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Abstract
Background: Exposure to environmental heavy metals predispose humans to health risks and hazards. Increased risks of
chronic diseases have been attributed to increased exposure to heavy metals. Studies have linked early onset of chronic
diseases in HIV-infected persons to exposure to heavy metals in the environment. Given the massive industrialization and
crude oil exploration in the Niger Delta, there is huge environmental pollution in the area. Objectives: The study sought
to evaluate the presence of blood lead, cadmium and vanadium (notable heavy metals associated with crude oil
exploration) levels of HIV-positive and HIV-negative volunteers in Port Harcourt, Niger Delta Nigeria. Materials and
Methods: The study evaluated the presence of lead, cadmium and vanadium in HIV-positive and HIV-negative
volunteers in Port Harcourt, Nigeria. Blood samples of a total of 100 subjects (60 HIV-positive and 40 HIV-negative
subjects) with age range 15->60 years were analysed using Solar Thermo Elemental Flame Absorption Spectrometer (S4
710). Results: Mean blood levels of lead, Cadmium and Vanadium obtained were 2.00±6.25; 1.70±11.20 and 0.03± 0.04
ppm respectively for HIV-subjects and 0.15±0.28, 0. 04±0.05, 0.01±0.02 ppm for HIV-negative subjects. Conclusions:
This study demonstrated that HIV-positive subjects had significantly higher levels of all the heavy metals compared to
HIV-negative persons thereby predisposing them to be more at risks of the metals.
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INTRODUCTION
HIV infection still remains a major public
health concern globally especially in sub-Saharan
Africa. Nigeria has the highest number of new
infections and as at 2015, bears the second highest
burden of HIV globally with an estimated number of
about 3.2 million people living with HIV [1]. The
current national prevalence is 1.4% declining from a
previous value of 4.1% with 1.9 million people living
with HIV/AIDS [2]. Rivers State, Nigeria ranks third
with a prevalence of 3.8% [3]. The introduction of
antiretroviral drugs for the treatment of HIV infection
changed the whole course of HIV/AIDS disease and
management such that many infected people now live
for extended period hence making HIV infection a
chronic disease. Antiretroviral therapy (ART) are
generally classified into first, second and third lines
with the choice of regimen dependent among other
things on potency, safety and interactions with other
medicines [4]. With the improved management of HIV
persons, non–communicable diseases have become
emerging health problems among this population [5].
Amongst the chronic diseases that have proven to be of

significant concern in HIV-infected persons are
diabetes, cardiovascular diseases, hypertension, renal
failure and HIV-related malignancies,5 with some of the
comorbidities accounting for over 50% of deaths
occurring in these group of persons on Antiretroviral
therapy (ART) [6, 7]. A study of the determinants of
these chronic diseases in this population is therefore
very important.
Environmental heavy metals predispose
humans to several health risks and hazards [8]. Studies
have linked early onset of chronic diseases in HIVinfected persons to exposure to heavy metals in the
environment [9, 10]. Increased risks of chronic diseases
have been attributable to increased exposure to heavy
metals and this could be worse for HIV-infected
persons whose immunity is already compromised.
Given the massive industrialization and crude
oil exploration in the Niger Delta, there is huge
environmental pollution. In Nigerian cities, various
environmental matrices namely air, soil and water are
known to be polluted by heavy metal leading to food
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contamination. Exposure to Cadmium (Cd) is primarily
through inhalation and ingestion of fruits and
vegetables due to its high rate of soil to plant transfer
[11]. Environmental pollution with heavy metals is
even more severe in some developing countries where
the economy has been prioritized over environmental
effects [12]. In his review, Orisakwe [13] highlighted
the increased incidence and prevalence of some
metabolic disorders that are of environmental
importance in Nigeria. Unfortunately, the health
implications of this heavy metal pollution are largely
ignored. Heavy metals lead, Cadmium and Zinc (Pb, Cd
and Zn) have also been associated with semen quality
with a significant association with increased seminal
fluid among HIV-infected men in China [14]. The
study sought to evaluate the presence of blood lead,
cadmium and vanadium levels of HIV-positive and
HIV-negative volunteers in Port Harcourt, Niger Delta
Nigeria. These heavy metals been associated with
crude oil exploration.

MATERIALS AND METHODS
The study was conducted in the ARV adult
clinic of University of Port Harcourt Teaching Hospital,
(UPTH) Port Harcourt, Nigeria and the Lulu Brigg’s
Health Centre, University of Port Harcourt, Port
Harcourt, Nigeria. Study population included HIVpositive persons receiving treatment at the ARV clinic
of UPTH. Patients were recruited and placed on
different regimens of highly active antiretroviral
therapy (HAART) and were screened for adverse drug
reactions. HIV-negative volunteers were recruited from
the University of Port Harcourt to serve as control
group. Informed consent and signed forms were
obtained from each participant prior to enrolment. All
aspects of this study were approved by the Ethics and
Research Committees of UPTH.
Inclusion criteria for the HIV-positive persons
included: HIV-positive and on antiretroviral (ARV)
therapy, attending the ARV clinic in UPTH and
willingness to participate. For the control group,
volunteers were recruited if they met the following
criteria: students who have been confirmed HIVnegative and willingness to participate.
Pretested self-administered well-structured
questionnaires were used to obtain relevant information
from the all participants. Data obtained included,

demography inclusive of area of residency, ARV drugs
as well as the regimen the patients are placed on.
Using sterile disposable syringe, 3mls of blood
were collected by venipuncture from the participants
into labelled 5 mL EDTA plastic bottles containing
K3EDTA as anticoagulant and stored in −20°C freezer.
Each 3 ml sample was transferred into 100 mL conical
flasks. Perchloric acid and nitric acid were added in the
ratio 1:3 as follows: 2 mL perchloric acid (70% v/v)
and 6 mL nitric acid (72% v/v). The conical flask was
covered with an evaporating dish and the mixture
digested at low temperature using a thermostated
Bitinett hot plate until a clear solution is obtained. The
digest was made up to 20 mL with deionized water in a
20 mL standard flask. Analysis of the sample for the
heavy metals (Pb, Cd, V) were carried out using Solar
Thermo Elemental Flame Absorption Spectrometer (S4
710) measured at 228.8-283.3nm [15].
Data analysis was done with Statistical
Package for Social Sciences (SPSS) software, version
20. Using descriptive statistics and graphical displays,
data were reported as mean ±standard deviation, unless
otherwise indicated. The p-value was set at 0.05
significant level.

RESULTS
Table 1 shows the demographic data of the
participants. One hundred volunteers HIV-positive
(n=60) and HIV-negative (n-40) participated in this
study. A greater percentage (68.3%) of the HIVpositive subjects were females. Demographic data of
the test group (HIV-positive) shows the age range of
participants were 20->60 years while for the control
group, the range was 19-39 years (Table 1).
Distribution of occupation for the test group is as
follows: Business people/Traders (65%), civil servants
(10%), self-employed (10%), students (8.3%) and
teachers (6.7%). All the participants from the control
group were students. With regards to education, in the
test group, the levels of education were 8.3%, 71.7%
and 20.0% for primary, secondary and tertiary
education respectively. All the participants reside in
different areas of Port Harcourt. The test group
participants receive HIV treatment from the ARV
Clinic of the UPTH on different regimens as shown
(Fig. 1). More than half of the participants are on the
regimen lamivudine, zidovudine and nevirapine
(3TC+ZDV+NVP), followed by lamivudine, abacavir
and efavirenz (3TC+ABC+EFV).
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Table-1: Demographic data for test and control groups.
Test Subjects
Control Subjects
Category
Frequency
Percent
Frequency
Percent
Gender
Male
19
31.7
35
87.5
Female
41
68.3
5
12.5
Total
60
100
40
100
Age
15-19
20-29
30-39
40-49
50-59
>60
Total

8
20
20
10
2
60

13.3
33.3
33.3
16.7
3.3
100

Religion
Christianity
Total

60
60

Marital status
Single
Married
Widowed
Total

20
39
1
60

19
18
3

47.5
45
7.5

40

100

100
100

40
40

100
100

33.3
65.0
1.7
100

40

100

40

100

Mean concentration (ppm)

Fig-1: Distribution of ARV regimens for the test group
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Fig- 2: Distribution of heavy metals’ concentrations VS ARV regimens

Legend: 3TC = Lamivudine; ZDV = Zidovudine; LPV/r; Lopinavir-ritonavir; AZV/r = Atazanavir-ritonavir; TDF =
Tenofovir; NVP = Nevirapine; ABC = Abacavir; EFV = Efavirenz
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Analysis of the results shows higher levels of
all the heavy metals in the test group people compared
to the control group. In all the values, there were
statistically significant differences between the samples
for all the metals (Table 2). A very large proportion

Lead (Pb)
Cadmium (Cd)
Vanadium (V)

(48/60:80%) of the test group had blood vanadium
levels exceeding the acceptable concentration compared
to the minimal (3/40:7.5%) of the control group that
exceeded the limit.

Table-2: Comparison of heavy metals in the two groups
Concentration of heavy metals (ppm)
p-value Acceptable limit
HIV-positive (n=60) HIV-negative (n-40)
2.00± 6.25
0.15 ±0.28
0.002
10 µg/dl
(0.1ppm)
1.70±11.20
0. 04 ±0.05
0.01
0.03-0.12 µg/dl
(0.0003-0.0012ppm)
0.03± 0.04
0.01 ±0.02
0.015
0.5 µg/L
(0.0005ppm)

Patients on 3TC + ZDV + LPV/r regimen had
the highest concentration of Pb in the blood. On the
other hand, those on 3TC+ZDV+ AZV/r regimen
recorded the highest concentrations of both cadmium
and vanadium (Fig. 2).

DISCUSSIONS
The association between heavy metals and
HIV-positive persons and the HAART has not been
widely studied especially in Nigeria. Relationship of
HIV infection and socio-economic status has long been
established and this is reflected in the higher prevalence
in poorer communities and this could possibly explain
the higher exposure of this vulnerable group of persons
to heavy metals [16]. Our present study was not able to
establish the socio-economic status of these patients;
however, National Bureau of Statistics shows that
Rivers State of which Port Harcourt is the capital had
an unemployment rate of 41.82% implying that 4 out of
every 10 persons in the state was not doing anything.
This could possibly be an influencing factor to the
increased exposure of these metals.
The present study evidently shows that blood
Cd levels in HIV-positives are higher than the
permissible limit of 0.03–0.12 μg/dl of Cd equivalent to
0.0003-0.0012ppm [17]. This is consistent with a
previous study which also reported a higher
concentration of Cd among HIV-infected persons
compared to their HIV-negative counterparts [18]. The
higher levels of the metals in the HIV-positives is in
consonance with a study in the U.S that established a
significant higher blood levels of Pb and Cd compared
to the HIV-negative counterparts [18]. An earlier study
in Benin City, Niger Delta region of Nigeria, also
reported higher levels of Pb, Cd, Hg and Nickel in HIV1 infected patients than their negative counterparts [19].
The study further reported a significant higher level of
Cd among the patients on HAART compared to the
HAART-naïve subjects. The higher levels of these
metals could be as a result of toxic effects of the metals
on the immune system as reported by Lehman et al, and
this could be more deleterious on HIV-patients who are

already immunocompromised [20]. These higher levels
can be contributory to the development of
cardiovascular diseases among HIV-infected patients
since this has been established in earlier studies [21].
Chronic cadmium exposure effects have been
established to occur mainly on the kidneys, lungs and
bones [22]. Earlier studies have suggested that HIV
infection predisposes the patients to reduced ability to
clear toxins as a result of impaired renal and liver
function with subsequent impaired detoxification,
thereby influencing the clearance of the metals from the
body even though the exposure may be similar [23, 24].
Byrne & Kosta reported blood vanadium
levels in healthy individuals to be below 0.5 μg/litre
(equivalent to 0.0005ppm) [25]. HIV-positive subjects
had higher levels of V compared to their HIV-negative
counterparts and these levels were higher than the
permissible limit. There has been increased use of
vanadium in the fields of science including jet air craft,
space technology and the manufacture of ultrafilter
glass for prevention of radiation injury as a result of its
hardness, resilience and its ability to form alloys [26].
As a result, there is increased Airborne vanadiumbearing articles due to petroleum refining, smelting,
welding which have been demonstrated to be associated
with hypertension, cancers, dysrhythmia and
inflammatory
diseases
[26].
The
massive
industrialization and crude oil exploration in the Niger
Delta, as mentioned earlier is a clear evidence of huge
environmental pollution with health implication of
increased exposure to vanadium.
With regards to Pb, there is not much evidence
on exposure levels to environmental pollutants among
HIV-infected populations. Pb whose route of
administration is either by inhalation, oral or dermal, is
a cumulative toxicant which affects multiple systems
including haematological, cardiovascular and renal
systems [27]. Additionally, Pb exposure can also be
through skin absorption and in Nigeria where leaded
gasoline/petrol is sold, this can be very significant [28].
The accepted limit of Pb in adults is 0-10 μg/dl [17].
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This study demonstrated that subjects with HIV had
significantly higher levels of blood lead compared to
those without HIV. This elevated level was highest in
the patients on the 3TC+ZDV+LPV/r regimen. Possible
explanation to higher blood levels of heavy metals in
persons with HIV is that exposures might be similar but
HIV infection may interfere with the body’s ability to
clear these toxins. This is because HIV infection and
the use of ART could impair renal and liver functions,
which may lead to impaired detoxification and might
further influence the clearance of heavy metals from the
body [23]. Furthermore, high mean blood levels of Pb
has been established as a toxicant that impairs renal
function in exposed subjects in a Port Harcourt study
[29]. Additionally, animal studies suggest a decrease in
cytochrome P450 function with Pb exposure [30].
Lamivudine, the main drug in the regimen is a
nucleoside reverse transcriptase inhibitor that is
metabolized via the cytochrome P450 and therefore
may have its metabolism reduced with increased Pb
exposure. The higher exposure to heavy metals
suggested in this study may also play an important role
in the development of these chronic diseases among
HIV-infected patients.
Limitations to the study
There was a significant difference between the
age of the test group and the control groups. There was
no separation between smokers or non-smokers among
the study participants hence the influence of smoke
could not be established. Despite the limitations, the
study was able to generate primary information on the
presence of heavy metals in HIV-positive patients in
comparison to the HIV-negative persons.
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