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ABSTRACT

Céte d'lvoire is the West African’s country moseetied by HIV/AIDS. Unfortunately HIV infection ths effect of
increasing the production of free radicals in thedly. To counter the damaging effects of free rddjdhe body
increases the production of antioxidant moleculésins A, C and E). The micronutrients play apamant role
in the immune system, in the protection and ren@ivaélls. In Cote d'lvoire, very few studies haeen devoted to
the binomial micronutrient/HIV infection. The maibjective of this study is to assess the microentrstatus of
people living with HIV (PLHIV). The study involv8d6 subjects including 173 adults with positive Havid 173
control population (negative HIV). After confirmirtge HIV status of the included subjects, the winded of
PLHIV was used for counting CD4 in flow cytomefadsCalibur), while Liquid Chromatography (waters@®pe)
was used to determine serum vitamins A and E ctratiems. The results showed a mean serum vitamin A
0.0840.01mg/L in PLHIV against 0.1440.01mg/L in ¢tmh population (p <0.0001). However, for vitamin, E
concentration was 5.48 + 0.30 mg/L in control padidn against 1.2740.19mg/L in PLHIV. Reductiondkvof
vitamins (A, E) in PLHIV were 42.86% and 76.82%spexctively. In general, the results showed a sicanit
deficiency of vitamins A (89/173, 51.44%) and E8(123, 74%) in PLHIV compared to control populatif®
<0.0001 ). The vitamins deficiency may be due ¢oiticreased use of their antioxidant on oxidatiress caused
by the overproduction of free radicals during HAfdction.
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INTRODUCTION

The HIV/AIDS is a real public health problem worlde. In fact, 33 million people are living with HIXIDS

worldwide, of which 22 million are in sub-Saharafriéa, with more than 1.5 million deaths recordddl [The
AIDS epidemic in Africa leaves an unprecedented bigity and mortality among young adults, decreadifey
expectancy and drawing on the limited resource®idelvto other pressing development problems (Pi2081).
Céte d'lvoire is among the most affected countine®/est Africa with a prevalence rate of 3.4% irl20In that
same year, 450,000 people living with HIV (PLHIVEere on antiretroviral (ARV) treatment [2]. Unforately,

presently, ARVs do not cure HIV/AIDS infection, brgsult in slowing the spread of the virus in thsence of
vaccine. However, the life expectancy of peopldwitV is almost normal with treatment initiated anal 350 CD4
lymphocytes [3].

Majority of free radicals play a major role in theoduction of cellular mediators and removal ofi¢oproducts.
These free radicals also provide defense againgiding microbes and viruses and against tumor .cells
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Unfortunately, some may be involved in diseasehesis and production of changes that may evgntead to
the disruption of the body and its accelerated@dtmnee radicals also affect the production ofasertells involved
in the cellular immunity, such as cytokines (mealiatallowing certain cells to communicate with eatther), and
are also involved in cell division [4].

Fortunately, free radicals can be neutralized gasitough the body immunity system provided it tsosgly
protected by providing enough antioxidants (suchras-oxidant molecules). Some anti -oxidant moles such as
fat-soluble vitamins are nutrients whose role nsited to combat the emergence of free radicalgven eliminate
the effects of those already present. Thus, a idefig in antioxidant compounds or an increase tloelyction of
reactive oxygen species (ROS) may be the causridditove stress. In the context of HIV infectiohese ROS can
be associated with the installation of structurad &unctional abnormalities of the cells of the imme response or
participate in the increase of viral replicatiof. [5

Present in very small quantities in the body withenergy value, vitamins and minerals are essefatidhe proper
functioning of cells. They play a crucial role imetimmune system, protection and cell renewal f6humber of
these antioxidant molecules such as beta carofgogitamin A), ascorbic acid (vitamin C) and alpioaepherol
(vitamin E) prevent oxidation caused by free raldigavitro andin vivo [7]. They increase the humoral and cellular
immune responses in some patients, indicatingthigaprocesses induced by endogenous free radiga¢sddverse
effects on the immune system.

In sub-Saharan Africa, the relationship betweerritat and infection is complicated by an adversaritional
environment. For decades, malnutrition was a praldenong the African population, particularly inldnén. It has
been amplified in recent years by the emergen¢ti\¢fAIDS [8,9].

In Céte d’lvoire, very few studies have focusedtiom binomial micronutrient/infectious disease [1Dhe existing
studies, especially in the case of HIV infectionsalre the biological and biochemical aspects sughha
determination of micronutrients. Indeed, microrenti supplementation in HIV infection to enhance ttierapeutic
effect of antiretroviral and immunity of PLHIV musé based on real biological basis.

The main objective of this study is to assess tleranutrient status of people living with HIV, bagically
monitored at the Institute Pasteur in Cote d'lvoire

MATERIAL AND METHODS

Population

The study took place from August 2011 to Decemb@t22at the Department of fundamental and Medical
Biochemistry of "Institut Pasteur of Céte d'lvoirélPCI). The Institute is responsible, in accordamgth the
National Program Support for People Living with HNDS (PN-PEC PLHIV/AIDS) and AIDS Global Fund, for
biological monitoring of (Lab. tests) people livingth HIV. To this end, all blood samples from Heatenters in
charge of the clinical monitoring of subjects azeaived and analyzed in different laboratorieR@Il

This is a prospective experimental study a cohbidult subjects (men and women) HIV positive. Tduatrol
population consisted of HIV-negative subjects; heavepregnant HIV positive women were excluded frtns
study.

Biological materials and reagents used
Sera from different blood samples from HIV positaed negative subjects [11] were used to perfoeragsay of
micronutrients (vitamins A and E).

Blood were collected in EDTA tubes necessary ferabunting of CD4 T cells.

Standard reference solutions (1g/L of vitamin A d48dg/L of vitamin E) and an internal standardifrgtacetate,
1g/L) were used to prepare different diluted com@ions from which calibration curves were plotted

Methodology

The CD4 count was carried out in flow cytometrydg@alibur) as follows: to 2L of TriTEST (CD3, CD4, CD45)
distributed to each trucount tube,0of whole blood are added. Five hundred micraditef the Lysing solution
(lyse cells) 1/10 diluted were added to each thia¢ had been homogenized and incubated for 15 miihe dark.
This (homogenization and incubation of tubes in dlagk) was repeated a second time, then trucolm@stare
placed on the rack of the device FacsCalibur aftdwird homogenization for lymphocytes CD4 counting
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Normal reference values for CD4 according to WHE &00-1750 cells/mPr(31-60 %).

The dosage of vitamins A and E was performed uklhgdetection in high performance liquid chromatqdma
(HPLC) gradient mode with a Waters® device aftdulsle vitamins extraction in hexane done away friaght.

The extraction and determination of vitamin concaiins were achieved in the following manner: @® 31L of
serum was added an equal volume of retinyl acéfatey /L), internal standard of the two vitamins [13]. The
mixture obtained after adding 300 pL of absoluteabl was centrifuged at 3500 rpm for 15 min. Aéeaporation
in nitrogen (pressure: 0.5 bar), 300 pL of methaarel added to the residue and the mixture 20 psidue -
methanol) was injected from the injection loop loé €18 column for the qualitative and quantitatieéermination
of vitamins [14].

The parameters recorded for the simultaneous asalyshese vitamins are the following: stationphase (reverse
phase) bonded silica (C18), mobile phase methaat#fw98/2, v/v), a flow 1.5 ml/min, column tempera 30°C,
detecting ultraviolet (UV) at 290 nm. Moreover, tihetection limits for vitamins A and E are 0.003/mgnd 0.2
mg/L, respectively.

Reference serum values are 0.1-0.5 mg /L for vita#nand 7.8 -12 mg/L for vitamin E [15].

Statistical Analysis

The analyses were realized by using graph pad pbistkemo software. The paired t-test was used tgaoen
means. A p-value < 0.05 was considered as statiigtisignificant. Percentages of vitamins reductiorinfected
population have been calculated by the ratio (difiee between mean values of HIV subjects and @losiibjects
divided by mean values of control subjects) mukiplby 100

Ethical considerations
Informed consent and ethical approval was obtafr@d participants and ethical committee respecivel

RESULTS AND DISCUSSION

Results

The serum mean value for retinol (vitamin A) wa@8+ 0.01 mg/L in population living with HIV (PLHIVagainst
0.14 £ 0.01 mg /L in control populations (p < 0.@DOFor vitamin E, it was 5.48 + 0.30 mg /L in ¢xah population
against 1.27 + 0.19 mg /L in PLHIV. Reduction levef vitamins A and E in PLHIV were 42.86 % and826%,
respectively (Figure 1).

Whatever the age, the average value of vitamin RIlMIV was 0.08 mg /L. However, the level of redantis
52.9% (the highest) in the age group of 26-49 yeaositrary to vitamin E, where the average valugegawith age
(P < 0.05) and the level of reduction was 88.84%héage group 16 - 25 years (Table 1, Figure 2).

The results indicate a deficiency of vitamin A d@adéh control subjects as well as in PLHIV (P< 0.0Bhus, 89 of
the 173 PLHIV have vitamin A deficiency againstiB3ontrol subjects, for vitamin E, 128 (74%) of N have
Vitamin E deficiency against 111 in control subge@4.16%) (Table 2).

By Sex, 84.85% (28) of male PLHIV are deficientvitamin A against 43.57 % (61) HIV+ female subjedibe
same goes for vitamin E that has touched 87.889382®f HIV" male against 70.71% (99 /140) of PLHIV females
(P =0.0001).

Considering the concentrations of vitamin A, therage value (0.08 mg /L) did not vary with age. ldoer, the
reduction rate of 52.9% (the highest) in the agmgr26 - 49 years. With vitamin E, there is a digant variation
(P < 0.05) according to age. The rate of reduatian 88.84 % in the age group of 16-25 years.

Based on sex, the average values are significart @®5). The reduction levels of vitamins A andie 82.17%
and 75.4% in HIV positive female against 55.55% 40& in HIV+ males, respectively.

Based on the level of CD4 lymphocytes, the valuksitamins A and E have all been lowered comparm@d t
reference values. They are not significantly défér(Pearson2 test = 0.01111 for vitamin E and 0.06 for Vitamin
A) (Table 3). Similarly, the values of average aamiations of micronutrients are not significantiether the
subjects are on ARV on not p > 0.05.
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Figure 1: Level of reduction in concentration of vitaminsA and E in HIV+ subjects

Table 1: Average concentrations level in vitamins Aand E according to age of HIV+ subjects

Vitamin A (mg/L) p* Vitamin E (mg/L)

*
Control PLHIV Control PLHIV P

Ages

16-25ans| 0.12+0.01 0.08+0.02 0.2121 4.5B6( 0.52+0.36] <0.0001

26-49ans| 0.17+0.02 0.08+0.01 <0.0001 6.8%8| 1.37+0.21] <0.0001

>50 0.13+0.02| 0.08+0.02 0.1214 6.94x1/64 *£PBO| 0.0005

* The difference is significant for p < 0. 05.

_/
>50 years . 81.70%
26 - 49 years ' 78.56%
16-25 years 88.84%
Control ' 0%
d
0% 20% 40% 60% 80% 100%

Figure 2: Level of reduction in concentration of vitaminE according to age of subjects
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Table 2: Distribution of people living with HIV based on their vitamins A and E status

o Type of populations

Vitamins PLHIV(n :p173)p| pCOntrol (n=173
Vitamin A
Deficiecy (< 0.35 mg/L) 89 (51.45%) 59 (34.10%)
Normal (0.1 - 0.5 mg/L) 84 (48.55%) 114 (65.90%
Vitamin E
Deficiency (< 7 mg/L) 128 (74%) 111 (64.16%)
Normal (7.8 -12 mg/L) 45 (26%) 62 (35.84%)

* PLHIV = people living with HIV

Table 3: Vitamins A and E concentrations based orymphocytes CD4

Vitamins concentrations
Lymphocytes | o i+ (n = 173)
CD4 Vitamin A (mg/L) | Vitamin E (mg/L)
> 500 cellules/mL 38 (21.97%) 0.06 £0.01 0.47 380.
350 - 499 cellules/mL] 25 (14.45%) 0.1+£0.01 20.&
200 - 349 cellules/mL| 59 (34.10%) 0.09+0.01 Qt9m31
< 200 cellules/mL 51 (29.48%) 0.08 £0.01 1.4 £20.3

* PLHIV = People living with HIV

DISCUSSION

The results of this study showed that approxima&l$o of HIV+ individuals have a deficiency of vitamA
against 74% for vitamin E. Moreover, the reductrate of 53% for vitamin A and 89% in the vitaminviere
obtained with the age group of 26-49 years and3.gears, respectively.

Regarding vitamin A, the average concentrationsl@amered and significant compared to control sutsiethese
results are consistent with those obtained by attssarchers in various regions. They also showlatk detween
the reduction of vitamin A and HIV infection [16 1 Tndeed, among all the micronutrients, the rdlgitamin A in
HIV infection receives the most attention in Afriggiven its involvement in the morbidity and esjpdlgi infants’
mortality. Indeed, its deficiency causes anemi@ahse retinol and retinoic acid are required fer shnthesis of
transferrin (protein transporting iron to the liveln addition, vitamin A deficiency increases theidence and / or
severity of many infections [8]. In general, vitamA deficiency and its reduction can be explaingdb inadequate
intake of food rich in this vitamin [18], poor alption [19], an inability to stockpile (due to livelisease) and use
or increased urinary loss of the vitamin duringtacand chronic infection [20,21] or a lack of trpod of this
vitamin in plasma by retinol binding protein (RBR2].

Average concentrations of vitamin A in 66% of cohsubjects were normal (0.14mg/mL). This obseoratiuled
out the hypothesis of a decrease in dietary vitaiin controls and HIV patients included in this study, because in
fact, according to our investigations, these pebpéein the same area and have the same eatiritshab

In addition, there is no significant difference Wweén the values of vitamin A concentrations of gra8 on ARV
therapy with CD4 200 and those of patients without antiretrovirahtment having the same CD4 count. We can
deduce that vitamin A deficiency cannot be linkedaking antiretroviral therapy.

In terms of vitamin E, in addition to the signifitareduction observed, the average concentratibtscopherol in
PLHIV are lowered significantly. These results amnsistent with those of some authors who showéata
decrease in serumtocopherol in patients infected with HIV [16,17]2Blowever, studies in the U.S. have shown
that high serum levels of vitamin E in the begimnaire associated with a slower progression of F2I.[

The average value of vitamin E in the control satgevho have almost the same eating habits anaglivi the
same study area as those of PLHIV is low (5.48 mdih addition, a high percentage of control sutgeeith
vitamin E deficiency (64.16%) were obtained. Phliggiecally, the main metabolic function of vitamin & an
antioxidant is its ability to prevent the oxidatiof lipoproteins and oppose the development of rad@erotic
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plague. Vitamin E may play an important role in thgulation of heme synthesis [25]. It works byvemgting the
chain reactions that generate free radicals. Vitainis necessary for the proper functioning ofithmune system
and enhances the humoral immune and cell-mediatedonse, including the production of antibodies] an
phagocytic cell responses and resistance to uifalciious diseases [26]. Oxidative stress createdHly and
opportunistic infections, increase the utilizatafrvitamin E and can lead to its deficiency. Thamiin E deficiency
weakens the immune system due to its role in sttimg immune function, and therefore people livingh
HIV/AIDS become more susceptible to opportunistifections [8]. Considering the CD4 lymphocytes, tasults
show that there is no relationship between vitamideficiency and low CD4 count. The same obseruatias
made in the study of Skurniokt al and those of Jonest al, made in 1996 and 2006, respectively [16,27].
Deficiency of vitamin E cannot be attributed toitakof antiretroviral therapy.

CONCLUSION

The decrease in concentrations of vitamins A anchdy be due to the increased utilization of theiticeaidant
properties on oxidative stress caused by the owdtmtion of free radicals in HIV infection. Thusg, addition to
triple therapy, which since January 2013 is recomaed to patients with a CD4 cell counB50 cells /mL in Céte
d'lvoire, it could also makes sense to integrateroniutrients supplementation to PLHIV once the HIV
seropositivity is declared. This will allow a bettbiological balance and for the purpose of impngvithe
functioning of the immune system and prolong thevigal of these people. For indeed, vitamin E ig af the few
micronutrients of which its supplementation at léigldoses than recommended daily levels increagesrimune
response and disease resistance [28].
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