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Abstract
In Ghana, HIV-1 subtype prevalence has varied appreciably over the past two and half decades. Recombinant forms have
also increasingly emerged over the past decade. The dynamic nature of HIV-1 species profile in Ghana deserves exploration. This preliminary study investigates virological properties of epidemiologically prevalent HIV-1 subtypes in Ghana.
Viruses were isolated from PBMCs obtained from Ghanaian HIV-1-infected individuals. Viral supernatants were prepared
by transfection with subtyped HIV-1 full length DNA clones derived from viral isolates. Levels of virion production were
quantitated by HIV-1 p24 antigen ELISA. MAGIC5A cells were infected by normalized virus and viral infectivity was determined by MAGI assay. Virion productivities and viral infectivities were compared by the nonparametric Kuskal-wallis one
way ANOVA test. Findings show successful transfection of HIV DNA clones into cells. Virion productivity was found to
be comparable (p=0.405) among eight strains tested. MAGI assay showed the infectivity of HIV-1 circulating recombinant
form, CRF02_AG to be significantly higher (p=0.044) as compared to pure subtype A and subtype G viruses. The apparently high infectivity of the recombinant form observed in this study may suggest that recombination events might have the
advantage in acquiring higher infectivity and pathogenesis during viral evolution. This may explain the increasing association
of the CRF02_AG subtype with new infections and also highlight the evolutionary potential of HIV-1 in Ghana. The study
sheds light on the virological basis of the epidemiologic dominance of prevalent HIV-1 subtypes and the role of in vitro
HIV-1 infectivity in the in vivo situation.
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Introduction
The study and quantitation of virus infectivity has had important
application for decades since cell culture replaced the use of
embryonated eggs and laboratory animals for in vitro virus
isolation and detection. In the absence of a suitable animal
model to study the human immunodeficiency virus type 1 (HIV1), the usefulness of cell studies to obtain information about
interactions between the host cell, the virus and its components
cannot be overemphasized [1-3]. Viral infectivity studies thus
plays a significant role in unraveling the kinetics of viral functions
within the host, thereby providing useful information necessary
for consideration in drug formulation.

As an obligate intracellular parasite, HIV must infect a susceptible,
permissive cell to replicate its genome and ultimately produce
viral particles (virions) that have the ability to infect other cells
to ensure viral propagation in the host [4, 5]. However, often
viral infection may be nonproductive or abortive. Besides, not
all viruses produced in a productive infection cycle mature into
infectious virions due to various viral and host factors [6, 7].
Furthermore, the error-prone nature of the reverse transcriptase
tends to create nucleotide sequence variation of the HIV
genome and this contributes to the emergence of viral variants.
Thus exceptional genome variation of HIV stems from sources
including high rates of mutation [8, 9], which in turn leads to
divergent patterns in HIV evolution either within a population or
within an individual host.
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Characteristically, lentiviruses have the ability to recombine in host
cells, which explain in part their genetic diversity. Occurrences of
single mutations may not explain the emergence of recombinant
strains. However, this has consequences in natural selection,
disease progression as well as drug efficacy [10, 11]. Other factors
including drug pressure also influence the viral genome variation
and evolutionary potential, which might have effect on the viral
infectivity, response to anti-retroviral therapy and also outcome
of molecular detection of viral genome during infection.

293T cells were used in virion productivity assay and MAGIC5A
cells were used for virion infectivity assays. PBMCs were grown in
RPMI (Gibco-BRL) and both cells for transfection and infectivity
assays were maintained in Dulbecco's modified Eagle's medium
(DMEM), each supplemented with 10% heat-inactivated fetal calf
serum (FCS) (complete medium), 1% penicillin/streptomycin
and amphotericin B (Gibco BRL).

Given the importance of HIV-1 genetic variation in the
management of HIV-1 disease, the epidemiologic dominance of
certain HIV-1 subtypes over time requires regular investigation. In
Ghana, the HIV-1 species variation over the years has been quite
dynamic, The virological basis and relevance for in vivo situation
remains to be explored. This study therefore investigates the
infectivity of HIV-1 subtypes in Ghana with the aim of shedding
light on the role of in vitro infectivity in the in vivo significance of
prevalent HIV-1subtypes.

To obtain viral supernatants, 5 x 105 293T cells were trnsfected
with each proviral DNA in 25 cm2 flasks by using calcium
phosphate method [14, 15]. Briefly, cells were split on the day
prior to transfection so as to achieve 50-60% confluence. Five
hundred microlitres of 250mM CaPO4 and 20µg HIV-1 DNA
were added in sterile eppendorf tubes and mixed by flicking
the tubes. The DNA/CaPO4 mix was added in drop-wise while
vortexing to a solution of 500 µl 2XHBS (10g/l Hepes and 16
g/l NaCl; pH 7.1 ± 0.05) and 20 µl 100XPO4 (1:1 of 70 mM
Na2HPO4 and 70 mM NaH2PO4) in a 15 ml centrifuge tube
and incubated for 30 min at room temperature. Two hundred
microliters of the solution obtained were added drop-wise to cell
culture media in a 12-well plate and incubated. Sixteen hours after
transfection the cells were washed twice with PBS and re-fed with
2 ml of fresh complete medium. The incubation was continued at
37°C in a humidified 5% CO2 incubator. Virions were harvested
from culture supernatants 48 h post-transfection. Supernatants
were filtered through 0.45µm pore filters (Millipore). Levels of
virion production were quantitated (as described below) and the
virus stocks were stored at - 80°C until use.

Materials and methods
Patients and samples
Viruses used in this study were isolated from 15 consenting
Ghanaian HIV-1-seropositive individuals accessing national
antiretroviral treatment care at the Atua Government Hospital in
the Eastern Region of Ghana. The HIV status of the patients was
routinely determined by screening of blood samples for antibody
to HIV using Abbott Determine HIV-1/2 (Abbott Diagnostics,
Abbott Park, IL) rapid test and confirmation of HIV type by
INNO-LIA HIV I/II (Innogenetics, Gent, Belgium). Blood
samples were collected into EDTA tubes and peripheral blood
mononuclear cells (PBMC) were separated from whole blood
using Ficoll-Hypaque gradient (Sigma, St., MO). Cells were
washed twice with phosphate-buffered saline (PBS) and PBMC
pellets approximating to 5 x 106 were prepared and stored at
-80°C until use.
Cell maintenance, virus isolation and proviral quantitation
Initially viruses were isolated directly by co-culturing PBMC
with 1% phytohemagglutinin (PHA)-stimulated donor PBMC
from an HIV seronegative individual and through MAGIC5A
[CXCR4/CCR5-expressing MAGI (HeLa-CD4-LTR-β-gal) cells
[12, 13]. To normalize DNA for transfection, proviral DNA
was quantified in each sample through cell lysis followed by
measurement of luciferase activities by the firefly Luciferase assay
system (Promega, Madison, WI). Briefly, 48 hours after infection,
cells were washed with Dulbecco’s Phosphate-Buffered Saline
(DPBS) after removal of culture media. The cells were then
lysed by addition of 100 ul of Glo lysis buffer (Promega) to each
well and incubation for five minutes at room temperature. From
each well, 50 ul lysate was transferred to a single well in a 96-well
microtiter plate (Costar) and 50 ul of Bright-GloTM assay reagent
was added and well mixed. The luminescence was measured
with Centro LB96V microplate luminometer (Berthold, Bad
Wildbad, Germany) and the proviral DNA content was noted
after subtraction of background luminescence (luminescence of
TZM-bl cells without virus infection).

Virion productivity assay

Determination of virus concentration
The concentration of virions produced was determined by the
measurement of p24 values using HIV-1 p24-antigen capture
enzyme-linked immunosorbent assay (ELISA) (Retro-Tek)
following the manufacturer’s instructions. Briefly, virus samples
were diluted, lysed and captured in a micro ELISA plate at 37⁰C
for one hour. Subsequently wells were washed and human anti-p24
polyclonal antibodies conjugated with peroxidase were added to
the captured p24 antigen and incubated at 37⁰C for one hour.
Peroxidase substrate was added at the end of the incubation and
then further incubated for 30 minutes at room temperature. The
reaction was stopped by addition of 2N Sulfuric acid, after which
the absorbance was measured at 450 nm in a microplate reader
(BioTek instruments ). The concentration of the p24 antigen
obtained for the various viral subtypes were adjusted (100pg) and
used to infect subconfluent MAGIC5A cells in a virus infectivity
assay.
Virion infectivity assay
HIV-1 virion infectivity was determined by the MAGI assay. A day
prior to infection, MAGIC5A cells were seeded in 96-well plates
(Falcon) in passage medium comprising DMEM supplemented
with 2.5% FCS. On the next day, the medium was removed from
each well. The cells (5 x 105) were then infected by adding viral
supernatants containing 100 pg of p24 antigen in total volume
of 25-50 µl of infection medium (passage medium supplemented
with 20 µg/ml DEAE Dextran) and incubating for 2 hours at
37⁰C in a 5% CO2 incubator , with gentle rocking every 30 min.
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Fifty microlitres of infection medium were added to control wells.
After infection, the medium was removed from each well; 100 µl
of passage medium were added and the cells were incubated for
48 hrs at 37⁰C in a 5% CO2 incubator. The medium was removed
and cells were fixed for 5 min with 50 µl of fixation solution
made up of 1% formaldehyde and 0.2% glutaraldehyde in PBS.
The cells were then washed with PBS and stained by adding100
µl of staining solution (1 ml solution contains 973 µl of PBS,
8 µl of 0.5M potassium ferrocyanide, 8 µl of 0.5M potassium
ferricyanide, 1 µl of 2M MgCl2 and 10 µl of 40 mg/ml X-gal)
and incubating overnight at 37⁰C. Staining was stopped by the
removal of the staining solution and washing twice with PBS. The
number of blue stained, infected cells was counted with a Nikon
TS100-F inverted microscope and the infectivity was expressed as
the number of infected cells per 100 pg p24 antigen.
Data analysis

Results
Viral isolation
Virion productivity and infectivity of prevalent HIV strains
in Ghana were examined. Virions were prepared from cells
transfected with proviral DNA clones, and their infectivity was
determined by MAGI assay, a single-cycle infection assay. In
Table 1the viral strains tested and the initial viral isolation done
are shown. Initial viral isolation was successful for all samples on
MAGIC5A cells but not all were successful on peripheral blood
lymphocytes. To allow for comparison, 8 viral isolates comprising
3 subtype A, 2 subtype G and 3 recombinant subtype CRF02_AG
that were isolated on both PBL and MAGIC5A cells were selected
for virion productivity and infectivity assays.
Virion Productivity determination by p24 Assay

The levels of the p24 ELISA observed and the infectivity counts
were represented as graphs plotted using Excel. Significance
of differences between viral strains were determined through
statistical analysis by use of the Statistical Package for Social
Sciences (SPSS) software version 20. In view of the limited
numbers, comparison of virion productivities and viral
infectivities were done by the nonparametric Kuskal-wallis one
way ANOVA test.
Ethics

HIV-1 p24 ELISA, an enzyme immunoassay was performed to
determine the concentration of HIV-1 p24 produced in the cell
culture samples. The HIV -1 p24 core antigen is a component of
the various viral proteins that combine with the two RNA strands
to form the virion core. Since the amino acid sequence of HIV-1
p24 is well conserved among a number of HIV-1 isolates, p24
assay detects various isolates with comparable sensitivity. The
assay results of the isolates studied were within the linear range of
the assay and the concentrations obtained are shown in Figure 1.
Measurement of p24 antigens show viral particles were produced
in all transfected 293T cells. The levels of the p24 production
observed indicate that virion productivity was almost comparable;
that is, there was no significant difference (p =0.405) in virion
productivity among the viral subtypes tested.

Ethical approval was obtained from the Institutional Review
Board of the Noguchi Memorial Institute for Medical Research of
the College of Health Sciences, University of Ghana. Voluntary
informed consent was obtained from the study participants.
Table 1 Viral isolates used in virion productivity and infectivity assays
Sample Code

Sample1 Condition
(Hemolysis)

Vius Isolation2 by PBL

Vius Isolation3 by MAGIC-5A

Virus Subtype By HMA4

NJ-173

+

-

+

AG

NJ-175

+

+

+

G‡

NJ-176

++

+

+

CRF02_AG‡

NJ-179

+

+

+

A‡

NJ-180

+

+

+

CRF02_AG‡

NJ-181

++

+

+

A

NJ-182

++

+

+

G‡

NJ-185

+

+

+

A

NJ-188

+

+

+

A‡

NJ-189

+

+

+

CRF02_AG‡

NJ-194

+

-

+

A

NJ-195

+

+

+

AG

NJ-196

+

-

+

A

NJ-197

+

+

+

A‡

NJ-198

+

+

+

AG

The table shows two subtype G viruses and three each of subtype A and CRF02_AG viruses isolated on both PBL and MAGIC 5, which were selected for virion productivity and infectivity assays. 1Condition of whole blood from patients upon receipt at study laboratory;2 Initial virus isolation was not successful with three samples
(indicated by '-'); 3 Virus isolation by MAGIC-F5A was successful for all the samples; 4Viruses were prior-subtyped by HMA; ‡Viral isolates used in virion productivity and
infectivity assays
Abbreviations: HMA heteroduplex mobility assay; PBL, peripheral blood lymphocytes and CRF02_AG, circulating recombinant form 02_AG
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Figure 1. Virion productivity of HIV-1 strains isolated from infected Ghanaians
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Virions were harvested from culture supernatant of transfected 293T cells. The p24 antigen levels measured (heights of bars) showed that virion productivity was almost
comparable among all virus strains tested.
Abbreviation: HIV-1 p24, human immunodeficiency virus type 1 protein 24 antigen

Virion infectivity
The MAGIC5A cells used in the infectivity assay are cells engineered
to express CD4 receptor and co-receptors CXCR4 and CCR5.
The cells are therefore infectable by the HIV-1 isolates studied,
whether the infecting viruses are of X4, R5 or dual tropism. Also,
MAGIC5A cell line used had been engineered to augment CD4
expression since primary HIV-1 has been reported to depend
on CD4 density more than laboratory strains of HIV-1 such as
HIV-1NL432 [12, 16, 17]. The genetically engineered MAGIC5A cell
contains a virus-inducible reporter gene cassette comprising the
viral long terminal repeat (LTR), placed upstream of the gene
encoding E. coli β-galactosidase (lacZ). Expression of the lacZ
gene is therefore dependent upon the transcriptional activity of
the HIV LTR. The expression activity is known to be weak, that
is, β-galactosidase produced under normal circumstances is too
little to detect. However, detectable β-galactosidase production is
greatly enhanced if the cell becomes infected by HIV-1 and the
virus produces its transcriptional activator protein, Tat, which in
turn upregulates the activity of the viral LTR [18].The expression
of the enzyme β-galactosidase is detected in the MAGI assay
procedure by use of the chromogenic substrate, X-gal contained
in the staining solution. The level of expression is therefore in
proportion to the infecting virions.
Given the above indicator cell properties, HIV virion infectivity
was determinable by the MAGI assay. Figure 2. shows the
microscopic. results of the assay. Majority of blue cells were
singles and each was counted as resulting from one infectious
viral particle. However, occasionally, blue cells appeared in
clusters presumably due to cell division and therefore a cluster of

blue cells was counted as resulting from one infectious particle. A
more detailed graphical representation of the levels of infectivity
of the HIV-1 isolates studied are shown in Figure 3. Infectivity
has been expressed as the number of infected cells per 100 pg p24
antigen. In view of the limited number of strains, the infectivity
levels were compared statistically using the non-parametric test of
Kruskal-Walis One way ANOVA. The analysis showed significant
difference (p=0.044) between levels of infectivity of viral subtypes
with subtype CRF02_AG showing significantly higher infectivity.

Discussion
This study examined virion productivity and viral infectivity
of prevalent HIV-1 strains in Ghana and found a recombinant
strain CRF02_AG to have higher infectivity than the parental
subtypes A and G. Virion productivity was assessed through cell
transfection. The results of the p24 ELISA indicate transfection
success and virus production. In this assay, the optical density
values are proportional to the amount of HIV-1 p24 antigen in
the viral specimen. However, even though virus productivity was
almost comparable among all strains tested, this did not reflect in
the infectivity test outcome.
Sixteen hours post-transfection culture medium was changed;
and viruses were harvested after 48 hrs post-transfection. This
is required for the transfection procedure employed in order to
maintain healthy cell growth and enhance viral infectivity [14, 19].
Infectivity in this study refers to the number of virions that could
establish productive infection in host indicator cell line. Infection
of the cells for two hours at 37⁰C and further incubation for 48
hours was to allow production of β-galactosidase in infected
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Figure 2. Infectivity assay (MAGI assay) of newly isolated Ghanaian HIV-1 strains

Determination of HIV-1 infection by means HIV-1 Tat transactivation assay (MAGI assay).
Infection by HIV-1 leads to enhanced expression of lacZ gene, which is detectable by activity on the chromogenic substrate X-gal in the MAGI assay. In the figure, dark
spots show X-gal-stained MAGIC5A cells indicating HIV-1 infection. The number of spots reflect the number of infectious viral particles and hence the level of infectivity of the viral strains tested.
Abbreviation: HIV-1 Tat, human immunodeficiency virus type 1 trans-activator gene; LacZ, β-galactosidase gene

Figure 3. Graphical presentation of viral infectivity of prevalent Ghanaian HIV-1 strains
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Numerical counts of blue-stained (infected) cells observed in the MAGI assay were represented graphically. The heights of the bars reflect the levels of the infectious
virions produced by the respective isolates. Virus infectivity was expressed as the number of infected cells per 100 pg p24 antigen. The infectivity of subtype CRF02_AG
recombinant virus was significantly higher than the infectivities of both subtypes A and G viruses
Abbreviation: HIV-1, human immunodeficiency virus type 1; CRF02_AG, circulating recombinant form 02_AG
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cells that could be visualized by X-Gal staining in which infected
MAGIC5A cells appear in blue color [20]. Counting of stained
cells under the microscope therefore gave the number of cells
that had been productively infected by varions and which
produced Tat protein upon transcriptional activation, necessary
for the activated expression of β-galactosidase. Appearance of
more blue stained cells of the CRF02_AG test suggests this strain
is more infectious in vitro than the other strains tested.
The observation of CRF02_AG recombinant viruses displaying
comparatively higher infectivity than those of both subtypes A
and G combined might reflect what occurs in vivo in the Ghanaian
situation, which may explain the continued dominance of the
CRF02_AG recombinant for well over a decade now [21-23].
The apparently lower infectivity of the parental subtypes A and
G may either reflect an intrinsically low infectivity of the virions
themselves or perhaps due to an unknown viral-cell interactions
that restrict HIV-1 infection of those strains. However, it could
be assumed that a large number of the viral particles produced
were defective, hence virion productivity did not correspond with
productive viral infection in the parental strains. .Attempt was
made to compare a consistent number of circulating strains but 3
subtype A, 2 subtype G and 3 CRF02_AG recombinant isolates
were obtained for comparison. Nevertheless, the difference in
infectivity between the CRF02_AG and the other pure subtypes
tested (p=0.044) may suggest the influence of recombination;
that is, recombination might give advantage of higher infectivity.
Recombination might arise due to natural evolution of strains; it
might not be the predominant event that explains the difference
in infectivity. Other factors may also play a role in determining
the outcome of productive viral infection. For example, with
its limited genome size, HIV is known to interact with both
supportive and inhibitory host factors in undergoing its life cycle
[24-26]. Many viral evolutionary mechanisms therefore evolve
counteracting strategies to neutralize the activities of host cellular
restriction factors [27, 28]. Thus even though virion infectivity
could be enhanced by reduction of defective virions in a virus
pool through variation of culture conditions such as medium
change, the unknown difference in virus-cell interactions may
be a factor that restricts HIV-1 virion infectivity [29].This study
did not undertake to determine the role of factors that might
potentially influence viral infectivity.
To date, inhibition of viral replication remains an important
theme in the ongoing fight against HIV. In the absence of antiHIV vaccine, current treatment of HIV/AIDS is by use of
antiretroviral therapy (ART) drugs, which either inhibit viral entry
or target viral proteins reverse transcriptase, protease and integrase
[30, 31]. It is noteworthy that in both treated and untreated HIV
infection accurate and sensitive assessment of viral load remains
essential in initiating, monitoring response and in considering
switching ART regimens [32]. This study therefore highlights the
potential relevance of in vitro measurements of viral infectivity in
the management of in vivo behavior of HIV-1 infection.
This study is discussed in the light of some limitations. The
number of strains available for comparison were limited, in which
case comparison of recombinant viruses would require doing
so only to their direct parents. Importantly, due to the natural
divergence of strains, comparing a limited number of strains
might result in comparing strains that evolved from each other
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many years or decades before. Furthermore, since expression of
β-galactosidase depends on the upregulation of the viral LTR
activity by the Tat protein, sequence variation in the LTR region
may influence the Tat activation readout and thereby impact the
MAGI assay. Nevertheless, the findings of this in vitro infectivity
study shed some light on the epidemiological significance of the
strains tested in the in vivo situation.

Conclusion
This study examined production of virions from cells transfected
with proviral DNA clones of isolated HIV-1 strains and
determined their infectivity by the MAGI assay. No significant
difference was detected in the levels of virion production of the
viruses in transfected cells but viral infection assay showed the
infectivity of a recombinant strain, CRF02_AG, higher than both
parental subtypes A and G. Thus virulence of the infecting HIV1 subtype and presumably the kinetics of viral-host interactions
might represent a considerable factor in defining the clinical
course of HIV-1 infection. Understanding determinants of
HIV-1 infectivity and the factors that influence viral replication
could prove useful in the search for strategies for new therapeutic
interventions.
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