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Abstract

Introduction: The important role of nutrition in the pathogenesis of human immunodeficiency virus
type-1 (HIV-1) infection has not been sufficiently addressed in sub-Sahara Africa, where the preva-
lence of HIV infection is high. This study correlates copper-to-zinc ratio with activities of superoxide
dismutase and calculated neutrophil-to-lymphocyte ratio in HIV-1-infected subjects.

Material and methods: In the study, there were 120 confirmed HIV-1 positive subjects and 100 HIV-1
negative ambulatory healthy controls. Complete blood count, clusters of differentiation (CD4+) lym-
phocyte count, serum superoxide dismutase (SOD), catalase, copper, and zinc were evaluated using
hematology analyzer, FACS flow cytometer, enzyme-linked immunosorbent assay, and atomic absorp-
tion spectrophotometer, respectively. Correlation between the measured variables was completed us-
ing Pearson correlation coeflicient.

Results: Serum copper (p < 0.001), catalase (p < 0.05), and neutrophil-to-lymphocyte ratio (NLR)
(p < 0.001) were significantly higher, while serum zinc (p < 0.001) was lower in HIV-1 positive than con-
trol subjects. Copper/zinc ratio correlated with SOD (r = -0.228; p < 0.02), CD4* (-0.235; p < 0.02), and
NLR (r=0.198; p < 0.05) in HIV infected subjects.

Conclusions: Copper/zinc ratio correlated with NLR, SOD, and CD4* cell count. Because of the adverse
effects associated with imbalance of copper and zinc levels, nutritional status, antioxidant defense
mechanism, and inflammatory markers may be assessed periodically in HIV-1-infected patients.
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Introduction infection had advanced, and the introduction of anti-ret-
roviral therapy has greatly improved the prognosis and

Human immunodeficiency virus type 1 (HIV-1) isama-  reduced mortality of the infected individuals [3]. The vital

jor health challenge all over the world [1, 2], especially in  role of host nutrition in the pathogenesis of HIV infection
sub-Sahara Africa. The understanding of the biology of HIV  has not been adequately addressed especially in sub-Sahara
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Africa, where a large population of infected individuals live
below poverty level, hence nutritional deficiency is a major
challenge that needs to be adequately addressed. The im-
mune function of the human body is largely dependent on
nutritional status. Apart from immune-deficiency, which
is the hallmark of HIV infection, opportunistic infections
[4-6] inflammation and oxidative stress [7] are additional
disease burden that underscores the need for adequate nu-
trition in HIV infection. There are numerous studies that
had evaluated serum levels of copper and zinc in individuals
with HIV-1 infection [8-12], but evidence of the relationship
between copper/zinc ratio with markers of inflammation,
disease progression, and antioxidant enzymes are scare in
our setting.

The use of copper/zinc ratio as an important inflamma-
tory and nutritional marker has been advocated and in fact
used to predict all-cause mortality in several disease condi-
tions. An increase in the serum copper/zinc is a non-specific
reaction to inflammation. It was suggested that the serum
copper/zinc ratio is clinically of utmost importance because
it constitutes a tool to establish disease severity in chronic
illnesses [13, 14]. Serum copper and zinc are regulated by
metallothioneins such that when copper level decreas-
es, zinc level will increases, and vice versa. Their levels in
the body are lower in several disease conditions [15] and are
not disease specific, but follow a pattern of metabolism [16].
The interpretation of individual trace element level may be
problematic because their levels in serum may not reflect
their cellular status due to homeostasis control mechanism.
Therefore, the ratio may be preferred to better indicate their
levels in clinical practice [17].

Neutrophil-to-lymphocyte ratio (NLR) is used as a marker
of sub-clinical inflammation [18], and for general immune
response to various stimuli including HIV infection, sickle
cell anemia [19], and cancers [20-22]. Neutrophil-to-lym-
phocyte ratio was reported to be associated with severity
of clinical progress in severely ill patients [23]. In this study,
we used NLR as marker of inflammation in HIV-1-infected
subjects.

Superoxide dismutase (SOD) and catalase are enzymes
that belong to the anti-oxidant defense systems, helping
to scavenge free radicals generated in the body that could
cause damage to biomolecules. The antioxidant defense sys-
tem is extensive and made up of several steps that protect
against free radicals at different sites [24]. This study seeks to
evaluate the activities of SOD and catalase, levels of clusters
of differentiation (CD4"), serum copper, zinc, and calculated
NLR in HIV-1-infected subjects and correlates their levels/
activities with copper/zinc ratio.

Material and methods

This is cross-sectional, case-control, and laboratory-
based study of confirmed HIV-1-infected and healthy con-
trol subjects. The study participants who were consecutively
recruited included 120 confirmed HIV-1 positive individu-
als (40 males with mean age of 32.9 £ 0.4 years, and 60 fe-
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males with mean age of 30.5 + 0.4 years), and 100 HIV-1
negative (apparently healthy) individuals recruited among
staff and students of our institution (controls, 40 males with
mean age of 32.6 + 0.3 years, and 60 females with mean age
of 31.9 + 0.2 years).

Inclusion and exclusion criteria

All HIV-1 positive subjects registered at the HIV clinic
of Central Hospital, Benin City, Nigeria and willing to par-
ticipate in the study were included. All hemolyzed samples,
patients with lymphoma, rheumatoid arthritis, ulcerated
colitis, celiac, Menkes syndrome, and Wilson’s disease were
excluded.

Ethical consideration

The research protocol was reviewed and approved by
the Ethics and Research Committee of the Edo State Ministry
of Health (ethical code HM.1208/112, dated 12" May, 2016).

Informed consent was obtained from all participants and
utmost confidentiality of information was maintained.

Specimen collection and analytical
methods

Six milliliters of blood sample was collected by venous
puncture; 3 ml was dispensed into a plain tube, while the re-
maining 3 ml was emptied into bottle containing ethylene
diamine tetra-acetic acid (EDTA). The sample in the plain
container was allowed to clot at room temperature. The clot-
ted sample was centrifuged at 3000 rpm for 10 min, and
the serum was separated and kept frozen at —-20°C until an-
alyzed. The serum SOD and catalase (CAT) were assayed by
enzyme linked immunosorbent assay (ELISA) technique
using reagent kits supplied by Wkea Med Supplies Corp.,
Changchun, China. The experiments were completed ac-
cording to the manufacturer’s protocol.

The complete blood count and CD4* count were assayed
using the Coulter counter hematology analyzer (CELL DYE
3700, Abbott Diagnostics, Wiesbaden, Germany) and fluo-
rescence activated cell sorter (FACS flow cytometer) count
system, Lincolnshire, IL, USA, respectively. The NLR was
calculated by dividing the value of absolute neutrophil count
by absolute lymphocyte count obtained from complete blood
count. Serum copper and zinc levels were measured using
atomic absorption spectrophotometer (Atomic Absorption
spectrophotometer AA-680, Shimadzu, Japan). Both test
and standard concentrations were read in duplicate, and
their mean values were used for statistical comparison.

Statistical analysis

The data obtained from this study were analyzed using
SPSS version 21 (SPSS Inc., Chicago, IL, USA) for Windows.
The mean levels of measured variables and enzymes activi-
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Table 1. Levels of copper, zinc, copper/zinc ratio and anti-oxidant enzymes in HIV-1-positive

subjects compared with controls

e R HIV-1-positive subjects HIV-1-‘negative control e
(n=120) subjects (n = 100)

Serum catalase (ug/l) 14.9 + 0.85 11.5 + 0.05 0.05

Serum SOD (ng/ml) 1.61 + 0.01 1.81 + 0.02 0.001

Serum copper (ug/dl) 165.6 + 2.1 1411+ 24 0.001

Serum zinc (ug/dl) 775+ 1.9 96.5 + 1.5 0.001

Copper/zinc ratio 2.12 £ 0.02 1.45 £ 0.03 0.001

SOD - superoxide dismutase

Table 2. Comparison of complete blood count, CD4* cell count, and neutrophil-to-lymphocyte
level between HIV-1-positive and HIV-1-negative subjects

Measured parameters | HIV-1-positive subjects | HIV-1-negative subjects p-Value
PCV (%) 35.5+0.32 38.8 +0.50 0.001
Hb (g/dl) 11.8 £ 0.10 13.7 £ 0.09 0.001
Total WBC (x 10°/1) 5.8 +0.11 49 +0.15 0.001
Platelet count (x 10°/1) 262.0+ 7.5 307 + 8.5 0.01
Neutrophil (x 10°/1) 3.75 £ 0.09 2.51 £0.08 0.001
Lymphocyte (x 10°/1) 1.93 + 0.05 2.14 £ 0.07 0.005
NLR 1.93 £ 0.01 1.16 £ 0.02 0.001

PCV — packed cell volume, Hb — hemoglobin, WBC — white blood cell, NLR — neutrophil-to-lymphocyte ratio

ties were compared between cases and controls, while cop-
per/zinc ratio was correlated with NLR, SOD, catalase, and
CD4* cell count of HIV-1-infected subjects using Pearson’s
correlation coeflicient. A p-value < 0.05 was considered sta-
tistically significant.

Results

Table 1 shows the levels of copper, zinc, copper/zinc ratio
and antioxidant enzymes compared between HIV-1-infected
subjects and controls. Serum copper (p < 0.001), catalase
(p < 0.05), and calculated copper/zinc ratio (p < 0.001) were
significantly higher, while SOD and zinc level were signifi-
cantly lower (p < 0.001) in HIV-1-infected adults than con-
trol subjects.

The packed cell volume (p < 0.001), hemoglobin
(p < 0.001), platelet count (p < 0.01), and absolute lympho-
cyte count (p < 0.05) were significantly lower, while total
white blood cell count, absolute neutrophil count, and cal-
culated NLR were significantly higher (p < 0.001) in cases
than controls (Table 2).

Table 2 shows that copper/zinc ratio correlate nega-
tively with SOD (r = -0.228; 0.02) and CD4 (r = -0.235;
p < 0.02), while NLR (0.198; p < 0.05) correlated positively
in HIV-1 positive subjects. However, the correlation be-
tween copper/zinc ratio and catalase activity was not sta-
tistically significant.
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Discussion

Serum copper and zinc play important roles in immuno-
physiologic functions of the human body [6, 25, 26]. Zinc
is a co-factor for several enzymes and play critical roles
in nucleic acid metabolism, cell replication, tissue repair,
and growth. Copper on the other hand, is present in cy-
tosolic erythrocyte superoxide dismutase (Cu, Zn SOD),
which is an important antioxidant against superoxide
radical. Deficiency in their levels may lead to changes in
thymic function with resultant depletion of immunity,
inflammation, and increased susceptibility to infectious
diseases [25-27].

We observed significantly lower level of zinc, higher lev-
el of copper as well as elevated levels of calculated copper/
zinc ratio and NLR in HIV-1-infected subjects than controls.
The elevated level of copper/zinc ratio correlated with CD4*
count, SOD, and NLR.

The observed higher level of copper coupled with low-
er level of zinc in HIV-1-infected subjects is consistent with
previous studies [8, 28-32]. Whereas Neil et al. [32] report-
ed a significantly higher mean copper levels than controls,
Khalili et al. [33] observed significantly lower zinc levels in
HIV-infected subjects than controls. A significantly higher
level of copper, regardless of gender, was also reported by
Moreno et al. [34]. The authors suggested that copper may
be used as a surrogate marker of inflammatory diseases.
This observation was faulted by some authors who supposed
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Table 3. Correlation of copper-to-zinc ratio with antioxidant
enzymes and neutrophil-to-lymphocyte ratio in HIV-1-positive
subjects

Correlated variables R-value | p-value
Cu/Zn ratio/neutrophil-to-lymphocyte ratio | 0.198 0.05
Cu/Zn ratio/catalase 0.167 0.10
Cu/Zn ratio/superoxide dismutase -0.228 0.02
Cu/Zn ratio/CD4* cell count -0.235 0.02

that copper levels are not good markers of inflammatory
response because its concentration appears to reflect in-
teractions among different pathological processes [35].
Copper participates in low-density lipoprotein-cholesterol
(LDL-c) oxidation within artery walls, deficiency, and over-
consumption of copper can lead to atherogenesis [36, 37].
HIV-1 infection could adversely impact nutritional status
either by reduced food intake, impair absorption, and/or
increasing utilization of nutrients [8]. Arinola et al. [28]
attributed their finding of elevated copper level to the use
of unregimented measure in the treatment of diseases in
their environment. They suggested that most HIV-infect-
ed individuals seek all forms of unorthodox treatment
such as herbs and dietary advice [8]. Low levels of zinc
have long been reported to lower lymphocyte concen-
tration [38-40]. The imbalance in zinc and copper con-
centrations (high copper/zinc ratio) in HIV infection are
caused by impair utilization of zinc due to perturbation
in protein synthesis, decreased intestinal absorption, and
muscle wasting associated with HIV infection. Pinolic
acid, a derivative of tryptophan metabolism acts as zinc
binding ligand, and facilitates its absorption and distribu-
tion in the body [11].

Micronutrients deficiency is common in sub-Sahara
Africa, and may be a contributing factor to weakening
immune status and thus, exacerbating clinical manifesta-
tion of HIV-1 infection [41]. Micronutrients (particularly
copper and zinc) are important modulators of immunity
and could modify the risk of infection [42, 43]. The higher
levels of copper observed in HIV-1-infected subjects may
indicate a non-specific increase of copper-binding protein
caeruloplasmin [44, 45]. Plasma concentrations of caeru-
loplasmin and copper may increase as an acute-phase
response in several infectious diseases and inflammatory
conditions [46]. The higher copper/zinc value, as observed
in this study, is consistent with that of Malviya et al. [3].
They observed a significantly negative correlation between
copper/zinc ratio with CD4 cell count. The copper/zinc
ratio increased with decreasing concentration of CD4
cell count, while zinc level decreased with decreasing con-
centration of CD4 cell count. Some authors have utilized
copper/zinc ratio for the clinical evaluation of zinc defi-
ciency in several diseases [47]. In a study of HIV-posi-
tive homosexual men, it was concluded that copper/zinc
ratio > 1.0 may be associated with increased mortality [48].
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It was therefore suggested that the ratio may be used to
predict patient survival and disease progression in HIV
patients [48]. Results from our study tend to support pos-
sible use of copper/zinc ratio as a useful marker of HIV
activity and disease progression.

Copper/zinc ratio correlated positively with NLR ratio,
which may indicate the presence of subclinical inflamma-
tion in HIV-1 infection. A higher NLR was used as a pre-
dictor of cardiovascular (CVD) risk in HIV-infected indi-
viduals, independently of other traditional CVD risk factors
[49], predictor of mortality for non-AIDS defining cancer,
and for non-Hodgkin lymphoma in HIV-infected subjects
[50, 51]. HIV infection is a disease associated with chron-
ic inflammation and increased levels of inflammation; im-
mune activation and endothelial dysfunction biomarkers
have been reported [52, 53]. Neutrophil-to-lymphocyte ratio
is an emerging marker of systemic inflammation, which had
been observed to predict mortality in many disease condi-
tions [54, 55].

Copper/zinc ratio correlated negatively (r = 0.228;
p < 0.02) with SOD, while a non-significant correlation was
observed with catalase. This indicates that copper/zinc ratio
increased with decreasing activity of SOD in this study. Zinc
and copper act as co-factors for SOD, an important antioxi-
dant enzyme. Imbalance of these trace elements in the body
may affect the enzyme activity. This observation was verified
by other authors [56]. Such imbalance can contribute to ox-
idative stress, an imbalance in the generation of free radical
and availability of antioxidant protection mechanism, and
a situation that can compromise immune system and wors-
ened by HIV-1 infection [57, 58].

Conclusions

This study observed higher calculated copper/zinc
ratio, NLR, serum copper, and lower serum zinc levels in
HIV-1-infected subjects than controls. Copper/zinc ratio
correlated with NLR, SOD, and CD4* cell count. HIV-1 in-
fection and associated adverse effects of higher copper/zinc
ratio underscore the need to evaluate and monitor the nutri-
tional status, antioxidant defense mechanism, and inflam-
matory markers periodically in this patients. If the imbal-
ance is corrected, it may help to stop disease progression,
improve immunity, and reduce inflammation.
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