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[Abstract] Time to AIDS infection is longer with HIV-2, compared to HIV-1, but without antiretroviral
therapy both infections will cause AlIDS-related mortality. In HIV-2 infection, monitoring of antiretroviral
treatment (ART) efficacy is challenging since a large proportion of HIV-2-infected individuals displays
low or undetectable plasma RNA levels. Hence, quantification of cellular DNA load may constitute an
alternative method for monitoring ART efficacy. Moreover, sensitive HIV-2 DNA quantification protocols
are also important for the characterization of the HIV-2 reservoirs, and ultimately for the development of
HIV-2 cure strategies. We have developed a sensitive and robust HIV-2 DNA quantification protocol
based on whole blood as DNA source, including normalization of leukocyte cell numbers using parallel
quantification of the single copy porphobilinogen deaminase gene. The specificity and sensitivity of the
assay was 100%. The limit of detection was 1 copy and limit of quantification was 5 copies. When
applying this protocol to HIV-2 infected, it was found that HIV-2 viral DNA was detectable in individuals
in whom viral RNA was undetectable or under quantification level. Thus, this method provides a sensitive
approach to HIV-2 DNA viral quantification from whole blood of HIV-2 infected patients.
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[Background] Acquired immunodeficiency syndrome (AIDS) can be caused by two viruses, either
human immunodeficiency virus (HIV) type 1 (HIV-1) or type 2 (HIV-2) (Azevedo-Pereira and Santos-
Costa, 2016). Although these two retroviruses have similar life cycles, they differ in that HIV-2 displays
lower pathogenicity, translating into longer progression time to AIDS and reduced transmissibility
(Marvin et al.,2015; Azevedo-Pereira and Santos-Costa, 2016). Another distinct feature of HIV-2 is that
the plasma viral RNA load of infected individuals is significantly lower, compared with those infected
with HIV-1 (Berry et al., 1998; Popper et al., 1999; Andersson et al., 2000). The cellular viral DNA load
in peripheral blood has, instead, been suggested to be similar between HIV-1 and HIV-2 infections
(Ariyoshi et al., 1996; Popper et al., 2000; Damond et al., 2001). However, others have indicated that
also the DNA load is lower in HIV-2, compared with HIV-1, infection (Gueudin et al., 2008). Overall, HIV-
2 DNA load quantification studies are relatively few, and most studies have not considered a protocol
for a house-keeping gene to quantify the number of cells used in the reaction (Ariyoshi et al., 1996;
Gomes et al., 1999; Popper et al., 2000; Damond et al., 2001; Soares et al., 2006; Gueudin et al., 2008;
Bertine et al., 2017).
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Despite the fact that the estimated time to AIDS development in HIV-2 infected individuals is longer
than for individuals with HIV-1, it is clear that HIV-2 will cause AIDS-related mortality without
antiretroviral therapy (ART) in infected individuals with long follow-up (Esbjornsson et al., 2018). The
monitoring of treatment efficacy is, however, challenging since a large proportion of ART-naive HIV-2
infected individuals display low or undetectable plasma RNA levels (Berry et al., 1998; Popper et al.,
1999; Andersson et al., 2000; Buggert et al., 2016; Honge et al., 2018). Hence, quantification of cellular
DNA load may constitute an alternative method for monitoring of ART efficacy.

For simplicity, robustness and the requirement of small volumes of blood, viral DNA quantification
protocols based on whole blood, as the source of DNA, are desirable. Currently there are, however, a
limited number of publications where HIV-2 DNA quantification has been based on whole blood (Bertine
et al., 2017), and the need for protocols combining sensitivity with robustness is still important.

In a recent study (Esbjornsson et al., 2018), we showed that both HIV-1-infected and HIV-2-infected
individuals have a high probability of developing AIDS without antiretroviral treatment.

In HIV-1 infection it has been shown that viral DNA load is an independent marker of disease
progression and is well correlated with the number of latently HIV-1 infected cells, that comprises the
viral reservoir (Parisi et al., 2012; Rouzioux and Avettand-Fenoel, 2018). Comprehensive studies on the
HIV-2 reservoirs are, however, lacking. Thus, sensitive HIV-2 DNA quantifications protocols are also
important for the characterization of the HIV-2 reservoirs, and ultimately for the development of HIV-2
cure strategies. We therefore decided to develop a sensitive and robust cellular HIV-2 DNA
quantification method based on whole blood as DNA source, including normalization of leukocyte
numbers using parallel quantification of the single copy porphobilinogen deaminase gene (PBDG)
(Raich et al., 1986; Mbisa et al., 2009).

Materials and Reagents

A. DNA extraction

1. Filter tips (1,000 pl filter tip: Sarstedt, catalog number: 70.762.211; 200 pl filter tip: Sarstedt,
catalog number: 70.760.211; 20 pl filter tip: Sarstedt, catalog number: 70.760.213)

2. Low Binding Eppendorf tubes (DNA LoBind Snap Cap PCR Tube, 1.5 ml) (Eppendorf, catalog
number: 022431021)

3. PM1 cells (Lusso et al., 1995)
Whole Blood specimen of HIV-2 infected individuals, storage in -70 °C freezer. Collect samples
in EDTA tubes (BD Life Sciences, Vacutainer spray-coated K2EDTA tubes, catalog number:
367841)

5. Whole Blood specimen of uninfected individuals, storage in -70 °C freezer. Collect samples in
EDTAtubes (BD Life Sciences, Vacutainer spray-coated K2EDTA tubes, catalog number: 67841)

6. Carrier RNA (poly A) (1350 ug) (Qiagen, catalog number: 1017647) store at room temperature
before use, then store at -20 °C

7. Gibco™ RPMI 1640 Medium (Thermo Fisher Scientific, Fisher Scientific, catalog number:
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10.
11.
12.

13.

11875093), store at 4 °C before opening the bottle

Gibco™ Fetal Bovine Serum (FBS) (Thermo Fisher Scientific, Fisher Scientific, catalog number:
26140079), storage in -20 °C freezer before heat inactivation, then portion it and store at -20 °C
Gibco™ Penicillin-Streptomycin (10,000 U/ml) (Thermo Fisher Scientific, Fisher Scientific,
catalog number: 15140122), store at -20 °C

QlAamp DNA Mini Kit (Qiagen, catalog number: 51304), store at room temperature

QlAamp Blood DNA Mini Kit (Qiagen, catalog number: 51104), store at room temperature
Gibco™ Phosphate buffered saline (PBS, pH = 7.4) (Thermo Scientific, Fisher Scientific catalog
number: 10010023), store at room temperature

Complete RPMI-1640 medium (see Recipes)

B. Preparation of Standards

1.

10.

Filter tips (1,000 ul filter tip: Sarstedt, catalog number: 70.762.211; 200 pl filter tip: Sarstedt,
catalog number: 70.760.211; 20 pl filter tip: Sarstedt, catalog number: 70.760.213)

Pipette Tips (1,000 pl filter tips: Sarstedt, catalog number: 70.762.100; 200 pl filter tips: Sarstedt,
catalog number: 70.760.502; 10 pl tips: Sarstedt, catalog number: 70.1130)

Low Binding Eppendorf tubes (DNA LoBind Snap Cap PCR Tube, 1.5 ml) (Eppendorf, catalog
number: 022431021)

MicroAmp™ Optical 8-Tube Strip, 0.2 ml (Thermo Scientific, Applied Biosystems™, catalog
number: 4316567)

MicroAmp™ Optical 8-Cap Strips (Thermo Scientific, Applied Biosystems™, catalog number:
4323032)

HIV-2 (NIH-Z Strain) Purified Virus and electron microscopy counted (Advanced
Biotechnologies Inc, catalog number: 10-127-000), storage in -70 °C freezer

Qiagen miRNeasy micro Kit (Qiagen, catalog number: 217084), store at 4 °C

DNA oligonucleotides primers were obtained from Invitrogen and listed in Table 1, store
oligonucleotides at -20 °C

SuperScript™ Il One-Step RT-PCR System with Platinum™ Tag DNA Polymerase (Thermo
Fisher Scientific, Invitrogen, catalog number: 12574018), storage in -20 °C freezer.
SuperScript™ 11l One-Step RT-PCR System is supplied with the following:

a. SuperScript® lll RT/Platinum® Tag Mix (50 ul)

b. 2x Reaction Mix (containing 0.4 mM of each dNTP, 3.2 mM MgSOQa4) (1 ml)

c. 5 mM Magnesium Sulfate (500 pl)

Platinum™ Tag DNA Polymerase High Fidelity (Thermo Fisher Scientific, Invitrogen, catalog
number: 11304011), storage in -20 °C freezer. Platinum® Tag DNA Polymerase High Fidelity
(20 pl, at 5 U/ul) is supplied with the following:

a. 10x High Fidelity Buffer [600 mM Tris-SO4 (pH 8.9), 180 mM (NH4)2S0O4] (1.25 ml)

b. 50 mM MgSOs4 (1 ml)

11. Agarose (Thermo Fisher Scientific, Invitrogen, catalog number: 16500500), store at room
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temperature
12. Milli-Q quality water (RNase, DNase free water [dH20]) (VWR, catalog number: SH30538.02),
store at room temperature
13. AccuGENETM 50x TAE Buffer (Lonza, catalog number: 51216), store at room temperature
14. Gel Red (VWR International, catalog number: 41003), store at room temperature

15. QIAquick PCR purification Kit (Qiagen, catalog number: 28104), store at room temperature

Table 1. Primers used for HIV and PBDG standard preparation

HIV-2 reference strain

BEN (GenBank
HIV primers used for standard preparation .

accession number

M30502)
Name Sequence 5’-3’ bp Start End
BEN_740F GTG TTC CCATCT CTC CTAGTC 20 740 760
BEN_791F AAC AAG ACC CTG GTC TGT TAG 20 791 811
BEN_1640R GAT TTC AGG CAC TCT CAG AAG 20 1620 1640

Relative position of

PBDG gene region
PBDG primers used for standard preparation

(GenBank accession

number M95623)

Name Sequence 5’-3’ bp Start End

PBDG-CF1 TGC TCC CAG TTC TGAAGG TGC T 22 4891 4913
PBDG-CR1 AGG CTC CAC CAC TGAAGTAGAG 22 5645 5666
PBDG-CR2 ACT GCC CTAGGC TCCACCACT G 22 5638 5659

C. gPCR for HIV-2 DNA detection

1. Pipette tips (1,000 pl filter tips: Sarstedt, catalog number: 70.762.100; 200 pl filter tips: Sarstedt,
catalog number: 70.760.502)
96-well gPCR plates (Applied Biosystems™, catalog number: 4346906)

Optical Adhesive Film (Applied Biosystems™, catalog number: 4360954)

4. HyClone™ Water, Molecular Biology Grade (RNase, DNase, proteinase free) (Thermo Fisher
Scientific, Fisher Scientific, GE Healthcare HyClone SH30538.FS, catalog number: 10247783),
store at room temperature
HIV-1 infected U937 Cells (U1) (Folks et al., 1987)

Maxima probe qPCR Master Mix (2x) (Thermo Scientific, catalog number: K0231), storage in -
20 °C freezer. gPCR Master Mix contains the following:
a. 2x Maxima Probe/ROX gPCR Master Mix containing Maxima Hot Start Tag DNA
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Polymerase and dNTPs (1.25 ml)
b. Nuclease-Free Water (1.25 ml)

7. Primer and probe sequences for HIV-2 was obtained from Damond et al. (2002) (PMID:
12354861). Storage in -20 °C freezer

8. Primer and probe sequences of the housekeeping human gene PBGD was obtained from Mbisa
et al. (2009) (PMID 19020818). Storage in -20 °C freezer

9. Agarose (Thermo Fisher Scientific, Invitrogen, catalog number: 16500500), store at room
temperature

10. Milli-Q quality water (RNase, DNase free water [dH20]) (VWR, catalog number: SH30538.02),
store at room temperature

11. AccuGENETM 50x TAE Buffer (Lonza, catalog number: 51216), store at room temperature

12. Gel Red (VWR International, catalog number: 41003), store at room temperature

13. 1 Kb Plus DNA Ladder (Thermo Fisher Scientific, Invitrogen, catalog number: 10787018),
storage in -20 °C freezer

Equipment

EVE™ Automated Cell Counter, NanoEnTek (VWR, Avantor, catalog number: 10027-452)
EVE™ Cell Counting Slides with Trypan Blue (VWR, Avantor, catalog number: 10027-446)
Eppendorf Microcentrifuge, model: 5415D, with rotor F 45-24-11, AC/DC input 230 V AC, 50-
60 Hz (Sigma-Aldrich, catalog number: Z604062)

4. Life Eco Thermal Cycler, 96 well gradient, 100-240V, 50-60Hz, 600W, (Bioer Technology Co.,
catalog number: BTC42096)

5. Gilson single-channel/adjustable-volume pipettes: 0.1-2 ul, 2-20 pl, 20-200 pl, 100-1,000 ul
(Eppendorf, catalog number: F167380)

6. Applied Biosystems StepOnePlus Real-Time PCR System (Thermo Scientific, Applied
Biosystems™, catalog number: 4376600)

7. NanoDrop ND-1000 spectrophotometer (Thermo Scientific, catalog number: ND-2000C)

8. Mini ReadySub-Cell™ electrophoresis system (Bio-Rad Laboratories, catalog number: 1704467)

9. UV-Transparent gel tray (Bio-Rad Laboratories, catalog number: 1704435)

10. 8-well Comb (Bio-Rad Laboratories, catalog number: 1704463)

11.

Gel Doc™ XR+ Gel Documentation System (Bio-Rad Laboratories, catalog number: 1708195)

Software

1.
2.
3.

Image Analysis Software, Image Lab™ Software (Life Sciences, Bio-Rad)
Excel 2016 (Microsoft)
GraphPad Prism 7.0.
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Procedure

Main steps of preparation of HIV-2 qPCR:
Extract DNA from PM1 cells as outlined below Steps A1 and A2.
Prepare PBDG, cellular controls as indicated in Procedure B “Preparation of PBDG standard” by

1.
2.

using extracted DNA of PM1 cells.

Extract viral RNA -from HIV-2 isolate- to prepare HIV-2 standards, as mentioned in Procedure B

“Preparation of HIV-2 standard”.

Extract viral DNA from whole blood as indicated in Step A3.
Set up HIV-2 gPCR as outlined below Procedure C.

DNA extraction

1.

Collect 5 x 10 PM1 cells (Lusso et al., 1995) in 1.5 ml Eppendorf tubes and centrifuge for 5 min

at 200 x g. Discard supernatant and wash pellets twice in 1 ml of sterile PBS. Store dried pellet
at -20 °C until DNA extraction.
Notes:

a.

PM1 cell line is a modified CD4+ T-cell clone, which expresses co-receptors such as CCR5
and CXCR4 (Lusso et al., 1995).

Maintain PM1 cells in complete RPMI-1640 (Invitrogen) (see Recipes) until passage number
3, after defreezing. Count cells by using Automated Cell Counter.

U1s are subclones of U937 chronically HIV-1 infected cells (Folks et al., 1987). These cells
are carrying integrated HIV-1 in their genome, thus extracted DNA can be used as a
negative control, and to detect the specificity.

For negative control, collect 5 x 10° U1 cells (Folks et al., 1987) as the same way as it is

mentioned above for PM1 cells. And count cells by using Automated Cell Counter.

To extract cellular DNA of PM1 cells use Qiagen QlAamp DNA Mini Kit according to the

manufacturer’s instructions. A single elution of 50 ul buffer AE is used.

Notes:

a.

DNA extractions should be performed in a cell biology-grade clean hood equipped with
separate air-handling mechanisms or under a DNA-free hood. Add extra centrifugation step
before elution to decrease the EtOH contamination: 20,000 x g for 1 min. For elution use
prewarmed Buffer AE (56 °C) and incubate it for 2 min at room temperature.

For negative control, extract DNA from collected U1 cells (Folks et al., 1987) by using
Qiagen QIAamp DNA Mini Kit according to the manufacturer’s instructions, then elute in 50
ul buffer AE.

Extract viral DNA from 200 pl of whole blood in the presence of 5 ug carrier RNA using Qiagen

QlAamp Blood DNA Mini Kit according to the manufacturer’s instruction. Load DNA to spin

column and elute in 50 pl elution buffer.

Notes:
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C.
d.

DNA extractions should be performed in a biosafety cabinet.

Whole Blood sample should be collected in EDTA tubes and stored at -70 °C until DNA
extraction.

To reduce degradation of DNA, avoid freezing/thawing of the whole blood samples.

Extraction should be performed by using low-binding Eppendorf tubes.

4. Store DNA extracts at -20 °C for up to a few weeks.

B. Preparation of Standards

Preparation of HIV-2 standard

1. Prepare the HIV-2 standard by extracting RNA from 1.44 x 10" RNA-copies/ml of electron

microscopy counted HIV-2 particles using Qiagen miRNeasy micro Kit according to the

manufacturer’s instructions with minor modifications.

Notes:

a.

f.

HIV-2 control stock solution has a concentration of 7.2 x 1070 viral particles/ml. As two RNA
genomes are packed in each viral particle the final stock contains: 1.44 x 10" RNA-
copies/ml = 1.44 x 108 copies/ul (7.2 x 10"°multiply with two). Extract a sample (HIV-2) with
5 ul from the stock + 95 ul PBS. Extracted RNA should be eluted in 30 ul. In this case, the
concentration of sample is 2.4 x 107 copies/ul ((1.44 x 108 x 5)/30). Use 10-fold dilution
series to reach 5,000 copies/ul RNA concentration.

By using miRNeasy micro Kit purification gives a better yield and allows elution in smaller
volume.

To increase the yield of extracted RNA: increase the amount or qiazol reagent from 700 ul
to 1000 ul. Double incubation time (10 min instead of 5 min). Use 200 ul of chloroform
instead of 140 pl during extraction.

To improve the yield of extraction add 5 ul carrier RNA (1 ug/ ul) before and after transferring
the aqueous phase.

Wash it twice by using 350 ul RWT buffer and between washing steps add DNase to
decrease the amount of DNA contamination.

Elute RNA in 30 ul of RNase-free water.

2. Perform cDNA synthesis directly after RNA extraction by using SuperScript Ill One-Step RT-

PCR System and Platinum Taq DNA polymerase. Prepare cDNA synthesis in 25 pl reaction

volume containing 2x reverse transcription buffer (0.4 mM of each dNTP, 3.2 mM MgSOQOa), 1 ul

of eluted total RNA, 100 ng forward and reverse primers, SuperScript™ Il One-Step RT-PCR

System with Platinum™ Taqg DNA Polymerase and RNase/DNase—free sterile water up to the

final volume (see Table 2).
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Table 2. Preparation of cDNA synthesis by reverse transcription and first round nested

PCR
Reagents Volume
2x reaction buffer 12.5 ul
Water 8.5 ul
Forward Primer BEN_740F (100 ng/ul) 1ul
Reverse Primer BEN_1640R (100 ng/ul) 1ul
One-Step SuperScript™ Il RT/PlatinumTaq High Fidelity Enzyme Mix 1 pl
5,000 copies/ul eluted RNA 1l
Final volume 25 pl

3. Quantify the HIV-2 gag fragment of RT-PCR (850 base pairs) using the following program: initial
cDNA synthesis for 30 min at 50 °C, followed by amplification: initial denaturation for 2 min at

94 °C, 35 cycles of 15 s at 94 °C, 30 s at 50 °C, 45 s at 68 °C and a final elongation step for 5

min at 68 °C.

Note: By using primer pair BEN_740F and BEN_1640R plus strand of HIV-2 gag can be

amplified. The estimated size of the amplified fragment is 850 base pairs.

4. Visualize PCR products on 1% agarose gels stained with Gel Red, run at 110 V for 45 min in
1x TAE buffer.

a. Purify PCR Product by using QlAquick PCR purification Kit according to the manufacturer’s
instruction. Load DNA to spin column and elute in 50 pl sterile water. Quantify the
concentration of PCR product by using NanoDrop ND-1000 spectrophotometer and
visualize it on 1% agarose gel with the same running conditions (see Figure 1).

b. Purified HIV-2 gag should be stored at -20 °C until needed.
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Preparation of PBDG standard
1.

oy

Table 3. Host gene performed by 2-step PCR

Figure 1. Detection of cleaned PCR product of HIV-2 gag PCR. An example of successful of
PCR purification is visualized on 1% Agarose gel stained with Gel red. L = 1 KB DNA ladder, 1
and 2 = HIV-2 PCR products, with the estimated size of 850 bp.

Perform host gene standard (PBDG fragment) amplification in two steps (outer followed by
nested PCR). Prepare outer PCR in 25 pl solution containing: 10 ng eluted DNA of PM1 cells,
Dream Taq DNA polymerase, 5 mM dNTP mix and 100 ng/ul primers (PBGD-CF1 and PBGD-
CR2) (see Table 3). Visualize PCR product on 1% agarose gel stained with Gel Red, run at 110
V for 45 min in 1x TAE buffer.

Reaction of nested PCR solution should contain: 1 pl of outer PCR product, Dream Tagq DNA
polymerase, 5 mM dNTP mix and 100 ng/ul primers (PBGD-CF1 and PBGD-CR1). Detect PCR

product on 1% agarose gel stained with Gel Red at the same conditions as aforementioned.

Outer PCR Nested PCR
Reagents

1x 1x
Nuclease Free Water 16.875 pl 16.875 pl
10x Dream Taq Green Buffer 2.5yl 2.5yl
dNTP mix (2 mM) 2.5l 2.5l

Primer Forward (100 ng/ul)
Primer Reverse (100 ng/ul)

Dream Taq Polymerase (5 U/pl)

Template

(PBDG-CF) 1 i
(PBDG-CR2) 1 i
0.125 pl

1 ul of PM1 cells (10 ng/pl)

(PBDG-CF1) 1 pl
(PBDG-CR1) 1 i
0.125 pl

1 ul of outer PCR product

Final volume

25 pl

25 pl
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3. Outer and Nested PCR cycling parameters: an initial denaturation 2 min at 94 °C followed by
35 cycles of 30 s at 94 °C, 30 s at 55 °C, 45 s at 72 °C and a final elongation step for 5 min at
72 °C.
4. Purify PCR product by using QlAquick PCR purification Kit according to the manufacturer’s
instruction. Load DNA to spin column, elute in 50 ul sterile water and quantify the concentration
of PCR product by using NanoDrop ND-1000 spectrophotometer and detect the product on 1%
agarose gel with the same running conditions as mentioned before.
Notes:
a. For RNA elution use RNase/ DNase/ proteinase free water.
b. cDNA synthesis and One-Step PCR reactions are conducted in 0.2 ml, MicroAmp™ Optical
8-Tubes.
c. Stock and dilutions must be kept on ice after thawing and mixing, and frozen at -20 °C when
not in use. Pipette mix or flick mix samples and dilutions, do not vortex to mix.
d. RNA extractions, dilution of RNA and DNA, PCR setups must be done in the amplicon-free
room and should be performed using filtered pipette tips.
e. Modified PCR protocol of Damond et al. (2002) is used for HIV-2 qPCR.

C. gPCR for HIV-2 DNA detection
Main steps of the gPCR (see Figure 2 for an example of experiment layout): 1) Prepare Real-Time
PCR reaction of HIV-2 from extracted DNA of infected and uninfected individuals and with sterile
water instead of DNA, as mentioned in Steps C1, C2 and C3. 2) Prepare PCR reaction for HIV-2
standard from HIV-2 gag fragment corresponding to 10® to 1 DNA copies as mentioned in Step C5.
3) Prepare Real-Time PCR reaction of PBDG from extracted DNA of infected and uninfected
individuals and with sterile water instead of DNA as mentioned in Step C6. 4) Prepare PCR reaction
for PBDG standard from purified housekeeping gene fragment corresponding to 108 to 100 DNA
copies as mentioned in Step C7. 5) All reactions need to be performed using a 96-well plate. 6)
Carry out gPCR reaction in the conditions mentioned in Step C10. 7) Calculate the concentration of

samples by using the formula in Step C11.
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1 2 3 4 5 6 7 8 9 10 1
F [ [~ [ [ [ [ [ [0 [+ J»
Standard Infected Infected Standard Infected Infected
A HIV-2 10 © Individual 1 Individual 9 PBDG Individual 1 Individual 9
copies 10 copies
Standard Infected
o HIV-2 105 Individual 2 Uninfected s‘:;gzd In:‘if,ei::::‘l’ . Uninfected
copies Individual 1 10 Scopies Individual 1
Standard
. HIV-2 10 4 Infected Uninfected Sencen Infected Uninfected
copies Individual 3 Individual 2 10 “copies Individual 3 Individual 2
Standard
o HIV-2103 In";;ffi;:f a Uninfected S‘Pa;gae"d Infected Uninfected
copies Individual 3 10 *copies Individual 4 Individual 3
Standard
. HIV-2 102 . Uninfected Son o Infected Uninfected
copies individual 4 10 2copies Individual 5 individual 4
Standard S
. HIV- 2 Rk 8 Sl Infected Uninfected
10 copies Individual 6 individual 5
Standard
- HIV- 2 Inm‘:ﬁ:‘:‘: . Infected U1 cells’ negative
5 copies Individual 7 control
Standard Infected Infoctod Negative control of
H HIV- 2 Individual 8 Individual 8 PBDG qPCR (sterile
1 copy water)

Figure 2. Example of the experimental layout. Blue colors indicate the gPCR of HIV-2 gag,
while yellow colors stand for Real-Time PCR of PBDG gene. Standard curves are generated
from eight (for HIV-2) (10°to 1 copies) and from five dilutions (for PBDG) (108 to 100 copies)
dilutions. Each sample and control are prepared in duplicates on a 96-well qPCR plate. DNA of
U1 cells stands for negative and specificity controls (as these cells are carrying an integrated

HIV-1 genome, but no HIV-2 genome).

1. Prepare the following Real-Time PCR reactions for HIV-2 in 30 ul solution (quantities per sample)
containing 15 yl Thermo Fisher Maxima probe gPCR Master Mix, 4 yM of Tagman Probe, 100
ng/ul of each primer and 8 pl of template DNA.

Notes:

a. Sequences of primers and probe were obtained from Damond et al. (2002)
(PMID:12354861).

b. Extract sample DNA from 200 ul of whole blood as mentioned in Step A3. To improve the
yield of extraction use carrier RNA during viral DNA extraction.

c. Since carrier RNA was used in the extraction, it is not possible to quantify the DNA reliably
since spectrophotometric quantification will detect both RNA and DNA in the solution.

As a negative control, add 8 pl of sterile water instead of DNA.

Set up the same reaction by using DNA from uninfected individuals to ensure that the primers

are specific for viral DNA detection.

Note: Extract DNA from 200 ul of whole blood of uninfected individuals in the same way as it

was performed for infected samples (see Step A3).

4. Also, prepare the reaction in the presence of 1 ug PM-1 cell’s DNA to exclude whether or not
human DNA contamination has an effect on the sensitivity of real-time PCR.

5. For quantification, use a series of ten-fold dilutions of the HIV-2 gag fragment corresponding to
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108 to 1 DNA copies of the standard, and include it in each experiment in order to generate an
external standard curve. Each sample and standard should be quantified in duplicate (see
Figures 3 and 4).

Note: The most critical step of HIV-2 qPCR is the preparation of standards. Prepare the dilutions
by using 1.5 ml low-binding Eppendorf tubes. Mix every tube by pipetting up and down, then
centrifuge it before preparing the next dilution.

o
U
Copies/ 10°% 107 10° 10° 104 102 102 101 5
pl

Volume  5pl10® 5pl108 5pl107 5p108 5ul10° 5p1104 5pl10%  5upl102  25ul10" 510" 5u5 5l 1
from
‘stock’

Water 45l 45l 45l 45yl 45 pl 45l 45l 45l 25yl 45yl 45l 45 pl
Final 50 pl 50 pl 50 pl 50 pl 50 pl 50 pl 50 pl 50 pl 50 pl 50 pl 50 pl 50 pl
volume

Dilution 10 fold 10 fold 10 fold 10 fold 10 fold 10 fold 10 fold 10 fold 2 fold 10 fold 10 fold 10 fold
Inputin - - 1@® 10°% 104 108 102 — 10 5 il
qPCR (in

10 pl)

Figure 3. The serial dilution scheme for HIV-2 standard. Prepare serial dilution in 1.5 ml
Eppendorf tubes by pipetting 5 ul from 10° ‘stock’ to 108 copies/ul tube and add 45 pl water.
Pipette up and down to mix and shortly centrifuge it. Using a new tip, pipette 5 ul from tube 102
to tube 107. Pipette up and down to mix and centrifuge it for a few seconds. Repeat the same
process for the other tubes. Yellow highlighted shows dilutions used to perform HIV-2 standard

curve.
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Figure 4. Standard curve of HIV-2 gag fragment. A. Sensitivity test for TagMan Probe for gene

of interest. Amplification plot showed the testing results of the tenfold dilution series of host gene

(108,103, 104, 103, 100, 10 and 1 DNA copies per reaction in duplicate). B. The linear regression

analysis between the quantities of host gene (108, 105, 104, 103, 100, 10 and 1 DNA copies per

reaction in duplicate) and Ct values. Regression equations were calculated with y = -3.305 +
38.692, R? = 0.999. The red box represents Ct values.

6. Normalize HIV-2 DNA to expression of the housekeeping human gene, PBGD. Prepare the

following reaction: 12.5 pl Thermo Fisher Maxima probe qPCR Master Mix, 50 ng/ul primers, 2

UM of probe and 3 pul of template DNA.

Notes:
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a. Primer and probe sequences of PBGD gene were obtained from Mbisa et al. (2009) (PMID
19020818).
b. Use extracted DNA of uninfected and infected individuals as a template DNA. For
preparation of DNA, see Step A3.
7. Foreach run, a standard curve should be generated from purified PBDG fragment ranging from
108 to 100 DNA copies (see Figure 5).
Notes:
a. Prepare the same reaction for PBDG standard as mentioned in Step C6.
b. Similar to HIV-2 standard preparation, dilutions of PBDG should be performed by using 1.5
ml low-binding tubes. Mixing by pipetting up and down, then centrifugation is necessary
before every step of dilution.
8. Distribute the reaction mix in the wells of the 96-well gPCR plate and avoid air bubbles. An
example of a plate layout is provided in Figure 2.
9. Cover the gPCR plate with an adhesive plastic film, centrifuge it briefly.
10. Carry out gPCR with an initial denaturation step at 95 °C for 10 min, followed by 40 cycles of
denaturation at 95 °C for 15 s, annealing at 60 °C for 30 s and final extension at 72 °C for 30 s.
11. HIV-2 DNA concentrations should be first reported as HIV-2 DNA copies/ul obtained from the
gPCR reaction. The numbers of copies of HIV-2 DNA are then normalized to the host gene. The
final results are reported as the number of copies/10° cells. The formula to convert the results
is: (HIV-2 DNA copies per ul)/(PBDG copies per ul/2 chromosomes per cell) x 10° cells = HIV-2
DNA copies per 10° cells.
Note: Perform quantitative real-time PCR (qPCR) by using the Applied Biosystems
StepOnePlus Real-Time PCR System. Extracted DNA from U1 cells, HIV negative and HIV-1
infected individuals can be used as controls.
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Figure 5. Standard curve for PBDG (host gene). A. Sensitivity test for TagMan Probe for
PBDG host gene. Amplification plot showed the testing results of the tenfold dilution series of
host gene (10%, 10°%, 104, 10% and 100 DNA copies per reaction in duplicate). B. The linear
regression analysis between the quantities of host gene (108, 10°, 104, 10% and 100 DNA copies
per reaction in duplicate) and Ct values. Regression equations were calculated with y = -3.483
+39.893, R2 = 0.999. The red box represents Ct values.

Data analysis

1. First export the obtained copy numbers from AB StepOnePlus Real-Time PCR System.
Calculate for each sample the average of copy number of duplicate measurements.

Note: To determine HIV-2 DNA load in whole blood, express HIV-2 DNA copies per cell number
using normalization to the porphobilinogen deaminase (PBDG) gene copy number.

2. First present DNA levels as copies per ul obtained in the PCR reaction, after that normalize the
level of HIV-2 DNA to the PBDG copies per pl obtained in the PCR reaction. Set up duplicates
of samples and standards in each experiment. Use the following formula to convert the results:
(HIV-2 DNA copies per pl)/(PBDG copies per ul)/2 chromosomes per cell) x 105 cells = HIV-2

DNA copies per 10° cells. An example of calculation is provided in Figure 6.
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A) Standard curve of HIV-2 with an unknown sample
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[3) 25.0
225 1 x 10* copies
20.0

1 x 105 copies
17.5
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B .
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325
1 x 103 copies
-

Jd 30.0
275 1 x 104 copies
25.0

1 x 105 copies
225
20.0 1 x 106 copies
1 2345 10 2030 100 200 1000 10000 100000 1000000

C) Quantity

Formula to use for calculation:
(HIV-2 DNA copies per ul)/(
) x 105 cells = HIV-2 DNA copies per 105 cells >

Example:

((average of 79 and 95) per 8 pl) /(
) x 105 cells = 28,4 HIV-2 DNA copies per

105 cells

Figure 6. Calculation of HIV-2 DNA copies of an unknown sample. A. Standard curve of
HIV-2 gag fragment with the copy numbers of unknown samples. The red box represents Ct
values of HIV-2 gag fragment. Linear regression analysis between the quantities of HIV-2 gag
gene 108, 105, 104, 103, 100, 10 and 5 DNA copies per reaction in duplicate) and Ct values. The
blue box represents HIV-2 gag Ct values of unknown samples. B. Standard curve for PBDG
(housekeeping gene) and unknown sample. The linear regression analysis between the
quantities of PBDG gene (108, 105, 104, 103, 100 and 1 DNA copies per reaction in duplicate)
and Ct values. The red box represents Ct values of PBDG and blue box represents Ct values
of PBDG of unknown sample. C. Formula used to convert the results to HIV-2 DNA copies per

105 cells.

3. For quantification, the standard with dilutions (see Figure 3) was analyzed in the presence or
absence of 1 yg of HIV-2 negative PM1 cell DNA (background DNA). The two curves revealed
no differences in their linear range of quantification or PCR efficiency. Moreover, in the presence

of 1 pug background DNA, no inhibitory effect was detected (see Figure 7).
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Standard Curve of HIV-2 in the presence of human DNA

5 copies
10 copies

1 x 102 copies

1x 103 copies

1 x 10* copies
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1 x 108 copies

1 2 345 10 2033 100 200 1000 10000 100000 1000000 100000

Quantitiy

. Quantities of HIV-2 gag gene (standard)
. Quantities of HIV-2 gag gene in the presence of 1 ug DNA of PM1 cells

Figure 7. Standard of HIV-2 gag fragment in the presence of 1 uyg human DNA. To exclude
that background human DNA has an inhibitory effect or not, gPCR was performed in the
presence of 1 ug DNA of PM1 cells. The linear regression analysis between the quantities of
HIV-2 gag gene (108, 10°, 104, 102, 100, 10 and 5 DNA copies per reaction in duplicate) and
Ct values in the presence of DNA of PM1 cells. Regression equations were calculated with y
=-3.305 + 38.692, R? = 0.999. The red box represents Ct values of standard without human
DNA. The blue box represents Ct values in the presence of PM1 cells’ DNA.

4. Sensitivity of the assay was 100% at five copies/reaction (detected in 14/14 runs, 0.69 log1o with
SD 0.44), while 78% at one copy/reaction (11/14 runs). Limit of detection was 1 copies/reaction
(11/14 runs), the median correlation coefficient was 0.999 (range: 0.998-1.000) and limit of
quantification was 5 copies/reaction at CT 33 (SD: 0.9). Median slope was -3.15 (range: -3.00-
-3.37) and median efficiency was 97.0% (range: 98.4% to 98.5%).

5. LOD and LOQ was calculated by using a formula described by Schwarz et al. (2004). Detection
limit of proviral DNA was 0.5 copies/10° leukocytes.

6. To exclude that this method is specific only for HIV-2, run gqPCR on extracted DNA of U1
(subclone of U937, which has been chronically infected with HIV-1) cells (Folks et al., 1987),
and negative controls, such as extracted DNA from whole blood of HIV negative individuals and
extracted DNA from HIV-1 infected patients. As none of the HIV-negative samples, nor HIV-1

infected samples gave positive results, specificity was 100%.

Recipes

1. Complete RPMI-1640 medium (pre-warmed at 37 °C before use)
RPMI-1640 medium
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2.0 mM L-glutamine
10% FBS (Heat inactivate at 56 + 2 °C for 30 £ 2 min in a water-bath, and portion at 50
ml/centrifuge tubes, and store at -20 °C until use)

1% penicillin/streptomycin solution
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