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INTRODUCTION 

The Human Immunodeficiency Virus (HIV) was first 

identified at about 1984 as a retrovirus which caused 

disease that advanced to acquired immunodeficiency 

syndrome (AIDS). To understand the concept of HIV 
very well, few words need isolatory explanations thus; 

‘Human’ connotes that the effect of the virus is on 

humans. ‘Immunodeficiency’ refers to reduction or 

frailty in the power of the body to combat infectious 

agents. And finally, the word ‘Virus’ means infectious 

organism with the potentiality to copy in vivo. This 

infection is virulent disease which has continued to be a 

menace in our society today and for this singular reason, 

it has become one of the most outstanding issues in 

public health globally (UNAIDS, 2011). 

  

Fundamentally, HIV infects CD4 cells and this leads to 
immuneparesis. The body is now susceptible to 

opportunistic diseases and neoplasia resulting in AIDS. 

World Health Organization (WHO) and United Nations 

Programme on AIDS (UNAIDS) (WHO & UNAIDS, 

2009; UNAIDS, 2012). 
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ABSTRACT  

A study on Viral Load Monitoring and fibrinolytic markers in Human Immunodeficiency Virus patients on 

Antiretroviral Therapy (ART) was carried out to monitor the effect of therapy on these parameters. The study was 

carried out in three phases: Baseline sample collection, samples taken after three months of follow-up and samples 

taken after six months of follow-up with antiretroviral therapy. A total of forty (40) Antiretroviral therapy naive 

patients, of which 14 and 26 were males and females; age range of 20-45 years attending Rivers State University 

Teaching Hospital, Port Harcourt, were monitored for their viral load and fibrinolytic markers, within a follow up 

period of 6 months which included baseline, three months and six months. Viral load was determined using real 
time PCR and Enzyme Linked Immunosorbent Assay Technique were used for fibrinolytic markers. Data and 

statistical analysis were performed using S 9.4 Statistical analysis software (SAS Institute, Cary, NC, USA). P-

value < 0.05 was recorded as significant for viral load, tissue plasminogen activator (tPA) and D-Dimer. Baseline 

viral load was 21476 ± 56914 cp/ml, after 3 month of ART it was 706 ± 108 cp/ml and 4-6 months of follow-up to 

30 ± 3 cp/ml for a total of 100% overall decrease from baseline at the end of 6 months of follow-up. tPA increased 

89% from baseline of 64.45 ± 6.85 ng/ml to 121.76 ± 6.64 ng/ml after 3 months of follow-up, but subsequently 

decreased by 45% to 67.38 ± 1.94 ng/ml between 4-6 months with a positive status of 3% increase attained at the 

end of 6 months from baseline. D-Dimer initially decreased sharply by 89% to 242.74 ± 52.87 pg/ml after 3 

months follow-up from the mean baseline value of 2282.74 ± 325.68 pg/ml. This was followed by sharp and 

sudden increase of 462% increase to 1363.12 ± 209.14 pg/ml during the period between 4-6 months, with a 

resultant overall increase of 40% at the end of 6 months follow-up (Baseline-6 months). However, and 

Plasminogen activator inhibitor – 1 was low at baseline 10.84 ± 0.48 ng/ml with a significant elevation to 45.45 ± 
3.47 ng/ml at 3 months of treatment and further increased to 77.56 ± 1.62 ng/ml at the end of 6 months. The 

findings from this study show that ART has an influence on the levels of tPA which may lead to a prothrombotic 

state in HIV on treatment. 
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The scourge of HIV/AIDS has adversely affected the 

health status of numerous individuals, as a result, 

militating against the economy and the working-class of 

most of the countries in the world. HIV viral load (VL) 

monitoring is the fundamental means to appraise the 

merit of ART and risk of viral transmission. ART is the 
treatment with the ability to reduce the viral titre to a 

level where the virus is not found, this has been widely 

documented.  

 

Antiretroviral therapy (ART) aims particularly to 

strengthen the immune system in HIV subjects by 

preventing the occurrence of opportunistic ailment and 

fatality (Murphy et al., 2001). The study carried out by 

UNAIDS (2007), showed the number of people globally 

infected with AIDS at 33.4 million approximately, with 

2.7 million newly infected subjects every twelve months. 

In sub-Saharan states a total of 22.5 million which 
approximately is 2/3 of the inhabitants are infected. 

Newly infected subjects in 2007 were about 2.5 million 

out of which 2.1 million died. From 2010, the sentinel 

surveillance carried in Nigeria depicted occurrence of 

HIV as 4.1% (FMoH, 2010). 

 

There is a plethora of researches showing that ART 

causes increase in occurrence of cardiovascular disorders 

(Passalaris et al., 2000 & Rhew et al., 2003). Fibrin from 

the vascular system is eliminated by fibrinolytic system, 

therefore stopping hemostatic plug from propagating and 
occluding the vessel. It is a fact that bleeding or 

thrombosis occur as a result of Hereditary and acquired 

abnormalities of fibrinolysis. In assessing the fibrinolytic 

system, the following tests may be done tissue 

plasminogen activator (tPA), plasminogen activator 

inhibitor 1 (PAI-1), as well as D-dimer etc. (Wayne & 

Chandler, 2013). The process of fibrinolysis is important 

for the dissolution of clot once tissue repair begins. After 

the formation of clot, plasminogen is activated to 

plasmin in the presence of tissue plasminogen activator 

(tPA). Endothelial cells discharge tPA due to the actions 

of thrombin. Plasmin breaks up fibrin and fibrinogen to 
form smaller units. These units resulting from the action 

of fibrin degradation have anticoagulant components 

because they compete with fibrinogen for thrombin; 

usually, they are emptied by the monocyte-macrophage 

system (Wayne & Chandler, 2013).  

 

Fibrin is a protein that is formed during the clotting of 

blood. The fibrin develops a mesh that enables firm clot 

formation. Plasmin enables the degradation process of 

fibrin cutting it into tiny bits of proteins known as cross 

linked degradation products or X-oligomers which 
occurs when fibrin melts. The least of these products is 

D-dimer (D-dimer is a fibrinolytic marker) (May et al., 

2007). 

 

Plasminogen is the inactive form of plasmin which is 

formed in the liver. During the process of clot formation, 

the inactive plasminogen incorporated within the clot is 

quickly activated to become plasmin enabled by an 

activator which facilitates the conversion of plasminogen 

to plasmin so that blood clots become splitted. 

  

HIV infection is a virulent disease which has continued 

to be a menace in our society today and for this reason, it 

has become one of the most outstanding issues in public 
health globally (UNAIDS, 2011). The establishment of 

viral load of HIV patients before commencement of ART 

has become a difficult task.  

 

MATERIAL AND METHODS 

Study area and subjects  

The study was carried out in Rivers State University 

Teaching Hospital, Port Harcourt, Rivers State, Nigeria. 

The geographical location of Rivers State is Latitude 

4°31′ - 5°31′ and longititude 6°30′- 7°21′. RSUTH is a 

346 bed specialist hospital owned by Rivers State 

Government.  

 

Study population 

The study spanned for a period of six months during 

which a total of forty (40) naive anti-retroviral therapy 

HIV patients, of which 14 and 26 were male and female; 

age range of 20-45 years were recruited, attending Rivers 

State University Teaching Hospital, Port Harcourt, and 

were monitored for their viral load and fibrinolytic 

markers, with a follow up period of 6 months which 

included baseline, three months and six months 

respectively from October 2017 and March 2018. The 

inclusion criteria were only patients diagnosed and 

confirmed HIV positive, only ART naive patients who 

have just been diagnosed and confirmed HIV positive, 

only subjects within the age bracket of 20-45 and 

Patients enrolled into Art clinic after confirmation of 

HIV status. Exclusion criteria were Patients who have 

not been confirmed HIV positive, HIV patients that are 

ART naive not willing to enrol into ART clinic after 

confirmation, Patients less than 20 years, HIV patients 

more than 45 years old and Patients already on ART. All 

patients enrolled into the study were given questionnaire 

to obtain some demographic characteristics and informed 
consent was obtained from them before a sample of 

blood was taken. 

 

Blood sample collection and processing 

Blood collection from the vein of each subject enrolled 

into the study, was made using vacutainer. This was done 

using anticoagulated container (with a glass tube 

enclosed with 0.5ml of 1.2mg/ml of dipotassium 

ethylene diamine tetra acetic acid (EDTA), 5ml of blood 

was put into two different EDTA bottles for viral load 

and 3ml was also collected into a trisodium citrate 
anticoagulant bottle for the determination of PAI-1, tPA 

and D-dimer bringing it to 10ml of sample taken from 

each individual, it was mixed gently by rocking forward 

and backward for 15 times to allow for proper 

homogenization of blood and anticoagulant, using a 

powdered free glove. 
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Plasma samples in EDTA for viral load were separated 

not beyond 6 hours of collection after centrifugation for 

ten minutes at 3500rpm and 1-1.5ml of plasma was 

aliquoted into two sterile 2ml cryovials with 

corresponding numbers and other unique identifiers 

allotted to each stored in -860C before samples were 
analysed while blood sample in trisodium citrate 

anticoagulant bottles for fibrinolytic markers was spun 

for 10mins at 3500rpm the separation of plasma was 

done using unused transfer pipette into sterile cryovials 

and refrigerated overnight at a temperature of 2-8ºC 

thereafter, re-spun at 3500rpm for 10mins in order to get 

plasma clear enough for the evaluation of PAI-1, tPA 

and Dimer and stored in -860C. 

 

Ethical consideration  

Ethical clearance to conduct academic research was 

obtained from the ethical committee of the Rivers State 
Ministry of Health. 

 

Determination of viral load values using the cobas® 

ampliprep/cobas® taqman® 96  

(Real time PCR) 
A Real-time (RT) is a Polymerase Chain Reaction 

(PCR); enzyme based molecular biology technique 

which is used to copy and at the same time calculates 

targeted identifiable part of DNA in order for the DNA 

fragment that is specially required to be identified. Real 

Time-PCR facilitates timely detection and quantification.  
 

Amplifications with PCR involve a precise part of a 

DNA strand. RT PCR utilizes the FRET or Florescent 

Resonance Energy Transfer technology which involves 

the transfer of high energy (reporter) dye to a low energy 

(quencher) dye when in close proximity. 

 

The COBAS® AmpliPrep/COBAS® TaqMan® HIV-1 

Test, v2.0 simply put, refers to a nucleic acid 

amplification analysis that is used to quantify the Human 

Immunodeficiency Virus Type 1 (HIV-1) RNA in 

circulating plasma.  

 

Procedure 

Start up procedures were Performed and reagents were 

loaded onto the COBAS® AmpliPrep Instrument. 

Samples were removed from storage. Consumables were 

Loaded on the COBAS® AmpliPrep Instrument5 Orders 

were created and the sample rack was loaded onto the 

COBAS® AmpliPrep Instrument. The start button of the 

COBAS® AmpliPrep Instrument was activated. Review 

and acceptance of results using AMPLILINK software 

was made.9.  
 

3.8.1. Determination of Plasminogen activator 

inhibitor-1 (PA-I) by Enzyme Linked 

immunoabsorbent Assay Technique 

The micro ELISA plate used was pre-coated with a 

specific antibody to protein. Individual samples of the 

patients and respective standards were put into micro 

ELISA plate wells and mixed with specific antibody. A 

specific biotinylated antibody that can show the protein 

and Avidin-Horseradish Peroxidase (HRP) conjugate 

were included in progression to each micro plate well 

and incubated thereafter. Unattached Free elements are 

washed off in course of the process of washing with the 

susbsequent addition of the substrate solution to each 
well. Significantly, the wells that have the protein with 

significance, biotinylated detection antibody and Avidin 

Hoseradish Peroxidase (Avidin-HRP) conjugate which 

are included will display blue in colouration.  

 

Procedure  

Standard preparation: Reconstitution of the standard 

included in the reagent pack, with 1.0mml following 

reference standard diluents for samples was carried out 

after centrifugation at 10,000g. After tightening the lid 

for 10mins, it was allowed to stand and subsequently 

mixed through a forth and back movement numerously. 
Using a pipette, it was properly mixed having achieved 

dissolution. The stock generated from the reconstitution 

process is about 600 ng/ml. Different serial dilutions 

were made; 600, 300, 150, 75, 37.5, 18.75, 9.38, 0ng/ml.  

 

There was the addition 100 µl of standard, blank and 

samples correspondingly. Reference standard and sample 

diluents were used to fill up the blanck well. Moreso, the 

whole solutions were put straight to the base of the micro 

Elisa plate well, ensuing that foaming did not occur 

inside wall. Mixture of the solutions were softly made 
and the plate was overlayed with the covering lid and 

incubated for 90 min at 30oc. The solutions were brought 

out of the well through upturning the plate holistically 

and at the same time remove what was inside. Addition 

of 100 µl of biotinylated detection antibody working 

solution was made with a subsequent addition of same 

into to each well and covered with the covering lid. The 

plate was incubated at 370c for one hour after proper but 

gentle taps and homogenizing thereafter the wells were 

washed using wash buffer three times after aspiration 

and subsequent incubation and the removal of the wash 

buffer that was retained and achieved by simply 
inverting the plate with. The next was the addition of 100 

µl of HRP conjugate working solution to each well and 

the covering of the plate enabled by a coving lid and then 

incubation at 30 min 370c and this washing procedure 

carried out for five consecutive times with a subsequent 

addition of 90 µl of substrate solution to each well and a 

corresponding covering with a covering lid after 

incubation for about 15min keenly avoiding contact with 

light. The reactions were achieved by the emergent of 

colour, and culminated with the addition of 50 µl of stop 

solution to each well and the colour became yellow with 
the instant determination of the optical density of each 

well aided by a micro plate reader that was set at a wave 

length of 450 nm, and calculation of the concentrations. 

 

 

 



Moore-Igwe et al.                                                           European Journal of Biomedical and Pharmaceutical Sciences 

 

 

www.ejbps.com 101 

Determination of Tissue plasminogen activator (tPA) 

by Enzyme Linked Immunoabsorbent Assay 

Technique 

The micro ELISA plate used was pre-coated with a 

specific antibody to protein. Individual samples of the 

patients and respective standards were put into micro 
ELISA plate wells and mixed with specific antibody. A 

specific biotinylated antibody that can show the protein 

and Avidin-Horseradish Peroxidase (HRP) conjugate 

were included in progression to each micro plate well 

and incubated thereafter. Unattached Free elements are 

washed off in course of the process of washing with the 

susbsequent addition of the substrate solution to each 

well. Significantly, the wells that have the protein with 

significance, biotinylated detection antibody and Avidin 

Hoseradish Peroxidase (Avidin-HRP) conjugate which 

are included will display blue in colouration. Lastly, the 

reaction of the enzyme-substrate is halted at the inclusion 
of the stop solution with a resultant yellow colouration. 

 

Procedure  
Standard preparation: Reconstitution of the standard 

included in the reagent pack, with 1.0 mml following 

reference standard diluents for samples were carried out 

after centrifugation at 10,000 g. After tightening the lid 

for 10 mins, it was allowed to stand and subsequently 

mixed through a forth and back movement numerously. 

Using a pipette, it was properly mixed having achieved 

dissolution.The stock generated from the reconstitution 
process is about 600 ng/ml. Different serial dilutions 

were made; 600, 300, 150, 75, 37.5, 18.75, 9.38, 0ng/ml. 

  

There was the addition 100 µl of standard, blank and 

samples correspondingly. Reference standard and sample 

diluents were used to fill up the blanck well. Moreso, the 

whole solutions were put straight to the base of the micro 

Elisa plate well, ensuing that foaming did not occur 

inside wall. Mixture of the solutions were softly made 

and the plate was overlayed with the covering lid and 

incubated for 90 min at 30oc. The solutions were brought 

out of the well through upturning the plate holistically 
and at the same time remove what was in side. Addition 

of 100µl of biotinylated detection antibody working 

solution was made with a subsequent addition of same 

into to each well and covered with the covering lid. The 

plate was incubated at 370c for one hour after proper but 

gentle taps and homogenizing thereafter the wells were 

washed using wash buffer three times after aspiration 

and subsequent incubation and the removal of the wash 

buffer that was retained and achieved by simply 

inverting the plate with. The next was the addition of 100 

µl of HRP conjugate working solution to each well and 
the covering of the plate enabled by a coving lid and then 

incubation at 30 min 370c and this washing procedure 

carried out for five consecutive times with a subsequent 

addition of 90 µl of substrate solution to each well and a 

corresponding covering with a covering lid after 

incubation for about 15min keenly avioding contact with 

light. The reactions were achieved by the emergent of 

colour,and culminated with the addition of 50 µl of stop 

solution to each well and the colour became yellow with 

the instant determination of the optical density of each 

well aided by a micro plate reader that was set at a wave 

length of 450 nm, and calculation of the concentrations. 

 

3.8.3 Determination of D-dimer by Enzyme Linked 

immunoabsorbent Assay Technique 

Principle 

The micro ELISA plate used was pre-coated with a 

specific antibody to protein. Individual samples of the 

patients and respective standards were put into micro 

ELISA plate wells and mixed with specific antibody. A 

specific biotinylated antibody that can show the protein 

and Avidin-Horseradish Peroxidase (HRP) conjugate 

were included in progression to each micro plate well 

and incubated thereafter. Unattached Free elements are 

washed off in course of the process of washing with the 

subsequent addition of the substrate solution to each 
well. Significantly, the wells that have the protein with 

significance, biotinylated detection antibody and Avidin 

Hoseradish Peroxidase (Avidin-HRP) conjugate which 

are included will display blue in colouration. Lastly, the 

reaction of the enzyme-substrate is halted at the inclusion 

of the stop solution with a resultant yellow colouration.  

 

PROCEDURE  

Standard preparation: Reconstitution of the standard 

included in the reagent pack, with 1.0 mml following 

reference standard diluents for samples were carried out 
after centrifugation at 10,000 g. After tightening the lid 

for 10mins, it was allowed to stand and subsequently 

mixed through a forth and back movement numerously. 

Using a pipette, it was properly mixed having achieved 

dissolution. The stock generated from the reconstitution 

process is about 600 ng/ml. Different serial dilutions 

were made; 600, 300, 150, 75, 37.5, 18.75, 9.38, 0 ng/ml.  

 

There was the addition 100 µl of standard, blank and 

samples correspondingly. Reference standard and sample 

diluents were used to fill up the blank well. Moreso, the 

whole solutions were put straight to the base of the micro 
Elisa plate well, ensuing that foaming did not occur 

inside wall. Mixture of the solutions were softly made 

and the plate was overlayed with the covering lid and 

incubated for 90 min at 30oc. The solutions were brought 

out of the well through upturning the plate holistically 

and at the same time remove what was inside. Addition 

of 100 µl of biotinylated detection antibody working 

solution was made with a subsequent addition of same 

into to each well and covered with the covering lid. The 

plate was incubated at 370c for one hour after proper but 

gentle taps and homogenizing thereafter the wells were 
washed using wash buffer three times after aspiration 

and subsequent incubation and the removal of the wash 

buffer that was retained and achieved by simply 

inverting the plate with. The next was the addition of 100 

µl of HRP conjugate working solution to each well and 

the covering of the plate enabled by a coving lid and then 

incubation at 30 min 370c and this washing procedure 

carried out for five consecutive times with a subsequent 
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addition of 90 µl of substrate solution to each well and a 

corresponding covering with a covering lid after 

incubation for about 15 min keenly avoiding contact with 

light. The reactions were achieved by the emergent of 

colour, and culminated with the addition of 50 µl of stop 

solution to each well and the colour became yellow with 
the instant determination of the optical density of each 

well aided by a micro plate reader that was set at a wave 

length of 450 nm, and calculation of the concentrations. 

 

Data Analysis 

All data management and statistical analysis were 

performed using S 9.4 Statistical analysis software (SAS 

Institute, Cary, NC, USA). Analysis of variance and t-

test were used to determine if significant differences 

existed by the following independent factors considered 

in the study, viz: sex, age group and follow-up period. 

Where significant differences existed mean values for a 
given parameter was tested using student’s t or Turkey’s 

HSD as applicable depending on the number of 

measured parameter levels.  

 

RESULTS  

A total of forty (40) naive anti-retroviral therapies HIV 

patients, attending the Rivers State University Teaching 

Hospital, Port Harcourt were monitored for their viral 

load and fibrinolytic markers, within a follow up period 

which included baseline values, three months values and 

six month values respectively. 
 

Table 4.1a shows the mean values of the viral load 

according to their demographic characteristics and 

follow-up periods of treatment. Viral load decreased 

significantly from 21476±56914 copies /ml at baseline to 

706±108 copies/ml at 3 months and by 6 months, the 

viral load had fallen to as low as 30±3.0 copies/ml 

(P<0.0001). The mean ± SEM of viral load was not 

affected by gender and age groups (P<0.05). The pattern 

of decrease in viral load is shown as a trend graph using 

box plots (Fig 4.1). 

 

Table 4.1a: Comparisons of Mean ± SEM Fibrinolytic 

markers by Sex, Age group and Follow-up Period 

Characteristic N 
Viral Load (cp/ml) 

Mean ± SEM P-Value 
Sex 
Female 
Male 

 
78 
42 

 
79565±30684 
58431±19194 

0.633ns 

Age Group (years) 
20-24 
25-30 
31-40 
41-50 

 
10 
10 
78 
22 

 
77875±44342 
10858±7584 

69365±29095 
107380±45795 

0.748 ns 

Follow-up Period 
Baseline 
3 Months 
6 Months 

 
40 
40 
40 

 
21476±56914

a 
706±108 b 

30±3 c 

<0.0001

**** 

SEM: Standard Error of Mean. 

Within parameter, mean ± SEM with different 

superscript are significantly different at p<0.05. 

Significance Level: *=p<0.05; **=p<0.01; 

***=p<0.001; ****=p<0.0001; ns= not significant 

(p>0.05) 

 

 
Figure 4.1: Box Plot of Viral Load by Follow-up 

Periods. 

 

Box plot describes median (line inside of box), lower and 

upper quartiles (bottom and top of box), minimum 

(horizontal line) below the outliers: (open circles) 

maximum (horizontal line) above and outliers (open 
circles) Outliers are data points above or below the upper 

or lower adjacent value.  

 

The comparison of mean ± SEM of the fibrinolytic 

makers are shown in Table 4.1c. Plasminogen activator 

inhibitor-1 was low at baseline (10.84 ± 0.48 ng/ml). 

This value was elevated significantly to 45.45 ± 3.47 at 

the end of 3 months of treatment and further increased 

significantly to 77.56 ± 1.62 ng/ml at the end of 6 

months (P<0.0001). Tissue plasminogen activator was 

equally low at baseline (64.45 ± 6.85 ng/ml). At the end 
of 3 months, there was a spike in the mean±SEM values 

to 121.76 ± 6.64 ng/ml, thereafter, the value dropped 

significantly again to 67.38 ± 1.94 ng/ml (P<0.0001). 

The D-Dimer values were higher at baseline (2282.74 ± 

325.68) which dropped significantly to 242.74 ± 52.87 at 

3 months and spiked again to 1363.12 ± 209.14 by the 

duration of 6 months. (P<0.0001). The Plasminogen 

Activator inhibitor-1 and tissue plasminogen activator 

values were both significantly elevated in the females 

(49.78 ± 3.54 and 92.04 ± 5.31 respectively) when 

compared with the male values (35.04 ± 4.25 and 70.66 

± 5.45 respectively) (P=0.012). The D-Dimer value of 
1710.17 ± 215 ng/ml in the female groups was elevated 

significantly when compared with the male value of 

526.40 ± 54.82 ng/ml (P<0.0001). 

 

Figure 4.2 shows the trend of the increase in PAI-1. 

Figure 4.3 shows the trend the tPA concentration for the 

duration of therapy. The tPA concentration spiked for the 
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first three months of treatment and reduced sharply by 

the end of six months but not below the baseline value. 

Overlay plots demonstrating the difference in the value 

of tPA by duration of therapy is shown on figure 4.4 

while the overlay plots of the difference in D-dimer 

values according to gender are shown in Figure 4.5a and 
4.5b. 
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Table 4.1b: Comparisons of Mean ±SEM Fibrinolytic markers by Sex, Age group and Follow-up Period (Cont’d) 

Characteristic n 
PAI-1 (ng/ml) tPA(ng/ml) D-Dimer (pg/ml) 

Mean ± SEM P-Value Mean ± SEM 
P-

Value 
Mean ± SEM P-Value 

Sex 
Female 
Male 

 
78 
42 

 
49.78±3.54 a 
35.04±4.25b 

0.012** 
 

92.04±5.31 a 
70.66±5.45b 

0.012** 
 

1710.17±215.22 a 
527.40±54.82b 

0.001*** 

Age Group 

(years) 
20-25 
25-30 
31-40 
41-50 

 
 

10 
10 
78 
22 

 
 

41.08±10.08 
53.69±9.89 
43.41±3.44 
46.39±6.92 

0.758 ns 

 

 

100.09±15.62 
100.27±17.45 
79.68±4.64 
88.45±10.32 

0.310 ns 

 
 

1752.80±554.27 
2286.62±699.11 
1023.56±158.25 
1605.10±415.43 

0.060 ns 

Period 
Baseline 
3 Months 
6 Months 

 
40 
40 
40 

10.84±0.48a 45.45±3.47 b 
77.56±1.62c 

<0.0001**** 
64.45±6.85a 121.76±6.64 b 

67.38±1.94c 
<0.0001 

**** 
2282.74±325.68a 242.74±52.87 b 

1363.12±209.14c 
<0.0001 

**** 

SEM: Standard Error of Mean. 

Within parameter, mean ± SEM with different superscript are significantly different at p<0.05.  

Significance Level: *=p<0.05; **=p<0.01; ***=p<0.001; ****=p<0.0001; ns= not significant (p>0.05). 
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Figure 4.2: Box Plot of PAI-1 (ng/ml) by Follow-up Periods. 

 

Box plot describes median (line inside of box), lower and 

upper quartiles (bottom and top of box), minimum 

(horizontal line) below the outliers: (open circles) 

maximum (horizontal line) above and outliers (open 

circles) Outliers are data points above or below the upper 

or lower adjacent value.  

 

 
Figure 4.3: Box Plot of tPA by Follow-up Periods. 

 
Box plot describes median (line inside of box), lower and 

upper quartiles (bottom and top of box), minimum 

(horizontal line) below the outliers: (open circles) 

maximum (horizontal line) above and outliers (open 

circles) Outliers are data points above or below the upper 

or lower adjacent value. 
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Figure 4.4: Overlay Plot of tPA (ng/ml) by Follow-up Periods 

 

 
Figure 4.5a: Overlay Plot of D-dimer (pg/ml) for Females by Follow-up period. 

 

 
Figure 4.5b: Overlay Plot of D-dimer (pg/ml) for Males by Follow-up period. 
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DISCUSSION 

In standard practice especially in resource rich countries, 

viral load is basically used for the detection of treatment 

failure and drug resistance among people receiving ART. 

Our study, being the first longitudinal study seeks to 

evaluate viral load monitoring, biomarkers of fibrinolysis 
in ART naive patients (before initiation of ART) and 

through 6 months of ART. Viral load and markers of 

fibrinolysis were monitored at baseline, 3 months and 6 

months interval. Our findings are as follows:  

First, 100% of viral load suppression was achieved at the 

end of 3 months of therapy, then 96% from 4-6months of 

therapy. Overall, 100% viral load suppression was 

achieved. Secondly, tPA concentration increased sharply 

by 89% from baseline after 3 months but subsequently 

decreased to 45% between 4-6 months with a positive 

status of 3% increase attained at the end of 6 months 

from baseline. Thirdly, D-dimer increased markedly by 
89% after 3 months, followed by sudden increase of 

462% during the period between 4-6 months with a 

resultant overall increase of 40% at the end of 6 months. 

 

Suppression of viral load in the study superseded the last 

90 vision of the Joint United Nations Programme on 

HIV/AIDS (UNAIDS). In 2014, the Joint United Nations 

Programme on HIV/AIDS (UNAIDS) and partners 

launched the 90–90–90 targets; the intention was to 

identify 90% of all HIV-positive people, make available 

antiretroviral therapy (ART) for 90% of those identified, 
and attain viral suppression for 90% of those assessing 

therapy by 2020. The reason is to achieve 73% 

suppression for those with HIV which is very key if the 

AIDS epidemic must be ended by 2030 (UNAIDS, 

2016). 

 

A major contributor to achieving viral suppression in 

these patients was enhanced adherence counselling 

which aided the patients to adhere to their therapy 

despite challenges encountered. In achieving the best 

virologic response and reduce the risk of drug resistance 

among HIV patients, ART Adherence is vital.  
 

In comparison with our work, Matthew et al., (2016), 

reported that their study subjects sustained viral 

remission roughly one year after start of therapy. This, 

however, is in sharp contrast with our finding as our 

study subjects sustained 100% remission after therapy 

commencement at three months. This variation may be 

due largely to poor health behaviour on the part of their 

subjects, while our study subjects strictly adhered to their 

therapy after enhanced adherence counselling. The work 

carried out by Matthew et al., (2016), showed that the 
use of ART reduces the replication of HIV, leading to the 

improvement of CD4+ count and ultimately the general 

well being of patients.  

 

ART radically suppresses viral load and the aim of 

treatment is to suppress viral load to untraceable levels 

and sustain viral remission freely. There are proofs to 

show that these antiretrovirals repress duplication but do 

not get rid of HIV from all parts of the body (Chen et al., 

2007). However Descamps et al., (2000) noted that 

response to ART does not occur in all patients who take 

them and this is largely due to the challenges associated 

with adherence. Hence, the resultant effect of therapy 

potency is not optimized and therefore can result in 
acquisition of genetic alteration of the viral DNA 

(Murray et al., 2009). A classical survey carried out in 

Uganda revealed that adherence to ART reduces as time 

goes on and that factors such as financial constraint, 

dishonour, drug dozing and adverse effect may 

negatively affect adherence.  

 

The importance of adherence to ART cannot be over 

emphasized due to the fact that non-conformity with 

approved treatment can result in viral alteration 

(Descamps, 2000 & Bangsberg et al., 2000). This was 

our motivating factor for using enhanced adherence 
counselling as a tool in achieving viral remission before 

ART naive patients commenced therapy, educating them 

on the benefit of adherence and the danger involved in 

deviating from same, thereby making the patients critical 

players in achieving suppression as it is not enough to 

receive therapy. 

 

Studies of ART continue to indicate that a near-perfect 

adherence is required to adequately repress viral 

replication. In another development, Descamps, (2000); 

Bangsberg et al., (2000) and Byakika-Tusiime et al., 
(2009), advocated through their finding, that protracted 

suppression of virus requires steady adherence followed 

by best possible inter-dose intervals. 

 

Tissue Plasminogen Activator 

The effect of HAART on the endothelial dysfunction 

may be express, stimulating the increase of t-PA values 

(de Gaetano et al., 2003). It was recently shown that 

subjects with HIV are susceptible to having 

complications which are not contagious (Liver ailment, 

cardiovascular disease (CVD) that may emerge with the 

introduction of ART therapy (Ramana & Ratna, 2013). 
As clearly stated by Bjo¨rn et al., (2000), tPA antigen 

measurement in plasma naturally matches with PAI-1 

action and not with tPA action. This has become solid 

forecaster of myocardial infarction. 

 

It is an infinitesimal part of the plasma tPA that is viable. 

The core part of tPA forms complex with various 

inhibitors, such as PAI-1, anti-plasmin, and C1 inhibitor 

(Held et al., 1997; Jansson et al., 1991 & Ridker et al., 

1993). Plasma Levels of tissue plasminogen 

activator/plasminogen activator inhibitor-1 Complex are 
Significant Risk Markers for Recurrent Myocardial 

Infarction in the Stockholm Heart Epidemiology 

Program (SHEP) Study (Bjo¨rn et al., 2000). Myocardial 

infarction can be linked to alteration of the fibrinolytic 

system, calculated by raised plasma PAI-1 or tPA 

antigen values (Hamsten et al., 1987; Cortellaro et al., 

1993; Held et al., 1997; Thompson et al., 1995; Jansson 

et al., 1991; Ridker et al., 1993 & Jansson et al., 1993). 
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From our study, it was observed that D-dimer values at 

baseline were high and significantly dropped after 3 

months, with a slight increase at the end of 6 months. 

However, in the study conducted by Matthew et al., 

(2016) they noticed that D-dimer values not going back 

to formal levels before-HIV is visibly connected to a rise 
in non-AIDS dealings that may result in time to come. 

The findings of Armah et al., (2012); Palella et al., 

(2010); Wada et al., (2015) and Baker et al., (2015) have 

shown that HIV is related to a rise in D-dimer values and 

values drop after commencement of therapy. This 

strongly concurs with our findings. At baseline, viral 

load and D-dimer values were very high, as study 

subjects were still naive to ART. The reverse however, 

became the case as D-dimer values drastically dropped 

after three months of follow – up. While In another 

development, raised D-dimer values are related to 

occurrence of non-AIDS diseases in HIV patients 
(Borges et al., 2014 & Nordell et al., 2014).   

 

ART causes a rise in the CD4 T cell value at same time, 

enhancing the discharge of, PAI-1 that has the ability to 

repress the t-PA activity. This action brings about 

reduction in fibrinolytic activities (Jeremiah et al., 2012).  

 

Advancing further, it was shown that as HIV ages, and it 

drastically affects inflammatory responses. This 

performs very important function in the immergence of 

atherosclerosis inflammation, endothelial dysfunction, 
and alteratered fibrinolysis that could lead to raised 

cardiovascular issues seen in the subjects infected with 

HIV (Crum-Cianflone et al., 2008).  

 

From our study, D-dimer values of the female group 

were significantly elevated as compared to the values of 

their male counterparts. This is in strong agreement with 

the works of Álvaro et al., (2014), the reason may be due 

to the fact that positive female subjects with HIV already 

had their D-dimer values raised from younger age while 

their gender (male) counterpart had theirs increased but 

with age. It is imperative to state that HIV unique factors 
such as, demographic factors, inflammatory indices, 

function of the hepatic system and values of cholesterol 

are separately linked with raised values in D-dimer 

(Álvaro et al., 2014). Moreso, the Negros, female sex 

and older age were factors of demography separately 

linked with higher D-dimer values. African-American 

location was also in connection with raised values in D-

dimer in subjects with HIV (Armah et al., 2012), as well 

as adult HIV subjects who have high blood 

pressure (Kabrhel et al., 2010). Not astoundingly, the 

racial co-existence, unpredictability values of D-dimer 
was proved to be partly and genetically established. 

Another obvious reason why the women have their D-

dimer values raised at younger age could be due to 

pregnancy, treatment with hormone substitution and 

contraceptive rich in estrogen drug raise circulating 

values of procoagulant factors which prompt 

thromboembolism thus proffering a probable linkage 

connecting estrogen and D-dimer. As values of estrogen 

drops, the male and the female manifest no dissimilarity 

such that factors which induce values in D-dimer in male 

and female could be linked to same issues as medical and 

ecological (Rosendaal et al., 2002). In addition, the 

increase in D-dimer of HIV positive female as against 

their male counterpart could be due to rise in CD8+ T 
cells which is lower in men, the resultant effect is raised 

values in D-dimer which occurs in majorly in women 

before menopause (Stouthard et al., 1996). 

 

In contrast to our work, it has been observed that a very 

noticeable value in D-dimer occurred in subjects positive 

to HIV who are virally unsuppressed and whose 

CD4+ cell values are reduced (Kuller et al., 2008, Baker 

et al., 2011; Armah et al., 2012). Subjects placed on 

ART therapy, however, showed notable drop in their D-

dimer values than subjects without ART at baseline. 

Therapy management of HIV subjects, with the aim of 
gaining viral remission did not considerably influence 

factors which induce indices of coagulation and profers 

the prospective advantage of anti-thrombotic treatment in 

course of infection with HIV, still in subjects who have 

sustained viral remission. 

 

CONCLUSIONS 

Conclusively, the quality of life of patient enrolled in the 

study was improved due to intake of antiretroviral 

therapy achieved through enhanced adherence 

counselling. 
 

REFERENCES 

1. Álvaro, H., Borges, Jemma, L. O., Andrew, N., 

Phillips, J. V., Baker, M. J., Vjecha, M., Losso, H., 

Hartwig, K., Gustavo, L., Ian, W. Jens, D. & 

Lundgren, G. (2014). Published: March 13, 

https://doi.org/10.1371/journal.pone.0090978 

2. Armah, K.A., McGinnis, K., Baker, J., Gibert, C. & 

Butt, A.A. Burden of Comorbid Disease and 

Biomarkers of Inflammation, Altered Coagulation 

and Monocyte Activation. Journal of Infectious 

Diseases, 2012; 55: 126–136. 
3. Baker, J.V., Neuhaus, J., Duprez, D., Kulle, L.H., 

Tracy, R. Changes in inflammatory and coagulation 

biomarkers: a randomized comparison of immediate 

versus deferred antiretroviral therapy in patients 

with HIV infection. Journal of Acquired Immune 

Deficiency Syndrome, 2011; 56: 36–43. 

4. Bangsberg, D.R., Hecht, F.M., Charlebois, E.D., 

Zolopa, A.R. & Holodniy, M., Sheiner, R. 

Adherence to protease inhibitors, HIV-1 viral load, 

and development of drug resistance in an indigent 

population. AIDS, 2000; 14: 357 – 66.  
5. Bjo¨rn, W., Tomas, A., Johan, H., Christina, R & 

Anders, A. Ulf deFaire. Arteriosclerosis, 

Thrombosis, and Vascular Biology, 2000; 20:    

2019-2023. 

6. Borges, A.H., O'Connor, J.L., Phillips, A.N., Baker, 

J.V., Vjecha, M.J. & Losso, M.H. Factors associated 

with D-dimer levels in HIV-infected individuals. 

PLoS One, 2014; 9(3): e90978.  

https://doi.org/10.1371/journal.pone.0090978


Moore-Igwe et al.                                                           European Journal of Biomedical and Pharmaceutical Sciences 

 

 

www.ejbps.com 109 

7. Byakika-Tusiime, J. & Crane, J. Longitudinal 

antiretroviral adherence in HIV+ve Ugandan parents 

and their children initiating ART in the MTCT-Plus 

Family Treatment Model: role of depression in 

declining adherence over time. AIDS Behaviour, 

2009; 2: 5-9.  
8. Catalano, M., Gabrielli, L., Lombardi, B., Specchia, 

G. For the PLAT Group. Increased fibrin turnover 

and high PAI-1 activity as predictors of ischemic 

events in atherosclerotic patients: a case-control 

study. Arteriosclereosis and Thrombosis, 1993; 13: 

1412–1417.  

9. Chen, L.F., Hoy, J. & Lewin, S.R. Ten years of 

Highly Active Antiretroviral Therapy for HIV 

infection. The Medical Journal of Australia, 2007; 

186(3): 146-51. 

10. Crum-Cianflone, N.F., Weekes, J. & Bavaro, M. 

Review: thromboses among HIV-infected patients 
during the highly active antiretroviral therapy era. 

AIDS Patient Care STDS, 2008; 22(10): 771–778. 

11. De Gaetano, D., Katleena, R., Ricardoa, B., 

Tumbarello, M., Tacconelli, E., Amore, C., Cauda, 

R. & Lacoviello, L. AIDS. March 28th, 2003; 17(5): 

765-768. 

12. Descamps, D., Flandre, P., Calvez, V, Pentavin, G., 

Meiffredy, V. & Collin, G. Mechanisms of virologic 

failure in previously untreated HIV-infected patients 

from a trial of Induction-Maintainance Therapy. 

Practice guidelines for the treatment of patients with 
HIV/AIDS. American Psychiatric Association, 

2000; 67–72. 

13. Federal Ministry of, Health (FMOH). 2010 National 

HIV sero- prevalence Senntinnel Survey. Abuja: 

Federal Ministry of Health, 2010.  

14. Hamsten, A., de Faire, U., Walldius, G., Dahle´n, 

G., Szamosi, A., Landou, C., Blomba¨ck, M. & 

Wiman, B. Plasminogen activator inhibitor in 

plasma: risk factor for recurrent myocardial 

infarction. Lancet, 1987; 2: 3–9. 

15. Jansson, J.H., Nilsson, T.K. & Olofsson, B.O. 

Tissue plasminogen activator and other risk factors 
as predictors of cardiovascular events in patients 

with severe angina pectoris. European Heart 

Journal, 1991; 12: 157–161. 

16. [Jason, P. & Krutsch, M.D (2011). Anesthesia 

Secrets (Fourth Edition). 

17. Jeremiah, Z. A., Obazee, Y., Okogun, G.R.A., 

Adias, T., Mgbere, O. & Essien, E.D. Impact of 

short-term antiretroviral therapy (START) on some 

fibrinolytic markers in HIV-infected Nigerian 

adults: preliminary findings from the START study. 

Research and Palliative Care, 2012; 4: 87–94. 
18. Kabrhel, C., Mark, C.D. & Camargo, C.A. Factors 

associated with positive D-dimer results in patients 

evaluated for pulmonary embolism. Academic 

Emergency Medicine, 2010; 17: 589–597. 

19. Matthew, S., Freiberg, I., Bebu, R., Tracy, K., So-

Armah, Jason, O., Anuradha, G., Adam, A., 

Thomas, O., David, R., Amy, J., Brian, K. & Agan, 

K. HIV Working Group. Infectious Disease Clinical 

Research Program, 2016; 1(8): 67–74. 

20. May, M., Lawlor, D.A., Patel, R., Rumley, A., 

Lowe, G. & Ebrahim, S. Association of von 

Willebrand factor, fibrin D-dimer and tissue 

plasminogen activator with incident coronary heart 
disease: British Women’s Heart and Health cohort 

study. The European Journal of Cardiovascular 

Prevention & Rehabilitation, 2007; 14(5): 638–645. 

21. Murphy, E.L., Collier, A.C. & Kalish, L.A. Highly 

active anti-retroviral therapy decreases mortality and 

morbidity in patients with advanced HIV disease. 

Annal of Internal Medicine, 2001; 135(1): 17–26.  

22. Murray, L.K., Semrau, K., McCurley, E., Thea, 

D.M., Scott, N. & Mwiya, M. Barriers to acceptance 

and ad rence to antiretroviral therapy in urban 

Zambian women: a qualitative study. AIDS Care, 

2009; 21(1): 78-86.  
23. Nordell, A.D., McKenna, M., Borges, A.H., Duprez, 

D., Neuhaus, J. & Neaton, J.D. Severity of 

cardiovascular disease outcomes among patients 

with HIV is related to markers of inflammation and 

coagulation. Journal of the American Heart 

Association, 2014; 3(3): 69–99. 

24. Palella, F.J. Gange, S,J., Benning, L., Jacobson, L., 

Kaplan & R.C, Landay, A.L. Inflammatory 

biomarkers and abacavir use in the Women's 

Interagency HIV Study and the Multicenter AIDS 

Cohort Study, 2010. 
25. Passalaris, J.D., Sepkowitz, K.A. & Glesby, M.J. 

Coronary artery disease and human 

immunodeficiency virus infection. Clinical 

Infectious Diseases, 2000; 31(3): 787–797. 

26. Ramana, K. V & Ratna, R. Human 

Immunodeficiency Virus disease management in 

Highly Active Anti-Retroviral Therapy era: a 

comprehensive review Annals of Tropical Medicine 

and Public Health, 2013; 6(1): 5-9.  

27. Rhew, D.C., Bernal, M., Aguilar, D., Iloeje, U. & 

Goetz, M.B. Association between protease inhibitor 

rise and increased cardiovascular risk in patients 
infected with human immunodeficiency virus: a 

systematic review. Journal of Cliical and Infectious 

Disease, 2003; 37(7): 959–972. 

28. Ridker, P.M., Vaughan, P.E., Stampfer, M.J., 

Manson, J.E. & Hennehens, C.H. Endogenous 

tissue-type plasminogen activator and risk of 

myocardial infarction. Lancet, 1993; 341:         

1165–1168.  

29. Rosendaal, F.R., Helmerhorst, F.M. & 

Vandenbroucke, J.P. Female hormones and 

thrombosis. Journal of Arteriosclereosis, 
Thrombosis and Vascular Biology, 2002; 22:      

201–210. 

30. Stouthard, J.M., Levi, M., Hack, C.E., Veenhof, 

C.H. & Romijn, H.A. Interleukin-6 stimulates 

coagulation, not fibrinolysis, in humans. Journal of 

Thrombosis and Haemostasis, 1996; 76: 738–742. 

31. Tarwater, P.M., Gallant, J.E. & Mellors, J.W. 

Prognostic value of plasma HIV RNA among highly 

https://www.sciencedirect.com/science/book/9780323065245
https://www.sciencedirect.com/science/book/9780323065245


Moore-Igwe et al.                                                           European Journal of Biomedical and Pharmaceutical Sciences 

 

 

www.ejbps.com 110 

active antiretroviral therapy users. AIDS, 2004; 18: 

2419-23. 

32. UNAIDS (2012). Report on the Global AIDS 

Epidemic. Geneva. 

33. UNAIDS, (2011). Global HIV/AIDS Epidemic 

Update. Geneva, Switzerland.  
34. UNAIDS, (2016). 90–90–90—An ambitious 

treatment target to help end the AIDS epidemic | 

UNAIDS [Internet]. (cited 1 Sep 2016). Retrieved 

from http://www.unaids.org/en/resources/ 

documents/2014/90-90-90. 

35. Wada, N.I., Jacobson, L.P., Margolick, J.B., Breen, 

E.C., Macatangay, B. & Penugonda, S. The effect of 

HAART-induced HIV suppression on circulating 

markers of inflammation and immune activation. 

AIDS, 2015; 29(4): 463–71.  

36. Wayne, L. & Chandler, M. D. (2013).Transfusion 

Medicine and Hemostasis (2nd Edition), 
https://www.sciencedirect.com/topics/neuroscience/f

ibrinolytic-system 

37. World Health Organization (WHO) and UNAIDS 

(2009). Joint United Nations Programme on 

HIV/AIDS., Epidermic Update: A report released on 

24th November 2009 in Geneva. Available: 

http://www.Who.Int/media 

centre/news/relases/2009/hivaids  

http://www.unaids.org/en/resources/%20documents/2014/90-90-90
http://www.unaids.org/en/resources/%20documents/2014/90-90-90
../../../../Downloads/Transfusion%20Medicine%20and%20Hemostasis%20(2nd%20Edition)
../../../../Downloads/Transfusion%20Medicine%20and%20Hemostasis%20(2nd%20Edition)

