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ABSTRACT
Aim: To assess G-6-PD, Pyruvate kinase enzyme activity and some coagulation
parameters in HIV positive patients on antiretroviral treatment (ART) and those not on
antiretroviral treatments with varying durations of infection and Antiretroviral treatments.
Study Design: Case-control study
Place and Duration of Study: Nnamdi Azikiwe University Teaching Hospital Nnewi,
Nigeria from March to August 2013.
Methodology: We included 181 subjects; Sixty HIV patients on ART with infection and
ART duration of <1 – 5, >5 – 8 and >8 – 17 years; Sixty HIV patients not on ART with an
infection duration of <1 – 3, >3 – 6 and >6 – 11 years; and Sixty-one apparently healthy
individuals control. Glucose-6-Phosphate Dehydrogenase (G-6-PD) activity, Pyruvate
kinase (PK) activity, Activated Partial Thromboplastin time (APTT), Prothrombin time
___________________________________________________________________________________________
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(PT), Platelet count (PLT)and Human Immunodeficiency virus (HIV) status were
determined.
Results: G-6-PD, APTT and PT, for ART and non-ART were significantly higher (P<
0.05) compared with those of control. G-6-PD and PT were significantly higher in ART
subjects when compared with non-ART (P<0.05). There was no significant difference in
Pyruvate kinase activity and platelet count (P>0.05). G-6-PD activity was significantly
higher in ART subjects with HIV duration of >8 – 17 years than<1 – 5 years and >5 – 8
years (P< 0.05), and also in non-ART subjects with HIV duration of>3 -6 years and>6 –
11 years compared with<1 – 3 years (P< 0.05). G-6-PD activity was significantly higher
in ART duration of>8 – 17 years compared to ART durations of >5 – 8 years and <1 – 5
years (P< 0.05).
Conclusion: This study identified a significant increase in G-6-PD activity in HIV patients
in proportion to the duration of infection and therapy while APTT and PT were
significantly prolonged in HIV patients implying a derangement in the intrinsic and
extrinsic coagulation pathways.

Keywords: Pyruvate kinase; G-6-PD; HIV/AIDS; prothrombin time; activated partial
thromboplastin time.

1. INTRODUCTION
Human Immunodeficiency Virus (HIV) has emerged a global disaster ever since its discovery
[1]. According to National Agency for Control of AIDS (NACA), Nigeria recorded an HIV
prevalence of 3.4% in 2013 [2]. HIV/AIDS continues to spread globally and remains a
worldwide pandemic affecting over 40 million people [3] [4]. It is now the leading cause of
death in sub-Saharan Africa and the fourth leading cause of mortality worldwide and over
95% of these deaths occurred among young adults in the developing world [5]. Highly active
antiretroviral therapy (HAART) has generally been taken as the gold standard in the
management of HIV patients [6]. With its introduction in 1996, HAART appears to have
effectively controlled viral replication in HIV/AIDS patients and has successfully improved
their quality of life and prolonged their life-expectancy [7], with a near normal turnover of
both CD4 and CD8 T-cell populations [8].
Anaemia is prevalent among HIV/AIDS patients, it is said to be present in 10%-20% of
patients at initial presentation and in over 70% over the course of the disease [9]. It is certain
that the presence of anaemia in people living with HIV worsens the prognosis since it is
associated with progression to AIDS and shortened survival times for HIV infected patients
[10]. The lifespan of a normal red blood cell is 120 days, after which they are destroyed
within the Reticuloendothelial System [11]. However, in haemolytic anaemia which results
from increased destruction of red cells, the lifespan of red cells are shortened and the red
cells survive only a few days instead of a normal lifespan of 120 days, this is usually due to
either hereditary or acquired causes. One of the major causes of haemolytic anaemia is
defects within red cells from dysfunction of enzyme-controlled metabolism [11].
Glucose-6-Phosphate Dehydrogenase (G-6-PD) deficiency and Pyruvate Kinase (PK)
deficiency are the most common erythrocyte enzymopathies which usually results in
haemolysis of red cells [12]. According to previous study [11], in practice, these two
enzymopathies must be first excluded when haemolysis due to enzyme deficiency is
suspected. G-6-PD is a major enzyme of the Pentose Phosphate Pathway where it catalyses
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the oxidation of Glucose-6-Phosphate (G6P) with the simultaneous reduction of nicotine
adenine dinucleotide phosphate (NADP) to reduced NADP (NADPH). A defect in G-6-PD
enzyme activity and the resultant insufficient NADPH supply to the glutathione-antioxidant
system results in haemolysis in response to oxidative drugs, infections and conditions of
stress. Interestingly, HIV thrives in a highly oxidized environment and oxidative stress has
been reported to be involved in HIV infection [13]. Pyruvate Kinase deficiency (PKD) is the
most common erythrocyte enzymopathy involving the Embden-Meyerhof pathway of
anaerobic glycolysis [14]. Pyruvate kinase catalyses the conversion of Phosphoenolpyruvate to pyruvate in the erythrocyte, that results in the production of adenosine
triphosphate (ATP). Deficiency of Pyruvate kinase manifests clinically as a haemolytic
anaemia, but the clinical severity varies from a mildly compensated anaemia to severe lifethreatening manifestations that can require long term transfusion therapy and splenectomy
in early childhood [12,15]. The enzyme activity rate in most patients who are deficient is 5 –
15% of the normal activity.
Coagulation abnormalities in HIV may be caused by inherited factor deficiencies, acquired
factor deficiencies, or acquired inhibitors. Results from studies showed that HIV infection
affect haematological indices of patients regardless of age, sex and Highly Active
Antiretroviral Therapy (HAART). According to an earlier study [16], thrombocytopenia which
is known to complicate HIV infection may be as a result of increased platelets destruction or
decreased platelet production in subjects not on antiretroviral treatment (ART). This may
tend to affect the normal haemostasis such that the individual become predisposed to
bleeding tendency. This study, therefore, aimed at assessing G-6-PD, Pyruvate kinase
enzyme activity and some coagulation parameters in HIV seropositive patients on
antiretroviral treatment (ART) and those not on antiretroviral treatments with varying
durations of infection and Antiretroviral treatments in comparison to the seronegative
subjects (control).

2. METHODS
2.1 Study Site
This study was carried out at Nnamdi Azikiwe University Teaching Hospital (NAUTH) Nnewi,
Anambra State, a tertiary health institution serving patients of high, middle and lower socioeconomic status. It houses a major HIV/AIDS Centre (IHVN Clinic) serving patients from all
parts of the state and beyond, with a registered HIV Sero-positive patient population of over
6000.

2.2 Subject Recruitment
One hundred and eighty one (181) subjects aged between 18-60 years were recruited by
simple random sampling and categorized into three groups comprising; Sixty adult HIV Seropositive subjects on antiretroviral therapy (ART) - Lamivudine, Zidovudine, Nevirapine (30
males and 30 females), Sixty adult HIV Sero-positive subjects not on antiretroviral therapy
(25 males and 35 females) and Sixty-one adult Sero-negative control subjects (31 males and
30 females) respectively.
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2.3 Sample Collection
Eight millilitres (8mls) of blood sample was collected aseptically from the veins by
venepuncture and aliqoted as follows; Two millilitres (2mls) into a plastic bottle containing
0.22mls (220µl) of 3.2% Sodium citrate to give a final blood: citrate ratio of 9:1. The sample
was mixed properly by reverse uniform inversion and centrifuged within one hour at 3000rpm
for 10 minutes at room temperature. The clear plasma was separated into a clean dry plastic
container and used for Prothrombin time (PT) and Activated Partial Thromboplastin time
(APTT) determination. Three millilitres (3mls) was drawn into bottles containing di-potassium
salt of Ethylenediamine tetra-acetic acid (K2-EDTA) at a concentration of 1.5mg/ml of blood
and used for Glucose-6-Phosphate Dehydrogenase enzyme activity assay while three
millilitres (3mls) was drawn into plain sample bottles. Serum was obtained after clotting by
spinning at 3000rpm for 10 minutes and used for Pyruvate kinase enzyme assay and HIV
Screening. All the tests were carried out according to manufacturer’s instructions.

2.4 Statistical Analyses
The data obtained was analysed using Statistical Package for Social Sciences (SPSS
version 20). Data were expressed as mean ± SD. The significance of differences in mean
values between groups were analysed using t-test, while significance of the differences in
mean values among different groups was evaluated using one-way ANOVA. P<.05 was
considered statistically significant.

2.5 Laboratory Methods
2.5.1 Determination of HIV status
2.5.1.1 Determine HIV 1/2 assay
TM

The abbot Determine HIV ½ is an in vitro test kit, visually qualitative immune assay for the
detection of antibodies to HIV-1 and HIV-2 in human serum, plasma or whole blood.
2.5.2 Principle of the test
Determine HIV ½ is an immune chromatographic test for the qualitative detection of
antibodies to HIV-1 and HIV-2. Sample migrates through the conjugate pad, it reconstitutes
and mixes with the selenium colloid-antigen conjugate. This mixture continues to migrate
through the solid phase to the immobilized recombinant antigens and synthetic peptides in
HIV-1 or HIV-2. If HIV ½ were present in the sample, the antibodies bind to the antigenselenium colloid and to the antigen at the patient window side. Whereas if the antibodies to
HIV-1 and/or HIV-2 are absent, the antigen selenium colloid flows past the patient window
and no red line are formed at the patient window site. To ensure assay validity, a procedural
control bar is incorporated in the assay device.
2.5.3 Chembio HIV ½ stat-pak

TM

assay

2.5.3.1 Principle of test
TM

The Chembio HIV ½ STAT PAK
assay employs a unique combination of a specific
antibody-binding protein, which is conjugated to colloidal gold dye particles and HIV ½
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antigens which are bound to the membrane solid phase. The sample is applied through the
sample well followed by the addition of running buffer. The buffer facilitates the lateral flow of
the released products and promotes the binding of antibodies to the antigens. If present, the
antibodies bind to the gold conjugate antibody-binding protein. In a reactive sample, the dyeconjugate immune complex migrates through nitrocellulose membrane and is captured by
the antigens immobilized in the test (T) area. The sample migrates along the membrane and
produces a pink/purple colour on the control (C) area containing immunoglobulin antigens.
This control serves to demonstrate that specimens and reagents have been applied properly
and have migrated through the device.
2.5.4 Glucose-6-phosphate dehydrogenase (G-6-PD) enzyme assay (as described by
the manufacturers of the kit; randoxlaboratories LTD UK)
2.5.4.1 Principle of test
The enzyme activity is determined by measurement of the rate of absorbance change at
+
340nm due to the reduction of NADP
2.5.5 Pyruvate kinase enzyme assay (as described by the manufacturers of the kit;
Sigma-Aldrich Co LTD US, 2012)
2.5.5.1 Principle of test
The Pyruvate Kinase Activity assay kit which provides a simple and direct procedure for
measuring Pyruvate kinase activity determines the pyruvate concentration by a coupled
enzyme assay, which results in a colorimetric (570nm) product that is proportional to the
pyruvate present. One unit of Pyruvate kinase is the amount of enzyme that will transfer a
phosphate group from Phospho-enolpyruvate (PEP) to ADP to generate 1.0 µmole of
pyruvate per minute at 25°C.
2.5.6 Prothrombin time (PT)[17]
2.5.6.1 Principle of test
In the presence of calcium ions, tissue thromboplastin initiates the extrinsic coagulation
pathway by the direct activation of factor VII to VIIa. This culminates in the conversion of
soluble Fibrinogen to insoluble Fibrin by the direct action of Thrombin. Reduction in the
concentration of clotting factors of the extrinsic or common pathway will result in the
prolongation of the PT, the degree of which is proportional to the level of concentration
reduction.
2.5.7 Activated partial thromboplastin time (APTT) [18]
2.5.7.1 Principle of test
It is a measure of the combined effect of the clotting factors of the Intrinsic and common
coagulation pathways. It represents the ultimate refinement in which Platelet activity is
standardised by the use of platelet substitute and contact activation is standardised by preincubation of the plasma with the Kaolin platelet substitute mixture for a standard time before
re-calcification. It will reflect deficiencies of any of the factors of the intrinsic or common
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clotting pathways (factors II, V, VIII, IX, X, XI, XII and Fibrinogen) and is therefore a valuable
ancillary screening test.
2.5.8 Platelet count
Platelet count was done by automation using Sysmex automated haematology analyser KX
21N model manufactured by Sysmex Corporation Kobe, Japan.
2.5.8.1 Principle of test
The aspirated blood samples is measured to a predetermined volume, diluted at the
specified ratio and then fed into each transducer chamber which has a minute aperture
which also contains the electrodes in which direct current flows. Blood cells suspended in
the diluent sample pass through the aperture causing direct current resistance to change
between the electrodes and the blood cell size is detected as electric pulses. Blood cell
count is calculated by counting the pulses and the histogram determined by the pulse sizes.

3.RESULTS AND DISCUSSION
The comparison of the mean values of G-6-PD, PK, APTT, PT and PLT between male and
female subjects on ART, not on ART and controls shows no significant difference (P> .05).
Table 1shows that there are a total of 181 subjects, comprising 95 female and 86 male
subjects. Out of the 95 females 30 (31.6%) were on ART, 35 (36.8%) were non-ART and 30
(31.6%) were control subjects. Similarly, of the 86 males 30 (34.9%) were on ART, 25
(29.1%) were non-ART, and 31 (36%) were control subjects.
Table 2 shows that G-6-PD activity was significantly higher in both ART and non-ART group
when compared with the corresponding values in the control (P< .05). Similarly, APTT were
significantly higher in ART and non-ART compared with the control (P< 0.05). Moreover,
Prothrombin time (PT) was also significantly higher in ART and non-ART compared with the
control (P<.05). Likewise, G-6-PD was significantly higher in ART compared with non-ART
(P<.05). Similarly PT in ART was significantly higher than the corresponding value in nonART (P<.05). However, no significant difference was observed in the mean values of
Pyruvate kinase (PK) and Platelets (PLT) between ART, non-ART and the control group
(P>.05).
Table 3 shows that G-6-PD was significantly higher in ART duration of >8 – 17 years
compared to ART durations of >5 – 8 years and <1 – 5 years(P<.05). Group comparison
showed that the mean value of those with ART duration of <1 – 5 was significantly lower
compared with ART duration of >8 – 17 years (P<.05) while that of >5 – 8 years was also
significantly lower compared with >8 – 17 years (P<.05), but comparison of group <1 – 5
years and >5 – 8 years showed no statistical significant difference (P>.05). The mean ± SD
of PK, APTT, PT and PLT for ART duration of <1 – 5 years, > 5 – 8 years and > 8 – 17 years
showed no statistical significant difference (P<.05).
Table 4 shows that G-6-PD was significantly lower in ART subjects with HIV duration of <1 –
5 years and >5 – 8 years when compared with the >8 – 17 years group (P<.05). However,
comparison of G-6-PD activity for subjects with duration <1 – 5 years and >5 – 8 years
showed no significant difference (P>.05). Moreover, no significant difference was observed
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among <1– 5 years, >5–8 years and >8–17 years duration in PK, APTT, PT and PLT
(P> .05).
Table 5 shows that G-6-PD was significantly higher in non-ART subjects with HIV duration of
>3 -6 years and>6 – 11 years compared with <1 – 3 years (P<.05) while the mean values of
PLT was significantly higher in <1 – 3 years duration than >6 - 11 years duration (P<.05).
However, no difference was observed in the mean values of PK, APTT and PT among <1 –
3 years, >3 – 6 years and >6 – 11 years respectively (P> .05).
Table 1. Sex demographic characteristics of the HIV seropositive on ART, not on ART
and HIVnegative control subjects
Group
ART
Non-ART
Control
Total

Females
Number
Frequency (%)
30
31.6
35
36.8
30
31.6
95
100

Males
Number
Frequency(%)
30
34.9
25
29.1
31
36
86
100

Total
number
60
60
61
181

Table 2. Mean ± SD of red cell enzymes and coagulation parameters compared
among HIV seropositive on ART, not on ART and HIV negative control subjects
Groups
(A) ART(n=60)
(B) Non-ART(n=60)
(C) Control(n=61)
F (P) Values
A vs. BP values
A vs. CP-values
B vs. CP-values

9

G-6PD(mU/10
RBC)
430.28±396.95
282.63±181.47
82.90±61.47
28.57(.00*)
.03*
.00*
.00*

PK (mU/ml)

APTT(Sec)

PT(Sec)

38.80±16.55
41.13±13.20
44.20±15.90
1.90 (.15)
.67
.17
.48

42.37±2.60
41.15±3.68
37.07±2.00
57.98(.00*)
.10
.00*
.00*

19.45±2.29
18.22±1.76
16.54±1.77
33.88(.00*)
.00*
.00*
.00*

PLT(X
9
10 /L)
271±143
284±116
246±140
1.22 (.30)
.85
.61
.25

*Significant at P ˂ .05Key:F (P) value = Mean ± SD of parameters compared among HIV seropositive on ART, not
on ART and HIV negative control subjects using ANOVA.A vs. B: (P) value = Mean ± SD of parameters compared
between HIV seropositive on ART and not on ART using t-test.A vs. C: (P) value = Mean ± SD of parameters
compared between HIV seropositive on ART and HIV negative control subjects using t-test.B vs C: (P) value =
Mean± SD of parameters compared between HIV seropositive not on ART and HIV negative control subjects

Table 3. Mean ± SD of parameters compared for the seropositive on ART based on
duration of antiretroviral therapy
Duration (years)
(A)˂ 1 – 5(n =23)
(B)˃ 5 – 8(n =25)
(C)˃ 8 – 7(n=12)
F (P) Values
A vs. B:P-values
A vs. C:P- values
B vs. C:P- values

9

G-6PD(mU/10
RBC)
439.99±71.70
418.00±255.13
759.83±380.24
7.25 (.00*)
.36
.01*
.03*

9

PK(mU/ml)

APTT(Sec)

PT(Sec)

PLT(X 10 /L)

38.35±15.39
40.00±17.40
37.17±18.14
0.13 (.88)
.94
.98
.90

42.43±2.27
42.12±3.06
42.75±2.26
0.25 (.78)
.91
.92
.76

19.22±2.32
19.72±2.53
19.33±1.78
0.30 (.74)
.75
.99
.85

278.78±59.71
281.12±58.32
233.83±52.57
0.49 (.62)
1.00
.45
.38

*Significant at P˂ .05Key:F (P) value = Mean ± SD of parameter compared within Seropositive on ART based on
duration of antiretroviral therapy using ANOVA.A vs. B: (P) value = Mean ± SD of parameters compared between
Seropositive patients on ART with ˂ 1 – 5 years and ˃ 5 – 8 years on antiretroviral therapy using t-test.A vs. C: (P)
value = Mean ± SD of parameters compared between Seropositive patients on ART with ˂ 1 - 5 years and ˃ 8 – 17
years on antiretroviral therapy using t-test.B vs. C: (P) value = Mean ± SD of parameters compared between
Seropositive patients on ART with ˂ 5 – 8 years and ˃ 8 – 17 years on antiretroviral therapy using t- test
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Table 4. Mean±SD of red cell enzymes and coagulation parameters compared for HIV seropositive on art based on duration
of HIV infection
Duration (years)
(A) ˂ 1 – 5(n =17)
(B) ˃ 5 – 8(n = 26)
(C) ˃ 8 – 17(n = 17)
F (P) Values
A vs. B:P-values
A vs. C:P-values
B vs. C:P-values

9

G-6PD (mU/10 RBC)
430.85±270.29
340.08±307.52
728.24±336.04
8.60 (.00*)
.83
.01*
.00*

PK (mU/ml)
36.94±16.10
41.69±16.70
36.24±17.06
0.70 (.50)
.62
.99
.56

APTT (Sec)
42.35±2.42
42.12±2.60
42.76 ± 2.86
0.31 (.73)
.95
.89
.73

PT (Sec)
19.41±2.29
19.15±2.43
19.94±2.11
0.60 (.55)
.93
.77
.50

9

PLT (X 10 /L)
277±179
279±159
252±62
0.21 (.81)
1.00
.85
.70

*Significant at P˂ .05Key:F(P)-value = Mean ± SD of parameters compared within HIV seropositive on ART based on duration of HIV infection using
ANOVA.A vs. B: (P) value = Mean ± SD of parameters compared between HIV seropositive on ART whose duration of infection is ˂ 1 – 5 years and
˃ 5 – 8years using t-test.A vs. C: (P) value = Mean ± SD of parameters compared between HIV seropositive on ART whose duration of infection is
˂ 1 – 5 years and ˃ 8 – 17 years using t-test.B vs. C: (P) value = Mean ± SD of parameters compared between HIV seropositive on ART whose
duration of infection is ˃ 5 – 8 years and ˃ 8 – 17 years using t-test

Table 5. Mean ± SD of red cell enzymes and coagulation parameters compared for HIV seropositive not on ART based on
duration of HIV infection
Duration (years)
(A) ˂ 1 – 3(n = 31)
(B) ˃ 3 – 6(n = 19)
(C) ˃ 6 – 11(n = 10)
F(P) Values
A vs. B:P-values
A vs. C:P-values
B vs. C:P-values

9

G-6PD (mU/10 RBC)
155.32±98.70
403.21±125.15
448.20±187.36
33.71 (.00*)
.00*
.00*
.78

PK (mU/ml)
43.39±14.26
39.26±11.29
37.70±13.14
0.98 (.38)
.45
.49
.95

APTT (Sec)
41.26±3.43
41.58±3.39
40.00±4.99
0.62 (.54)
.94
.74
.65

PT (Sec)
18.35±1.87
18.16±1.74
17.90±1.52
0.26 (.77)
.93
.72
.91

9

PLT (X 10 /L)
308±117
269±131
236±57
1.73 (.19)
.54
.04*
.62

*Significant at P˂ .05Key:F (P) value = Mean ± SD of parameters compared within HIV seropositive not on ART based on duration of HIV infection
using ANOVA.A vs. B: (P) value = Mean ± SD of parameters compared between HIV seropositive not on ART whose duration of infection is ˂ 1 – 3
years and ˃ 3 – 6 years using t-test.A vs. C: (P) value = Mean ± SD of parameters compared between HIV seropositive not on ART whose duration
of infection is ˂ 1 – 3 years and ˃ 6 - 11 years using t-test.B vs. C: (P) value = Mean ± SD of parameters compared between HIV seropositive not on
ART whose duration of infection is ˃ 3 – 6 years and ˃ 6 – 11 years using t-test
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4. DISCUSSION
HIV infection is characterised by alteration in enzyme activity, haematological and
coagulation parameters in both antiretroviral therapy (ART) and non-antiretroviral therapy
(non-ART) patients. The results of this study showeda normal Pyruvate kinase enzyme
activity coupled with a significant increase in Glucose-6-Phosphate Dehydrogenase enzyme
activity in HIV seropositive subjects compared with the control subjects Table 2. The
increase was in association with HIV infection duration >8-17years (ART), >3-11 years (nonART) and ART duration of >8-17years Tables 3-5. Reticulocytes has been demonstrated to
have an increased G-6-PD enzyme activity [19], thus in the absence of reticulocytosis, the
increased activity of G-6-PD seen in this study could be a compensatory response to the
deficiencies of the erythrocyte antioxidant system in HIV infection. This plays an important
role in the cell defence against oxidative damage to the cell by modulating intracellular redox
status. This is supported by the discovery of an increase in oxidative stress and altered
glutathione ratio (GSH/GSSG) in HIV infection [20], coupled with reduction in glutathione and
glutathione peroxidase enzyme activity leading to disruption of redox balance [21]. This
places an unbearable burden on the antioxidant system mediated by glutathione and other
antioxidant enzymes. In erythrocytes this depends heavily on NADPH produced by G-6-PD
for their antioxidant activities. Thus with this increased heavy burden of oxidants, G-6-PD
activity could have increased to meet up with the perceived deficiencies and restore the
redox balance. Also, increased expression of similar enzymes like Catalase [22] and
superoxide dismutase [23] due to oxidative stress during HIV infection has also been
documented.
The significant increase in G-6-PD activity also seen in seropositive subjects on ART
compared with seropositive not on ART Table 2 could also be attributed to an increased
oxidative stress. Antiretroviral therapy has been found to generate reactive Oxygen specie
(ROS) which provokes the onset of more oxidative stress in HIV infection [24]. Increased G6-PD activity in those on ART was observed to be associated with HIV infection duration
of>8-17years and ART duration of >8-17years suggesting an increased oxidative stress
Tables 3-4.
Activated Partial Thromboplastin time (APTT) and Prothrombin time (PT) were significantly
higher in HIV seropositive subjects when compared with the control subjects (Table 2). This
signifies that both the intrinsic and extrinsic coagulation pathways are deranged in HIV
infection. This is in conformity with the earlier findings in HIV patients [25]. The higher PT
and APTT values could be due to various abnormalities seen in HIV patients especially
antiphospholipid antibody [26]. Antiphospholipid antibodies have been detected in HIV
patients and are found to be directed against phospholipid moieties, and thus interfere in
vitro with the action of the thromboplastin used in the test [27]. Deficiencies of coagulation
factors, majority of which are produced in the liver, are detected using APTT and PT test.
APTT and PT values were also significantly increased in HIV seropositive subjects on
antiretroviral therapy compared to the control subjects (Table 2). This could be due to
hepatotoxicity of some antiretroviral drugs such as Nevirapine [28], which formed part of the
drug regimen for some of the research subjects recruited. PT was also significantly
increased in HIV seropositive subjects on ART than those not on ART (Table 2). This agrees
with previous findings [29]. This could be as a result of acquired factor VII deficiency
secondary to liver damage, since factor VII is the only coagulation factor deficiency that PT
detects which cannot be detected by APTT.
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Platelet count was found to be decreased in non-ART seropositive subjects with HIV
infection duration >6-11years (Table 5). This could be linked to previous findings which
reported a predominance of thrombocytopenia due to increased platelet destruction and
decreased platelet production in HIV subjects [16]. No significant difference was observed
when values for G-6-PD, Pyruvate kinase, PT, APTT and Platelet count were compared
between the male and female ART, non-ART and control subjects.

5. CONCLUSION
The result of this research work showed that Glucose-6-phosphate Dehydrogenase enzyme
activity was significantly increased in HIV seropositive patients in association with HIV
infection duration of >8-17years (ART), >3-11years (non-ART) and ART duration of >817years.Moreso, a significant increase was observed in HIV seropositive subjects on ART
when compared with HIV seropositive not on ART. Pyruvate kinase enzyme activity was not
significantly affected in HIV subjects in comparison with the seronegative subjects (control).
Both the intrinsic and extrinsic haemostatic mechanisms were negatively affected.

6. FUNDING
This research did not receive any specific grant from any funding agency in the public,
commercial, or non-profit sector.

CONSENT
The aim and details of the study was explained to the subjects and a written informed
consent obtained before they were recruited for the study.

ETHICAL APPROVAL
Ethical approval was sought and obtained from the Nnamdi Azikiwe University Teaching
Hospital ethics committee (NAUTHEC) before the commencement of the study.

ACKNOWLEDGEMENT
The authors wish to acknowledge the support of Institute of Human Virology Nigeria (IHVN)
in the management of the HIV subjects and the technical support of the Head/Focal person
and staff members of IHVN Laboratory Nnamdi Azikiwe University Teaching Hospital
(NAUTH) Nnewi.

COMPETING INTERESTS
Authors have declared that no competing interests exist.

REFERENCES
1.

World Health Organization. Laboratory Manual for the Diagnosis of Fungal
opportunistic infection in HIV/AIDS Patients.WHO Regional Office for South-East Asia.
World Health house Indraprastha Estate Mahatma Gandhi Mary, New Delhi, India.
2009;1–92.

3972

British Journal of Medicine & Medical Research, 4(22): 3963-3974, 2014

2.
3.
4.

5.
6.

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.

National Agency for Control of AIDS. Prevalence of HIV in Nigeria; 2013. Retrieved
th
19 March 2014.
Maplanka CC. AIDS: Is there an answer to the global pandemic? The immune system
in HIV infection and control. Viral Immunology. 2007;20:331-342.
Willey JM, Sherwood LM, Woolverton CJ. Direct contact Disease: Acquired
Immunodeficiency Syndrome (AIDS): Human Disease caused by viruses and
prions: Prescott, Harley and Kleins Microbiology (7thed) Boston: McGraw- Hill.
2008;37:925– 930.
USAID; 2008.
Available: http://www.usaid.gov/our_worldglobal-health/aids/news/aidsfaq.html
Odunukwe N, Idigbe O, Kanki P, Adewale T, Onwujekwe D, Audu K, Onyewuchie J.
Haematological and biochemical responses to treatment of HIV-1 infection with
combination of nevirapine + stavudine + Lamivudine in Lagos, Nigeria. Turkish Journal
of Haematology. 2005;22:125–131.
Jacobson MC, Dezube BJ, Aboulfia DM. Thrombotic complications in patients with
HIV in the era of Highly Active Antiretroviral Therapy – A case series CID.
2004;35:1214–1222.
Simon V, Ho DD, Karim QA. HIV/AIDS epidemiology pathogenesis, prevention and
Treatment. Lancet. 2006;368:489–504.
Lim ST, Levine AM. Hematologic aspects of Human Immunodeficiency Syndrome. In:
Lichtman MA, Beutler E, Kipps TJ, Seligsohn U, Kaushansky K, Prchal JT
(eds).Williams Hematology. McGraw- Hill Medical. 2006;1109-1134.
Morfeldt-Månson L, Böttiger B, Nilsson B, von Stedingk LV. Clinical signs and
laboratory markers in predicting progression to AIDS in HIV-1 infected patients.
Scandanavian Journal of Infectious Disease. 1991;23:443-449.
Roper D, Layton M. Investigation of the hereditary haemolytic anaemias: membrane
and enzyme abnormalities. In: Dacie and Lewis Practical Haematology, Elsevier
publishers, New Delhi 10th ed. 2006;205–233.
Rider NL, Strauss KA, Brown K, Finkenstedt A, Puffenberger EG, Hendrickson CL.
Erythrocyte pyruvate kinase deficiency in old order Amish cohort: Longitudinal risk and
Disease management. American Journal of Haematology. 2011;86(10):827–834.
Antonella M, Eugenio LL, Maria GC, Cinzia B, Antonello M, Daniela C, Sandra D,
Nicoletta C. Oxidative imbalance in HIV-1 infected patients treated with antiretroviral
therapy. Journal of Biomedicine and Biotechnology. 2009;7:1155.
Hirono A, Kanno, H, Miwa S. Pyruvate kinase deficiency and other enzymopathies of
the Erythrocyte. In: Scriver, CR, Beaudet, AL, Sly, WSeds. The Molecular and
Metabolic Basis of inherited Disease. 8th ed. McGraw-Hill: 2001;4637–4664.
Cazzola M. Pyruvate kinase deficiency. Haematologica. 2005;90(1):1-2.
Sullivan PS, Hanson DL, Chu SY, Jones JL, Ward JW. Epidemiology of anaemia
in human immunodeficiency virus (HIV) infected persons: Results from the
multistate adult and adolescent spectrum of HIV disease surveillance project. Blood.
1998;1:301-308.
Quick AJ. The Prothrombin time in Hemophilia and in Obstructive Jaundice. Journal of
Biology and Chemistry. 1935;109:73-74.
Koepke JA. ICSH panel on the PTT. Thrombosis and Haemostasis. 1986;55(1):143144.
Cappellini MD, Fiorelli G. Glucose-6-phosphate dehydrogenase deficiency. Lancet.
2008;371(9606):64–74.
Kirkman HN, Rolfo M, Ferraris AM, Gaetani GF. Mechanisms of protection of
catalase by NADPH.Kinetics and stoichiometry. Journal of Biochemistry.
1999;274:13908–13914.

3973

British Journal of Medicine & Medical Research, 4(22): 3963-3974, 2014

21.
22.
23.

24.
25.
26.

27.

28.
29.

Lizette G, Gregono M, Ivon G, Alicia T, Alejandro A. Contribution to characterization of
oxidative stress in HIV/AIDS patients. Pharmacological research. 2003;47:217–224
Leff JA, Oppegard MA, Curiel TJ, Brown KS, Schooley RT, Repine JE. Progressive
increases in serum catalase activity in advancing human immunodeficiency virus
infection.Free Radical Biology Medicine. 1992;13:143–149.
Delmas-Beauvieux MC, Peuchant E, Couchouron A. The enzymatic antioxidant
system in blood and glutathione status in human immunodeficiency virus (HIV)infected patients: effects of supplementation with selenium or beta-carotene. American
Journal of Clinical Nutrition. 1996;64:101–107.
Anthony HK, Ashok A. Oxidants and Antioxidants in the pathogenesis of
HIV/AIDS.The open Reproductive Science Journal. 2011;3:154–161.
Omoregie R, Osakue SI, Ihemeje V, Omokaro EU, Ogefere HO. Correlation of CD4
count with platelet count, Prothrombin time and activated partial thromboplastin time
among HIV patients in Benin City, Nigeria. West Indian med. J. 2009;58(5):1
Jason VB, Jacqueline N, Daniel D, Laewis HK, Wahlo HB, Stephane D, Fraser D,
Clifford HL, Bruno L, Jenisa L, Daniel CN, Nicholas IP, James DN. Phospholipid
antibodies and lupus anticoagulant. Journal of Acquired immunodeficiency syndromes.
2011;56:36–43.
Love PE, Santoro SA. Anti-phospholipid antibodies: Anti-cardiolipin and the lupus
anticoagulant in systemic lupus erythematosus (SLE) and in non-SLE disorders.
Prevalence and clinical significance. Annual Journal of Internal Medicine.
1990;112:682-698.
Sanne I, Mommeja H, Hinkle J. Severe hepatotoxicity associated with Nevirapine use
in HIV infected subjects. Journal of infectious disease. 2005;191:825–829.
Ifeanyichukwu MO, Ezeah SC, Onyenekwe CC, Amilo GI, Ezeugwunne IP, Ifediata
FC, Anokwute MU. Effects of malaria, HIV infection and antiretroviral therapy on some
coagulation profiles.Journal of Pharmacy and Biological Sciences. 2012;1(5):24–29.

© 2014 Amilo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=524&id=12&aid=4592

3974

