as compared to girls (8.6%). Furthermore, 3.1% of boys were
wasted while no females were found to be wasted. About 0.6% of boys in the study were
underweight while no girls were found to be underweight. Overweight and obesity levels were
high in girls (11.2 and 5% respectively) as compared boys (9.7% and 4.7% respectively). Table

4.5 summarizes nutritional status of pre-school children.
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Table 4.5: Anthropometric indices classification o

school children

f nutritional status of the studied pre-

Girls (n=186)

Total (n=349)

Anthropometric Boys (n=1632) : . z 5
Index n 4

Wasting 5 1.4% 0 0 J 1.4%

Stunting 35 10% 30 8.6% 65 18.6%
Underweight 1 0.3% 0 0 1 0.3%

Overweight 34 9.7% 39 11.2% 73 20.9%
Obese 16 4.7% 18 5% 34 9.7%

4.4 Iron Status
Table 4.6 shows the median an

study population as well as by

between the two gender groups.

Table 4.6: Median and Interquartile Range of biochemical measure

d interquartile ranges of biochemical measurements in the total

gender. There were no differences in biochemical variables

ments of boys and girls

Variables Total (n=349) Boys (n=163) Girls (n=186) P-Values
Hb(g/d1) 11.40(1.1) 11.40(1.1) 11.30(1.1) 0662
IRON (umoly ~ 13.20(8.3) 13.20(8.7) 13.90(8.3) 0.747
TRANSFERRIN  2.60(0.5) 2.50(0.5) 2.50(0.4) 0.930

(g/)

TSATURATION 21.00(13.0) 20.00(14.0) 22.00(13.0) 0.670

(%)

FERRITTIN ~ 25.00(18) 28.00(17.0) 26.00(15.50) 0257
chr 0.998
CRP(mg/1) 0(2.00) 0(2.00) 0(2.00) :

ZINC 10.15 (4.5) 11.40 (3.30) 10.30 (5.10) 10.30/(5.10)

CRP: C-reactive protein.

HB- haemoglobin; T saturation: Transferrin saturation;
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Anaemia was classified according to the WHO recommended cut-off value of less than (<) 11.0

g/dl for Hb (WHO, 1989). Hb concentration levels less than 7.0g/dl were considered as severe

anaemia, 7.0 to 9.9 g/dl as moderate anaemia and Hb > 10.0 g/dl to < 11.0 g/dl as mild anaemia.

Of all the children 14 (4%) had moderate anaemia whil
0.3%) had mild anaemia as compared to 48

e 84 (24%) had mild anaemia. About 2%

of boys and girls had moderate anaemia. Boys 36 (1

(13.7%) girls (Table 4.7).

Table 4.7: The prevalence of anaemia as determined by haemoglobin (Hb) Levels (11g/dl)

Hb levels Boys (n=163) Girls (n=186) Total (n=349)
Severe (<7.0 g/dl) 0 0 0

Moderate  (7.0-9.9 7(2%) 7(2%) 14(4%)
g/dl)

Mild (10.0 - 11g/d1)  36(10.3%) 48(13.7%) 84(24%)
Normal 120(34.5) 131(37.5%) 251(72%)

Table 4.8 illustrates the prevalence of micronutrient deficiencies as determined by the selected
globin (Hb) levels below 11 g/dl were used as an indicator of

biochemical variables. Haemo :
) were anaemic. Ferritin levels below 12pg/dl

anaemia (WHO, 1989). Of all the children 98 (28%

i i at 7.1
were taken as indicative of iron deficiency and it was found th .
o of the children were iron deficient when transferrin

% of the children were iron

deficient (WHO, 1989). Furthermore, 28.1 :
was taken as an indicator of iron deficiency (Floyd, 2002;

saturation (Tsaturation) below 15%

Wish, 2006). Using both serum ferritin and Tsaturation as markers of iron deficiency revealed

that 15 (4.2%) of the children were iron deficient.

%) as compared with 12.3% of boys. Of the

The prevalence of anaemia was high in girls (15.7
2% of the boys. Furthermore, 15.2% of girls

girls 4% had low serum ferritin as compared to 3

of boys. When iron deficie
indicated that 36 (10.3%) children had IDA,

d that 12 (3.4%) children had IDA. When

had low T : 12.9% ncy anaemia (IDA) was determined by
ow lsaturation to 12.770

s : i his
using Tsaturation as a marker of iron deficiency t

i ot i foun
While when using serum ferritin Jevels it was

markers of iron deficiency 7 (2%) children

; : g
using both serum ferritin and Tsaturation levels a

were found to have IDA.
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Table 4.8: Prevalence of micronutrient deficiencies as determined by the selected
biochemical variables

Variables Boys (n=163) Girls (n=186) Total (n=349)

Low Normal Low Normal Low Normal
Haemoglobin 43 (12.3%) 120 (34.4%) 55(15.7%)  131(37.5%) 98 (28%) 251 (72%)
Ferritin levels 11 (3.2%) 152 (43.5%) 14 (4%) 172 (49.3%) " 25 (1.2%) 324 (92.8%)

Tsaturation 45(12.9%) 118(33.8%) 53 (15.2%) 133 (38.1%) 98 (28.1%) 251 (71.9%)

4.5 Comparison between zinc and iron, anthropometry

4.5.1 The coexistence of iron and zinc
The coexistence of iron and zinc deficiency was determined using ferritin as a marker of iron

deficiency was found in 8 (2.3%) of the children while when using Tsaturation as a marker of
iron deficiency, it was found that 42 (12%) of the children had both iron and zinc deficiencies.
When iron status was assessed using both serum ferritin and Tsaturation as markers of iron
deficiency it was found that 6 (1.7%) of the children had combined iron and zinc deficiencies.
Table 4.9 shows the median and Interquartile ranges of biochemical measurements in the stunted
and non-stunted children. There were no differences in biochemical variables between the two

groups.

Table 4.9: Median and Interquartile Range of biochemical measurements of stunted and
non-stunted children

variables Total (n=349) Stunted Non Stunted P-Values
(median and (median and

Interquartile) Interquartile)

n =65 n =284

Hb (g/dl) 11.40(1.1) 11.50(1.00) 11.40(1.1) 0.615
IRON (umol/l) 13.20(8.3) 13.40(6.20) 13.90(9.3) 0.199
TRANSFERRIN 2.60(0.5) 2.50(0.4) 2.60(0.4) 0.207
(&)

TSATURATION 21.00(13.0) 20.00(11.5) 21.00(14.0) 0.272
(%)

FERRITIN 25.00(18) 29.00(16.50) 26.00(17.50) 0.632
(ng/ml)
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0(3.00) 0(2.00) 0.137
11.40(3.30) 10.30(5.10) 0.071

CRP: C-reactive protein.

CRP (mg/1) 0(2.00)
ZINC (umoll)  10.15(4.5)

HB- haemoglobin; T saturation: Transferrin saturation;

4.5.2 Correlations between biochemical markers and anthropometric

measurements in the studied pre-school children.
Table 4.10 shows the correlation co-efficient between biochemical markers and anthropometric

| children. In the total studied population serum .

measurements in the studied pre-schoo
= -0.110; P=0.040) and T

reactive protein (CRP) was negatively correlated with transferrin (
saturation (r= -0.277; p<0.0001) but positively correlated with ferritin (r= 0.128; p= 0.017). Zinc
ration (r=0.107; p=
ly correlated with weight (1= -0.156; p=0.003).
0.112; p= 0.037) but negatively correlated with
ferrin (r=0.169; p=0.002)

was positively correlated with T satu 0.045) but negatively with CRP (r= -

0.112; p=0.037). Furthermore, CRP was negative
h ferritin (=
as positively correlated with trans
(r=-0.174; p=0.001). HAZ was negatively correlated with
=0.022). WAZ was positively correlated with

Height was positively correlated wit
CRP (1= -0.154; p=0.004). WHZ W
but negatively correlated with zinc

CRP (1=-0.145; p=0.007) and zinc (=0-122 P

ile BAZ showed a positive correlation with transferrin (r=0.24;

transferrin (r= 0.136; p=0.038) wh
p=0.021).
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Table 4.10: Correlation between biochemical markers and anthropometric measurements

n=349)

Age WEIGHTKG HEIGHTCM WHZ HAZ WAZ BAZ CRP ZINC
(years)
3 0.046 0.054 0.075 1 0.013] 0.086] 0.028]-0.009] -0.129] 0.003
o b 0.394 0.318 0.159 ) 0.808 ) 0.109 ) 0.676 | 0.867 0.016 | 0.959
| 0.117 0.037 0.075 }-0.071 | 0.015]-0.043 |-0.051 ] -0.304] 0.103
IRON . 0.028 0.491 0.164 | 0.185) 0.774] 0.514] 0.341] <0.0001 | 0.055
| -0.104 0.020 -0.027] 0.169] 0.045] 0.136 ] 0.124| -0.110 | -0.093
TRANSFERRIN [ 0.052 0.715 0.615 ] 0.002 | 0.398| 0.038 | 0.021 0.040 | 0.083
p
0.158 0.064 0.107 [-0.094 | 0.025]-0.047]-0.061] -0.277] 0.107
TSATURATION Ir 0.003 0.235 0.046 | 0.079 | 0.648 | 0.477] 0.257] <0.0001 | 0.045
P
0.169 0.057 0.112 ] -0.104 | -0.018 | -0.070 | -0.056 0.128 | 0.079
FERRITIN Ir 0.002 0.287 0.037] 0.052] 0.738 ] 0.289] 0.297 0.017] 0.139
P
-0.081 -0.156 -0.154 ] -0.025 ] -0.145 ] -0.114 ] -0.017 -l-0.112
CRP k 0.132 0.003 0.004 | 0.638] 0.007] 0.084 ] 0.753 0.037
p
0.117 -0.077 -0.038]-0.174 ] -0.122 ] -0.116 | -0.104 | -0.112 ;
ZINC r 0.029 0.152 0.483 ] 0.001 | 0.022 ] 0.079] 0.052 0.037
P

WAZ: Weight for age; HAZ: Height for age; WHZ: Weight for age; BAZ: BMI for age; HB- haemoglobin;

Tsaturation: Transferrin saturation; CRP: C-reactive protein.

4.5.3 Correlations between biochemical markers and anthropometric

measurements in boys and girls.

In girls children CRP was negatively correlated with transferrin (r=-0.124; p=0.091) and
Tsaturation (r= -0.237; p<0.0001). WHZ showed a negative correlation with serum ferritin (r= -
0.161; p=0.028) and zinc (r= -0.194; p= 0.008). HAZ on the other hand was negatively
correlated with CRP (r= -0.146; P =0.046), and BAZ was negatively correlated with serum zinc
(r=-0.164; p=0.025) (Table 4.11).
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Table 4.11: Correlations between biochemical markers and anthropometric measurements
in girls (n=186)

Age |WEIGHTK [ HEIGHTC | WHZ | HAZ | WAZ | BAZ [CRP  [ZINC
(years) G M
0.077 0.113 0.1021 0101 ] 0.1000 0.161] 0.071] -0.087] -0.065
HB ; 0.293 0.124 01671 0169 0.174) 0.068] 0338] 0239] 0376
IRON ; 0.142 0.019 0.094 1-01091 0.004[-0.124]-0.091] -0254] 0.017
p 0.053 0.797 02011 a140] 0.953] 0.160] 0.215] <0.0001] 0.821
Biliiere : -0.079 0.028 00400 01321 00031 0.04a] 0.102] -0.124] 0.005
ANSFERRIN 5 0.284 0.709 0592 | 0072 0970 0.623] 0.168] 0.091] 0.946
0.178 0.044 0.1241-0125] o0.024f-0.112]-0.101] -0.237] 0.002
TSATURATION |© 0.015 0.548 0.091 | 0088l 07501 0.205] 0.169] <0.001] 0.975
p
RS ¥ 0.162 ~0.023 0.107 101611 -0.005]-0.144]-0.128[ 0.135] 0.035
FERRITIN ’ 0.027 0.751 0.145| 00281 0941] 0.105] 0.082] 0.066] 0.640
~0.079 0.117 0.138] 0.101] -0.146 ] -0.055] 0.076 -1 -0.039
CRP r 0.286 0.112 0.061] 0170] o0.046 | 0.534] 0.304 0.593
p
, 0.116 ~0.125 0.01901-0194] 0.115]-0.115]-0.164] -0.039 3
ZINC L 0.114 0.088 08011 0008] 0.117] 0.194] 0.025] 0.593

WAZ: Weight for age; HAZ: Height for age; WHZ: Weight for age; BAZ: BMI for age; HB- haemoglobin; T

saturation: Transferrin saturation; CRP: C-reactive protein.

Boys showed a negative correlation between serum CRP and Tsaturation (r= -0.325; p<0.0001).
Zinc was positively correlated with Tsaturation (r= 0.225; p= 0.004) but negatively correlated
with CRP (r= -0.188; p= 0.016). Transferrin was positively correlated with WHZ(r= 0.2; p=
0.011) and WAZ (r= 0.249; p=0.011). Ferritin was positively correlated with weight (r=0.167;
p=0.033). CRP was negatively correlated with weight (r=-0.202; p= 0.010), height (r=-0.172; p
=0.028), WHZ (r=-0.155; p=0.048) and WAZ (r= -0.198; p=0.045) (Table 4.12).
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Table 4.12: Correlations between biochemical markers and anthropometric measurements

in boys (n=165)

Age | WEIGHTK | HEIGHTC | WHZ | HAZ | WAZ | BAZ |CRP ZINC
(years) G M
0.055] -0.076] 0.075]-0.141 | -0.097 -0.176 |  0.083
HB r 0.009 -0.014 0.483 0.334 | 0344 0.155] 0.218 0.025] 0.292
P 0911 0.856
0.059 0.052] -0.033] 0.021 ] 0.066 | -0.007 -0.358 | 0.205
IRON r 0.095 0.455 0.507 0.678 | 0.793 | 0.507] 0.931] <0.0001| 0.009
p 0.228
-0.131 0.004 -0.002 0.200 ] 0.107] 0.249] 0.132 -0.100] -0.213
TRANSFERRIN b 0.095 0.959 0.981 0.011] 0.175] 0.011 | 0.094 0.206 | 0.006
p
0.099 0.0841 -0.048] 0.020] 0.046 ] -0.001 -0.325] 0.225
TSATURATION J 0.142 0.208 0.288 0.547] 0.804 | 0.645] 0989 <0.0001] 0.004
P 0.070
0.177 0.167 0.126 ] -0.040] 0.003 ] 0.044| 0.009 0.123] 0.122
FERRITIN . 0.024 0.033 0.063 0.616] 0965 0.655] 0.911 0.118] 0.121
p
-0.077 -0.202 -0.172] -0.155]-0.141]-0.198 ] -0.111 - 0188
CRP ; 0.328 0.010 0.028 0.048] 0.072] 0.045] 0.157 0.016
0.123 -0.014 -0.08] -0.143]-0.132]-0.089 ] -0.035 -0.188 z
ZINC : 0.117 0.856 0.543 0.069 ] 0.092] 0373 0.654 0.016
p

WAZ: Weight for age; HAZ: Height for age; WHZ: Weight for age; BAZ: BMI for age; HB- haemoglobin; T

saturation: Transferrin saturation; CRP: C-reactive protein.

4.5.4 Correlations between biochemical markers and anthropometric

measurements in stunted and non-stunted preschool children.

In stunted children serum CRP was negatively correlated with Tsaturation (r= -0.292; p=0.018).

Table 4.13 summarises correlations between biochemical markers and anthropometric

measurements in stunted pre-school children
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Table 4.13: Correlations between biochemical markers and anthropometric measurements

in stunted pre-school children (n=65)
Agc | WEIGHTK | HEIGHTCM wiiz ] Az [ WAz | BAZ JCRP  ZINC
(years) G
0.171 ~0.011 ~Te510.006] 0.088]-0.011] -0.080) -0.081] 0.195
i . 0.174 0.930 o179 | 0962] 0.485| 0.942] 0528 0519) 0.119
t .
0.249 0.106 507510106 ] 0.098 | 0.076] 0.056] -0.342} -0.042
[RON d 0.046 0.402 o532 | 0401 0.439] 0.619] 0.659] 0.005) 0742
p
: 20.161 ~0.153 s8] 0.164] 0.018] 0.103] -0.010] 0026} -0.144
TRANSFERRIN | ¢ 0.201 0.223 ossg| 0192] 0888 | 0.502] 0939] 0840] 0252
: ‘
0.249 0.177 310003 | 0.076| 0.150| o.115] -0.292] -0.052
TSATURATION | 0.046 0.158 o513 | 0460 0548 | 0.324] o360 o0.018) 0.679
4 :
0.140 0.184 =51 0.045]-0.138] 0.088] o.168] 0.192] 0020
FERRITIN r 0.266 0.143 0087 | 0722 0273 0.563] o180 0126 0873
p
20.125 0.115 1371 0.036]-0.059 | -0.145 ] -0.001 ¥ 20 134
CRP . 0321 0.363 0275 | 0.776 | 0.642] 0.342] 0991 0.220
p
0287 0.200 =81 [.0060]0.178] 0.079] 0.147] -0.154 ;i
ZINC . 0.021 0.110 o522| 0634] 0156 | 0.607] 0243] 0220
p
BAZ: BMI for age; HB- haemoglobin; T

WAZ: Weight for age; HAZ: Height for age; WHZ: Weight for age;

saturation: Transferrin saturation; CRP: C-reactive protein.

Table 4.14 summarise correlations between biochemical markers and anthropometric

unted children. Serum zinc was
stunted children serum CRP was ne
(1=-0.266; p<0.0001). Transferrin was positively

0.156; P= 0.033) and BAZ (r=0.165;

. iti related with i =
measurements in non-st positively correla ith Tsaturation (r

0.140; p= 0.018) while in the non-

transferrin (r=-0.133; p=0.025) and Tsaturation
75 p=0.003), WAZ (=
y correlated with WAZ (r=-0.161; p=0.027). Ferritin

p=0.005) but negatively correlated with WHZ
h height (r=-0.132; p=

gatively correlated with

correlated with WHZ (1=0.1

p=0.005). Serum Tsaturation was negativel
d with weight (1=0.168;
RP was negatively correlated wit
as negatively correlated with WHZ (r= -0.216;

Wwas positively correlate
(r=-0.148; p=0.013). Furthermore C
0.026) and HAZ (= -0.137; p=0.021). Zinc W

p<0.0001), WAZ (1= -0.145; p=0.048) and BAZ (
revealed that no anthropometric and biochemical measurements predicted

= -0.190; p<0.0001). Logistic regressions

were done and they

zine deficiency in the children.
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Table 4.14: Correlations between biochemical markers and anthropometric measurements

in non-stunted pre-school children (n=284)

Age | WEIGHTKG [ HEIGHTCM | WHZ | HAZ | WAZ | BAZ CRP ZINC
(years)
0.015 0.090 0.099 0.021 1 0.152] 0.065] -0.002 -0.142] -0.035
HB r 0.798 0.132 0.096 0.725] 0.010] 0.379] 0.974 0.017] 0.551
P
0.090 0.009 0.033] -0.05 [-0.039]-0.136 | -0.052 -0.288] 0.130
IRON X 0.132 0.886 0.579 0390 ) 0512 0.063] 0.380] <0.0001] 0.028
p
3 : -0.099 0.051 -0.085 0.175]-0.003 | 0.156] 0.165 -0.133] -0.075
TRANSFERRIN $ 0.097 0.395 0.155 0.003 ] 0.957| 0.033] 0.005 0.025] 0.208
v 0.137 0.023 0.081] -0.083[-0.020-0.161] -0.082 -0.266 | 0.140
ISATURATION |f 0.021 0.702 0.172 0.16:] 0.733] 0.027] 0.170] <0.0001] 0.018
P
0.177 0.033 0.168] -0.148] 0.007]-0.118] -0.119 0.115] 0.085
FERRITIN r 0.003 0.576 0.005 0.012] 0903 ] 0.107] 0.045 0.054] 0.152
p
-0.067 -0.170 20.132] -0.058]-0.137]-0.087] -0.065 -1 -0.109
CRP r 0.260 0.004 0.026 0.331] 0.021] 0239 0.276 0.067
p
0.091 -0.101 0.012] -0.216]-0.078 ] -0.145| -0.190 -0.109 "
ZINC r 0.124 0.091 0.838 | <0.0001] 0.191 ] 0.048] <0.001 0.067
p

WAZ: Weight for age; HAZ: Height for age; WHZ: Weight for age; BAZ: BMI for age; HB- haemoglobin;

Tsaturation: Transferrin saturation; CRP: C-reactive protein.

4.6 Summary of the results

4.6.1 Prevalence of zinc deficiency and clinical signs

The prevalence of zinc deficiency was 42.6% in the current study. The prevalence was
significantly higher in girls (24%) than boys (18.6%). The prevalence of zinc deficiency using
liquid zinc taste test was 30%, was high in girls (17.2%) and to a less extent in boys (12.8%).
The prevalence is lower as compared to the prevalence determined by serum zinc. This means
that liquid zinc taste test might not be a good indicator of serum zinc level because taste test
depend on certain factors like oral hygiene, medication use and salivary gland disorder. In
addition 0.5% of the children showed white spots on the finger nails (symptom) of zinc
deficiency. With respect to symptoms of zinc deficiency the prevalence was the same in both
gender groups (0.5%). The symptoms of zinc might not appear immediately in childhood but

might have a greater consequence in later stage of life.
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4.6.2 Anthropometric status

The prevalence of underweight, wasting, stunting was 0.3%,
Malnutrition among pre-school children is a major public health problem with resultant

r cognitive development and poor growth and development (Kwena ef

1.4%, 18.6%, respectively.

morbidity, mortality, poo i
al,, 2003: UNICEF, 2008). Micronutrient deficiencies are the main manifestation of malnutrition

besides protein energy malnutrition in children less than five years of age (UNICEF, 2008).

4.6.3 Iron status

The prevalence of anaemia was found to be 28% in the current study. Iron deficiency as

indicated by low serum ferritin (<12pg/dl) and transferrin saturation (< 15%) were present in

7.2% and 28.1% of children respectively.

4.6.4 Comparison between zinc status and iron, anthropometric.

It was found that 2.3% of children in the study suffered from combined iron and zinc deficiency.
Iron and zinc levels negatively correlated with HAZ, WHZ and BAZ in females. There were no

nd anthropometric measurements in both stunted and non-stunted

correlations between zinc a : .
Although many studies have suggested stunting as the functional

children in the current study. ;
atus (Brown e/ al., 2002; Muller et al., 2003; Fischer and Black,

indicator of population zinc st

2007) this seemed not to be the case in the current study.
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CHAPTER FIVE

3.1 Demographic Data

Vhembe district is largely rural and the house
nd work. The area is faced with infrastructure backlogs of water,

holds are mostly headed by females. Males

migrated to urban areas to fi
sanitation, electricity and poor roads which impact negatively on the health of these
communities. The district relies on subsistence farming which is mostly dependent on rain. The

aim of the study was to determine t

aged 3-5 years in Vhembe district 0

he prevalence of zinc and iron deficiencies among children
f the Limpopo province. Pre-school children are at an
plays an important role in growth and development and

important stage of life where nutrition
han Khattak and Ali, 2010). Children under five years

has long lasting effects in later life (K
constitute the most vulnerable group of any community; their nutritional status is a sensitive

indicator of community health and nutrition (Ibeanu ef al., 2012).

rved in both biochemical and anthropometric

There were no gender differences obse
findings are supported by previous studies which

measurements in the current study. These
der differences in serum levels of iron and zinc

indicated that there were no significant gen
concentrations (Arvanitidou ef al., 2007, Ohiokephai et al., 2009; Dehghani et al., 2011; Ibeanu
et al., 2012). In a study done by Wamani ef al. (2

that there were no gender differences in anthropo

007) on children aged 0-5 years it was indicated
metric measurements. On the contrary Wamani

ropometric measurements and they attributed

et al. (2005) observed gender differences in anth
males tending to be taller and heavier than

this to the normal pattern of dimorphism with
males are more vulnerable to zinc deficiency

females. Several other studies have reported that
7. Gibson et al, 1991; Cavan et al., 1993;

than females (Smit-Vanderkooy and Gibson, 198
quirements for zinc. This may be partly due

Parnell et al., 2003), presumably because of higher re
muscle per kilogram body weight as muscle

to a higher growth rate and greater proportion of
contains a higher content of zinc than fat (Hotz and Brown, 2004).

5.2 Prevalence of zinc deficiency
serum zin¢

5.2.1 Prevalence of zinc deficiency using
9, in the current study which signifies a public health

The prevalence of zinc deficiency was 42.6 '
problem. The prevalence is almost the same as the National food consumption survey done in
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2005 where it was found that 45.3% of children aged 1-9 years had inadequate zinc intake and

therefore considered to be at risk for zinc deficiency. How
3% of zinc deficiency. The results warrant an

ever, the prevalence was higher when

looking at provinces with Limpopo having 27.

immediate action since the prevalence is higher than 20% which is regarded as a public health

concern by IZiNCG (2007). Perhaps this can be attributed t

maize and take it to milling stations where there is no fortifi
legislated fortification of flour and maize since

o the fact that local villagers plough

cation. The milling process without

fortification takes place despite the mandatory

2003 (Dhansay et al., 2007).

Most of the villagers consume the maize meal in the form of maize meal porridge together with
vegetables and legumes that contain phytates, tannins and oxalates which may impede the
absorption of zinc in the intestine (IZiNCG, 2004). The animal derived food sources are not
extensively consumed due to high cost, limited supply and in some cases religious or cultural
practices (IZINCG, 2004). These inadequate zinc intake have also been identified among

weaning practices (Oelofse et al., 2002) and children

segments of SA infants due to improper

due to poor feeding practices (Faber €7 al., 2001). Poor qualities of traditional diets accompanied

by infectious diseases as well as insufficient food intake were considered the main causes of

_Andersen et al. 1993; Waterlow, 1994). Many low

malnutrition in many populations (Pinstrup
dependent for survival on

n rural areas of South Africa are highly

income households i
ich the old age and child grants are the mo

st common and this makes it
government grants of wh

difficult for them to pur

chase food which could meet their daily requirements of nutrients

of foods especially the protein rich food. The high cost of animal

because of the high cost
urces of absorbable zinc inaccessible to m

f th 2
products makes these rich so any of the world’s poorer

populations (IZiINCG, 2004).

t cause of morbidity due to infectious disease and growth faltering

] 2008 [ncreased demand of zinc d

o inadequate feeding practices predisposes pre-school children,

unities of low socioeconomic status to
for human growth and its deficiency is known

Zinc deficiency is an importan
ue to rapid growth and

among children (Brown el d
decreased intake of zinc due t

; ot an elevated risk of zinc
especially those living in comm
deficiency (Black, 2003). Zin¢ i

to lead to growth disturbances, di

s very important

arrhea pneumonia, cognitive dysfunction, mortality, visual
9
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impairment and measles in children because zinc is important for activities of many important
enzymes for DNA and RNA synthesis and cell proliferation (1ZiNCG, 2007). C-reactive protein
in these children is an indication of possible inflammation and infection in the current study.
levels and decrease in hepatic

Infection and inflammation can cause low serum ZzInc
otein. The presence of infections

methalotionein where plasma protein bound by C-reactive pr
he body is reduced and makes

causes the immune system weak, SO the ability to protect t

pathogens including viruses to enter the body and causes diseases.

5.2.2 Prevalence of zinc deficiency using liquid Zinc Taste Test
s 30%, was high in girls (17.2%)

The prevalence of zinc deficiency using liquid zinc taste test wa
). In addition 0.5% of th

With respect to symptoms of zinc deficiency

and to a lesser extent in boys (12.8% e children showed clinical signs
f zinc deficiency.

both gender groups (0.5%

d but might have a greater conse

(White spot on the fingernails) 0
). The symptoms of zinc might not

the prevalence was the same in
quence in later stage of life.

appear immediately in childhoo
y serum zinc. The reason for

d to the prevalence determined b

The prevalence is lower as comparc
ars and below and children of

the difference is that the study participants were children aged 5ye
nable to express differences in taste perception and a reliable

that age range are considered to be U
bal judgement (Sjovaller al,

child’s own spontaneous Ver

te Test (ZTT) can be useful
d with suboptimal zinc status in children

estimation was achieved using the

1984; Uchida er al,, 2000). Zinc Tas
o been associate

89). Diminished taste acuity

when determining zinc status

Since impaired taste acuity has als
is an early symptom of zinc

(Buzina er a1, 1980; Gibson ef al., 19
humans (Hambidge e/ al, 1972; Henkin et al, 1999;

deficiency has been demonstrated in
several factors such as age

perception may be affected by

Tanaka, 2002; Goto et al., 2000). Taste
al hygiene (Kostak et al., 2008).

and gender, smoking, medication and or

y in reaction to recency of

Individual responses to taste acuity testing have also been shown to var
6: Zverev, 2004), age (Kettaneh et al.,, 2005; Tkeda et al.,

086; Zverev, 2004). However, the possibility of some

as not taken in the current

food consumption (Glockner ef al., 198

2007) and gender (Brown and Toma, 1 |
ut because medical history Wi

¢ associated with gustin, a metalloprotein that may be

te buds (Youshida and Tomi

being on medication could not be ruled o

Study. Salivary zinc has been found to b
ta, 2002). Zinc deficiency

involved with providing nutrition t0 the tas
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is associated with lack of gustin which leads to low salivary zinc concentrations (Pluhator er al.,
1996), and can potentially lead to impaired taste acuity and loss of appetite (Bales ef al., 1986,
Uchida ef al., 2000), which may lead to decreased intake of zinc rich foods (Rolls, 1999; Shay
and Mangian, 2000; Seiler ez al., 2002). Depletion of zinc can lead to decreased taste acuity but
decreased taste acuity is not necessarily associated with depletion of body stores zinc
(Catalanotto, 1978; Tanaka, 2002, Yoshida and Tomita, 2002). Liquid zinc taste test might not
be a good indicator of serum zinc level because taste test depend on certain oral hygiene, factors,

salivary gland disorders, medication use and age.

5.3 Nutritional status of the children

Malnutrition among pre-school children is a major public health problem with resultant
morbidity, mortality, poor cognitive development and poor growth and development (Kwena ef
al.. 2003; UNICEF, 2008). Micronutrient deficiencies are the main manifestation of malnutrition
besides protein energy malnutrition in children less than five years of age (UNICEF, 2008). Zinc
status has been associated with disturbance in growth and diarrhoea, pneumonia, cognitive
dysfunction, mortality, visual impairment and measles in children from developing countries
because zinc is important for activities of many important enzymes for DNA and RNA synthesis
and cell proliferation (IZINCG, 2007). Brown ef al. (2002) results confirm that zinc deficiency is
an important cause of morbidity due to predisposition infectious disease and growth faltering
among children. Increased demand of zinc due to rapid growth and decreased intake of zinc due
to inadequate feeding practices predisposes preschool children, especially those living in

communities of low socioeconomic status to an elevated risk of zinc deficiency (Black, 2003).

5.3.1 Underweight

The prevalence of underweight was 0.3% in the current study. Despite the national prevalence
remaining statistically unchanged at 9.3%, the prevalence of underweight appeared to have
increased in children living in the urban areas, and decreased in the rural areas, with the greatest
improvement among children living in formal rural areas (4.9 — 3.8%) (Labadarios et al., 1999;
Labadarios ef al., 2005). Perhaps this low prevalence of underweight can be attributed to the
Integrated Nutrition Programme (INP) that South Africa is using to address and prevent

malnutrition in rural and urban areas with the vision of optimal nutrition for all through a
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comprehensive approach to address the underlying causes of malnutrition, through direct (e.g.
nutrition education and promotion; micronutrient supplementation; food fortification; and
disease-specific nutrition counselling and support) and indirect interventions (e.g. provision of
healthcare services; improved access to food; parasite control and provision of clean and safe
water), nutrition interventions which include service delivery as well as aspects of behaviour
change (DoH, 2008). Low prevalence of underweight may be due to the fact that Vhembe
district presented lowest poverty rates (19%) (de Cock er al., 2013). Even though the prevalence
of underweight was low in the current study the causes of underweight should be considered
when studying the nutritional status of children under five years of age. Socio-economic
disparities among rural communities, poor nutritional qualities of traditional diets as well as
insufficient food intake are considered the main causes of malnutrition in many rural
communities (Cogill, 2003). Household in rural area are mostly headed by female and relies on
subsistence farming and this can influence the nutrition of household members directly by
increasing income and production of nutrient-dense foods for family consumption which can
result in low rate of underweight. They can also impact on nutrition and health indirectly by
increasing income from the production and sale of high-value agricultural products (Arimond et
al, 2011). This, in turn, makes it possible for households to purchase more and better food
and/or to acquire other goods and services that contribute to nutritional well-being and health
(Hawkes and Ruel, 2006). Dietary intake and frequency of food consumption were not measured
in this study as it would have given a better understanding of this low prevalence of underweight.
Although good nutrition is universally accepted as a basic human right, many children still go to

bed with an empty stomach which makes this burden of underweight difficult to solve (Roberts,

2004-2005).

5.3.2 Wasting

The prevalence of wasting in the current study was found to be 1.4%. It is lower than the study
done by Zere and MclIntyre (2003) where it was found that 13.1% of children under than five
years of age in Limpopo were wasted. However, the prevalence was lower when compared with
national prevalence (7%) of wasted children (Kimani-Murage, 2013). The current study was
supported by study done in 2005 where it was found that 1 in 20 children (5%) aged 1-9 years

was wasted (Labadarios et al., 2005). The nutritional status of the current pre-school children
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might have been affected by the access that the community, household and individual had on
food and utilization of the available food. Parents and caregivers make most food choices for
meals consumed at home and these food choices are based on culture, beliefs, cost, time
constraints and availability which may result in poor intake of vital nutrients (Kruger and
Gericke, 2003; Black ef al, 2008). In addition, lack of knowledge on nutritional needs of
children, inadequate food intake, poor feeding practices, low income, poor weaning and
complementary feeding practices have shown to contribute to inadequate energy and protein
intake leading to malnutrition (Mittal et al., 2007; Cogill, 2003). Unfortunately, these were not
measured in this study as it would have given a better insight into the problem faced by these
children. The effect of wasting on children may not be apparent immediately but it has
significant effects on levels of educational attainment, acute growth faltering, reduced physical
capacity and poor resistance to infections and diseases in children less than five years of age
(WHO, 1995; Ibeanu et al, 2012). Wasting and childhood morbidity have a synergistic
relationship, in such a way that illness can suppress appetite precipitating under nutrition while
nutritional deficiencies increase susceptibility of children to infectious diseases (Pelletier ef al.,
1995). Girls born with low birth weight are more likely to become poorly nourished children and
poorly grown women and are, therefore, likely to give birth to low birth weight infants resulting

in the vicious cycle of malnutrition (UNICEF/WHO, 2004).

The prevalence of overweight children in the present study was 20.9%. Overweight was more
prevalent than underweight in the current study. The results is the same as the study done
Mendez and Popkin (2004) where it was indicated thet overweight in rural areas of South Africa
is higher than underweight. Perhaps this can be attributed to dietary changes that have been
observed in rural South African children from low fat diet to a typical westernised high fat diet
(WHO, 2003). South Africa has become a market liberalised country in which many people in
rural areas access fast food due to market globalisation which leads to change in dietary patterns
and reduced levels of exercise (FAO, 2004). It has bzen suggested that lifestyle habits like diet
and exercise levels may even track from childhood into adulthood. However, under nutrition at
important stages of fetal development can also induce permanent physiological changes that
result in obesity (Ravelli ef al, 1976). Undernutrition and over nutrition coexist in the current

study like in many rural communities of South Africa Interestingly in many communities where
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there is high prevalence of undernutrition there is also high prevalence of overweight and obesity

(Kazemi, 2009). Historically, a heavy child was associated with a healthy child but today this

perception has drastically changed on the basis of evidence that obesity and overweight in
childhood are associated with a wide range of serious health complications and increased risk of
premature illness and death later in life (Dietz, 1998). Overweight and obesity in children

increase the risk of debilitating health problems such as type 2 diabetes mellitus, hypertension

and cardio vascular diseases and increases the risk of mortality from these conditions (Solomon

1999; Davison and Birch, 2001).
cen associated with long term health

and Manson 1997; Owens et al., In malnourished children,

deficiency in overweight and obesity have also b

complications in the form of metabolic syndromes and cardiovascular diseases (Pi-Sunyer, 1991;

Katzmarzyk et al., 2001).

3.3.3 Stunting
Prevalence of stunting was 18.6%
study done by Kruger et al. (2007) wher

nationally were stunted. Furthermore, NFC

in the current study. The prevalence is almost the same as

e it was found that 18% of children aged 1-9 years
S-FB (2005) also indicated that one in five children

present study is slightly lower than the cut-off of

was stunted. The prevalence of stunting in the
ncy (de Benoist et al., 2007). Perhaps stunting in

20% that would indicate elevated zinc deficie .
this current study as health indicator for chronic malnutrition can be attributed to socio-economic
circumstances (WHO, 1995 and WHO, 1996).

This lack of adequate food and in particular high quality protein (which are also known to be a

good source of zinc) due to socio-economic re

could result in growth retardation (UNICEF, 20
d being s
ing as a measure of overall social deprivation

asons, can lead to malnutrition in children which
08). The household’s economic position is seen

as having an impact on the probability of a chil tunted and underweight and as such the

World Health Organization recommends stunt

(Braverman, 1998). Long term nutritional depriv
McGregor, 1995; WHO, 1995), poor school performance (WHO,

ation in children often results in delayed mental

development (Grantham-

1995) and reduced intellectual capacity result in

zine deficiency (IZiNCG, 2007). This is likely to

stunting (WHO, 1995; Kruger et al., 2007) and

perpetuate inequities and inequalities in health
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and other dimensions of household welfare. Children from the poorest households bear the

greatest burden of malnutrition due to inequalities (Zere and Maclntyre, 2003).

Stunting and zinc deficiency in childhood are related to concurrent and possibly later delayed
mental and motor development (Grantham- McGregor, 1995; IZiNCG, 2007), health and
productivity in later life (WHO, 1995). Zinc deficiency has been associated with reduced growth
and impaired immunity, impairment of immunity may lead to increased prevalence of and
incidence of infectious diseases among children in developing countries (Brown er al., 1998;
Bahl ef al. 1998 and Bhutta e al, 1999). Adequate nutrition is vital for child development
particularly in the period from birth to five years of age (UNICEF, 2008) and long term
nutritional deprivation in children often result in delayed mental development (Grantham-
McGregor, 1995; WHO, 1995), poor school performance (WHO, 1995) and reduced intellectual
capacity result in stunting (WHO, 1995; Kruger et al., 2007). The prevalence of stunting was
virtually the same in boys (10%) as compared to 8.6% of girls. Perhaps this gender differences

may be due to differences in recommended daily intakes on nutrients.

5.4 Iron deficiency anaemia

The prevalence of anaemia was found to be 28% in the current study. It was lower when
compared to the study done in Venda where it was found that 75% of children were anaemic
(Heckman ef al., 2010). This high prevalence of anaemia is due to the fact that children consume
less food than adults and their diet often consists of foods with low iron content and in which the
bioavailability of iron is poor. This low proportion of foods rich in iron is also from the menus
offered by the pre-schools (Vieira et al., 2007 ). Unfortunately, pre -school menus were not
analysed they would have given a better understanding of their dietary intake. Iron rich foods are
poorly consumed in rural communities of South Africa because of their high cost and in some
cases cultural or religious practices (Labadarios er al., 2005). Even though South Africa had
legislated fortification of flour and maize to reduce micronutrients malnutrition, food introduced
during childhood includes small amounts of food rich in iron with a high content of substances

such as Phytates and fiber that interfere with iron absorption (Cole et al., 2010).
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Lack of employment and education among mothers, guardians, women of child bearing age in
rural areas are often the effects of underdevelopment and are primary cause of poverty and this
could have resulted in poor food choices that could have reduced inclusion of iron rich food in
their children’s diet. Educational level and socioeconomic status have not been measured in the
current study as this might have given a better understanding of high prevalence of iron
deficiency anaemia. Poverty, poor food choices, limited food availability coupled with lack of
knowledge about the importance of food groups” diversity for the health and growth of young
children may limit the inclusion of micronutrient rich foods in the diets of children (Cole et al,
2010). Many people particularly those in lower income settings of rural villages of Africa have
limited access to diets that meet the theoretical requirements of both zinc and iron (IZiNCG,
2004; Cole et al., 2010). Insufficient consumption of iron leads to physical work capacity and
growth retardation and alterations in neurological function being compromised (Hotz and Brown,
2004). Most studies have found associations between iron-deficiency anaemia and poor cognitive

and motor development and behavioural problems (W
acgregor, 1963; Bothwell and Charlton,

alter, 2003). Increased risk of child

mortality due to severe anaemia has been documented (M

1981; Scholl and Heigiger, 1994).

5.4.1 Iron deficiency

Iron deficiency as indicated by Jow serum fe

and 28.1% of childre
d that 15.6% and 11% of children were deficient

rritin (12pg/dl) and transferrin saturation (< 15%)

were present in 7.2% n respectively which were lower than what was

reported by Kruger ef al. (1996) who foun
e from poor background with poor sanitation and

respectively. A large number of children cam
(Kruger ef al., 1996). Causes of low ferritin in

environment and were more prone to infections

children include iron deficiency and diet lacking in iron W
ammatory marker together with CRP (Baumgartner

t study of iron deficiency anaemia suggested that

hile inflammation and infections

increase ferritin which is known t0 be an infl

et al, 2013). The prevalence found in the curren
ect the pool of iron stores. Lower iron status of

the serum concentrations of ferritin closely refl
ary factors an

intake of heme-proteins in diet and the phytates,

the current study population maybe due 1o diet d parasites, the most important one

in the dietary factors might have been the low

oxalates, tannins and fiber content found in leg

which might have impeded absorption of iron (Brunvan et al., 1995).

umes and vegetables consumed by the population
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Deworming may have avoided the competition for nutrients in these children. High prevalence
of inflammation as reflected by resulting protein energy malnutrition in the population studied
may have resulted in low serum iron, low serum transferrin saturation and increased serum
ferritin (Dallman e al., 1993; Abshire, 1996). This is influenced by blood depleting parasites,
chronic infections and some physiologic and hematologic conditions. This blood depleting
parasites suck the blood voraciously and damage the mucosa while also competing for iron with
the child’s body (Markell ez al., 2006). However, the blood loss in the stools is not apparent. This
produce iron deficiency anaemia by sucking blood from the host’s intestinal walls and gives rise
to a combination of intestinal inflammation and progressive iron deficiency anaemia (Markell et
al., 2006). C-reactive protein in these children suggests possible infection and inflammation in

the current study.

5.4.2 Combined iron and zinc deficiency

It was found that small proportion (2.3%) of children in the study suffered from both iron and
zinc deficiency. This could be attributed to insufficient intake of food rich in micronutrients and
poor bioavailability which are the major causes of zinc and iron deficiency in developing
countries (UNICEF/UNU/WHO, 2001). However, this was a small proportion given that zinc
deficiency was 42.6% and iron deficiency was 28.1%. This then means that both do not always
coexist in children. Lack of dietary diversity is a problem among rural populations; their diets are
predominantly based on staple foods with low amounts of animal sources (Guansheng et al.,
2006). Low serum zinc and iron concentration are normally associated with low dietary intake of
food rich in these micronutrients (Adelekan, 2003). Micronutrients rich foods are often
expensive and the high cost of these micronutrients rich food make it difficult for poor people to

meet their theoretical needs of iron and zinc because they cannot afford them (Ruel, 2003).

Insufficient intake of these two micronutrients from their rich sources may lead to growth
faltering, delayed development and contribute to mortality and morbidity from diarrhoea,
pneumonia and stunting in children in developing countries (Bhutta e al., 1999; Brown et al.,
2002; Black, 2003). Iron and zinc interact either at the site of absorption or post absorption

because they compete for similar transport pathways making one to be more prevalent than the
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r absorption or interact at other site; therefore,

other (Sreedhar, 2004). Iron and zinc compete fo
n alone (Whittaker, 1998; Kordas and

the benefit of each may be less than if either was give
Stoltzfus, 2004; Walker et al., 2005). Sandstrom ef al (1985) foun

ratio of iron to zinc from 1:1 to 2.5:1 did not affect absorption of zinc. An iron and zinc ratio of

but addition of the zinc ligand histidine decreased the inhibitory

d that increasing the molar

25:1 decreased zinc absorption
effect of this dose of iron and zinc

Sandstrom et al (1985) also observed no inhibito
Baqui et al (2005) found that addition of zinc to weekly iron

fferential effect on iron status

absorption increased from 34% to 47%. Furthermore,

ry effect on zinc absorption when iron and zinc

were given with a meal.
supplementation improved children’ zinc status but had no di

compared to iron alone. Iron did not affect zinc absorption since iron deficiency was high in the

current study.

3.5 Association among biochemical and anthropometric variables
d negatively with transferrin and Tsaturation, and positively with

C-reactive protein correlate
tein are known to be inflammatory markers and the positive

ferritin. Ferritin and C- reactive pro
sible inflammation and infections in the current study.

correlation between the two suggests pos
data collection as this would have ensured that

Unfortunately, deworming was not done prior

children are free from infections. Inflammation in thes
posure 1o stressful condition

orms of poor diet, high body mass index (Broyles et al,, 2012).

e children may be attributed to high levels

of poverty resulting from €X s such as early development and
persistence of different social n '
ude diet lacking iron and iron deficiency. Inflammation and

Causes of low ferritin in children incl
related to each other (Dulger et al, 2002). In

protein energy malnutrition are closely . .
hanisms during early infectious process, which

malnourished children there aré altered mec :
nthesis of inflammatory mediators such as

induce an acute phase response with increased sy
oteins including (C-reactive pr

esponse which seriously compr

otein (Schneider and Furst, 2000), due

Cytokines and acute-phase pr : S
omises lymphoid tissues and

to deterioration of the immune T

cellular immunity ( Savino e/ al., 2007).

otein and Zinc. This means that HAZ increased as

HAZ correlated negatively with C-reactive Pr .
es were used to assess the degree of stunting.

g indic
C-reactive protein and zinc decreased. HAZ ind

fit of providing a potentially objective marker of inflammation
¢

C-reactive protein has the ben
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and may reveal low grade infection in the current study. Children in developing countries fail to

achieve their growth potential due to malnutrition and infections (Ulijaszek, 1994; Verhoef et al.,

2002). When infections burden is high and nutrition is poor the high price is paid in the form of

stunting and growth retardation (Tarini et al, 1999). Poor nutrition especially of iron and zinc
ed with retardation of growth (Salgueiro et al., 2002; Hotz and
development (Pollit, 1997). In support of the above reports

ated with C-reactive protein but the negative association

deficiency in children is associat
Brown, 2004), and poor cognitive

HAZ was found to be negatively correl

with zinc is unexplainable as decreased zinc levels are to affect growth negatively (Bao et al.,

2010).

In the current study children with wasting had the depletion of transferrin may be the direct result
of a reduced rate of synthesis of proteins mediated either through the changes in iron status or by
dietary zinc and iron deficiency (Morlese et al, 1996). It has been reported that there is

decreased availability of transferrin in children with wa
reducing the ir

sting when plasma transferrin becomes

more saturated with iron, thereby markedly on binding capacity of malnourished

1997). These mean that when BAZ increased transferrin decreased.

children (Morlese et al.,
nce that inflammatory produced by excess adipose tissue in overweight

ecretion of hepcidin by the liver and ha
p-regulated in chronic inflammation and iron excess (Zimmerman

There is increasing evide
s a crucial role in iron

individuals stimulate the s
homeostasis. Its synthesis is U

etal, 2008; Aeberli et al., 2009; Viatte and Vaulont, 2009).

ated with HAZ, WHZ and BAZ in females. Even though

Iron and zinc levels negatively correl
and iron deficiencies, stunting and overweight the results

there was high prevalence of both zinc
are not a major cause of stunting, overweight in the

suggest that zinc and iron deficiencies
socioeconomic factors and genetics are the other

present study but it is also known that
fluence on the health and nutrition of the population

underlying causes because of their indirect 111

(UNICEF, 2006). Less intake, poor absorption,

presence of iron and zinc inhibitors such as phy

poor bioavailability of iron and zinc in the diet,
tates, oxalate tannins and fiber in the children’s

diet and systematic effect of infection may be responsible for their low iron and zinc status

(WHO, 1999). Zinc was negatively correlated Wi
n males supports the existin

th iron in males. The inverse relationship

: : ; ; g knowledge of iron and zinc interaction
etween zinc and iron 1
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either at the site of absorption or post absorption because they compete for similar transport
pathways making one to be more prevalent than the other (Whittaker, 1998; Sreedhar, 2004;
Olivares et al., 2007).

Furthermore, Sandstrom et al (1985) also observed no inhibitory effect on zinc absorption when
iron and zinc were given with a meal. Zinc and iron deficiencies coexist in malnourished child
population of developing nations (Walker er al., 2005). High prevalence of both shows other
causes for both deficiencies. Diet of many South African consists of staple food and this are
consumed with vegetables and legumes which are poor zinc and iron source. Iron and zinc
deficiencies coexist because the diet consumed with insufficient amount of animal source foods
(Walker et al., 2005). Poverty, poor food choices, lack of availability or decreased accessibility
to certain foods, coupled with lack of knowledge about the importance of food group diversity
for the health and growth of young children may limit the inclusion of micronutrient rich food in

the diets of children (Cole et al., 2010).

Malnutrition is manifested in most developing countries by early stunting and a high prevalence
of micronutrients deficiencies. If these micronutrient deficits persist, the likelihood of catch-up
growth is diminished. Zinc deficiency plays a role in aetiology of stunting because it contributes
to low birth weight, growth failure and impaired immunity (Pelletier e al., 1993; Grantham-
McGregor, 1995; Sazawal ef al., 1998). Overweight and obesity may be associated with poor
quality of diets if overweight and obese individuals are lower in iron since the absorption of iron
may be reduced because of increased circulating hepcidin in overweight and obesity which may
reduce iron absorption because iron is trapped inside the macrophages (where iron is stored)
(Hunter ef al., 2002). Increased malnutrition often has an association with diseases and mainly
infectious diseases that can also affect nutritional status in several ways such as reducing nutrient
intake of children due to inflammatory response, reduced absorption of food caused by damaged

intestines and increased nutrient requirements due to increased metabolism (Hughes, 2004).

There were no significant correlations between zinc and anthropometric measurements in both
stunted and non-stunted children in the current study. Although many studies have suggested

stunting as the functional indicator of population zinc status (Brown et al., 2002; Muller ef al.,
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2003; Fischer and Black, 2007) this seemed not to be the case in the current study. Even though

there was high prevalence of both zinc deficiency and stunting, the results suggest that zinc

deficiency is not a major cause of stunting in the present study but it is also known that
socioeconomic factors and genetics are the other underlying causes because of their indirect
influence on the health and nutrition of the population (UNICEF, 2006). This relationship should
be considered when studying zinc deficiency and stunting. It is known that stunting result from
insufficient feeding, inadequate care and nutrient depletion caused by repeated bouts of illness,

depressed appetite and poverty (UNICEF, 2000).

Serum Tsaturation correlated negatively with WAZ while ferritin correlated negatively with
WHZ, C-reactive protein correlated negatively with height. The high prevalence of stunting in
this study strongly supports the existing knowledge of the contribution of iron deficiency

anaemia to growth retardation. However, transferrin was positively correlated with WHZ, WAZ

and BAZ suggesting a relationship between body composition and iron status a finding which

has been reported in adults (Baumgart
children are higher than in their norma

intake the iron status of overweight deter

ner et al., 2013). Iron requirements in growing overweight
] weight counterparts. Thus, at a similar level of iron
jorate to a greater extent than in the normal weight
children during periods of growth (Baumgartner et al., 2013). Overv&feight children. have higher
C-reactive protein interleukin (IL)-6, leptin and hepcidin concentrations that predict poor iron
status (Aeberli et al., 2009). Despite this, studie

appear to contribute to growth faltering (Ramakr

s have indicated that iron deficiency does not
ishna et al., 2004; Torbjorn et al., 2004).
on are known to have a direct impact on

InadeqUate intake and low content of bioavailable 1r
a in underweight, wasted and stunted

. i mi
Nutritional status of young children leading to anac

children (Labadarios et al., 2005).

Zine correlated positively with WHZ, WAZ and BAZ. Many studies have assessed growth

i h 0
velocity associated with modest dietary supplements and have ¢ |
height and weight (Brown, 1998; Brown et al,, 2002; Radja and

nfirmed the effect of zinc

supplementation in increasing
Charles-Homles, 2002; Maret a
during childhood because the body
2000). Varying traditional diets, diffe

d Sandstead, 2006). Daily intake of zinc is required especially
n ;
has no specialised zinc storage system (Rink and Gabriel,

rences in dietary intake of zinc in some areas along with
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different soil zinc levels may be other reasons to explain this negative association (Downs et al.,
2009; Dehghani er al., 2011). The main source of zinc for these children were foods of plant

origin which has been shown to have poor zinc bioavailability due to the presence of inhibitors

such as phytates, oxalic acid and polyphones (NFCS-FB, 2005).

67

© University of Venda



()

o

S University of Venda
@) e

CHAPTER SIX

6.1 Conclusions

Zine deficiency is a major public health concern among aged 3-5years in Vhembe District. The
purpose of the study was to determine the prevalence of zinc deficiency among pre-school
children in Vhembe District of Limpopo province in South Africa. The objectives of the study
were to determine serum zinc concentration among pres-school children using flame atomic
absorption spectrophotometer, to determine the presence of clinical signs of zinc deficiency
among pre-school children using clinical assessment and liquid zinc, to determine the
anthropometric measurements of pre-school children, to determine the iron status of pre-school
using haemoglobin, serum ferritin, transferrin receptor and C-reactive protein (CRP), lastly to

compare zinc status with anthropometry and iron status.

years. Weight and height for

Data was collected using record sheets from 349 children aged 3-5
ntered to WHO Anthro,

all subjects were measured by the researcher and the results were ¢

(2007) and Antroplus software to calculate z-score of weight-for-age, height-for-age and weight-

for-height. A total of 349 blood samples were collected.
* The study demonstrated that high percentage of zinc deficiency was found among
children (42.6%), these results ar

maize meal to reduce micronutrient

¢ despite mandatory legislated fortification of flour and

malnutrition in the country.

wasting and stunting was 0.3%, 1.4%, 18.6%

* The prevalence of underweight, | |
a still exists among children in rural areas

respectively. Malnutrition in South Afric

despite the Bill of Rights in the Constitution th
ion (South African Constitution, 1996

at indicates that every child has the right to

i i ), Section 28 (1) (¢).
basic nutrit

1K | of anaemia was 78% and of iron deficiency, as indicated by low serum
e prevalence

ferritin (<12pg/dl), and transferrin S

indicate high prevalence of inflammatio

aturation (<15%) were 7.1% and 4.2%. These

n in children which have resulted in low serum

d i m ferritin.
iron, low serum transferrin saturation and increased seru
>
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Only 2.3% of children suffered from combined iron and zinc deficiency in the current

study. Tron and zinc coexist in the population because they share the same dietary

sources.

¢ and anthropometric measurements in both

There were no correlations between zin
stunted and non-stunted children in the current study. Although many studies have

g as the functional indicator of population zinc st
ischer and Black, 2007), this seemed not to be the case in the

. atus (Brown et al,
suggested stuntin

2002; Muller et al., 2003; F
current study. Even though there

stunting, the results suggest that zinc deficiency

was high prevalence of both zinc deficiency and
is not a major cause of stunting but it is

also known that socioeconomic factors and genetics are the other underlying causes

because of their indirect influence on the health and nutrition of the population (UNICEF,

2006).
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6.2 Recommendations

Improving nutritional status should follow an integrated approach tackling both
malnutrition and micronutrients deficiencies at the same time considering behavioural

approach.

Nutrition education programme targeted at mothers, guardians and women of child

importance of iron and zinc and also foods introduced at

bearing age on the
complementary feeding and weaning should include food from animal origin as they are

good sources of zinc and iron.

Dietary diversification (Inclusion of animal products) of meals for pre-scholars and

improved food processing/handling could be of help.

Supplementation as a short term strategy to address this zinc intake.

Regular surveys of zinc and iron status should be carried out to determine whether the

programmes are being efficiently implemented.

at increasing bioavailability by increasing the quantity

Further studies on zinc must 100k
factors such as phytates, oxalates, tannins and

of micronutrients and decreasing inhibiting

h bio- fortification would have p
ren of rural communities where animal products are of a

fiber in food throug rofound and direct influence on the

nutritional status of the child

high cost.

Zinc prevalence studies should also determine dietary intakes of all nutrients.
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APPENDIX A
CONSENT FORM

The Prevalence of Zinc Deficiency among Children Aged 3-5 Years in the
Vhembe District

Researcher’s Name: Motadi Selekane Ananias

The aim of this study is to determine the prevalence of zinc deficiency among preschool children
in the Vhembe District. The children are required to provide blood for determination of zinc
serum/plasma levels and to assess the nutritional status using anthropometric measurements. If

you agree to have your child participate, please sign the form below.
The following measurements will be taken: weight and height, blood sample.

Anthropometric measurements mentioned above will require children to wear minimal clothes

and to be without shoes.

| IRt e e , hereby agree to have my child participate in the study

[ realize that:

e The study deals with the prevalence of zinc deficiency disorder in the Vhembe District of
Limpopo Province.

e The researcher will answer any question that I may have regarding the research or related
matters.

e The experimental protocol, i.e. the extent, aims and methods of the research have been
explained to me.

e A participant in this research does it voluntarily and I can withdraw the child from
participation at any stage.

e [ understand that my child will be examined and required to provide a sample of blood.

There may be discomfort during the drawing of blood.

110

© University of Venda



=4
() jpis i

PR APt ..o oeomsmvonanersorsaneentes

Name of child........-isssrciis cantetinn

di .. relationship (mother/father/ grandparent)
Signature of parent/guardian.......occtr
Nane., .o siadmiivang

0
........ day of...cooovvenneeen 201

SHENEH 8t ¢, .y ovbonomes RN PR SR
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CONSENT FORM

Mutodulusi: Motadi Selekane Ananias

Ndivho ya thoduluso ndi u lavhavhelesa tshivhalo tsha vhana vhane vha vha na thahelo ya zinc
muvhilini wavho. Kha vhupo ha Vhembe. Vhana vha do dzhiwa malofha uri hu kone u
sedzuluswa uri vha na zinc ingafhani malofhani. Vha do dovha vha kaliwa tshileme na vhulapfu.
Arali vha tshitenda uri nwana wavho a vhe tshipida tsha thoduluso (researchO kha vha saine

fomo iyi.

Zwithu zwi tevhelano zwi do kaliwa: tshileme, vhulapfu na zinc kha malofha.

Vhana vha do kaliwa vha sina zwienda nahone vho ambara zwiambaro zwituku.

NDC oo b it S o Ndi khou tenda uri nwana wanga a dzhenelele kha

thoduluso iyi.
Ndi khou pfesesa zwa uri:

e Thoduluso ikhou lavhelesa tshivhalo tsha vhana vhane vha vha na thahelelo ya zinc

malofhani kha tshitirik tsha Vhembe Limpopo Province.

e Murisetshi (Mutodulusi) u do fhindula mabudziso dzanga dzine dza livhana na risetshe

kana u yelana na risetshe.
e Ndivho na zwithu zwine zwa do itiwa kha iyi risetshe ndo talutshedziwa nga hazwo.

e U dzhenelela iyi risetshe a si khombe-khombe. Nahone u ngalitshasa nwana wau kha u

dzhehelele tshifhinga tshinwe na tshinwe.

e Ndi a pfesesa uri nwana wanga u do toliwa a dovha a dzhiiwa malofa. Musi a tshi dzhiwa

malofa zwinga di vhavha zwituku.
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APPENDIX B
TO: DEPARTMENT OF HEALTH
PROVINCIAL OFFICE
POLOKWANE
0700
FROM: DIRECTOR OF RESEARCH AND INNOVATION
PROF C V NIKODEM
DATE: 30 May 2012
Dear Sir/Madam
RE: PERMISSION TO DSE PRIGSCHEUES AE SAMPLING FRAME FOR RESEARCH
matter the department of Research and Innovation would like to

1 to use pre-school children as subjects
Zinc Deficiency among Children Aged
» and the project no is SHS/12/NUT/02/2012. The
nted by the Provincial Department of Education (see
July 2012. Zinc deficiency is a public health

With regard to the abovementioned
request your office to grant Mr Motad
for his MSc project. The title of the project is “The
3-5 Years in Vhembe District, Limpopo Province’
permission to conduct this project is already been gra

attached letter). The envisaged date for data collection is
problem affecting 33% of children under five years of age. Furthermore the prevalence of the deficiency

is not known in Vhembe district, therefore there is 3 need to investigate the magnitude of the problem.
The ethical clearance certificate and the proposal methods of the study are enclosed at your perusal. The

Department is looking forward to your response.

 SA (11541509) permissio
prevalence of

case contact Mr SA Motadi at 015 962 8685/0797455449 or

For more information regarding the project pl

evansi@webmail.co.za.

Supervisor (Mr. N.S Mabapa)

Director of Research and Innovation
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APPENDIX C
Date of data collection......oooeesreseeseses
RECORD SHEET
| Pregchodf o B i
5 Name ofchilievions e enins i
3, ()Co TREpBMEIREEE
. Month.........e-:
(ii.) Date of Birth.......ocooor"*f day....--
(i) Ages Ena e
4. Gender:
B
it - oo o < s N 8 PRI kg
5 (a) Body Weighe s stia st Gib HOpIISE
e ywegh kg
LY Body weigh it i 8 e
e Welg' ............ kg
Average Weight.....oocomreers 0
cm
3. i s SO
GHagt T cm
(6) Height. ... e MMM RREE 5
Average height...c.cooeeneese 200
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Blood sample taken:

3.1 Time of blood cOllection. .....-csx-=xsx27"""

3.2 Time of the previous meal

4,
Types of symptoms/signs observed

e
e

1. Hair loss

-
2. Rough skin
3. White spot on the finger nails

4. Loss of taste and smell

|

8. Liquid zinc
1. Place 10ml (about tWo teaspoons) of the liquid in the mouth.
r about ten 1O fifteen seconds.

2. Hold the liquid zin¢ in the mouth fo

3. How is the taste of the zinc?

a. Taste bad

b. Taste strong and metallic

c. Little taste than sweet.

d. Taste like water/tasteless.
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¢
b. Eye diminishing (Taste strong
and Metallic)
d. Neutral (Tasteless)
Nose wrinkle (Taste bad)
¢. Eye widening (Little taste than sweet)
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APPENDIX D

MATLOU SIBAYA
084 255 2164
015 287 0709
matlou.moloto@gmail.com

P O Box 1106 CELL:
Faunapark OFFICE:
POLOKWANE EMAIL:
0787

EDITING LETTER 21 November 2013

TO WHOMIT MAY CONCERN
as confirmation that | Matlou Sibaya h
“The prevalence of Zinc deficiency among children

po province “t0 be submitted for his BSc

This letter serves ave edited the research project of

Selekane Ananias Motadi, entitled

ars in the Vhembe district of Limpo
Venda. | therefore, declare that the document is

which may deprive Mr Motadi’s work from being

aged 3-5 ye

in Nutrition (BSC NUT) at the University of

to my knowledge devoid of language errors
accepted for the qualification Bsc.

Lecturer at a University and am registered with a

| am the English Communication
professional editing body: the Professionals Editors’ Group (PEG).

| am contactable at the above contact details should you have queries.

Regards
Matlou Sibaya (Miss)

enbosch) BEd Language Methodology

Studies (Stell : )
(University of Limpopo) and

PhD Candidate (TUT) MPhil Second Language
(University of Limpopo) BA Languages ( University of LImPOP el

[Member of the Professionals Editors’ Group]
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APPENDIX D

1. PRINCIPLE

INTENDED USE

C-RP reagent, when used in conjunction with SYNCHRON LX® System(s), UniCel® DxC
600/809 System(s) and. SYNCHRON® Systems CAL 5 Plus, is intended for quantitative
determination of c-reactive protein concentration in human serum or plasma.

CLINICAL SIGNIFICANCE
C-RP me:asurements are useful in the clinical evaluation of stress, trauma, infection,
inflammation, and surgery.1,2

METHODOLOGY

C-RP reagent 1S usegi to measure C-reactive protein concentration by a turbidimetric method. In
the reaction, an .antl-CRP anpbody-coated particle binds to C-reactive protein in the patient
sample resulting in the formation of insoluble aggregates causing turbidity.

The SYNCHRON® System(s) automatically proportions the appropriate sample and reagent
volumes into a cuvette. The ratio used is one part sample to 50 parts reagent. The System
monitors the change in absorbance at 600 nanometers. This change in absorbance is proportional
to the concentration of C-RP in the sample and is used by the System to calculate and express C-
RP concentration based upon a single-point adjusted, predetermined calibration curve.
CHEMICAL REACTION SCHEME

SPECIMEN

TYPE OF SPECIMEN

Serum samples are recommended. Plasma samples (Lithi
be used.

Serum or plasma samples should be collected in th
laboratory test.2 Freshly drawn serum or plasma
Anticoagulants tested are listed in the PROCEDURAL
NOTES section of this chemistry information sheet.
Chemistry Information Sheet Al 8485 AG C-RP
AUGUST 2011 Page 1 of 10

SPECIMEN STORAGE AND STABILITY

1. Tubes of blood are to be kept closed at all times an
that the serum or

plasma be physically separated from

collection.3
2. If serum samples are not assayed within 8 hours, samples should be stored a

samples are not
assayed within 72 hours, samples should be stored frozen at -15°C to 220°C. Frozen samples

should be thawed only once. Analyte deterioration may occur in samples that are repeatedly

frozen and thawed.3
3. Plasma samples can be stored at +2°C to +8°C for up to 72 hours. Plasm
be frozen.

Additional specimen storage and stability conditions as desi

um Heparin, and Sodium Heparin) can

e manner routinely used for any clinical
from a fasting individual is preferred.

d in a vertical position. Itis recommended

contact with cells within two hours from the time of

t +2°C to +8°C. If

a samples should not

gnated by this laboratory:
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mary sample tube volumes

SAMPLE VOLUME . .
ptimum volume. For optimuim pri
Tube Sample Template for

Afilled 0.5 mL sample cup is the 0 :
In primary tube samples and minimum volumes, refer t0 the Primary
}é(ﬁl{TSysmm' PECIMENS
E S . .
Refer tg}f; 2%%3555&52%1%58 section of this 9hemistry ‘information §heet for mf(?rmanon
on unacceptable specimens. Criteria for sample rejection as designated by this laboratory:
PATIENT PREPARATION _ ;
gpecial instructions for patie ated by this laboratory:
PECIMEN HANDLING , :
Special instructions for specimen handling as designated by this Jaboratory:
C-RP Chemistry Information Sheet A18485 AG
Page 2 of 10 AUGUST 2011
REAGENTS
CONTENTS
Each kit contains the following items:
Two C-RP Reagent Cartridges (2 X 200 tests)
One lot-specific Parameter Card
VOLUMES PER TEST
Sample Volume 6 pL
ORDAC Sample Volume 3 pL
Total Reagent Volume 300 pl
Cartridge Volumes
A250 uL
B 50 uL
e
REACTIVE INGREDIENTS
REAGENT CONSTITUENTS | _
CRP Antibody (particle bound goat and mouse antl-C;RP antibody)
Serum Albumin 0.1% (W/v)

11 mL Reaction Buffer 61 mL Bovine
y for optimal system performance.

nt preparation as design

Also non-reactive chemicals necessar

CAUTION
Sodium azide preservative may form explosive compoun
National Institute for Occupational Safety and Health Bu
(8/16/76).

EUROPEAN HAZARD CLASSIFICATION

C-Reactive Protein Reagent (Compartment . :
N;RS} /53 Toxic to aquatic organisms, may cause long-term adverse effects 1n aquatic

environment. 60 This material and/or its container must be disposed of as hazardous waste. S61
Avoid release to the environment. Refer to special instructions/Safety data sheets.

MATERIALS NEEDED BUT NOT qUPPLIED WITH

SYNCHRON® Systems CAL 5 Plus .
At least two levels of control material Saline

ds in metal drain lines. See
lletin: Explosive Azide Hazards

REAGENT KIT
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Chemistry Information Sheet A18485 AG C-RP
AUGUST 2011 Page 3 of 10

REAGENT PREPARATION

1. Invert cartridge several times prior to loading onto the SYNCHRON LX System.
2. Check for bubbles or foam in compartments; break any bubbles.
ACCEPTABLE REAGENT PERFORMANCE

The acceptability of a reagent is determined by successful calibration and by ensuring that
quality control results are within your facility’s acceptance criteria.

REAGENT STORAGE AND STABILITY
oC, will obtain the shelf-life indicated on the

C-RP reagent when stored unopened at +2°C to +8
cartridge label. Once opened, the reagent is stable for 60 days at +2°C to +8°C unless the
expiration date is exceeded. DO NOT F REEZE. Reagent storage location:

CALIBRATION

CALIBRATOR REQUIRED
SYNCHRON® Systems CAL 5 Plus
CALIBRATOR PREPARATION

No preparation is required.

CALIBRATOR STORAGE AND STABILITY
SYNCHRON® Systems CAL 5 Plus is stable until the expiration date printed on the calibrator
bottle if stored capped in the original container at +2°C to +8°C.

f human origin, it should be handled as though capable of transmitting
it used in the preparation of this material was

serum or plasma donor uni
tion (FDA) approved methods and found to be

ood and Drug Administra
HIV and HCV and nonreactive for HbsAg. Because no test method can
offer complete assurance that HIV, hepatitis B virus, and hepatitis C virus or other infectious
agents are absent, this material should be handled as though capable of transmitting infectious
| for which there is no

diseases. This product may also contain other human source material for .
approved test. The FDA recommends such samples to be handled as spemﬁed in Centers for
Disease Control’s Biosafety Level 2 guidelines.4 C-RP Chemistry Information Sheet A18485

AG Page 4 of 10 AUGUST 2011 Calibrator storage location:

CAUTION

Because this product is 0
infectious diseases. Each
tested by United States E
negative for antibodies to

CALIBRATION INFORMATION : e : :
parameter card and a valid calibration adjustment 1n

1. The system must have a lot-specific

memory before controls or patient samples can be run. :
2. Under typical operating conditions the C-RP reagent cartridg
days and also with certain parts replacements or maintenance procedures, as de

e must be calibrated every 30
fined in the

SYNCHRON LX Maintenance Manual .
and Instrument Log, or the UniCel DxC 600/800 System Instructions For Use (IFU) manual.
; fer to the SYNCHRON [.XOperations Manual,

This assay has within-lot calibration available. Re ( ; '
or the UniCel DxC 600/800 System [nstructions For Use (IFU) manual for information on this
feature.

3. For detailed calibrat
UniCel DxC 600/800 System Inst

fer to the §YNCHRON LX Operations Manual, or the

jon instructions, 1€
For Use (IFU) manual.

ructions
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4. Thc? sys'tem will automatically perform checks on the calibration and produce data at the end
of calibration. In the gwestio$ anthiladuhalkbhaoomgthaniml, or the UniCel DxC 600/800 System

Instructions For Use (IFU) manual.

TRACEABILITY

For Traceability information refer to the Calibrator instructions for use.

QUALITY CONTROL

At least two levels of control material should be analyzed daily. In addition, these controls
should be run with each new calibration, with each new reagent cartridge, and after specific
maintenance or troubleshooting procedures as detailed in the appropriate system manual. More
frequent use of controls or the use of additional controls is left to the discretion of the user based
on good laboratory practices or laboratory accreditation requirements and applicable laws. The
following controls should be prepared and used in accordance with the package inserts.
Discrepant quality control results should be evaluated by your facility.

Table 1.0 Quality Control Material

CONTROL NAME SAMPLE TYPE STORAGE
Chemistry Information Sheet A18485 AG C-RP
AUGUST 2011 Page 5 of 10

Table 1.0 Quality Control Material, Continued

CONTROL NAME SAMPLE TYPE STORAGE

TESTING PROCEDURE(S)

1. If necessary, load the reagent onto the system.

2. After reagent load is completed, calibration may be required.

3. Program samples and controls for analysis.
4. After loading samples and controls onto the system, follow the protocols for system
operations. For detailed testing procedures, refer to the SYNCHRON LX Operations Manual, or

the UniCel DxC 600/800 System Instructions For Use (IFU) manual.

CALCULATIONS
The SYNCHRON® System(s) performs all calculations internally to produce the final reported

result. The system will calculate the final result for sample dilutions made by the operator when
the dilution factor is entered into the system during sample programming.

REPORTING RESULTS

Equivalency between the SYNCHRON LX and UniCel DxC 600/800 Systems has been
established. Chemistry results between these systems are in agreement and data from
representative systems may be shown.

REFERENCE INTERVALS

The C-RP reference interval values were established using the SYNCHRON LX® 20 PRO

Systems CRPH assay, for a population of 551 apparently healthy, non-smoking, > 18 years of
age, male and female adults from a Southern California blood bank, and were verified with the

122

© University of Venda



()

k]

Q University of Venda
@) e

SYNCHRON Systems C-RP assay. Each laboratory should establish its own reference intervals
based upon its patient population.

2. PRINCIPLE

INTENDED USE

TRFN reagent, when used in conjunction with SYNCHRON LX® System(s), UniCel® DxC
600/800 System(s) and SYNCHRON® Systems CAL 1, is intended for quantitative
determination of transferrin concentration in human serum or plasma.

CLINICAL SIGNIFICANCE

The measurement of transferrin aids in the diagnosis of malnutrition, acute inflammation,
infection, assessment of renal function and red blood cell disorders, such as iron deficiency
anemia.

METHODOLOGY

TRFN reagent is used to measure the TRFN concentration by a turbidimetric method.1,2 In the
reaction, TRFN combines with specific antibody to form insoluble antigen-antibody complexes.
The SYNCHRON® System(s) automatically dilutes sample and dispenses the appropriate
sample and reagent volumes into a cuvette. The ratio used is one part diluted sample to 37.5 parts
reagent. The system monitors the change in absorbance at 340 nanometers. This change in
absorbance is proportional to the concentration of transferrin in the sample and is used by the
System to calculate and express the transferrin concentration based upon a single-point
calibration.

CHEMICAL REACTION SCHEME

SPECIMEN

TYPE OF SPECIMEN

Biological fluid samples should be collected in the same manner routinely used for any
laboratory test.3 Freshly drawn serum or plasma are the preferred specimens. Acceptable
anticoagulants are listed in the PROCEDURAL NOTES section of this chemistry information
sheet. Whole blood or urine are not recommended for use as a sample.

Chemistry Information Sheet A18562 AG TRFN

AUGUST 2010 Page 1 of 10

SPECIMEN STORAGE AND STABILITY

1. Tubes of blood are to be kept closed at all times and in a vertical position. It is recommended
that the serum or plasma be physically separated from contact with cells within two hours from
the time of collection.4

2. Separated serum or plasma should not remain at room temperature longer than 8 hours. If
assays are not completed within 8 hours, serum or plasma should be stored at +2°C to . I
assays are not completed within 48 hours, or the separated sample is to be stored beyond 48
hours, samples should be frozen at -15°C to -20°C. Frozen samples should be thawed only once.
Analyte deterioration may occur in samples that are repeatedly frozen and thawed. 4 Additional
specimen storage and stability conditions as designated by this laboratory:
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SAMPLE PREPARATION
Sample preparation is not required. All samples are diluted automatically by the system using the
DIL1 Cartridge.

SAMPLE VOLUME
The optimum volume, when using a 0.5 mL sample cup, is 0.3 mL of sample. For optimum

primary sample tube volumes and minimum volumes, refer to the Primary Tube Sample

Template for your system.
CRITERIA FOR UNACCEPTABLE SPECIMENS
Refer to the PROCEDURAL NOTES section of this chemistry information sheet for information

on unacceptable specimens.
Criteria for sample rejection as designated by this laboratory:

PATIENT PREPARATION
Special instructions for patient preparation as designated by this laboratory:

TRFN Chemistry Information Sheet A18562 AG
Page 2 of 10 AUGUST 2010

SPECIMEN HANDLING

Special instructions for specimen handling as designated by this laboratory:
REAGENTS

CONTENTS

Each kit contains the following items:

Two TRFN Reagent Cartridges (2 x 150 tests)
One lot-specific Parameter Card

VOLUMES PER TEST

Sample Dilution Volumes

Sample Volume 15 pL

Diluent Volume 285 pL

Diluted Sample Volume (1:20 dilution) 6 pL
Total Reagent Volume 225 pL

Cartridge Volumes

A 200 pL

B 25 uL.

Crasé

REACTIVE INGREDIENTS

REAGENT CONSTITUENTS

Reaction Buffer 43.0 mL
Antibody Monospecific for human Transferrin (Goat) 6.2 mL
Also non-reactive chemicals necessary for optimal system performance.

CAUTION
Sodium azide preservative may form explosive compounds in metal drain lines. See

National Institute for Occupational Safety and Health Bulletin: Explosive Azide Hazards

(8/16/76).
MATERIALS NEEDED BUT NOT SUPPLIED WITH REAGENT KIT

SYNCHRON® Systems CAL 1

DIL 1 Cartridge
At least two levels of control material
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Chemistry Information Sheet A18562 AG TRFN
AUGUST 2010 Page 3 of 10
REAGENT PREPARATION
No preparation is required.
ACCEPTABLE REAGENT PERFORMANCE
The acceptability of a reagent is determined by successful calibration and by ensuring that
quality control results are within your facility’s acceptance criteria.
REAGENT STORAGE AND STABILITY
TREFN reagent when stored unopened at +2°C to +8°C, will obtain the shelf-life indicated on the
cartridge label. Once opened, the reagent is stable for 60 days at +2°C to +8°C unless the
expiration date is exceeded. DO NOT FREEZE.
DIL 1 stored unopened at room temperature is stable until the expiration date indicated on each
cartridge. Once opened, DIL 1 is stable for 60 days on instrument or until the expiration date, if
sooner. Reagent storage location:

CALIBRATION

CALIBRATOR REQUIRED

SYNCHRON® Systems CAL 1

CALIBRATOR PREPARATION

No preparation is required.

CALIBRATOR STORAGE AND STABILITY

SYNCHRON® Systems CAL 1 is stable until the expiration date printed on the calibrator bottle
if stored capped in the original container at +2°C to +8°C. DO NOT FREEZE.

CAUTION

Because this product is of human origin, it should be handled as though capable of transmitting
infectious diseases. Each serum or plasma donor unit used in the preparation of this material was
tested by United States Food and Drug Administration (FDA) approved methods and found to be
negative for antibodies to HIV and HCV and nonreactive for HbsAg. Because no test method can
offer complete assurance that HIV, hepatitis B virus, and hepatitis C virus or other infectious
agents are absent, this material should be handled as though capable of transmitting infectious
diseases. This product may also contain other human source material for which there is no
approved test. The FDA recommends such samples to be handled as specified in Centers for
Disease Control’s Biosafety Level 2 guidelines.5 TRFN Chemistry Information Sheet A18562
AGPage 4 of 10 AUGUST 2010 Calibrator storage location:

CALIBRATION INFORMATION

I. The system must have a lot-specific parameter card and a valid calibration adjustment in
memory before controls or patient samples can be run.

2. Under typical operating conditions the TRFN reagent cartridge must be calibrated every 14
days and also with certain parts replacements or maintenance procedures, as defined in the
SYNCHRON LX Maintenance Manual and Instrument Log, or the UniCel DxC 600/800 System
Instructions For Use (IFU) manual. This assay has within-lot calibration available. Refer to the
SYNCHRON LXOperations Manual, or the UniCel DxC 600/800 System Instructions For Use
(IFU) manual for information on this feature.
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3. For detailed calibration instructions, refer to the SYNCHRON LX Operations Manual, or the
UniCel DxC 600/800 System Instructions For Use (IFU) manual.
4. The system will automatically perform checks on the calibration and produce data at the end
of calibration. In the event of a failed calibration, the data will be printed with error codes and
the system will alert the operator of the failure. For information on error codes, refer to the
SYNCHRON LX Diagnostics and Troubleshooting Manual, or the UniCel DxC 600/800 System

Instructions For Use (IFU) manual.

TRACEABILITY
For Traceability information refer to the Calibrator instructions for use.

QUALITY CONTROL
At least two levels of control material should be analyzed daily. In addition, these controls

should be run with each new calibration, with each new reagent cartridge, and after specific
maintenance or troubleshooting procedures as detailed in the appropriate system manual. More
dditional controls is left to the discretion of the user based
on good laboratory practices or laboratory accreditation requirements and applicable laws. The
following controls should be prepared and used in accordance with the package inserts.
Discrepant quality control results should be evaluated by your facility. Table 1.0 Quality Control

Material

frequent use of controls or the use of a

CONTROL NAME SAMPLE TYPE STORAGE
Chemistry Information Sheet A18562 AG TRFN
AUGUST 2010 Page 5 of 10
TESTING PROCEDURE(S)
1. If necessary, load the reagent onto th

one time for each lot.
2. After reagent load is completed, calibration may be required.

3. Program samples and controls for analysis.
4. After loading samples and controls onto the system, follow the protocols for system

operations. For detailed testing procedures, refer to the SYNCHRON LX Operations Manual, or
the UniCel DxC 600/800 System Instructions For Use (IFU) manual.

e system. A lot-specific parameter card must be loaded

CALCULATIONS
| calculations internally to produce the final reported

The SYNCHRON® System(s) performs al '
result. The system will calculate the final result for sample dilutions made by the operator when

the dilution factor is entered into the system during sample programming.

REPORTING RESULTS
Equivalency between the SYNCHRON LX and UniCel DxC 600/800 Systems has been
established. Chemistry results between these systems are in agreement and data from

representative systems may be shown.
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