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ABSTRACT

Background: Low concentration of trace elements has been associated with poor prognosis
and mortality in HIV infection.
Methods: A cross sectional study was conducted among 100 HIV-infected subjects (70 were
on ART treatment, while 30 were ART naive). Fifty (50) apparently healthy controls were
enrolled. Concentration of serum levels of zinc and copper was done using atomic absorption
spectrometric method, while complete blood count was determined using automated blood
analyzer. CD4* T-cell count was done using cyflow cytometer.
Aim and setting: The aim of this study was to investigate the level of some trace elements
and some hematological parameters of HIV-seropositive subjects attending University of
Calabar Teaching Hospital Clinic as well as prevalence of trace elements deficiency and
anemic status and compare same with HIV-seronegative control.
Results: Mean serum zinc, CD4* T-cell count, Hb, PCV, RBC, MXD, were significantly (p <0.05)
reduced in the HIV-infected subjects, while copper/zinc ratio, MCV, MCH and platelet count
were significantly (p<0.05) raised in the HIV-infected subjects. The serum Cu level was
comparable (p>0.05) with the control. ART treatment had no effect on all the parameters
assessed except CD4* T-cell count. Twenty five percent (25%), 3% and 56% of the HIV-infected
subjects were zinc deficient, copper deficient and anemic, respectively. Gender was found as
a predictor of zinc deficiency. Copper and zinc showed weak positive correlation with CD4*
T-cell count.
Conclusion: ART treatment did not complement zinc status in HIV infection while improving
CD4* T-cell count, hence the need to consider supplementation.
© 2018 Korea Institute of Oriental Medicine. Publishing services by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Trace elements are micronutrients that are essential for nor-
mal body metabolism.! They are required in minute amount
by living organisms. They are essential for the host defense
against infection? and act as activators in controlling biolog-
ical functions.? Changes in the levels of micronutrients and
its effects have been described in inflammatory responses,
cancer cases, as well as parasitic and viral infections.*® The
human immune function has been reported to depend on
nutritional status.”-® Serum trace elements such as copper and
zinc have been reported to be useful in the diagnosis of viral
hepatic disease.’

Zinc is an integral part of more than 200 enzymes (metallo-
enzymes) and play a crucial role in nucleic acid metabolisms,
cell replication, tissue repairs, and growth. On one hand, its
deficiency leads to severe alteration of the thymic function and
subsequent loss of T-cell-mediated responses and increased
susceptibility to infectious diseases.'®!! On the other hand,
copper functions as a scavenger of free radicals in biologi-
cal membranes and structures via its presence in cytosolic
erythrocyte superoxide dismutases.?

HIV/AIDS, despite the campaigns, has remained a public
health concern in Sub-Saharan Africa, where an estimated
25.8 million adults and children are infected.’® HIV patients
have a large variety of physiological alterations at every level
of the disease. These complications in synergy with related
pathologies give rise to different nutritional problems.'*

The present study sets off to investigate the usefulness of
copper, zinc, copper-zinc relationship and some hematologi-
cal parameters in managing HIV/AIDS patients.

2. Methods
2.1. Study design and subjects

In this cross-sectional study, a total of 150 subjects were
enrolled. Seventy (70) of these were HIV-infected subjects on
anti-retroviral therapy (ART), while 30 were HIV ART naive sub-
jects attending the HIV clinic, University of Calabar Teaching
Hospital. Fifty (50) apparently healthy HIV seronegative indi-
viduals were recruited as controls. All subjects were residents
in Calabar, Cross River State, Southern Nigeria. All subjects
were between the age range of 18-65 years. Ethical approval
was obtained from the University of Calabar Teaching Hospi-
tal Medical Ethics Committee. Informed consent was obtained
from the subjects prior to the study.

2.2. Blood collection

Blood samples were collected from the patients after overnight
fasting via the antecubital vein and separated into EDTA and
plain containers for complete blood count/CD4*T cell count
and micronutrient assay respectively. The blood samples in
plain container were centrifuged at 3500 x g for 10 minutes
to obtain serum. The complete blood count and CD4* T-cell
count were analyzed immediately while the sera for copper
and zinc analysis were frozen at —20°C and transported under

cold chain to international Institute of Tropical Agriculture,
Ibadan, Oyo State, Nigeria for analysis.

2.3. Complete blood count and CD4* T-cell assay

The complete blood count was performed using Sysmex KX-
21N by Sysmex Corporation Kobe, Japan. The analysis was
done following the manufacturers instruction. CD4* T-cell
count was analyzed using Partex cyflow cytometer by Partec
Cyflow, Germany. After booting the machine, 20 mL of CD4* T-
cell count PEmADb was added to a Rohren tube followed by 20 uL
of well-mixed EDTA blood sample. Both were mixed and incu-
bated in the dark for 15minutes at room temperature. This
was followed by addition of 800 pL of the CD4* T-cell count
buffer. The mixtures were mixed and read on the cyflow by
plugging the sample tube to the sample port of the cyflow.

2.4.  Determination of trace elements

The trace elements were assayed using atomic absorption
spectrophotometric method using atomic absorption spec-
trophotometer by Buck Scientific (Model 205), USA. One
thousand microliter of the serum were pipetted into the test
tubes followed by equal volume of 10% trichloroacetic acid
(TCA). Paraffin was used to cover the top of the tubes which
after mixing were left to stand for 10 minutes. The tubes were
than centrifuged. The supernatants were then transferred to
another tube using Pasteur pipette where they were then aspi-
rated into the spectrophotometer. Wave length of 324.8nm
and 213.9nm were used for copper and zinc estimations,
respectively.'® All other settings were operated under condi-
tions recommended by the manufacturers.

2.5.  Statistical analysis

Data were analyzed using SPSS version 22 Package (SPCC
Inc., Chicago, IL, USA). Categorical data were summarized
into frequency and proportions while continuous data were
expressed as means and standard deviations. One sample
Kolmogorov-Smirnov test was used to assess the normality
of the data. The complete blood count and trace element
values were normally distributed in both the test and con-
trol subjects, hence parametric procedure. Comparison of the
hematological parameters and serum trace elements between
the test and control were performed using independent t-test
while comparison among the various age ranges were per-
formed using one-way ANOVA. Logistic regression was used
to determine factors associated with copper and zinc defi-
ciencies. p-values less than 0.05 (p<0.05) were considered
statistically significant.

3. Result

The mean age of the HIV-infected subjects was 35.97 +10.32
years, while that of the control was 29.84+7.38 years.
Thirty five percent (35%) of the HIV-infected subjects were
males while the females constituted 65%. Of the 100 HIV-
infected subjects analyzed for zinc, copper, and hematological
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Table 1 - Demographic, Clinical and Trace Element Data

of HIV-infected Subjects and Healthy Control

Parameter HIV subjects Control
n=100 n=>50
Age 35.97 +£10.322 29.84+7.38%
Gender
Male 35 (35.00) 27 (54.0)
Female 65 (65.00) 23 (46.0)
Zinc deficiency® 25 (25.00) 0 (0.00)
Copper deficiency® 3 (3.00) 0. (0.00)
Anemia‘ 56 (56.00) 9 (9.00)
a8 Mean+S.D.
b Cutoff according to National Health and Nutrition Examination
Survey II.

¢ Cutoff according to Schneider et al (2017).
d Cutoff according to WHO Report (1989).8
Values in parenthesis () represents percentage (%).

Table 2 - Zinc, Copper, CD4* T-cells Count and

Hematological Parameters of HIV-infected and Control
Subjects.

Parameters Subjects p-value
HIV Subjects Control subjects
N =100 N=50
Mean + S.D. Mean £ S.D.
Hematology
CD#4 (cells/mL) 332.28+228.87 784.04+283.27 <0.01
Hb (g/dL) 12.10£1.95 13.75+1.62 <0.01
PCV (%) 38.05+5.50 43.49+4.78 <0.01
MCV (fL) 96.41+11.09 89.18+£6.57 <0.01
RBC (x10%?/L) 4.024+0.64 4.91+0.66 <0.01
MCH (pg) 30.40+4.76 28.23+2.59 <0.01
MCHC (g/dL) 31.29+1.91 31.63+1.19 0.19
WBC (x10°/L) 4.81+1.34 5.16+1.16 0.10
Platelet (x10%1) 241.24+83.24 212.72+62.10 0.02
NEUT (x10¥L)  2.22+0.99 2.18+0.87 0.81
LYM (x107L) 2.06+0.74 2.34+0.60 0.14
MXD (x10%L)  0.52+0.45 0.67+0.31 0.02
Trace elements
Zinc (pg/dL) 73.94+10.18 121.494+9.86 <0.01
Copper (ug/dL) 112.60+£9.47  106.8849.81 0.36
Cu/Zn ratio 1.89+1.65 0.93+1.11 0.03

N =absolute number; Hb=hemoglobin; PCV =packed cell volume;
MCV =mean corpuscular volume; RBC =red blood cell; MCH =mean
corpuscular hemoglobin; MCHC=mean corpuscular hemoglobin
concentration; WBC=white blood cell; NEUT=neutrophil;
LYM =lymphocyte; MXD = mixed cell; CD = cluster of differentiation.

parameters, 25(25%), 3(3%), and 56(56%) were zinc deficient,
copper deficient and anemic, respectively. Only 9% of the con-
trols were anemic (Table 1). The highest prevalence of zinc
deficiency 17/35 (48.57%) was found among the males while
the highest prevalence of copper deficiency 2/65 (3.08%) was
found among the females (Table 5).

Table 2 shows copper, zinc, CD4* T-cell count and some
hematological parameters of HIV-infected subjects and the
seronegative control. The CD4* T-cell count, hemoglobin (Hb),
packed cell volume (PCV), Red blood cell count (RBC), mean
cellhemoglobin (MCH), platelet count, mixed cells (MXD), zinc,

Table 3 - Zinc, Copper, CD4*T-cells Count and
Hematological Parameters of HIV-infected Patients on

Anti-retroviral Therapy and Those not on Anti-retroviral

Therapy
Parameters HIV subjects p-value
HIV subjects  HIV ART-naive
on ART subjects
(N=70) (N=30)
Mean + SD Mean £+ SD
Hematology
CD4 (cells/mL)  336.11+215.97 323.334+252.81 0.81
Hb (g/dL) 12.17+1.93 11.93+1.96 0.58
PCV (%) 38.54+4.93 36.89+£6.40 0.22
MCV (fL) 98.65+11.13 91.19+8.81 0.00
RBC (x10%2/1)  3.93+0.58 4.23+0.73 0.05
MCH (pg) 31.23+£4.92 28.47 +£3.65 <0.01
MCHC (g/dl) 31.44+1.88 30.96 +1.92 0.26
WBC (x10°/L) 476+1.4 492+1.16 0.56
Platelet (x10%/L) 237.54+79.34 249.87 +89.83 0.52
NEUT(x10°/L) 2.09+0.98 2.54+0.93 0.04
LYM (x10%/L)  2.13+0.79 1.90+0.57 0.11
MXD (x10%/L) ~ 0.51+£0.48 0.56+0.36 0.57
Trace elements
Zinc (ng/dL) 74.76 +10.04 72.024+10.25 0.23
Copper (ng/dL)  112.57 +9.10 112.62+10.11 0.98
Cu/Zn ratio 1.87+0.17 1.93+1.6 0.208

N =absolute number; Hb=hemoglobin; PCV =packed cell volume;
MCV = mean corpuscular volume; RBC =red blood cell; MCH =mean
corpuscular hemoglobin; MCHC =mean corpuscular hemoglobin
concentration; WBC=white blood cell; NEUT=neutrophil;
LYM =lymphocyte; MXD = mixed cell; CD = cluster of differentiation.

Cu/Zn ratio differ significantly between HIV-infected subjects
and seronegative control (p<0.05). Mean serum zinc, CD4* T-
cell count, Hb, PCV, RBC, and MXD, were significantly (p <0.05)
reduced in the HIV-infected subjects, while copper/zinc ratio,
MCV, MCH, and platelet count were significantly (p<0.05)
raised in the HIV-infected subjects. The serum Cu level was
comparable (p>0.05) with the control.

Table 3 shows zinc, copper, and CD4*T-cell count and some
hematological parameters of HIV-infected subjects on ART
and HIV-infected ART naive subjects. All parameters did not
differ significantly (p>0.05) excluding MCV and MCH (that
where significantly higher in the ART group) and RBC and
neutrophil count (that were significantly lower in the ART
group).

Table 4 shows the zinc, copper, and CD4* T-cell count of the
HIV-seropositive subjects based on duration of treatment. The
values did not differ significantly (p >0.05) among the various
durations of treatments.

Table 5 shows factors associated with zinc and copper defi-
ciencies when the variables were controlled by using logistic
regression. Gender was the only variable shown to be statisti-
cally significant as explanatory to zinc deficiency, while none
of the variables had an association with copper deficiency.

Serum zinc level showed a weak positive correlation
(r=0.226) with CD4*T-cell count (Fig. 1).

Serum copper level also showed weak positive correlation
(r=0.173) with CD4*T-cell count (Fig. 2).
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Table 4 - Zinc, Copper, CD4* T-cells and Some Hematological Parameters of HIV-infected Subjects Based on Duration of

Treatment
Parameters Duration of treatment p-value
0-2 years 3-5 years 6-8 years 9-12 years
(N=31) (N=24) (N=12) (N=3)
Mean £+ SD Mean £ SD Mean £ SD Mean £+ SD

Hematology
CD4 (cells/mL) 278.58 +171.25 355.04 +262.97 430.25+200.38 402.67 £247.13 0.04
Hb (g/dL) 12.51+1.82 11.95+1.28 12.03+£1.28 10.94+0.33 0.49
PCV (%) 39.50+4.81 38.00+5.83 38.03+3.00 35.00+0.94 0.38
MCV (fL) 100.26 +10.11 96.46 +£12.53 100.33+10.86 92.93+5.57 0.47
RBC (x10%%/L) 3.95+0.60 3.98+0.65 3.82+0.40 3.77+0.16 0.82
MCH (pg) 27.58+4.67 30.43+5.47 31.88+4.74 29.13+1.55 0.63
MCHC (g/dL) 31.48+11.92 31.33+11.35 31.58+10.37 31.33+10.17 0.98
WBC (x10°/L) 4.70+£1.58 4.81+1.42 4.61+0.83 5.53+1.61 0.78
Platelet (x10°/L) 233.32+75.19 246.76 £78.11 240.33+74.95 196 +76.38 0.75
NEUT (x10°/L) 2.06+0.94 2.11+1.16 1.93+0.53 2.87+201.78 0.53
LYM (x10°/L) 2.11+0.80 2.04+0.75 2.40+0.72 2.03+0.90 0.63
MXD (x10°/L) 0.35+0.55 0.57+0.43 0.3+0.34 0.63+0.24 0.41

Trace elements
Zinc (png/dL) 77.40 +£10.60 72.56 +8.98 72.72+9.83 73.10+11.66 0.28
Copper (ug/dL) 115.28 +4.35 101.80 4 9.00 99.70+9.56 97.7+9.56 0.17
Zn/Cu ratio 1.74+£0.17 1.70+0.16 1.67+0.18 1.69+0.19 0.90

N=absolute number; Hb=hemoglobin; PCV =packed cell volume; MCV =mean corpuscular volume; RBC=red blood cell; MCH=mean cor-
puscular hemoglobin; MCHC =mean corpuscular hemoglobin concentration; WBC =white blood cell; NEUT = neutrophil; LYM =lymphocyte;

MXD =mixed cell; CD = cluster of differentiation.

Table 5 - Factors Associated With Zinc and Copper Deficiencies in HIV Subjects

Parameters N. deficient (%) 0Odd ratio 95% CI p-value
Zinc
Continuous variables
Age 0.888 0.764-1.032 0.121
Hb 0.714 0.296-1.720 0.452
CD4 1.003 0.996-1.011 0.426
Categorical variables
Male 17 (48.57) 0.191 0.72-0.503 0.001
Female 8 (12.31)
Anemic 13 (23.21) 1.175 0.474-2.911 0.728
Nonanemic 12 (27.27)
CD4 < 200cells/mL 9 (28.13) 0.786 0.303-2.039 0.621
CD4 > 200 cells/mL 16 (23.53)
Copper
Continuous variables
Age 1.022 0.956-1.092 0.530
Hb 0.885 0.586-1.337 0.563
CD4 1.001 0.998-1.004 0.692
Categorical variables
Male 1(2.86) 1.085 0.254-4.630 0.913
Female 2 (3.08)
Anemic 3 (5.36) 0.583 0.137-2.477 0.465
Nonanemic 0 (0.00)
CD4 <200 cells/mL 1(3.13) 0.935 0.218-4.005 0.928
CD4 > 200 cells/mL 2 (2.94)

N = absolute number; Hb =hemoglobin; CD = cluster of differentiation.

4, Discussion

The present study demonstrated that HIV-infected subjects
had significantly lower zinc concentration when compared
with the control subjects. This observation is in agreement
with previous reports.'®'” This finding may be attributed to

high demand in zinc because HIV nucleocapsid and integrase
proteins that are essential for assembly of infectious virions
contain zinc fingers that require zinc for normal structure and
functioning.’®?° Zinc deficiency is associated with impaired
immune function?"?? and an increased susceptibility to infec-
tion. This assertion could be corroborated by the weak positive
correlation of copper to CD4*T-cell count observed in this
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Fig. 1 - Correlation between Zinc and CD4 T cells of HIV infected anti-retroviral drugs naive subjects.
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Fig. 2 - Correlation between Copper and CD4 T cells of HIV infected anti-retroviral drugs naive subjects.

study. More so, zinc deficiency may result due to malnutri-
tion. One of the factors responsible for malnutrition in an
HIV-infected person is reduced appetite, which could be due to
difficulty in ingesting food as a result of infections such as oral

thrush or oesophagitis caused by Candida, a common oppor-
tunistic infection in HIV-infected people and fever, side effects
of medicines, or depression. Poor absorption of nutrients may
be due to accompanying diarrhea which may be because of
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bacterial infections such as Salmonella or Mycobacterium avium
intercellular; viral such as CMV or parasitic infections such
as Giardia, Cryptosporidium parvum, and Enterocytozoon bieneusi;
due to nausea/vomiting as a side effect of medications used
to treat HIV or opportunistic infections. About 30-50% of HIV
patients in developed and nearly 90% in developing countries
complain of diarrhea and malabsorption.?® However, this find-
ing is at variance with report of Ndagije et al’* who reported
no significant difference in the zinc status of HIV-infected
children and non HIV-infected children. Although the exact
reason for this disparity is not clear, but it may be related
to the design of the study as both the HIV-infected and
non HIV-infected children were malnourished without fur-
ther stratification to determine the contributing role of disease
progression and malnutrition to the zinc status. This study
recorded zinc deficiency prevalence of 25% using cutoff value
of <70 ug/dL.? This finding is similar to previous report of
23% and 20% from studies in Germany?® and South Africa,”’
respectively, using 12.5 pmol/L (81.63 pg/dL) and 10.7 umol/L
(69.87 ng/dL) cut offs, respectively. However, this finding is
lower than 53% zinc deficiency among HIV subjects ear-
lier reported in Addis Ababa, Ethiopia?® using 10.7 umol/L
cutoff. Regional disparity in zinc intake may account for
the difference. The serum zinc level of the HIV-infected
ART-naive subjects was comparable to the HIV-infected sub-
jects on ART. This finding is in consonance with previous
report.’® The ART treatment and its duration seem to have
no effect on zinc level. Furthermore, the association between
gender and serum zinc level was statistically significant
(p<0.05). This shows gender to be predictor/risk factor of zinc
deficiency.

Serum copper in this study did not differ between
the HIV-infected subjects and the HIV seronegative sub-
jects. This finding is in consonance with another study in
Ethiopia'?. However, this observation is in contrast with pre-
vious reports'*?° that found significant higher serum copper
in HIV-seropositive subjects. This disparity might be due to
the fact that the seropositive subjects in the present study
were not stratified into stages of the diseases progression, but
rather, duration of treatment to ascertain if the majority of
the subjects were in the acute or chronic phase of the dis-
ease. Copper has been established as an acute phase reactant
and its level in serum have been shown to change signifi-
cantly in a range of acute and chronic infective, inflammatory,
and neoplastic processes owing to increased reproductive of
ceruloplasmin.®*3! Serum copper has been shown to return
to normality after overcoming the initial acute phase of the
associated disease.'* The present study observed a very low
copper deficiency among the HIV seropositive subjects (3%)
using <90 ug/dL*? cutoff. This finding is line with previous
study.>® ART treatment did not significantly affect copper sta-
tus of the HIV subjects. This findingis consistent with previous
study.>* We did not find any association between serum cop-
per and gender, age, anemic status, and CD4* status as risk
factors.

This study observed a significantly raised Cu/Zu ratio in
HIV-infected subjects when compared with the control. This
finding is in agreement with previous observation.*® This is
as a result of the markedly decrease in serum zinc and cor-
responding increase in serum copper. The concentration of

copper and zinc in the serum of healthy humans has been
reported to be proportional to each other but vary during
infection. The determination of the ratio has been consid-
ered helpful in diagnosing many diseases, observing their
transformations and reflecting the nutritional status of zinc
in human body better than its content in the serum.?>3¢
We did not find any difference between the Cu/Zn ratio of
the HIV-infected subjects on ART and HIV-infected ART-naive
subjects.

As expected, this study observed a significantly lower CD4*
T-cell count in the HIV-infected subjects when compared with
the control. This finding is consistent with older reports.”*’
This finding is reinforced by the progressive increase in CD4*
T-cell count as years of treatment increase. The hallmark
of HIV infection and subsequently AIDS pathogenesis is a
progressive depletion of CD4* T-cell populations in close asso-
ciation with progressive impairment of cellular immunity and
increasing susceptibility to opportunistic infections.3®

Hematological indices provide physiological information
on the blood picture and the reticuloendothelial system.*
This study observed significant reduction in the hemoglobin,
packed cell volume, total red blood cell count and significant
increase in the red cell indices (MCV and MCH) of the HIV-
seropositive subjects. This observation is in agreement with
report by another author.*° We observed anemia prevalence of
56% among the HIV-infected subjects using hemoglobin cutoff
of 12 g/dL and 13 g/dL for females and males, respectively.*!
This high prevalence of anemia observed in this study is
similar to previous findings of 60.1%,* 67.4%,** and 64.0%**
in other studies in Nigeria. In contrast, some authors have
reported higher values of 80%, and 71% in Nigeria* and
Iran,*® respectively. More so, lower values of 39%, 19%, 31%
and 12% have been reported for African American women,
white women, African American men and white men, respec-
tively in a study in United States.*® This disparity could be
attributed to racial difference.*® Anemia occurs often in HIV
seropositive humans, but its multifactorial origin complicates
its differential diagnosis and adequate treatment, hence, the
etiology often remains unclear.*’” Among the several attempts
to explain the mechanisms leading to anemia in HIV is postu-
lation of direct infection of the erythroid progenitors. However,
this explanation has remained a hypothesis without prove.
More so, soluble factors such as HIV proteins and cytokines
have been suggested to inhibit the growth of hematopoietic
cells in the bone marrow of HIV-infected patients. Further-
more, opportunistic complications may contribute to anemia
in large number of HIV-infected patients.*®

The limitation of the study is that the HIV-infected sub-
jects were not stratified based on phase of the disease, but
on the duration of treatment. Hence care should be taken in
extrapolating the findings.

In conclusion, this study demonstrated high level of zinc
deficiency and anemia. More so, the zinc status of the HIV-
infected subjects on ART treatment was comparable with
HIV-infected subjects that are ART naive. This showed that the
ART treatment does not complement zinc status rather than
the CD4* T-cell count of the HIV-infected subjects. ART treat-
ment centers on boosting the immune system as shown by
increased CD4* T-cell count, while the subjects may still suf-
fer zinc deficiency amid improved CD4* T-cell count. Hence,
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zinc supplementation should be considered while offering
ART treatment as well as consideration of prevalent anemia
to prevent zinc deficiency and anemia.
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