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Abstract

Introduction: Deficiencies of micronutrients play a  role in human immunodeficiency virus (HIV) 
infection and its severity. Identifying the micronutrient status would guide supplementation, thus al-
tering the disease progression and severity.
Material and methods: A cross-sectional hospital-based study was conducted in Southern India on 
hundred HIV-infected children. Estimation of serum micronutrient levels (zinc, copper, and iron) 
and comparison of the deficient micronutrients with clinical stages, immunological categories, CD4 
counts, and nutritional status was performed.
Results: Among 100 HIV-infected children, zinc deficiency was the most common (62%), whereas 
copper and iron deficiency was present in 2% and 1%, respectively. Mean age of children was 11.20 ± 
3.14 years, 52% were girls, 24% were malnourished, 76% were receiving antiretroviral therapy (ART), 
and four had CD4 counts < 200/mm2 indicating AIDS. Using Kruskalwallis test, serum iron levels  
(p = 0.000) and CD4 levels (p = 0.001) were significantly associated with clinical stages, while serum 
zinc levels (p = 0.043) and CD4 levels (p = 0.000) were significantly associated with various degrees 
of immune classification. Mean micronutrient levels did not correlate significantly with CD4 counts 
less than and greater than 350 by unpaired t test. Zinc deficiency did not correlate with clinical stag-
ing, immunological classification, nutritional status, and receipt of ART on multiple logistic regression 
analysis. 
Conclusion: In HIV-infected children, zinc deficiency was the most common and it did not correlate 
with clinical staging, immunological classification, nutritional status, and receipt of antiretroviral therapy. 
Hence, supplementation of zinc would be required along with initiation of ART.
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tract infections), and who were not willing to give consent were 
excluded from the study. 

For the selected study participants, their parents/guard-
ians were approached and explained about the objectives of 
the study in a language they understood, with a participant 
information letter provided. A written informed consent was 
obtained from each of the parent/guardian. Data collection 
was done using a semi-structured pretested proforma, which 
included details about demographic factors and medical his-
tory. Weight, length/height were measured using standard 
techniques. World Health Organization (WHO) growth 
charts [17] and Khadilkar growth charts [18] were used to 
assess nutritional status of children less than and greater 
than five years, respectively. Body mass index was calculat-
ed. Clinical staging and immunological staging of HIV was 
based on WHO staging for children and adolescents [19]. 

Micronutrients (zinc, copper, and iron) levels were esti-
mated on 3 ml of non-fasting morning venous sample after 
separation of serum by centrifugation. The kits used were 
from coral diagnostics (Tulip, Goa). The following assess-
ment techniques were used for estimation of micronutrients 
levels in blood: nitro-PAPS endpoint method, quantitative 
colorimetric copper determination at 354 nm, and iron col-
orimetric assay using ferrozyme for zinc, copper, and iron 
estimation, respectively. The micronutrient levels (zinc, cop-
per, and iron) below the lower limit of normal range for that 
specific age was considered as deficiency [20]. Data were 
analyzed using Statistical Package for Social Sciences (SPSS) 
version 16 software. Results were presented as mean ± SD, 
and median and interquartile range. Kolmogorov-Smirnov 
test evaluated the normality assumption for continuous vari-
ables. One way ANOVA and Kruskal-Wallis tests were ad-
opted for statistical analysis. Linear regression analysis was 
subsequently performed to identify predictors of micronu-
trient status among clinical stage, immunological stages, nu-
trition status, and ART, while controlling for gender and age. 
A p value < 0.05 was considered as statistically significant.

Results 
Clinicodemographic characteristics of the study popula-

tion have been depicted in Table 1. The mean age of HIV-in-
fected children in the study was 11.20 ± 3.14 years. The mean 
serum zinc, copper, and iron levels (µg/dl) were 70.47 ± 65.42, 
191.57 ± 106.26, and 195.39 ± 94.56, respectively. The mean 
serum CD4 counts were 762.45 ± 375.42. 

Micronutrient status of the study participants is shown 
in Figure 1, with zinc deficiency being the most common 
(62%). Zinc deficiency affected 56.45% of females in the study.  
HIV clinical stage 1, 2, and 3 diseases had documented zinc 
deficiency status in 54.83%, 33.87%, and 11.27%, respectively. 
The ‘none’, mild, advanced, and severe degrees of HIV immu-
nological classification had zinc deficiency status in 70.97%, 
12.90%, 8.06%, and 8.06%, respectively. This indicates that 
early clinical stages and the ‘none’ group of immunological 
classification had larger number of zinc deficiency status. 
Using Kruskal-Wallis test, serum zinc levels, and CD4 levels 

Introduction

In the world, India is ranked third for human immuno-
deficiency virus (HIV)-infected population, with an annu-
al birth of about 30,000 infected infants from an estimated 
100,000 infected women [1]. In India, people living with HIV 
in 2011 were estimated to be 20.88 lakhs, with approximately 
seven per cent being children less than 15 years of age [2]. 

Micronutrient deficiencies cause nutritionally acquired 
immunodeficiency syndrome, which contributes to CD4+ 
cells depletion, increasing susceptibility to opportunistic in-
fections [3, 4]. HIV progression leads to reduced absorption, 
increased utilization, and loss of micronutrients. Micronutri-
ent deficiency in turn increases the infectious disease mor-
bidity by affecting host defense, thus forming a vicious cycle  
[3, 5]. Therefore, a preventive/therapeutic use of micronutrients 
may reduce infectious/opportunistic disease morbidity and 
mortality among HIV children in developing countries [5]. 

Zinc is essential for DNA synthesis, cell growth, muco-
sal epithelization, wound healing [6], and immune response 
regulation [7]. Decreased zinc levels leads to susceptible oxi-
dative stress and impairment of cell function [8, 9]. Zinc is an 
integral part of catalytic and structural proteins of HIV, and it 
inhibits HIV replication by binding to the catalytic site of HIV 
protease [10, 11]. 

Copper modulates MHC class 2 expression and possess 
antioxidant activity. Iron contributes to free radical genera-
tion, DNA replication, protein synthesis, cell proliferation, 
and has a role in cellular metabolism [12]. 

Until recently, very few studies have been globally conduct-
ed on micronutrients status of HIV-infected children [13-15], 
with a single study from India [16]. The results obtained from 
these studies still remain inconclusive, as they are consider-
ably limited by small number of study participants. Here, we 
evaluated the micronutrient status of zinc, copper, and iron 
among HIV-infected children between the age group of two 
to 15 years, and compared their levels with clinical staging, 
immunological categories, nutritional status, CD4 count, and 
antiretroviral treatment for any significant correlation. 

Material and methods
This cross-sectional study was conducted from Novem-

ber 2013 till November 2014 at tertiary care referral hospitals 
in Southern India. Children with HIV, aged between two to 15 
years, who visited antiretroviral therapy (ART) center were in-
cluded. Sample size was calculated at 106 based on prevalence 
of zinc deficiency as 54.3% [13], with 80% power, 95% confi-
dence level, and 10% non-response rate. After obtaining an ap-
proval from the Institutional Ethics Committee (IEC) and the 
Karnataka State AIDS Prevention Society (KSAPS), necessary 
permissions were taken from the hospital authorities. Hospitals 
were visited for data collection. The study subjects were select-
ed using sequential (non-random) sampling technique. HIV 
children, who either had received supplements within a month 
prior to study or were presently on supplements, had presence 
of acute illness (acute febrile illness, acute diarrhea, respiratory 
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were significantly associated with various degrees of immune 
classification (Table 2). Serum iron levels and CD4 levels were 
significantly associated with clinical stages (Table 2). Using 
Student’s t test, CD4 levels were significantly associated with 
nutritional status (0.015); however, there was no association 
between serum micronutrients and CD4 levels. 

Seventy-six HIV-infected children were on ART. HIV 
clinical stage 1, 2, and 3 diseases had receipt of ART in 52.63%, 
34.21%, and 13.16%, respectively. The ‘none’, mild, advanced, 
and severe degrees of HIV immunological classification had 
receipt of ART in 76.32%, 10.53%, 7.89%, and 5.26%, respec-
tively. 

CD4 count ≥ 350 was present in 96.3% (52/54), 91.2% 
(31/34), and 41.7% (5/12) of HIV clinical stages 1, 2, and 3, re-
spectively. Three fourths (18/24, 75%) of underweight children 
and 92.11% (70/76) with normal nutritional status had CD4 
count ≥ 350. The mean micronutrient levels were found to be 
low in those with CD4 count less than 350, when compared 
with CD4 count greater than 350. However, by unpaired t test,  
p value was not significant. Zinc deficiency did not correlate 
with clinical staging, immunological classification, and nutri-
tional status by multiple logistic regression analysis (Table 3). 

Discussion
HIV infection and malnutrition form a  vicious cycle, 

with many reports on the influence of micronutrient defi-
ciency on viral load [21, 22], progression, and infectivity [22, 
23]. Therefore, maintaining normal micronutrients levels is 
important in HIV infection. In India, children under 15 years 
with HIV have increased from 1.42 lakhs (2007) to 1.45 lakhs 
(2011), with a growth rate of 0.49% [2]. Data on micronutri-
ent status among children below 15 years is limited. 

Zinc deficiency was most prevalent in this study. This 
is in corroboration with previous studies, where zinc defi-
ciency in HIV-infected children was found to be 54.3% [13], 
77.1% [14], and 60% [15], respectively. Earlier reports show 
that zinc plays an important role in modulating the function 
of HIV viral enzymes mainly integrase and proteases [10, 
11]. Hence, it can be proposed that advanced HIV infection 
is usually associated with chronic and recurrent infections, 
which predispose to zinc deficiency and vice versa. 

When HIV-infected children on highly active antiretro-
viral therapy (HAART) and not on HAART were compared, 
various studies have demonstrated mean serum zinc levels 
to be higher, with decreased prevalence of zinc deficiency 
in HIV children on HAART therapy, both these aspects 
being statistically significant [13-15]. Similar results were 
seen among adult HIV-infected patients [24]. However, on 
the contrary, Jones et al. [25] and Wellinghausen et al. [26] 
documented that zinc deficiency remains highly prevalent 
in HIV-infected adults on HAART. Siberry et al. [27] and 
Mocchegiani et al. [28] in their studies have shown HAART 
reduces viral load, opportunistic infections, improves im-
mune status, and general condition and thereby, decreases 
the number of HIV seropositive children with zinc deficien-
cy. Thus, there are varying results with serum zinc levels in 
HIV-infected children on HAART. 

Duration of treatment does not influence micronutri-
ent levels as per Ndeezi et al. [13], implying that HAART 
may protect against zinc deficiency, but cannot completely 
eliminate it, indicating that supplementation of zinc would 
be essential once HIV is diagnosed. As per Ndeezi et al. [13], 

Table 1. Demographic, clinical, immunological, and nutrition-
al status data among human immunodeficiency virus infect-
ed children (n = 100)  

Variable HIV-infected, n

Age, years

< 5 3

5-10 36

11-15 61

Gender

Males 48

Females 52

Clinical staging

Stage 1 54

Stage 2 34

Stage 3 12

Stage 4 0

Immunological classification

None 74

Mild 14

Advanced 7

Severe 5

Nutritional status

Normal 76

Underweight 24

Antiretroviral treatment

Yes 76

No 24

Figure 1. Micronutrient status levels in percentages (N = 100)
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of the 44 children on HAART, 13 (29.5%) had low serum 
zinc compared to 121 of 203 (59.6%) in the non-HAART 
group. This difference was statistically significant (adjusted 
OR 3.7 [95% CI: 1.8-7.7]). Contrastingly, in our study, of the 
76 children on ART, 53 (68%) had deficiency of zinc com-
pared to 9 of 24 (37.5%) children in the non-ART group;  
the difference was statistically significant with p value of 
0.017 between both the groups. Thus it probably implies that 
in our population,zinc supplementation should be initiated 
along with ART,since higher percentage of zinc deficiency 
was documented in HIV infected children who were on ART. 

Contrary to other studies [13-15], majority of our study 
population were in clinical stage 1 and 2, with few (12/100) 
having stage 3 diseases. Normal immunity (74%), advanced 
(7%), and severe immunosuppression (5%) was present in 
our study and was not concordant with previous studies [13-
15]. Prior studies [14, 15] have shown that, with a worsening 
status in the WHO clinical staging of HIV disease, there was 
reduction in mean serum zinc levels. Yarhere et al. [15] had 
found significant difference in mean serum zinc levels be-
tween subjects in stages 1 and 2, and those in stages 3 and 
4, with the latter having lower mean levels. However in this 
study, mean serum zinc levels in clinical stages did not show 
a  marked difference, with stage 1 group having the lowest 
mean (65.86 [58.25 SD]). From the above it is clear that zinc 
deficiency was more in the early stages, and also in none and 
mild categories of immunosuppression suggesting that zinc 
levels can be low even during early stages of the disease. If 
the zinc levels in the same population group are studied over 
a period of time, it may give better concepts. By multiple lin-
ear regression analysis, zinc deficiency did not correlate with 
clinical stage, immunological classification, and nutritional 
status. 

Zinc and copper are enzyme cofactors, with their plasma 
levels being regulated by metallothionein proteins. With this 
regulation, copper levels decreases as zinc levels increases and 
vice versa. Thus, copper supplementation should be done si-
multaneously with zinc supplementation. In our study, cop-
per levels were high in 74% cases and copper deficiency was 
present in two children. This is similar to study on adult HIV 
patients by Graham et al. [29]. Copper deficiency of 25% was 
reported among HIV-infected children by Eley et al. [30]. 

Table 3. Predictors of serum zinc in human immunodeficiency 
virus (HIV) infected subjects 

Predictors 
Serum zinc (n = 62) 

Coefficient (95% CI) p value 

HIV clinical stages 

Stage 2 0.039 (–10.61–14.09) 0.779 

Stage 3 0.328 (–9.16–50.31) 0.171 

HIV immunological classification 

Mild 0.132 (–8.05–23.13) 0.337 

Advanced 0.048 (–20.13–27.54) 0.757 

Severe –0.41 (–67.6–4.46) 0.085 

Undernourished 0.20 (–3.82–23.19) 0.157

Not on antiretroviral 
therapy

0.143 (–6.74–21.81) 0.305

Reference values*: clinical stage 1, none immunological classification, normal 
nutrition and on ART

Table 2. Comparison of human immunodeficiency virus (HIV) immunological classification and HIV clinical staging with CD4 
levels and serum micronutrient levels  

Variable
Immunological classification 

p
None (n = 74) Mild (n = 14) Advanced (n = 7) Severe (n = 5)  

CD4 levels;
median (IQR) 

855.50 (1,158) 405.50 (108)  314.00 (59) 47.00 (80) 0.000* 

Zinc levels;
median (IQR) 

57.06 (395) 64.82 (134) 44.70 (243) 18.25 (37) 0.043*

Copper levels;
median (IQR) 

181.45 (648) 180.70 (203) 150.30 (350) 126.30 (183) 0.555

Iron levels;
median (IQR) 

170.60 (514) 212.70 (386) 201.50 (311) 126.20 (142) 0.125

Variable
Clinical staging  

Stage 1 (n = 54) Stage 2 (n = 34) Stage 3 (n = 12) p

CD4 levels;
median (IQR)

826.00 (1,387) 622.50 (1,240) 712.00 (1,632) 0.001*

Zinc levels;
median (IQR) 

53.74 (243) 53.63 (395) 53.15 (395) 0.836

Copper levels;
median (IQR)

164.40 (648) 188.30 (514) 170.60 (674) 0.259

Iron levels;
median (IQR) 

167.80 (438) 211.95 (475) 174.80 (535) 0.000*
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Study by Swetha et al. [16] documented 51.4% of pa-
tients with deficiency in serum folate and iron levels, which 
were consistent with the low iron and folate dietary intakes. 
However in our study, iron deficiency was present in a single 
child; rest of the children had normal to high levels of serum 
iron, probably because of the diet they were on, the details 
of which were not assessed. Therefore, the reason for high 
serum iron levels could not be ascertained. 

The limitations of this study were the relatively small 
sample size and lack of follow-up. A longitudinal study would 
be more accurate regarding study changes in micronutrient 
levels with disease progression and severity. Since the study 
questionnaire did not have specific questions related to the 
diet of the study participants, the authors cannot comment 
on the type of diet consumed by the study participants. 

Conclusions
Our study showed that among micronutrients, zinc defi-

ciency was common in children with HIV, did not correlate 
with clinical stage, immunological classification, nutritional 
status, and receipt of ART. We suggest, in this population, 
that zinc needs to be supplemented with ART, even during 
early stages of HIV diseases.
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