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This study also could contribute to implement cost effective sample storage and 

transportation activities(Ujjwal Neogi, 2012). 

In addition,policymakers and programmers could use the findings of this study as an 

input to increase HIV-1 viral load test coverage among pediatric, geriatric, pregnant 

women, and other people living with HIV-1 who face challenges to accessing HIV-1 

viral load test services. 

People living with HIV-1 could benefit from this study since the implementation of 

DBS as alterative sample could improve viral load test accessibility.According to 

studies, access increased by 19% annually when DBS waspartially implemented for 

low-load health facilities(Brooke E. Nichols, 2019). 
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weeksand for up to 2 weeks(underhigh humidity (85%)) without significant HIV-1 

viral load result variations(WHO, 2023). 

Before that,Marjorie Monleauand her colleagues,reported thatvirological monitoring 

was feasible for DBS after 3 months stored at 20
0
C with a slight decrease observed 

after 2 months (0.16 log10 copies/ mL, mean difference) at 37
0
C(Marjorie Monleau, 

2010). 

A study in Tanzaniaalso showed that there was no statistically significant change in 

log RNA levels between the baseline and follow-up time points after a median of 47 

daysof DBS storage at ambient temperature(Sarah M. Lofgren, 2010). 

Another study conducted in United Kingdom, by Susan C. Aitken et al reported that 

DBS storage conditions and duration had a significant effect on HIV-1 RNA 

amplification.In contrast to a report by Marjorie Monleau and her colleagues, Susan 

C. Aitken et al, recommended that DBS storage at ambient temperature (+30°C) 

should not exceed two weeks(Susan C. Aitken, 2015). 

Overall,in this review, studies conducted in different areas used various types of HIV-

1 RNA extraction procedures; different DBS buffers and specimen types (sero- 

negative vssero- positive specimens) and so on. Performance of DBS for HIV -1 viral 

load had great accuracy in some studies(F Erba, 2015) and somewhat less accuracy in 

others(Monday Tolaa, 2021).Most of the studies reviewed used -20
0 

C DBS storage 

and transportation temperature instead of ambient temperature. All these variations in 

findings and the methods used indicate that DBS performance for HIV-1 viral load 

depends on local contexts and the available methods at local level, which should be 

evaluated, based on these local contexts. 
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4.9 Data collection procedure 

4.9.1 Sample collection and processing 

From finger-prick, whole blood specimens were collected in parallel to venous whole 

blood from each study participant. A finger- prick blood was spotted onto each of the 

five circles of pre-perforatedWhatman 903 cards (Lasec
® 

International (pty) Ltd) until 

completely filled.Then, it was allowed to dry placed on the DBS drying rack for about 

4 hours.The DBS cards then,packed with desiccants and sent to the Amara public 

health institute (APHI) virology reference laboratory at ambient temperature for 

testing. (Annex II) 

Likewise, 3-5ml venous blood sampleswere drawn using ethylene 

diaminetetraaceticacid (EDTA) tubes and centrifuged at 2500 rpm for 10 minutes. 

About 1.8ml to 2ml of clear straw coloured plasmaspecimenswereseparated in to 

cryo-tubes. Plasma specimens were transported in a cold chain to the testing 

laboratory.(Annex II). 

4.9.2 HIV -1 viral load quantitation using DBS sample 

Abbott Master Mix Tubes (Abbott Molecular Inc.) were filled with 1.3 mL of mDBS 

buffer; one dried blood spot sample was cut out from Whatman 903 card and placed 

into each MasterMix tube; manually shaken and incubated for 30 minutes at 55°C on 

the heat block.  

RNA extraction and master mix additions wereperformedon the Abbott m2000sp 

automated system using HIV-1 DBS viral load sample extraction protocols. Similar 

plasma sample extraction and amplification reagents wereused, other than the mDBS 

buffer,for DBS sample extraction and amplification.Amplification and detection were 

done in the Abbott m2000rt system using the PCR assay protocol 1.0ml HIV-1RNA 

DBS version 2.00. (Annex II)After being stored at room temperature for a month, 134 

DBS samples were re-tested to assessthe stability of HIV-1 RNA. 
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5.RESULTS 

5.1 Socio-demographic and HIV-1 viral load characteristics of the participants  

We included 189 study participants in this study (130 from FHCSH, 31 from Han 

Health Center, 21 from Bahir Dar Health Center and 7 from Shimbit Health Center).  

The median age of the study participants was 39 years, with a minimum of 1 year and 

a maximum of 65 years. The majority of the study participants, 103 (54.5%) were in 

the age group of 25-44 years, and females constituted 98(51.1%). From 150 

detectable samples, 79 (52.7%) were from females and 85(56.7%) belonged to the 

age group 25-44 2. (Table1) 

Table 1: Study participants’HIV-1 viral load level versus their sex and age, in Bahir 

Dar, Ethiopia, 2025 
 Sex of  participants Total 

Male Female 

HIV -1 viral load 

level 

<40copies/ml/o

r  not detectable 

Count 20 19 39 

%  22.0 19.4 20.6 

40-

1000copies/ml 

Count 29 42 71 

%  31.9 42.9 37.6 

>1000copies/ml Count 42 37 79 

%  46.2 37.8 41.8 

Total Count 91 98 189 

 Age of participants(years) Total 

0-14 15-24 25-44 45-59 >=60 

HIV -1 viral 

load  level 

<40copies

/ml 

Count 6 4 18 8 3 39 

%  54.5 20.0 17.5 17.0 37.5 20.6 

40-1000 

copies/ml 

Count 2 8 39 20 2 71 

%  18.2 40.0 37.9 42.6 25.0 37.6 

>1000cop

ies/ml 

Count 3 8 46 19 3 79 

%  27.3 40.0 44.7 40.4 37.5 41.8 

Total Count 11 20 103 47 8 189 
   

 





24|P a g e  

 

 

 

 
 

 

 
 

 

Figure 3Histogram foruntransformed (A) and log10 -transformed (B) HIV-1 plasma viral load 

level 
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Figure 4Histogram for untransformed (C) and log10 -transformed (D) HIV-1 dried blood spot viral load level 
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At 839 copies/ml,there were NPVof 96.8 % (95%CI=93-100%) and PPV of 83.3% 

(95% CI=76-91%) for unadjusted data and .At 1000copies/ml a threshold point of 

treatment failure, NPV and PPV were found to be 96.2 %(95%CI=93-94%) and 90.4 

%( 95% CI=84-97%) respectively. (Table 4) 

Table 4Positive and Negative predictive valuesfor HIV-1 dried blood spot viral load test at 

40, 839 and 1000copies/ml threshold points for unadjusted data 

 First HIV-1 Plasma  viral load  at 40copies/ml Total 

 Not detected Detected 

First  HIV-1 DBS 

viral load at 40 

copies/ml 

Not 

detected 

Count 28 65 93(n) 

% (CI) 30.1(21-39) 69.9 100.0 

Detected Count 0 96 96(n) 

0.0% 100.0 100.0 0.0 

Total Count  189 

 First HIV-1Plasma viral load  at 

839copies/ml 

Total 

<839copies/ml >=839copies/ml 

First HIV-1DBS 

viral load 

at839copies/ml 

Not 

detected 

Count 90 3 93(n) 

% (CI) 96.8(93-100) 3.2 100 

Detected Count 16 80 96(n) 

% (CI) 16.7 83.3(76-91) 100 

Total Count   189 

 First HIV-1plasma viral load  

at1000copies/ml 

Total 

<1000copies/ml >=1000copies/ml 

First HIV-1DBS 

viral load at 

1000copies/ml 

<1000copies/

ml 

Count 102 4 106(n) 

%(CI) 96.2(93-94) 3.8 100.0 

>=1000copies

/ml 

Count 8 75 83(n) 

%(CI) 9.6 90.4(84-97) 100.0 

Total 189 
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considering 6 hour stability; whereas whole blood collected using plasma separator 

tube stored at 2
o
C to 8

o
C taking 24 hours stability in to consideration. Whole blood 

and plasma samples were transported using triple packages with in their respective 

stability time(WHO, 2023). 

2.  Principle of HIV viral load Detection 

Abbott Real-Time HIV-1 assay is a reverse transcription-polymerase chain reaction 

(RT-PCR) assay for the quantification of Human Immunodeficiency Virus type1 

(HIV-1) in human plasma and whole blood spotted on cards as dried blood spots from 

HIV-1 infected individuals(WHO, 2023). 

2.1  Principle of HIV-1RNAExtraction 

RNA extraction from plasma and DBS samples is performed by Abbot m200spfully 

automated  analyzer using Abbotm200 extraction kit .The extraction kit contains lysis 

buffer, Wash1 and Wash2, micro-particles and elution buffer. This process has lysis, 

capturing, washing and elution steps.  DBS sample eluted using bulk lysis. Lysis 

buffer contains 4.7MGITC (Guanidine IsoThioCyanate) which denatures/lyse 

proteins like viral capsids or cellular proteins and also inactivates RNAse. After lysis, 

RNA molecules bind with magnetic, needle shaped iron oxide micro particles .This 

magnetic nature makes the bound RNA and the micro particle remains attached to the 

wall of the tubes during the removal of the lysed and unbound sample. The washing 

step by wash1 (chaotropic salt wash) washes the particles to remove unbound sample 

components.  Then next wash by beffur2 (Wash 2, a water wash) continues. After 

wash 2 removal, elution buffer is added and selectively removes only RNA from the 

wall of the tubes. 

2.2 HIV-1 RNA Amplification 

Abbot Amplification Reagent Pack contains thermo stable rTth Polymerase Enzyme 

in buffered solution; Synthetic oligonucleotides (primers, probes, and quencher 

oligonucleotide), and dNTPs in a buffered solution with a reference dye; 

Preservatives: 0.1% ProClin 300 and 0.15% ProClin 950; Activation Reagent: 30 mM 

manganese chloride solution and Preservatives: 0.1% ProClin 300 and 0.15% ProClin 

950. 
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The target sequence for the Abbott Real-Time HIV-1 assay is in the pol integrase 

region of the HIV-1 genome. This region is highly conserved. During the 

amplification reaction on the Abbott m2000rt, the target RNA is converted to cDNA 

by the reverse transcriptase activity of the thermo stable, rTth DNA polymerase. First, 

the HIV-1 reverse primer anneals to its target and is extended during a prolonged 

incubation period. After a denaturation step, in which the temperature of the reaction 

is raised above the melting temperature of the double-stranded cDNA: RNA product, 

a second primer anneals to the cDNA strand and is extended by the DNA polymerase 

activity of the rTth enzyme to create a double-stranded DNA product. During each 

round of thermal cycling, amplification products dissociate to single strands at high 

temperature allowing primer annealing and extension as the temperature is lowered. 

Exponential amplification of the product is achieved through repeated cycling 

between high and low temperatures, resulting in a billion-fold or greater amplification 

of target sequences. The probes do not generate signal unless they are specifically 

bound to the amplified product(WHO, 2023). 

2.3 Detection and Quantification HIV-1 RNA 

The amplification cycle at which fluorescentsignal is detected by the Abbott m2000rt 

is proportional to the log of theHIV-1 RNA concentration present in the original 

sample.During the read cycles of amplification on the Abbott m2000rt, the 

temperature is lowered further to allow fluorescent detection of amplification 

products as the HIV-1 probes anneals to its target (real-time fluorescence detection).  

The HIV-1 probe has a fluorescent moiety that is covalently linked to the 5´ end. A 

short oligonucleotide (quencher oligonucleotide) is complementary to the 5´ end of 

the HIV-1probe and has a quencher molecule at its 3´ end. In the absenceof HIV-1 

target, the HIV-1 probe fluorescence is quenched throughhybridization to the 

quencher oligonucleotide. In the presence of theHIV-1 target sequence, the HIV-1 

probe preferentially hybridizes to the target sequence, dissociating from the quencher 

oligonucleotide, allowing fluorescent detection. 

A calibration curve is required to quantitate the HIV-1 RNA concentration of 

specimens. Two assay calibrators are run in replicates of 3 to generate a calibration 

curve. The calibration curve slope and intercept are calculated from the assigned 




