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➢ In the standard clinical diagnostic procedure for HIV-1, plasma viral loads 
are determined by centrifuging whole blood samples to separate the plasma 
and cells. 

➢ The isolated plasma is then removed and the remaining white blood cells 
are tested for viral DNA/RNA levels using standard HIV-1 
quantitative/qualitative methods, such as polymerase chain reaction (PCR).

➢ In areas with low resources and high incidence of HIV, some laboratories 
might not have access to the expensive medical devices, such as 
centrifuges, necessary to run diagnostic tests following the typical 
procedure.

➢ Our research seeks to determine whether High-Efficiency Rapid Magnetic 
Erythrocyte Separator (HERMES) beads, a cheaper alternative, are suitable 
for the isolation of HIV-1 positive plasma by binding red blood cells and 
separating them from the plasma and buffy coat (white blood cells). 
Erythrocytes often inhibit PCR, and therefore, it is important to remove 
them prior to isolating DNA/RNA.

Knute Knudsen at English Wikipedia. 
Blood Centrifugation Scheme. 
photograph, 9/2/2008. Retrieved from 
https://commons.wikimedia.org/wiki/
File:Blood-centrifugation-scheme.png 

➢ Blood samples were collected from six patients 
who were known to be HIV positive and on 
antiretroviral therapy and from another patient who was 
HIV negative as a control.

➢ Each patient sample was aliquoted into two tubes. For 
one, plasma was isolated using standard centrifugation
procedure. The other was further aliquoted
into three tubes, and for each, plasma was isolated using HERMES magnetic 
beads.  

➢ DNA/RNA isolation was initially performed on aliquots of all samples with 
the QIAGEN AllPrep DNA/RNA kit. It was later repeated on new sample 
aliquots using the Zymo Quick-DNA/RNA MagBead kit. 

➢ Both qPCR and ddPCR were used with PV-HIV primer in order to obtain viral 
DNA/RNA copy numbers. CCR5, a primer specific to a host gene, was used to 
measure the number of cells. 
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Copies of DNA  yielded from pseudosamples Figure 2: We tested pseudo-samples 
made from various plasma, cells, and 
virus combinations to ensure our DNA 
isolation procedure was optimized for 
biological samples of this type. qPCR 
results showed high copy numbers of 
CCR5 in plasma and cells, plasma and 
cells and virus, and cells alone samples. 
There was detectable HIV in plasma 
and virus, plasma and cells and virus, 
and virus alone samples. These results 
matched our expected values, as CCR5 
was amplified in all the samples with 
cells and PV-HIV was amplified in all 
the samples containing virus.

Figure 1: diagram 
showing layers in 
centrifuged blood

Figure 3: When testing HIV-1 
RNA/DNA levels in our patient 
samples, we also used CCR5 primer as 
a control to test for cellular DNA and 
ensure the samples were correctly 
isolated. The data for our centrifuged 
plasma (S001, S002, S003, S004, S005) 
was lower and dismissed as 
background. The samples isolated using 
HERMES (-1, -2, -3) were higher as 
they contained plasma as well as 
PBMCs (lymphocytes, monocytes, and 
dendrites).

Figure 4: To determine which method 
of DNA/RNA amplification was ideal 
for assaying our plasma isolations we 
compared HIV-1 copy numbers 
measured by ddPCR and qPCR. While 
qPCR gave higher copy numbers for 
HIV-1 DNA, ddPCR gave results for a 
larger number of samples. Samples 
S003, -1, -2, -3 were expected to be 
negative for HIV, but S003-3 gave a 
result, likely due to cross 
contamination.

Figure 5: This graph shows a direct 
comparison of HIV-1 DNA levels in 
centrifuged (grey) vs. HERMES 
isolated plasma (pink) samples, 
analyzed using ddPCR. The HIV-1 
DNA copy numbers are higher for each 
of the HERMES isolated samples than 
for the centrifuged samples. We believe 
that the amplified HIV-1 DNA from 
centrifugation is background resulting 
from issues relating to the QIAGEN 
DNA/RNA isolation kit. 

qPCR vs. ddPCR for plasma viral DNA assay

➢ Our results from Figure 2 matched our 
expectations for which samples should have 
cellular DNA (CCR5 primer) and which 
should have HIV DNA (HIV PV primer). 
This led us to believe the DNA/RNA 
isolation protocol was optimized for our 
samples.

➢ The total number of cells in centrifuged 
versus HERMES samples from DNA 
analysis (Figure 3) was consistent with 
expectations. Since HERMES removes 
erythrocytes from the samples, the resulting 
fluid is a mixture of PBMCs and plasma, 
while centrifugation isolates only plasma. 
The cellular DNA present in the centrifuged 
samples may be from cells that were split 
apart during isolation/centrifugation.

➢ Comparing virus levels assayed from the 
same samples using qPCR and ddPCR 
techniques (Figure 4), ddPCR gave results 
for more samples. Because of this, we 
believed ddPCR was the analysis best suited 
for our purposes.

➢ There were higher HIV-1 DNA copy 
numbers from HERMES compared to 
plasma (Figure 5),  so HERMES is a feasible 
alternative to centrifugation in under 
resourced labs.

➢ Our results showed HIV DNA in sample 
S003-3 (Figure 4), but none of the samples 
aliquoted from the original S003 were 
expected to be positive for HIV as the patient 
was known to be HIV negative. This result 
could be due to cross contamination. It also 
gave high HIV-1 DNA levels in the plasma. 
We are currently repeating this experiment 
with the Zymo Quick RNA/DNA MagBead 
Kit to see if these discrepancies will change.   
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