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INTRODUCTION

Although there are numerous advantages in using
rapid HIV antibody tests and non-rapid serological
tests, there may be certain limitations.
• They can yield false-negative results for acute HIV
infection (before or early after seroconversion) and
• false-positive results for uninfected HIV vaccine
recipients and for infants with passive maternal
antibodies derived from HIV-seropositive mothers.
• In addition, current rapid antibody testing strategies
may yield false-positive interpretations unless
relatively costly confirmation and/or follow-up tests
are conducted.



The development of molecular techniques that
access viral load and the development of
genotypic resistance have revolutionized the
diagnosis and treatment of HIV disease.
Molecular methods are critical in detecting
early infection and for managing patients on
anti retroviral therapy whose viral infection
may become resistant to therapy.
Techniques involving PCR are, however more
complex, time consuming and expensive than
serological testing.





HIV has several major genes coding for structural proteins
that are found in all retroviruses as well as several
nonstructural ("accessory") genes unique to HIV.
The HIV genome contains three major genes, 5'gag-pol-
env-3', encoding major structural proteins as well as
essential enzymes
HIV-1 has two important regulatory elements: Tat and Rev
and few important accessory proteins such as Nef, Vpr, Vif
and Vpu which are not essential for replication in certain
tissues.

Structure of HIV Genome





HIV Replication cycle
1. Binding and Fusion: HIV uses CD4 molecules
on the surface of the lymphocytes as a primary
receptor.
•Viral gp 120 binds to the CD4 molecule on the
surface of CD4 T lymphocyte leading to the
conformational changes exposing binding site for
coreceptors (chemokine receptors) present on the
surface of a CD4 T lymphocyte.
2. Reverse Transcription: Viral reverse transcriptase
transcribes the single- stranded HIV RNA to double-
stranded HIV DNA that subsequently moves to the
nucleus.



During the process of reverse
transcription the two single
stranded (+)sense RNA molecules
that comprise the virus genome are
converted into a double-stranded
DNA molecule somewhat longer
than the RNA templates due to the
duplication of direct repeat
sequences at each end—the long
terminal repeats (LTRs).





3. Integration: An HIV enzyme called “integrase”
integrates the HIV DNA to the host cell's own DNA.
The integrated HIV DNA is called provirus. The
provirus may remain inactive for several years,
producing few or no new copies of HIV.
4.Transcription: When the host cell is activated, the
provirus integrated in the host genome is also
transcribed by host’s RNA polymerase to create
copies of the HIV genomic material, as well as
shorter strands of RNA called messenger RNA
(mRNA).
•The mRNA is used as a blueprint to make long
chains of HIV proteins.
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5. Synthesis/Assembly: An HIV enzyme “protease” cuts
the long chains of HIV proteins into smaller individual
proteins.
•As the smaller HIV proteins come together with copies of
HIV's RNA genetic material, a new virus particle is
assembled.
 Free viral nucleic acid exerts control over the host’s

synthetic and metabolic machinery
DNA enters the nucleus and is transcribed into RNA
 The RNA becomes a message for synthesizing viral

proteins (translation)

 HIV is replicated and assembled in the cytoplasm



6. Release/ Budding

• The newly assembled virus pushes out ("buds")
from the host cell.

• During budding, the HIV envelope also acquires
host membrane proteins and lipid bilayer

• HIV are liberated by budding or exocytosis

• Anywhere from 3,000 to 100,000 virions may be
released, depending on the virus

• Entire length of cycle- anywhere from 8 to 36
hours







MOLECULAR DIAGNOSIS OF HIV



Reaction Components

• DNA template

• Primers

• Enzyme

• dNTPs

• Mg2+

• buffers



1- DNA template

• DNA containing 
region to be 
sequenced

• Size of target DNA 
to be amplified : up 
to 3 Kb



2- Primers
• 2 sets of primers

• Generally 20-30 nucleotides
long

• Synthetically produced

• complimentary to the 3’ ends
of target DNA

• not complimentary to each
other

• Not containing inverted repeat
sequences to avoid formation
of internal structures

• 40-60% GC content preferred
for better annealing



3-Enzyme

• Usually Taq Polymerase or anyone of the 
natural or Recombinant thermostable
polymerases

• Stable at T0 up to 950 C

• High processivity

• Taq Pol has 5’-3’ exo only, no proofreading



The PCR Cycle

• Comprised of 3 steps:     

1.Denaturation of DNA at 950C    

2. Primer hybridization ( annealing) at 40-500C

3. DNA synthesis ( Primer extension) at 720C













Standard thermocycle



RT-PCR

• Reverse Transcriptase PCR

• Uses RNA as the initial template

• RNA-directed DNA polymerase (rTh)

• Yields ds cDNA









Detection of amplification products

• Gel electrophoresis

• Sequencing of amplified fragment

• Southern blot

• etc...



APPLICATION OF MOLECULAR DIAGNOSIS IN HIV RESEARCH

• HIV Drug Resistance Studies

• HIV Treatment Failure and Success (Virologic)

• HIV Genotyping and Sub-types

• Coinfections















CHALLENGES OF HIV MOLECULAR DIAGNOSIS IN AFRICA 

Human resources and infrastructure that are
required for successful Molecular assays , such as
trained personnel, clean water, and electricity, may
not be found in most African cities.
Even the very few Reference laboratories that have
the personnel, equipment, and infrastructure to
perform CD4 cell counts and viral load testing may
lack the resources to purchase the kits.
Thus, what works for one country in Africa, or even
for one city within a country, may not apply in all
resource-limited settings.



The challenge of sustainability is expedient
for the long-term viability of quality
diagnostic testing.
This includes:
• Tapping into local economies for
manufacturing,
• Developing a supply chain, and working to
ensure that distribution channels meet the
needs.
Lack of capacity for Molecular studies on
HIV in Tertiary Health centres and Higher
Institutions.



Although PCR may offer some advantages over serologic
techniques, efforts to build the capacity of more laboratories to
perform PCR techniques should not out phase efforts to
maintain laboratories that are able to perform reliable serologic
diagnosis of HIV.
Even though numerous laboratories in major African cities are
employing highly sophisticated laboratory protocols, including
PCR-based assays, they are however, too few to keep pace with
the scale of the HIV epidemic.
The combination of information collected using PCR technology
with virologic and immunologic assays will help to broaden our
understanding of HIV genetic variation and its role in
transmission, pathogenesis, disease progression, drug resistance,
and vaccine development.

CONCLUSION
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