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Abstract: Background: Seleno-proteins, Iodothyronine 5’ dehydronases (DIO) affect the function of thyroid gland. The 

expression of receptors of DIOs are affected by sex hormones (Oestradiol and Testosterone). The objective of this research 

therefore was to study differential effect of these hormones in boys and girls (Tick-Phenomenon). Methods: Fifty HIV 1 

positive, treatment Naïve children, were enrolled for the study. Half 25 were given fixed dose of 50 µgm yeast selenium while 

the matched 25 were on control. Weight was taken at 0, 3 and 6 months. Results: Children on selenium had weight gain of 

2.5Kg at six months. The weight for age Z score increased above -2SDs cut off point at six months among children on 

selenium, in all age categories {, 3-5 years 1.20±2.45, 6-8years 0.19±0.880, 9-15 years 0.97±1.22}. In the matched Controls 

there was a decrease in WAZ in all the age categories to below -2SDs at six months {, 3-5 years -2.218±1.46, 6-8 years -

2.95.±3.10, 9-15 -2.30±1.240}. There was a significant WAZ difference between controls and selenium group at six months {F 

(5,12)==5.758, P=0.006}. Female children on selenium initially had a decrease and then sharp increase in WAZ (Tick 

Phenomenon), compared to the males who had a gradual increase in WAZ. Conclusion: It can be concluded that intake of yeast 

Selenium led to significant increase in weight for age Z score at six months and that there is gender related differences in 

weight change between HIV 1 positive female and male children on test and controls, the females showing Tick phenomenon. 
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1. Introduction 

Selenium is ingested in various forms [2, 6] These forms 

vary from natural forms in diet to inorganic forms and bio-

fortified foods. Intake from natural forms varies with diet [2] 

[4]. When taken selenium is easily absorbed into the blood in 

upper parts of intestine [17]. The amino acid selenium, 

selenomethionine, methylselenocystein, and selenocystein 

are absorbed through endothelial cells membrane by amino 

acid transporters B° and borBAT system, while the selenate 

is transported by SLC26 system [2]. All forms of selenium 

are converted to selenide H2Se in endothelial cells [3]. 

Selemethionine and other species are converted to 

Selenocystine species, which is further converted to selenide, 

by action of selenocystein β-lyse [2]. Selenite are converted 

to selenide through an action of theorodoxine reductase. 

Liver is the central organ in selenium metabolism [3] and 

the selenoproteins are in equilibrium with selenide pool [2] 

their degradation leads to selenide production and 

maintenance of the level (hepatic pool). Selenide is converted 

to selenoprotein P through action of selenophosphate 

synthetase [14]. The excretion of selenium is by conversion 

into selenide sugar and through Urine (selenuria) or by 

conversion into dimethyl selenide and excretion through 

breath and feces and trimethylselenium through urine 

(selenuria) [6]. 

Selenium is transported as SePP1 [6], which is a protein of 

366 amino acids, [2], synthesized by hepatocytes and 

excreted in plasma [3]. SePP exists in two isoforms 6o kDa 

and a 50 kDa [9]. It has two terminals, the N terminal has 

244 amino acids folded with one selenocystine residue, while 
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the C-terminal domain has 122 amino acids and has 9 SePP 

[2]. The N terminal is responsible for thiol action, while the 

C terminal is responsible for the transport of selenium [2]. 

SePP is responsible for selenium transport to various organs 

in the human body [6, 5] Besides transport SePP is 

responsible for chelating heavy metals in the body, forming 

non-toxic complexes. The 60 kDa isoform delivers selenium 

to body tissues, while 50 kDa is involved in redox and 

signaling [18]. In plasma compartment SePP constitute about 

60% of all selenium, and is responsive to dietary selenium 

[26] while GSH-px constitute 9-17%. The SePP gene exists 

in two polymorphs, this determines amount of selenium 

delivered to the body up on intake. The levels of selenium is 

higher in the body among CC homozygotes compared to TT-

allele [9]. The uptake of selenium from Se-PP in various 

organs is by a receptor mediated-endocytosis [3]. In the 

kidney the uptake is by megalin receptors on brush side of 

endothelial cells [25], while sertoli cells in testis the uptake is 

by apoliprotein-E Receptors-2 [3]. Thyroid gland is thought 

to have alternative supply of selenium independent of SePP 

[2]. The selenium is found in high concentration in vital 

organs which include the liver, the kidney cortex, and in 

blood but in very low concentration in brain, muscles, 

pancreas, and pituitary [19, 20]. Liver is the central organ in 

metabolism of selenium [18], it receives selenium through 

the portal vein and takes up other forms from systemic 

circulation [3]. 

2. Selenium and Weight Change 

Human genome codes for 25 seleno-proteins [18]. The 

thyroid gland is one of the body tissues with the highest 

levels of seleno-protein concentrations, [8]. This is due to 

presence of various species of seleno-proteins (GSH-px1, 

GSH-px2, GSHpx 4, Theorodoxine reductases 1 and 2 

(TXNRD1, and TXNRD2, Diodonases 1 and 2 (DIO1 and 

DIO2) Sepp 15, SePP, and selenoprotein M and S) in 

thyrocites. The combined deficiency of selenium, iodine and 

presence of thiocyanate leads to myxidematous cretinism [8]. 

In the thyroid hormones, selenocystein (SeCy) carries the 

active sites of the selenoproteins, in the two iso-forms of 

iodothyronine 5’ deiodonases (DIOs). 

Selenium is needed at all stages of early child development 

[7], the deficiency leads to myxidematous cretinism during 

late pregnancy and early childhood, or neurological cretinism 

in early pregnancy [7]. 

The weight change is associated with protein synthesis and 

deposition in the body. Selenium is part of a group of seleno-

enzymes Iodothyronine 5’ deiodonases, produced in liver and 

thyroid gland. The DIO 1 is largely expressed in hepatocytes 

in endoplasmic reticulum membrane facing cytosol and in 

kidney and thyroid gland basal membrane [7]. TSH and 

cAMP increase its activity [7]. Corticosteroids enhances 

expression of DIO, in liver and pituitary gland [11, 7] Hunger 

and low selenium levels decreases expression of DIO. It 

catalyzes activation of T4 to the thyroid hormone 3 3’-5 Tri-

iodothyronine [7], which is largely controlled at target cell 

level by regulation of intracellular DIO activities [23]. The 

hormone 3 3’-5 T3 is responsible for protein metabolism 

including growth through regulation of gene expression and 

protein metabolism [7]. 

There is a positive correlation between selenium levels in 

the body and level of circulating 3,3’-5 T3 [1]. Low selenium 

levels in the body have been observed to lead to increased T4 

in circulation, but a reduction of 3,3’-5 T3 and Thyrotropin 

TSH. Other studies have shown the inverse relationship 

between the level of selenium in the body and level of 

thyroglobulin and serum concentration of 3,3’-5 T, and T4 

[12]. While studies [16, 13] have shown inverse relationship 

between selenium levels in the human body and thyroid 

volume, and thyroid tissue damage, in women but not in 

men. 

Besides DIOs, the family of Iso-forms of glutathione 

peroxides (cGPX, pGPX) and Thioredoxine reductases 

(TRrX) is associated with thyroid gland protection [7]. In 

presence of iodine, thyroxine production requires H2O2 [7] 

the production of which is generated by TSH up on 

stimulation by phospholipase PIP2-IP3-Ca
2+

 Cascade [21, 22], 

since the thyroxine biosynthesis by the follicles requires a 

high amount of H2O2 is produced, [10] the excess of which 

leads to accumulation of radicals and needs to be mopped out 

to avoid peroxidation of the thyrocytes [7]. This implies that 

sufficient intake of selenium is needed to ensure thyroid 

hormone production and thyroid tissue protection by cGSH-

px and TxnrD. Some studies have reported association of 

multiple thyroid nodule risk, low volume of thyroglobulin in 

adult women with low serum selenium Administration of 

selenium has shown increase in weight in children who are 

HIV positive (as shown in Figure 1) below perhaps reflecting 

effect on thyroid gland. 

The objective of this study was investigate the effect of 

selenium on weight change in HIV 1 positive pre-puberty, 

ARV naive children of different sexes (Tick-phenomenon). 

3. Materials and Methods 

3.1. Sampling Criteria 

Fifty children were recruited to the study from Nyamasaria 

in Kisumu County. The children were enrolled into the study if 

they were between from age 3 and 16 years and the consent 

given by their guardians, and those who were HIV positive in 

WHO stage three and below. They were excluded if they were 

below three years and above 16 years didn’t have guardian 

consent and were in HIV WHO stage four. Computer 

generated random numbers was used to select the required 

number after consultation with authorities at the center. 

3.2. Sample Size Determination 

The sample size was determined by Epi Info version 6 for 

cohort studies in which the required minimum sample size at 

95% Confidence interval and precision/power of 80% and 

prevalence of HIV amongst the study subjects 15% (KAIS, 

2007), Relative Risk of 5% the number in test group is given 
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as 13 while for the controls at 13 the minimum sample size 

being 

3.3. Ethical Consideration 

Approval to conduct the study was given by Kenyatta 

National Hospital Ethics Research and Standard committee. 

All patients who met the criteria were given equal chance to 

be enrolled in the study. Informed consent was given by the 

guardians/parents and the information collected was kept 

confidential. 

3.4. Administering of Selenium to the Children 

The participants on test were assigned to, and received 

50µg selenium (yeast) for up to 6 months. The dose was 

about a half of tolerable upper limit for children which is 

100µg (yeast selenium) per day hence considered safe. Every 

week an evaluation of the intervention was done and 

replenishment of the selenium stock and to monitor the 

compliance with the treatment. At 3 months intervals, the 

research assistants collected data on Weight to the nearest 

0.1kg. 

3.5. Data Collection 

Interview of Guardians: At baseline an interview of 

Childrens’ guardians were done by trained research assistants 

who collected data of children’s’ socioeconomic status and 

those of their guardians using structured questionnaire. 

Measuring Children’ Weight: The weight of the children 

were collected by electronic personal scale (model 1001) as 

was earlier suggested [15]. The scale was put on a flat 

surface and the reading adjusted to zero. Each child was told 

to stand on the scale evenly with barefoot wearing minimum 

clothing. The reading was taken in Kilograms. 

4. Results 

The mean age of the group on selenium was 7.7±3.4 years, 

while for matched controls it was 8.8±3.2 years. In matched 

controls 57.01% were girls while 42.09% were boys. 

Table 1. Age and Sex distribution of study subjects. 

 Selenium group Control group p-value 

Mean age group 7.7±3.4 8.8±3.2 0.185 

Sex    

Girls 22 (42.9%) 20 (57.01%) 
0.853 

Boys 12 (35.3%) 15 (42.9%) 

Median weight 18 (10.9%) 19 (9.5%)  

Table 2. Change in WAZ Score among children on Test and Control. 

WAZ Scores For Test and Control 

 Se WAZ Control WAZ 

Three months 

3-5 yrs 0.15±1.110 -2.01±0.160 

6-8 yrs 0.006±1.22 -1.63±0.051 

9-16 yrs 0.19±0.880 -2.95±3.010 

Six months 

3-5yrs 1.10±0.890 -2.95±0.160 

6-8yrs -0.63±0.76 -2.76±1.150 

9-16yrs 0.97±1.22 -2.30±1.240 

There was a progressive increase in weight for age Z score 

among the children on test in all age groups, 3-5years 

(1.20±2.45), 6-8 years (0.19±0.88) and age groups 9-16 years 

(-0.97±1.22) suggesting growth, while in the matched 

controls there was a decrease in weight for age Z score in 

different age groups 6-8 years (-2.949±3.01), and 9-16 (-

2.30±-1.24) at six months compared to baseline suggesting 

wasting. Over all there was wasting among the children on 

control at six months in all age categories. Taking cu-off 

point of -2.00 SDs as a measure 100% of children on control 

group were wasted at six months. All the children on 

selenium non show wasting as all age groups at six months 

the WAZ score was above the cut-off point of -2SDs. 

Further analysis of difference in weight for age Z score 

between test group and controls show there was a significant 

statistical difference {(df 5,12)=5.758, p=0.006}. 

 

Figure 1. Effect of Selenium on WAZ of HIV positive Children (Tick phenomenon). 
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Figure 1 Shows change in WAZ among the children on 

selenium. Weight for age Score among different sexes of the 

test group increased compared to the baseline with girls score 

having higher increase compared to boys (Tick Phenomenon) 

as shown in figure above WAZ for girls increased from -

0.343 to 0.314 and boys from -0.491 to 0.201. Among the 

controls the WAZ scores did not show much change a cross 

the gender categories The WAZ for girls changed from -

2.536 to -0.440 and boys from -2.047 to -2.039 at six months. 

4.1. Change of WAZ by Sex and Age for Children on 

Control 

There was little or no change in weight for age Z score for 

children in control of boys in all age categories. The boys in 

age categories of 9-15 years had a decrease of WAZ from -

1.37 to -2.08 for the 3-5 years old and 9-15 years old boys the 

WAZ remained below the cut-off point (-2..00) at six months. 

For the girls on control there was a slight increase of WAZ 

score in all age categories 6-8 years from 1.87 to -1.32 and in 

age groups 9-15 years from -2.50 to 0.001 at six months. 

4.2. Change of WAZ by Sex and Age for Children On 

Selenium 

The weight for age Z score for boys on selenium had a 

slight increase or remained the same at six months. The boys 

age group of 3-5 years had an increase from -1.93 to 2.09 at 

six months, 9-16byears had a slight decrease from -0.995 to -

1.487. All age categories were above cut-off point of -2.00 at 

six months. Among the girls on selenium there was slight 

decrease among the age groups 3-5 years from 0.539 to -

0.274 at six months. There was an increase from 0.119 to 

0.312 in age group 6-8 years and from -1.678 to 0.904 in age 

groups 9-16 years. All categories were above WAZ score cut-

off point at six months. 

5. Discussion 

WAZ for children in both groups were established at 

baseline. The cut-off of -2.00 standard deviation WHO was 

used to determine wasting among the children. The children 

with -2.00SDs are normally considered wasted by WHO 

standards [15]. Over all 49% of children were established to 

be underweight at six months, with those in control group 

more wasted at 48% compared to test group at 1% at six 

months. Other studies [24] found that selenium forms active 

site of iodothyronine deiodinases which activate and de-

activate thyroid hormones T3 which is enhanced by sex 

hormone estradiol. These hormones are responsible for 

protein synthesis and deposition in the body. In this study 

there was significant increase in WAZ of children on 

selenium concurring with [24]. these findings therefore do 

confirm that intake of selenium did increase the body weight 

hence the WAZ in HIV positive children. this observation 

also confirmed by observation made by Niekerk et al in 2002 

in south Africa. 

HIV infection is accompanied by progressive nutrition 

alteration and pathological changes with critical pediatric 

HIV patients WAZ cut-off point being -2SDs [15]. This point 

marks beyond which there is increase in mortality among the 

patients. The observation in this study showed that all the 

children on control were below the cut-off point WAZ at six 

months hence were wasted and the condition if unchecked 

was likely to develop to fully blown AIDS. 

6. Conclusion 

From the study in can be concluded that intake of yeast 

selenium by treatment naïve HIV1 positive children led to 

significant increase in WAZ for both boys and girls (p. 

0.05). Where are as in Boys the increase was gradual, in 

girls there was initial decrease followed by sudden steep 

increase (Tick Phenomenon) perhaps due to effects of 

hormone Estradiol. 
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