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ABSTRACT

Human immunodeficiency virus is a member of the Retroviridae family's Lentivirus genus. Only humans are infected with
HIV and it is passed from one person to the next. It is not spread by insect bites, mosquitoes, bats, or any other kind of animal.
The diagnosis of HIV can be done by polymerase chain reaction, HIV qualitative nucleic acid assays, HIV RNA load assays,
Antigen rapid test, Point of care testing, Nucleic acid sequence based amplification, HIV genotypic drug resistance testing,
Alere q test and viral load assay. Molecular methods such as PCR, real-time PCR, and genotyping are critical for the diagnosis
and management of HIV in Pakistan. These techniques allow for their early detection, monitoring of their viral load, and
testing for drug resistance, which can guide treatment and surveillance strategies. However, limited access, high costs, and
inadequate training prevent their widespread use in Pakistan. Nucleic acid amplification test plays significant role in detection
of HIV infection by providing HIV microorganism masses and by antiviral resistance. Modern diagnostic techniques are
investigating novel therapeutic approaches and helping to lower the number of HIV diagnoses. HIV diagnosis has
significantly improved through such diagnostic methods as western blot, PCR, quick test, Enzyme immunoassay and p24
antigen. Vaccines and antiretroviral medication are both attractive options for preventative and therapeutic regimens,
respectively. The development of CRISPR/Cas9 represents a significant advancement in the treatment of HIV. This review
discusses molecular approaches for the diagnosis of HIV.
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and the exterior glycoprotein 120, this makes viral

INTRODUCTION
The human immunodeficiency virus causes
infection in  humans.  Because of  Auto

immunodeficiency syndrome several people have
died, which has been a global public health concern
for more than 40 years. HIV-1, a retrovirus that
spreads through bodily fluids and secretions, is the
cause of AIDS. Over the course of two to ten years, if
left untreated, this can result in immunodeficiency and
death. Rapid diagnostics and efficient antiretroviral
medication were discovered and widely used, which
resulted in a significant decrease in death and
morbidity as well as an increase in the number of
people in need of lifelong viral suppressive therapy.!

Human immunodeficiency virus is a member of
the Retroviridae family's Lentivirus genus. The HIV
virion is spherical and has radius of 100-130 nm.
Around 7 to 12 trimeric complexes of viral envelop
protein develop into viral envelop, this type of protein
can be found from the host cell and it has cellular
protein. Envelope is made up of the transmembrane
glycoprotein 41, which is necessary for viral fusion,
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fusion easier. When immune system responds, CD4
cells, also known as "T-helper cells," alert other cells
such the cytotoxic T cell and the B cells to fulfil their
roles. During CD4 cell apoptosis by HIV, and as their
population declines, gaps appear throughout the
immunological repertoire.®> The American Center for
Disease Control originally identified acquired
immunological disorder syndrome in 1981, and the
human immunodeficiency virus was later identified as
the disease's causative agent. The hazards modeled by
AIDS are recognized as important intimidations to
manhood. Therefore, the first designation of HIV is
very important for all experts around the biosphere.*
Across membrane surfaces HIV is spread by sexual
contact, maternal infant exposure and by
transcutaneous immunization. CCR5- tropic viruses
(R5 viruses) are exclusively spread by all routes.
Spreading is monitored through, infectious agent and
host indicators of contamination within the blood
plasma. Persons having a past of high-risk sexual
conduct, sexually transferred illnesses, blood
transfusions, or injectable drug usage were at high risk
of HIV5 In recent years the Expanded HIV Testing
Initiative was launched through the Centers for
Disease Control and Prevention to increase access to
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HIV testing and reduce number of undiagnosed HIV
infections. The CDC currently recommends regular
HIV analysis on behalf of people aged 13 to 64 years.
Several arguments have been offered that imply senior
persons are further prospective toward advance HIV
illness as well as have a worse response to therapy.°
HIV remains a public illness in Europe. It infects
around 34 million individuals globally, 1.2 million of
them living in United States. However, the situation is
believed that 20% of HIV-positive persons in the
United States are uninformed of their infection. HIV
primarily affects CD4+ helper T cells that remain
important controllers of humoral and cellular immune
responses. Therefore, the body is incapable to defend
itself in contradiction of opportunistic contaminations
because of their death and reduction via contrivances
that are not completely implicit. Once HIV a CD4+ T
cell that has been activated, it takeovers and modifies
the transcriptional and translational apparatus for self-
reproduction.” The ability to track HIV infection
progression using the CD4 cell count before, in recent
times, forecast the progression toward AIDS through
assessing plasma viral load. The diagnosis of HIV can
be done by many molecular serological and
immunological techniques. The early determination of
infective agents like bacteria and viruses is crucial for
clinical point-of-care  functions. = Enzyme-linked
immunosorbent assay, polymerase chain reaction,
reverse transcription polymerase chain reaction and
distinct biosensor innovations are used to recognize or
eliminate viruses.®# The conventional molecular
methods for the diagnosis of human immuno-
deficiency virus are polymerase chain reaction and
screening method. The advance method for diagnosis
of HIV are Viral Load, VL Tests, Genetic Diversity,
and point of care viral load testing platforms. The
early 1980s saw the first recognition of AIDS. To
diagnose human immunodeficiency virus infections,
protect blood and blood product supplies, basic
serologic assays for HIV antibodies were first created
utilizing preparations of culture-derived viral
antigens. Numerous serologic tests for rapid testing,
high-throughput screening, additional confirmation,
epidemiological monitoring, and incidence
determination were developed during the course of
the following three decades. Measures like
improvements in clinical symptoms, VL suppression,
and increases in CD4 cell counts can be used to track
how well antiretroviral therapy is working for people
with HIV. As a comparison of immunological and
clinical monitoring markers, VL monitoring is the

recommended method because it can accurately
indicate ART efficacy. The measurement of VL may be
complicated by genetic variability. Most of the primers
and probes are used for PCR amplification and
hybridization in the VL tests.?

METHODOLOGY

Detection of HIV Using Polymerase Chain Reaction
(PCR)

HIV can be detect by polymerase chain reaction
method. In order to identify viral nucleic acid in
patient samples, polymerase chain reaction
strengthens the viral nucleic acid. The test remains
extremely sensitive and specific; it may detect very
minute amounts of viral agents. HIV infection in
infants delivered to HIV positive moms may be
accurately diagnosed by PCR. Infants carry protective
antibodies up to around fifteen months of age, as a
result, antibody test is not a trustworthy predictor of
infection in the offspring. PCR determines the DNA
sequence of viruses and have a capability to identify
the existence of virus instead of viral antibody. PCR
require only 1 to 3 ml of blood for testing.0
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HIV  Detection Techniques: Molecular and

Immunoassay Methods

According to a research, HIV molecular strategies
expand and discover HIV specific nucleic acid in vitro
by polymerase chain reaction and alternative in vitro
enzyme-mediated nucleic acid amplification methods.
HIV specific antibodies and antigens in body fluid can
be determined by classical and fast immunoassays
techniques. Nucleic acid amplification test plays
significant roles in detection of HIV. Improper use of
nucleic acid amplification test can give false positive
results.!!
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Figure-3: Schematic representation of the 30-year evolution of
HIV diagnostic assays!2

Advanced Methods for HIV Diagnosis and RNA
Extraction

HIV can also be diagnosed by some other
methods, HIV qualitative nucleic acid assays, HIV
RNA load assays, ART (Antigen Rapid Test), HIV
genotypic drug resistance testing, Point of care testing,
Nucleic acid sequence based amplification, branched
chain DNA amplification, and reverse transcription
PCR. The Nucleic acid sequence based amplification
test uses the boom technique to extract whole RNA
from the sample of plasma. This technique produces
high-grade RNA that is wutilize in different
examinations, like HIV genotyping to find point
mutations associated to antiretroviral resistance. The
method's primary limitations are the time-consuming
description of RNA extraction.!3

HIV Diagnosis and Monitoring: Qualitative Nucleic
Acid Assays and Viral Load Testing

HIV qualitative nucleic acid assays are applied in
three regions, diagnosis of severe infection, assertion
of plasma, as well as immediate detection in
newborns. Measures like improvements in clinical
symptoms, Viral load suppression, and increases in

CD4 cell counts can be used to track how well
antiretroviral therapy is working for people with HIV.
VL testing was strongly advised for use in monitoring
patients on antiretroviral therapy and for confirming
failure in treatment in the 2013 world health
organization consolidated guidelines on the use of
antiretroviral medications for treating and preventing
human immunodeficiency virus. Virally suppressed
and nonsuppressed patients can be effectively
managed using diversified service delivery models
when viral load monitoring of a patient's response to
therapy is used. It is a useful marker for evaluating
compliance to antiretroviral therapy.14

HIV Detection Using Nucleic Acid Amplification
Tests (NATS)

By intensifying viral RNA, the first biomarker
that nucleic acid testing may identify if a real time
polymerase chain reaction is performed. NAT,
including molecular polymerase chain reaction and
transcription-mediated amplification testing, has
historically provided high sensitivity and specificity to
detect human immunodeficiency  virus. By
intensifying proviral deoxyribonucleic acid that is
incorporated into the host cell's genome later in the
infection process, can also identify HIV infections.
Qualitative  PCR  or Transcription mediated
amplification is a suitable test for people who have not
produced enough antibodies to produce reactive
results with antibody-based tests, since NAT detects
infection at an early stage of human
immunodeficiency virus. Infants (less than 18 months
old) with maternal antibodies may also be diagnosed
using qualitative PCR or Transcription mediated
amplification. Prior to or during antiretroviral
medication (ART), quantitative NAT is used for
monitoring in people with HIV. Rapid HIV tests that
are then integrated into other healthcare and
community settings have additionally promoted the
use of NAT. However, NAT is linked to high
expenses, intricate sample pretreatment, and the
requirement for specialist training, in addition to the
requirement for advanced testing equipment. As a
result, a number of further exciting developments
have been created to broaden access to high-quality
diagnostics globally.1>

Early HIV Detection Using Molecular Technologies
Although the detection of early human
immunodeficiency virus would be beneficial in all

socioeconomic contexts, there has not been enough
incentive to look for methods to identify adult patients
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who have recently contracted the virus because
patients rarely ever visit medical facilities during the
acute stage of infection. Molecular technologies may
be useful in clinical and public health settings since
antibody-based tests used for HIV self-testing and
HIV facility-based testing are unable to identify
human immunodeficiency virus infection in this early
stage. However, there is a lack of evidence supporting
these technologies from larger-scale research and
trials, which is necessary to comprehend how
molecular technologies can speed up early diagnosis
during this crucial acute phase.1¢
Viral Load Testing and Genetic
Challenges with PCR Amplification

A research was performed to find a relationship
between genetic diversity and VL tests. The
measurement of VL may be complicated by genetic
variability. Primers and probes developed from the
conserved sections of the HIV genome are used in
PCR amplification and hybridization, which forms the
basis of most VL assays. However, a primer's VL may
be underestimated by more than 100 times if it has one
or two nucleotide changes at the 3 end. Subtype B
viruses served as the primary basis for the
development of earlier VL test iterations. With non-B
subtypes, these tests frequently failed.l”

Diversity:

Improved Viral Load Assays Using Conserved HIV
Genetic Regions

Primers and probes that target several conserved
areas of human immunodeficiency virus group M
subtypes and circulating recombinant versions have
enhanced the majority of the assays now in use. The
communities of assay inventors, doctors, and
laboratory professionals must be cautious in order to
promptly identify abnormal VL results, as genetic
variability can have a substantial impact on these
determinations. The results of various VL test Kkits
should be compared by laboratories in order to
determine which ones accurately quantify and
correspond with strains that are currently in
circulation in the entire country. Additionally, it is
advised that a single test be employed for the duration
of the patient's VL monitoring.18

HIV Testing and Monitoring Using Dried Blood
Spot (DBS) Specimens

HIV testing can also be done by use of dried
blood spot specimen. As an alternative to whole
plasma and blood, for the diagnosis and track HIV
positive patients the dried blood spot can be used.
DBS specimens may be transported at room

temperature and are simple to gather, prepare, and
package. DBS specimens are frequently utilized in
programs for HIV antibody testing, HIV drug
resistance monitoring, surveillance, VL testing, early
infant diagnosis and proficiency testing. They have
been tested and demonstrated results similar to those
with plasma. There are alternatives for usage in
resource limited settings since many economically
accessible filter paper types, as Ahlstrom 226,
Munktell TEN and Whatman 903, have been evaluated
and proven appropriate for the assortment of dried
blood spot samples for early infant diagnosis.?

SAMBA Semi-Q Platform for HIV Viral Load
Monitoring Using Isothermal Amplification

Diagnostic for the Real World manufactures the
SAMBA, Semi Q platform, a semi quantitative assay
that amplifies HIV nucleic acid from an input volume
of plasma and captures amplified HIV targets onto the
solid phase of a dipstick using a proprietary
isothermic method. Within 90 minutes, the signal is
amplified and a visible blue band is produced using
sensing devices tagged with several hapten moieties
and a colored antihapten detection conjugate. When
the tested material VL is less or more than 1,000
copies/ml, respectively. It produces a qualitative
result to assess the success or failure of ART. It has
been demonstrated to identify circulating recombinant
forms, groups N and O, and all main HIV-1 group M
subtypes. The SAMBA's accuracies were 99%, 96.9%,
and 95% respectively.?0
SAMBA HIV-1 Semi-Quantitative Test for Viral
Load Monitoring

Subsequent examination of the Malawian and
Ugandan data revealed that a 1,000 copies/ml SAMBA
cutoff might differentiate between patients who were
suppressed and those who were not. Additionally,
there was 98% concordance between the simple
amplification-based assay results from 150 samples
from Ukraine and the Abbott Real-time assay results.
Crucially, the samples were examined on-site in labs at
and medical institutions in Malawi and Uganda, and
the results were available the same day as the test. The
device also incorporates a miniature leukodepletion
column that can remove almost 99.9% of the WBC
from 100 microliters of venous whole blood, among
other features.?!

HIV Quantification Using Roche
Platform with Real-Time PCR

Roche Cobas Liat platform can be used for
quantification of HIV. The Liat HIV quantitative

Cobas Liat
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plasma assay extracts RNA from 150 microliters of
plasma using a pencil-sized, self-contained Liat tube
and magnetic beads. An actuator motor to regulate
every stage of the viral load detection procedure
processed the tube, and it contains reagents for RNA
extraction and real-time polymerase chain reaction
quantification in several sections. An internal armored
HIV RNA is also used in this experiment to aid in the
precise VL computation. To detect HIV-1 group M,
group O, and HIV-2, the dynamic detection range is s
57 to 1.6 * 106 with a turnaround time of 30 to 35
minutes.?

Comparison of Liat HIV Quantitative Plasma Assay
with VL Testing

When compared to the reference Roche CAP
CIM v 20 and Abbott Real-time human
immunodeficiency virus assays, the results of the Liat
HIV quantitative plasma assay demonstrated good
performance. At a threshold of 1,000 copies/ml, the
Liat assay's clinical sensitivity was 100% and its
specificity was 88.2% when compared to the Roche
platform. The quantitative output of the Liat assay is
one benefit over SAMBA Semi Q. This device features
Ethernet and wireless capabilities and is fully
compatible with Health Level-7 communication
protocols. Liat tubes currently have a six-month shelf
life and must be transported and stored via cold chain
transportation.?

HIV Viral Load Quantification Using Alere q
Platform

The Alere q assay produces data in one hour
using microarray-based technology. It extracts
Ribonucleic acid from 0.5ml to 1ml of plasma using a
cartridge that contains chaotropic salts, heat, and
mechanical disruption. This method determines VL by
using amplification and real-time fluorescence. The
microarray has internal controls to detect any errors in
addition to target areas for calculating VL and control
spots for positive and negative hybridization. There is
no requirement for cold-chain storage, because the
analyzer only processes one specimen at a time and its
throughput is minimal.?*

DISCUSSION

Hans et al.,?* performed a study that is similar
with the study Niemz et al.,> who observed that blood
is frequently screened for transfusion-transmitted
illnesses using molecular methods called nucleic acid
tests (NATs). They are primarily carried out in
centralized labs with highly qualified personnel and
cutting-edge equipment. Standard point of care setting

is unable to meet the extraction processes and
DNA/RNA extraction requirements of the majority of
NATs. NATs have a great sensitivity and accuracy in
detecting and measuring viral DNA/RNA. Nucleic
acid test-based viral load measuring techniques avoid
the sero-negative window period when testing for an
AIDS infection. The detection time for HIV has been
condensed to 2.93 days. Sample collection, sample
processing, data analysis, interpretation, and waste
disposal are all necessary for the implementation of
NAT-based point of care systems. The testing would
be pointless without carrying out the necessary
processes, which frequently affects rural and
underdeveloped locations where there is a clear lack
of technological capabilities and qualified staff.?526

Lakshmi et al.,?” performed a study that, the
polymerase chain reaction method has been used to
identify HIV and it is an in vitro method to amplify
DNA, but there is another study by Sathyanarayana
et al.,? in which they described that the amount of
DNA produced by PCR increases exponentially by 2n,
where n is the number of cycles completed.
Denaturing, annealing, and extending phases make up
each cycle. A thermocycler is necessary to finish all
three steps because they demand different
temperatures. Thermocyclers are frequently costly and
need skilled workers, who are infrequent in
environments with limited resources.?”2

To overcome the shortcomings of PCR there is a
study by Fakruddin et al., in which they described that
recent years have seen the development of isothermal-
based assays to address the shortcomings of PCR
assay.?’ By the study of Oliveira et al., there is no need
for a thermocycler in isothermal assays, which are
sequence-specific ~amplification procedures. This
simplifies the procedure and speeds it up (by about 15
to 60 minutes) compared to PCR-based assays.
Recombinase polymerase amplification and loop
mediated isothermal amplification are two types of
isothermal amplification assays that are presently
being researched for HIV viral load assessments.
Amplification can be carried out at a single
temperature due to the isothermal nature of these
tests. The cost of point of care based isothermal
devices will decrease due to the elimination of the
need for a thermocycler, and point of care -based
molecular testing would be possible.30

Pakistan uses a variety of HIV diagnosis
techniques. The Enzyme-Linked Immunosorbent
Assay is a widely used screening method for HIV
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antibody detection due to its affordability and
convenience of wuse. Quick HIV Testing Rapid
detection is provided by kits like as Capillus and SD
Bioline, which are frequently used in a three-test
protocol to confirm infection. In order to confirm
positive results from initial screening, the Western Blot
is used as a confirmatory test. Due to its sensitivity
and specificity, PCR (Polymerase Chain Reaction) is
used for HIV testing and for patient follow-up on
antiretroviral medication. The detection window is
shortened by Fourth-Generation Rapid Tests, which

additionally identify HIV antibodies and p24
antigens.3!
RECOMMENDATIONS

Future studies should aim to design low-cost HIV
diagnostics. Point-of-care and rapid testing is crucial, and
the world should gain access to such technologies. It will
enhance HIV diagnosis, treatment, and outcomes for
patients. Monitoring drug resistance and transmission will
be enhanced further, ultimately leading to global control and
prevention of HIV. The effective implementation would
need governments, researchers, and healthcare provider’s
collaboration and investment.

CONCLUSION

Molecular methods have revolutionized the way we
diagnose and treat human immunodeficiency virus. They
enable us to detect it early, monitor the disease, and detect
drug resistance. Methods such as polymerase chain reaction
have increased the accuracy and speed of tests. Although
challenges remain, new technologies are also making tests
more available and dependable globally. All these advances
are important in combating HIV and enhancing patient care.
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