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Abstract: Despite the remarkable achievement in prevention and control so far attained, HIV incidence is increasing in some 

countries and regions, Sub-Saharan Africa accounting for 68% global HIV prevalence with women and young people 

disproportionately affected. As of 2014 in Nigeria, the HIV prevalence rate among adults ages 15-49 was 3.17 percent. 

However, the HIV epidemic in Nigeria is complex and varies widely by region. To compare HIV viral load in liquid and dried 

plasma on filter paper (whatman 903). A study among HIV patients was carried out in Aids Prevention Initiative (APIN) 

Centre, Jos University Teaching Hospital, Plateau State, Nigeria to compare viral load in dried plasma spot (DPS) against the 

liquid plasma (LP) which is the gold standard. 84 adult HIV infected subjects were recruited for this survey with each 

completed a questionnaire and donated blood for the viral load assay using CobasAmpliprep/TaQmananalyser between 

September to November 2014. Out of the 84 HIV infected adults, 31% (26/84) of the subjects were males while the remaining 

69% (58/84) were females. On the other hand, 32 of the patients were treatment experienced, and 52 were treatment naïve. The 

sensitivities and specificities of dried plasma spots at ambient and refrigeration temperatures were 91.3% and 100% 

respectively (P<0.05). Viral load was effectively detected in DPS within the log range of 3.0 to > 6.0. There was a strong 

positive correlation in this current study between the viral load in LP and DPS as well as LP and DPS-REFR with values of 

0.978 and 0.992 respectively as well as mean loss in viral log copies of 0.261 and 0.196. In general, the result of DPS was 

highly comparable with that of LP, which suggests that DPS could be used as a valuable alternative in resource constrains 

settings. This range is useful in providing clinical guidance regarding drug regimen switch in individuals on antiretroviral 

therapy (ART). 

Keywords: Dried Plasma Spot (DPS), Liquid Plasma (LP), CobasAmpliprep/TaQmananalyser, Filter Paper (Whatman 903), 

APIN-JUTH, Nigeria 

 

1. Introduction 

Global health strategy on HIV/AIDS has been geared 

towards achieving universal access to HIV prevention, 

treatment, care and support. Between 2000 – 2010, the 

number of new HIV infections declined globally by 19%, 
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with high burden countries reducing HIV prevalence by more 

than 25% among young People aged 15 – 24 years [1]. 

According to NARHS 2012, the current HIV prevalence in 

the general population is 3.4% but as of 2014 in Nigeria, the 

HIV prevalence rate among adults ages 15-49 was 3.17 

percent. However, Nigeria has the second-largest number of 

people living with HIV [2], [29]. The HIV epidemic in 

Nigeria is complex and varies widely by region. However, 

Nigeria has been steadfast in its commitments to strengthen 

its responses to the HIV and AIDS epidemic through the 

implementation of multi-sectoral comprehensive intervention 

programs [3]. Antiretroviral therapy access in low and 

middle income countries increased by 35% (400,000 in 2003 

– 5.2million) in 2009 [7]. Among young people in need in 

2010, 53% of pregnant women living with HIV had access to 

ART to prevent transmission to their unborn infants, 

increasing by 8% in 2008. Despite the remarkable 

achievement in prevention and control so far attained, HIV 

incidence is increasing in some countries and regions, Sub-

Saharan Africa accounting for 68% global HIV prevalence 

with women and young people disproportionately affected. 

Globally, women in 2009 account for about 52% (60% in 

Sub-Saharan Africa) of adult prevalence [4]. In 2015, It is 

estimated that a total of 36.7 million people globally are 

living with HIV/AIDS including 1.8 million children while in 

the low and middle countries, 19 billion are said to be living 

with HIV as a result, has negated decade’s worth of work on 

controlling disease, improving nutrition and in many African 

countries it has become an unprecedented emergency [5] – 

[7]. Simplified approaches to proficiency testing such as the 

use of control sera like the dried tube test (DTS) developed 

by the centre for disease control and prevention is 

encouraged for wider adoption by stakeholders responsible 

for national level quality assurance [8]. The ability to 

accurately measure viral RNA in plasma and intracellular 

compartments of HIV-1 infected people has demonstrated 

that high level viral replication occurs at all stages of disease. 

Most poor countries do not have adequate facilities for 

routine monitoring of laboratory markers of disease activity. 

Developing countries need field-friendly methods for 

collection, transportation and accurate measurement of HIV 

viral load [9]. 

Accurate measurement of viral RNA in plasma and 

intracellular compartment of HIV-1 infected persons has 

enabled dramatic improvement in the understanding of the 

natural history of the virus and its devastating effects. Studies 

have convincingly shown that high level viral replication 

takes place at all stages of the disease and that HIV-1 RNA 

levels in plasma are predictive of disease outcome, and 

response to therapy. Although modest progress has been 

achieved with regards to HIV-1 disease diagnosing and 

monitoring, some issues still remain largely unsolved if HIV-

1 quantification is to be used as a routine marker of disease 

progression and therapeutic efficacy. Limited stability of 

HIV-1 RNA in liquid plasma and the need for expedient 

collection, processing and transport of samples on dry ice or 

liquid nitrogen; although the logistics of specimen handling 

are being addressed in developing countries, few studies have 

examined the technical challenges and immediate sample 

processing and refrigeration are often unavailable. As the 

developing world bears a disproportion of the global 

population of people with AIDS and that clinical trials are 

planned for many of the developing countries, there exists a 

need to develop a simple and improved sampling methods 

which can be widely applied under difficult field conditions 

[10] – [13], [21], [38]. 

Studies indicate that regardless of the test kit selected, the 

testing of DPS samples collected on filter paper is an 

accurate and reliable method for the quantification of viral 

RNA. Findings indicate complete elution of HIV-1 RNA 

from filter paper with no measurable loss of nucleic acid 

during extraction with sensitivity limits of quantification with 

DPS in the range of approximately 3.0 log10 HIV-1 RNA 

copies/ ml, which is the expected value for 50µl sample 

volumes. Also, rapid disease course for patients with 

persistent high level viraemia as measured by RNA 

quantification with both DPS and liquid plasma supports the 

interpretation that failure to effectively clear virus in the 

primary stage of infection is associated with rapid clinical 

progression [14] - [16], [38]. DPS has been used to 

demonstrate the early detection and quantification of HIV-1 

RNA in infected neonates where strong correlation between 

results obtained using DPS and liquid plasma, with high 

levels of HIV-1 RNA measured during the first six weeks of 

life and were persistently high for the first year of life [17], 

[38]. Dried plasma can be stored for prolonged periods of 

time at ambient temperature without adversely affecting 

quantitative HIV-1 RNA determination or changing the 

categorical result (from positive to negative). Also stable in 

dried plasma are a growing list of HIV-1 analytes: antibodies, 

antigens, RNA, and proviral DNA that are unexpectedly 

stable when dried onto a solid matrix [10], [14], [15], [18] - 

[20]. Athicha et al, 2017 alongside Sally et al., 2015 reported 

that the ultimate utility of DPS at the global level will depend 

on the ability of the amplification primers to recognized and 

amplify different clades with equal efficiency because in 

their study, the Limit of Detection (LOD) test from the 

improved DNA extraction method DBS, HIV-1 DNA was ≥ 

250 copies/ml [21], [38]. 

The use of liquid plasma for HIV-1 viral load 

determination and drug resistance genotyping in the rapidly 

expanding access to ART for HIV patients in low and middle 

income countries [22], though mobile clinics have made 

diagnoses conveniently close to patient’s homes, there are no 

standard HIV laboratories near for monitoring of the patient’s 

treatment progress. Transportation cost has been identified as 

an important barrier to reaching these services [23], [24]. 

Studies showed that HIV-1 levels in plasma are predictive of 

disease outcome and response to therapy as well as one of the 

indicators for drug regiment switching, risk of vertical 

transmission from seropositive mothers to their babies [25]. 

In Nigeria 1,449,166 patients were ART eligible in 2011. The 

growing trend towards the use of rapid tests HIV testing 

improves likelihood of clients getting access to HIV care and 
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prevention services support such as viral load testing. Thus, 

these findings and the introduction of potent new ARVs 

stimulated interest in viral load monitoring [26], [27]. 

The conventional method of viral load assay is via the use 

of liquid plasma. However, this would pose a serious 

challenge in developing countries because the facilities and 

manpower are located in urban areas; thus, samples must be 

transported on dry ice from remote areas to testing sites, 

Storage of plasma samples would require freezers which 

would be costly to maintain and the epileptic power supply is 

a major challenge in this part of the world. Thus, dryplasma 

spot (DPS) would provide a suitable alternative to liquid 

plasma (LP) for HIV viral load due to ease of transportation 

from clinical sites to testing sites with minimal biohazard risk, 

ease of storage and requires lesser storage space thus 

reducing the cost of running the assay. 

Aim and Objective: To compare HIV viral load in liquid 

and dried plasma on filter paper (whatman 903). 

2. Materials and Methods 

2.1. Study Site and Population 

This study was a comparison between HIV-1 viral load in 

liquid and dried plasma of adult patients at APIN-JUTH. The 

study subjects were recruited within a period of 3 Months 

from September to November 2014. The diagnostic 

performance assessment was carried out at the Infectious 

Diseases Unit (IDU) laboratory of the Jos University 

Teaching Hospital (JUTH) were viral load assay was carried 

out in this same facility. This facility is an AIDS Prevention 

Initiative In Nigeria (APIN) programme located in Jos North 

Local Government Area at 9˚55’N 8˚54’E/ 9.917˚N 8.900˚E 

of Plateau State, North-central Nigeria. Both sexes were 

involved in the research work. Blood specimens were 

collected from all confirmed HIV-1 Positive adult patients 

attending APIN JUTH clinic to access medical care that have 

consented and volunteered for the study.Patient’s information 

was collected based on the questionnaire designed. 

2.2. Study Sample Size 

The minimum sample size was obtained from a standard 

statistical text book [28] for calculating confidence interval in 

accordance to 3.4% National prevalence rate [29], but a total 

of 84 (40% attrition) paired samples were analyzed at 

refrigeration and ambient temperatures. 

2.3. Sample collection 

Venous blood samples were collected in vacutainer tubes 

containing EDTA and centrifuged at 489 × g for 5mins. 

Clarified plasma was used to make dried plasma spots (DPS) 

and the remaining liquid plasma was stored at -80°c prior to 

evaluation. Dried plasma spots, replicate sets of DPS from a 

cross section of the patients were prepared by aliquoting 200 

microlitres of the liquid plasma using a 100 

microlitremicropipettor with plugged tips applied to 

individual circles of whatman 903 filter paper (one filter 

paper per patient and has provision for five spots). The filter 

papers were left to dry in a clean dry protected area free from 

direct sunlight and dust (laminar flow hood overnight) for 

four (4) hours. After drying, up to ten DPS cards were 

inserted into a special sealable plastic bag with desiccants 

and 84 of the samples were stored at room temperature, while 

the remaining 84 were kept at refrigeration temperature for 2 

weeks before running the assay [30]. 

2.4. Laboratory Assay 

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

Test, v2.0 permits automated specimen preparation followed 

by automated reverse transcription, PCR amplification and 

detection of HIV-1 target RNA and HIV-1 Quantitation 

Standard (QS) Armored RNA.The processed specimen, 

containing the magnetic glass particles as well as released 

HIV-1 RNA and HIV-1 QS RNA, is added to the 

amplification mixture and transferred to the COBAS® 

TaqMan® Analyzer. The HIV-1 target RNA and the HIV-1 

QS RNA are then reverse transcribed, amplified and 

simultaneously detected by cleavage of two target-specific 

and one QS-specific dual-labeled oligonucleotide probe [30]. 

2.5. Statistical Analysis 

The HIV-1 RNA values were log transformed before 

analysis for conveniences, with undetectable viral loads and 

those detectable but below the detection limit of the assay are 

considered equal to 10. Quantitative variables were expressed 

as means and compared by student t-test. Log transformed 

viral load measured in DPS and LP samples were compared 

by the Pearson correlation analysis. A p value < 0.05 was 

considered to be significant. All statistical calculations were 

performed using SPSS software version 17.0 [30]. 

2.6. Ethical Clearance and Confidentiality 

The information obtained in the questionnaire and consent 

was treated with upmost priority. However, any information 

that is released did not identify the patient. Approval and 

clearance for this research was obtained from the Ethical 

Committee of the Jos University Teaching Hospital (JUTH) 

as well as APIN management respectively. 

3. Results 

Dried plasma spots (DPS) were available for all the 

collected liquid plasma (LP) samples (n=84). The paired DPS 

were kept at ambient and refrigeration temperatures each for 

a period of two weeks prior to analysis. The coefficients of 

correlation between the HIV-1 RNA viral loads were 

calculated by comparing the results of LP to DPS at ambient 

and LP to DPS at refrigeration temperatures. 

The coefficients of correlation of viral loadsfrom LP 

compared with DPS at ambient temperature and from LP 

compared with DPS at refrigeration temperature were0.978 

and 0.992 respectively (Pearson correlation test). 

In table 1, the liquid plasma being the conventional 
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method shows a sensitivity and specificity of 100% while 

dried plasma at ambient and refrigeration temperatures had 

sensitivities and specificities of 96.4% and 100% 

respectively. 

In addition, statistical differences were observed between 

the mean viral log copies/ml obtained from LP (3.1870), DPS 

at ambient temperature (2.9260) with mean difference of 

0.2610, and DPS at refrigeration temperature (2.9910) with 

mean difference of 0.1960 respectively as in tables 2 and 3. 

Table 1. Detectable and non detectable viral load in Liquid Plasma and Dried Plasma spots. 

 
Detectable(Positive) Non – detectable(Negative) Total 

VL-LP* 56 28 84 

DPS-AMB** 54 30 84 

DPS-REFR*** 54 30 84 

*Viral load in liquid plasma, **Dried plasma spots viral load at ambient temperatures, ***Dried plasma viral load at refrigeration temperatures 

Table 2. Mean, standard deviations, total number of samples, and correlation coefficient between viral load in liquid plasma and dried plasma. 

 
Mean Number of samples Standard deviation 

VL-LP* 3.187 84 1.75858 

VL-AMB** 2.926 84 1.60591 

Correlation = 0.978 Df=83 
 

(p<0.05) 

*Viral load in liquid plasma, **Dried plasma spots viral load at ambient temperatures. 

Table 3. Mean, standard deviations, total number of samples, and correlation coefficient between viral load in liquid plasma and dried plasma. 

 
Mean Number of samples Standard deviation 

VL-LP* 3.187 84 1.75858 

VL-REFR** 2.991 84 1.62497 

Correlation = 0.992 Df=83 
 

(p<0.05) 

*Viral load in liquid plasma, **Dried plasma viral load at refrigeration temperatures 

Table 4. Viral load log ranges detected in liquid plasma (LP) and dried plasma spots (DPS). 

VL-LOG RANGES LP DPS-AMB DPS-REFR 

1-1.99 31 32 31 

2-2.99 2 4 3 

3-3.99 16 19 17 

4-4.99 22 23 26 

5-5.99 12 6 7 

≥6.0 1 0 0 

TOTAL 84 84 84 

Table 5. Summary of results analyzed compared with reported findings. 

 
Correlation Sensitivity(%) Specificity(%) DetectionRate Mean loss 

Roche 0.989 98 100 - - 

Mbida 0.916/0.92 91 100 - 0.56 

Mauro - 91.3 100 - - 

Ralph - - - 3.5 - 

Cassol - - - 3.0 - 

Serah - - - 3.3 0.64 

Majore - - - 
 

0.35 

Results analysed(DPS-AMB/DPS-REFR) 0.978/0.992 96.4 100 3.0 0.261/0.196 

 

3.1. Discussion 

The increased access to life-saving antiretroviral drugs 

has not only raised hope for many people living with HIV in 

resource-limited countries but also raised challenges for 

appropriate monitoring. The determination of viral load 

remains the gold standard by which treatment efficacy is 

assessed. Besides, viral load has anestablished value in 

predicting clinical progression to disease, in monitoring 

response to antiretroviral therapy, and in assessing the risk 

of vertical transmission by HIV seropositive mothers to 

newborns as well as monitoring of drug resistance. 

However, for many areas in the developing world, the 

prohibitive cost of carrying out viral load is limiting and has 

mandated the search for suitable alternatives validated 

against the standard [32]. 

In this study the p-value was observed to be less than 0.05 

which necessitates the rejection of the null hypothesis that 

says there is no difference between viral load in liquid and in 

dried plasma (stored at ambient and refrigeration 

temperatures). The student’s t-test was just comparing the 

means between viral load log copies in liquid and dried 

plasma. The null hypothesis is thus saying the mean viral 



 International Journal of HIV/AIDS Prevention, Education and Behavioural Science 2017; 3(2): 15-21 19 

 

load log copies in liquid plasma (LP) must be equal to that of 

the dried plasma (DPS-AMB and DPS-REFR). However the 

findings of this study showed a sensitivity and specificity of 

96.4% and 100% respectively for both DPS stored at ambient 

and refrigeration temperatures. This is consistent with the 

findings of Mauro et al, 2010 who also reported sensitivity of 

91.3% and specificity of 100% with P<0.05. The slight 

difference in the sensitivity observed in both studies could be 

that they used manual extraction and automated 

amplification/detection [33]. Also, Mbida et al, (2009) 

observed 91% sensitivity and a specificity of 100% using 

DPS stored at room temperature for 2weeks with manual 

extraction and automated amplification/detection [34]. 

There was a strong positive correlation in this study 

between viral load in LP and DPS-AMB as well as LP and 

DPS-REFR (0.978 and 0.992 respectively, P<0.05). This is 

comparable to the works of [34], [32] who reported strong 

positive correlations of 0.92 and 0.916 respectively. This 

slight variation could be due to differences in the 

methodology. This study revealed a stronger correlation in 

DPS-REFR when compared with DPS-AMB which could 

be as a result of lesser degradation of viral load in DPS-

REFR as compared with DPS-AMB. However, in general 

the result of DPS is highly comparable with that of LP with 

mean loss in viral load log copies/ml for DPS-AMB and 

DPS-REFR as 0.261 and 0.196 respectively. Mbidaet al 

2009 reported mean losses in viral load log copies/ml of 

0.58 similar findings were also reported byMajore et al 

2010 and Sarah et al 2010 as0.35, and 0.64 respectively 

P<0.05 [34] – [ 36]. 

This study also revealed that DPS can effectively detect 

viral load within the range of log 3.0 to log > 6.0 (Table 4) 

which is significant in making clinical decisions. This 

finding is comparable to the work of Ralph et al (2010) who 

reported a high detection rate at log 3.5 and is useful in 

providing clinical guidance regarding drug regimen switch 

in individuals on antiretroviral therapy (ART) [37]. 

Minimum detection rates of logs 3.0 and 3.3 respectively 

have also been reported by Mauro et al (2009), and Cassol 

et al (1997) [33], [16]. 

3.2. Conclusion 

The findings of this research showed that the detection of 

viral load from liquid plasma remains a more robust option 

due to possible degradation in Dried Plasma Spots. 

However, DPS can be used as a valuable alternative in 

detection of viral load in resource constrained settings 

where the availability of power and other necessary 

resources may be unavailable. The results obtained from 

this study may also indicate that HIV-1 viral load 

determination for resistance genotyping from DPS may also 

be feasible in resource limited areas. 

The study indicates that plasma samples could be 

collected in areas with limited infrastructures, dried and 

stored at ambient temperature to be transported to the 

testing sites which are urban areas that have the equipments 

and trained personnel to run the assay especially for 

management of HIV infected patients in resource 

constrained settings. This could reduce the cost of 

transportation since so many samples could be collected 

before transporting to the testing sites. Also, there would be 

no need of acquiring freezers which add up to the cost and 

electricity which is a major challenge, minimal biohazard 

risk, ease of transportation as well as reduced storage space. 

3.3. Contribution to Knowledge and Public Health 

Practice 

This study adds to a steadily accumulating body of 

scientific evidence for the use of DPS in place of Liquid 

plasma where the conditions of testing assays may not be 

readily available.This also provides useful baseline 

information for research opportunities in resource limited 

areas and fast track HIV treatment targets for infected 

individuals to accurately diagnose HIV and prompt 

initiation of lifesaving ART, clinical follow-up to ensure 

sustained viral suppression. 

3.4. Recommendations 

Future research should be focused on the possibility of 

using whole blood spotted on filter paper instead of plasma 

as this would eliminate the need for venous blood collection 

and centrifugation thus, saving cost.The effects of elution 

time may need to be looked into and the need to increase the 

diameter of the filter paper to accommodate more sample 

volume cannot be over emphasized. 
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