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1. INTRODUCTION: 

Human Immunodeficiency Virus is one of the major causes of morbidity and mortality 

worldwide. It has spread across the globe to become a pandemic and continues to be the most 

feared disease of mankind. The WHO fact sheet lists HIV among the top ten causes of death. 

As of 2011, HIV contributed to 1.6 million deaths which constituted to about 2.9% of all 

deaths occurring worldwide (1). Of concern is also the fact that there are 34 million people 

living with HIV and approximately 9.7 million receiving antiretroviral therapy(ART) (2). The 

global scenario is reflected on the South East Asian region and India as well with 20.9 lakh 

infected individuals of which 6.04 lakh are on ART (3). 

HIV belongs to the family Retroviridae. There are two major types HIV-1 and HIV-2. The 

virus is transmitted through three major routes; sexual, parenteral and mother to child  (4).  

The virus infects the CD4+ T lymphocytes which form an important part of adaptive immune 

response in the body (4). The replication of the virus  persists destroying the immune cells 

continuously thus affecting the immune response. This leads to the development of 

opportunistic infections. Thus the disease progression in HIV infected individuals includes a 

wide spectrum of clinical presentations including Acquired Immunodeficiency Syndrome 

(AIDS). 

There is enough evidence to support the fact that Anti Retroviral Therapy (ART) is effective in 

bringing down the viral load in patients infected with HIV (5). This in turn is important to 

reduce the risk of disease transmission since virus in the blood and body secretions is the single 

most important factor for disease transmission (6). Also effective therapy will improve quality 

of life in these individuals.  

Two important markers that can be used to monitor HIV infected individuals are CD4+ T cell 

count (immunological) and the HIV load in plasma (virus specific). It is important to measure 
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these two parameters regularly as they are the markers of disease progression and of which the 

viral load is the better prognostic marker. More than decade data generated from the high-

income settings indicates that virological monitoring is required in treated patients to ensure 

optimal long-term outcomes (7). During therapy incomplete viral load suppression can lead to 

the emergence of drug resistance resulting in the transmission of resistant viruses and this in turn 

restricts other treatment options (8). Management of HIV infected individuals by CD4+ T cell 

counts alone can lead to unnecessary treatment changes as clinical findings and CD4+ T cell 

counts are not the adequate predictors of viral suppression (9). Hence, viral load estimation is 

the ideal marker for the early detection of the failure of ART. 

There are several assays available for measuring the viral load, HIV RNA-RT PCR being the 

gold standard (5)(23)(75). Molecular viral load assays such as PCR need expensive instruments 

and reagents, sophisticated laboratory facilities to minimize the risk of contamination, and 

highly skilled laboratory personnel who are proficient in molecular biology techniques. The 

above mentioned factors restrict the establishment of viral load testing in resource-poor 

countries (60)(66)(67)(72).  The need for monitoring the viral load arises because ART is being 

made available in the developing countries at a low cost but monitoring the viral load is not 

being done on a regular basis since it requires expensive equipment and expertise with methods 

such as PCR. Hence, in a resource limited setting the need for development of cheaper methods 

have to be assessed (60)(66)(67)(72).  

This study was done to assess the utility of measuring the Reverse Transcriptase (RT) activity in 

the plasma of HIV infected individuals using a new assay:  ExaVir version 3.0 (CAVIDI, 

Uppsala, Sweden). The assay employs a simple ELISA based format to measure the RT activity 

which in turn is converted to viral load (copies/ml) by software provided by the manufacturer. 

The results obtained from the assay were compared with the HIV RNA estimated by the real 

time PCR techniques, CD4+ T cell count and clinical staging and its utility as an assay to 
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monitor HIV infected individuals on ART. This assay can be performed in any secondary level 

laboratory with the routinely available equipment such as ELISA washer, ELISA plate reader, 

vortex machine and an incubator. Compared to the routine molecular viral load assays it is 

inexpensive and simple to perform. These characteristics make it suitable for use in settings with 

limited infrastructure (53)(66). 
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2. AIM AND OBJECTIVES: 

2.1 Aim: 

To evaluate a new improved assay ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) for the estimation 

of the plasma viral load in HIV-1 and HIV-2 infections. 

 

2.2 Hypothesis: 

The plasma viral load as estimated by the assay under investigation can be used as an 

alternative method for the estimation HIV viral load  

2.3 Objectives: 

1)To quantitate the plasma viral load using a new modified assay (ExaVir version 3.0) by 

estimating the Reverse Transcriptase activity in the plasma of individuals infected with HIV-1 

and HIV-2 confirmed by serological methods. 

2) To correlate the plasma Reverse Transcriptase activity of HIV-1 measured by the new assay 

with the viral load measured using Real time PCR.  

3) To correlate the plasma Reverse Transcriptase activity of HIV-1 and HIV-2 measured by the 

new assay with the CD4+ T Cell Count. 

4) To assess the utility of the new assay to monitor response to ART by analyzing the Reverse 

Transcriptase activity prior to and after the initiation of ART in HIV-1 infected individuals. 
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3. REVIEW OF LITERATURE: 

3.1 History: 

 The history of discovery of HIV dates back to the early 1970s and 1980s. The disease caused 

by this virus was first recognized when the Centre for Disease Control (CDC) published 

reports of young healthy men from Los Angeles presented with symptoms suggestive of 

immunosuppression (10). The common features among these individuals were generalized 

lymphadenopathy, opportunistic infections such as Pneumocystis carinii pneumonia. These 

findings were reported in the Morbidity and Mortality Weekly Report (MMWR) (10). Shortly 

following this, clustering of cases of a rare type of cancer, Kaposi’s sarcoma   was observed 

among homosexual men in the United States of America (New York and California). By the 

end of 1981, several cases of severe immunosuppression was reported in infants receiving 

multiple blood transfusions. These findings steered fear and interest around the globe and the 

question remained as to what caused this disease. CDC gave the term AIDS(Acquired 

Immunodeficiency syndrome) to this newly identified disease which suppressed cell 

mediated immunity(owing to the decreased CD4+ T cell count in these individuals). It was 

also postulated that more number of cases could be expected and the possible modes of 

transmission could be sexual and blood borne (10). 

Experiments conducted in the Pasteur Institute(France) by Barre Sinnousi and Luc 

Montagnier revealed the presence of a virus with reverse transcriptase activity from the 

lymph node of an individual. The virus was named Lymphadenopathy Associated Virus (11). 

They confirmed that this virus was different from HTLV in that it lysed the CD4+ T cells 

rather than causing malignant transformation as seen with  HTLV. Dr. Robert Gallo an 

American scientist was working on Human T Cell Lymphotropic viruses(HTLV) a group of 

retroviruses causing cutaneous T cell malignancy. Two types of HTLV, HTLV I and II had 
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been discovered and these viruses infected T lymphocytes and caused malignant 

transformation in these cells. He postulated that the new disease might be due to a retrovirus 

(10). In 1984, Dr.Gallo  and associates isolated a retrovirus from peripheral blood 

mononuclear cells from a patient with AIDS and were able to grow the virus in culture (11). 

HIV was first reported in India in the state of Tamil Nadu(Chennai) among the female sex 

workers in 1986 (12). It was postulated that the infection occurred as a result of heterosexual 

contact of these workers with travelers from foreign countries (12).  

3.2 Epidemiology: 

3.2.1 Global burden: 

WHO has estimated the total number of people living with HIV (all ages) to be 34 million as 

of 2011. The number of deaths reported is around 1.7 million. The global prevalence is 

around 0.8% among adults (15-49 years). Of these 9.7 million of them are receiving 

antiretroviral therapy. The prevalence is highest in the continent of Africa. The prevalence in 

South East Asian region is about 0.3% with 3.5 million adults living with HIV (13). 

 Since the time this disease was identified, it has grown into becoming a pandemic spread 

across the globe with ongoing transmission with no limitations to borders. Since the time the 

disease was identified, approximately 70 million people have been infected of which close to 

35 million people have succumbed to the disease (14). Several strategies have been adopted 

worldwide to combat the problem. Diagnosis, prevention and treatment of HIV/AIDS is listed 

as a part of the Millenium Development Goals by WHO (14). 
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3.2.2 Indian scenario: 

The prevalence of HIV infection in India is 0.27% with an estimated 20.9 lakh infected 

people (3). Eighty three percent of these infections occur in adults in the age group of 15-49 

years. A total of 6.04 lakh individuals are living with HIV and are receiving ART as of 2012-

2013 National AIDS Control Organisation (NACO)statistics (3). But the distribution across 

the population is uneven with prevalence being almost 20 times higher in the risk groups. The 

high risk group of population includes female commercial sex workers, intravenous injection 

drug users, men having sex with men, transgenders and the bridge population which includes 

truck drivers and migrants. It is estimated that there are around a total of 8.68 lakh female sex 

workers and 3.5 lakh men who have sex with men (15). The most important mode of 

transmission in India  is sexual contact with heterosexual contact contributing to 87.4% of the 

infections and homosexual contact contributing to 1.3% of infections (15). The infection is 

transmitted from the high risk group to the general population through the bridge population 

which includes the truck drivers and the migrant population (clients of sex workers) (16). 

This is said to be the main contributing factor for the spread of the epidemic in our country 

(16). Monogamous married women are at risk of acquiring infection from their husbands who 

mostly get infected because of their promiscuous behavior  (16). Studies have shown that 

serodiscordant couples are at risk of contracting the infection influenced by various 

behavioural patterns and socio economic factors (17). Approximately 5.4% of the infections 

are due to transfer from mother to child and 1% due to parenteral transmission through blood 

and blood products (18). However, sharing of needles for intravenous drug injections stands 

as the predominant mode in the orth astern states accounting to 1.6% of infections (18). The 

distribution across the states within the country is  heterogenous as shown in Table 1  and the 

highest prevalence (1.4%) is noted in the north eastern states (18). Tamil Nadu is one among 

the high risk states with the prevalence of 0.33%, it being higher than the national prevalence 
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(18). The National AIDS Control Programme (NACP I-III) was introduced in India in the 

year 1992 for implementation of policies to combat the problem of HIV.  

Table 1: Prevalence of HIV across various states in India: 

States with high prevalence of HIV 

(>0.3%) 

States with low prevalence of HIV 

(<0.3%) 

Manipur 

Andhra Pradesh 

Mizoram 

Nagaland 

Karnataka, Tamil Nadu 

Maharashtra 

Goa 

Chandigarh 

Delhi 

Orissa 

West Bengal 

Chhattisgarh 

Puducherry 

 

The introduction of targeted interventions and ART has changed the trend of HIV in India. 

The prevalence has reduced from 0.39% in 2004 to 0.27% in 2011. All over the country there 

are 380 ART centres and around 10000 Integrated Counseling and Testing Centres (ICTC) 

(3). These Government funded centres provide pre and post test counseling, promote safe 

sexual practices and offer Highly Active Antiretroviral Therapy(HAART) .The incidence of 

new annual infections has reduced from 2.7 lakhs in 2000 to 1.16 lakhs in 2011 i.e. a growth 

rate of 57% (3). There was a 29% reduction in the deaths due to AIDS in the five year period 

from 2007-2011 (3). Also the rate of new infections among the high risk group has stabilized 

as a result of awareness and education. Newer policies and strengthening of the existing 

programmes has made it possible to cause these changes (18). 

3.3 Human Immunodeficiency Virus:  

3.3.1 Taxonomy: 

HIV belongs to the family Retroviridae and genus Lentiviruses. Retoviruses are a distinct 

family of viruses containing a diploid RNA genome (4). The uniqueness lies in the ability of 
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the virus to reverse transcribe the diploid RNA into a double stranded complementary DNA 

(cDNA) which further gets incorporated into the host genome (19). This is brought about by 

the enzyme Reverse Transcriptase (RT). These viruses acquire the strong ability to survive 

and maintain a persistent infection within the host. The proviral DNA incorporated into the 

host cell chromosome exhibits a variety of biological functions. It encodes for the messenger 

RNA (mRNA) which undergoes translation to synthesize viral proteins required for the 

formation of progeny virions (4). It alters the host genome leading to changes in expression 

of certain genes. Some retroviruses also promote activation of oncogenes causing 

malignancies (4).  

3.3.2 Classification: 

Retroviruses are classified into various genera by The International Committee on Taxonomy 

of Viruses based on the structure and genes. The Alpharetrovirus, Betaretrovirus, 

Gammaretrovirus and Epsilonretrovirus are simple retroviruses which consists of gag, pro, 

pol and env genes. The rest are complex retroviruses possessing additional regulatory genes 

(4)(19). 

3.3.3 The virus: 

3.3.3.1 Structure: 

HIV is an enveloped single stranded RNA virus measuring around 100nm in size (4). The 

structural symmetry of a mature virion as revealed by electron microscopy is spherical with a 

cylindrical or cone shaped inner core. This corresponds to the C type morphology of 

retroviruses (4).The core consists of two identical strands of positive sense RNA complexed 

with the enzymes Reverse Transcriptase, Protease and Integrase. The nuclear material is 

surrounded by the capsid which is associated with the genome to form the nucleocapsid. The 
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capsid protein forms the innermost layer complexed with the viral genome core. The matrix 

proteins are associated with the innermost layer of the envelope surrounding the virus as 

shown in Figure 1 This protein is myristoylated which helps it to bind tightly with the 

envelope (19). The envelope of the virus is made up of a lipid bilayer. The membrane 

envelope consists of two types of glycoproteins. One is the surface glycoprotein which is 

completely extravirion and the other is the transmembrane glycoprotein passing through the 

lipid bilayer (4). However such a highly organized compact symmetry might not be present in 

immature particles which appear as spherical structures with an electron lucent centre owing 

to the unprocessed precursor proteins in the core (4). 

 

  

Adapted from Structure of HIV Available from: 

http://immuneweb.xxmu.edu.cn/images/19/19-8a.htm 

3.3.3.2 Genomic organization: 

The viral genome measures around 7-13 kb (20). Usually it measures around 9.8kb (20). It is 

a homodimer of two single RNA strands linked to each other at the 5’ ends and this 

interaction is termed the Dimer Linkage Structure (DLS). The interactions maintained 

Figure 1: Structural representation of HIV 

http://immuneweb.xxmu.edu.cn/images/19/19-8a.htm
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between the ends of self complementary RNA strands makes the genome functionally 

diploid. The 5’ end is capped and the 3’ end has a poly A tail. Short repeat sequences are 

present just after 5’ and just before the poly A tail at the 3’ ends. This is followed by another 

sequence termed the U (unique) which plays a role in proviral integration. The repeat 

sequences along with the sequence of genes following it is termed the Long Terminal Repeat 

(LTR) region (4)(19). LTR region contains several promoter and enhancer sequences. It plays 

an important role in initiation of transcription, regulating expression of the viral genome by 

binding to cellular(host transcriptional factors) and viral proteins, assists the proviral DNA to 

integrate into the host DNA (19). It consists of a region called as TAR (Trans Acting 

Response element) which binds to the regulatory protein tat.  

A major portion of the genome is made up of three important open reading frames gag, pol 

and env as depicted in the Figure 2. These ORF’s code for the structural and functional 

proteins essential for the replication, survival and pathogenesis of the virus (4). The full 

length viral RNA serves as the template for translation, thus giving rise to proteins. However 

there are spliced regions of the genome which give rise to regulatory proteins which will be 

described further in the review (4). 

Figure 2: Genomic structure of HIV 

 

Adapted from Harrison’s Principles of Internal Medicine Ref (23) 
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3.3.4 Types and Subtypes: 

3.3.4.1 Types:  

There are two main types of HIV, HIV-1 and HIV-2. These two viruses are similar in 

structure exhibiting a homology of around 40% at the nucleotide level with respect to the 

surface glycoproteins (27). HIV-2 contains the regulatory gene vpx instead of vpu as in HIV-

1. HIV-2 is mainly found in the geographic region of Western Africa with a prevalence of 1-

2% in that region (27). 

3.3.4.2 Subtypes of HIV: 

The subtypes of HIV are characteristically due to the sequence heterogeneity in the env 

portion of the genome coding for the envelope glycoproteins. The diversity arises due to 

various changes in the hypervariable region occurring due to base substituitions, 

recombinations and acquiring or losing the glycosylation sites (23). These changes occur 

mainly due to the low proof reading activity of the enzyme RT. The virus is under the 

constant pressure of the host immune cells, the T lymphocytes and circulating antibodies 

which creates a selective pressure thus giving rise to hypervariable regions. HIV consists of 

three groups M, N,  O and P with extreme diversity of around 30-50% between the M and the 

O groups and N being equidistant from both of these (23)(28). The four groups have risen 

due to three distinct instances of introduction of the virus from the chimpanzees to humans. 

The group M is further subdivided into non recombinant subtypes or clades as depicted in 

Table 2. Between the subtypes there a difference of 25-30% in the env region and 15% in the 

gag region (29)(30). 

 HIV 2 consists of eight subtypes or groups A-H. The origin and geographical distribution of 

these subtypes vary especially in HIV-1 and will be discussed further.  
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Table 2: Classification of HIV 

Type Group Non recombinant 

Subtypes/clades 

Subclusters 

HIV-1 M(Major/Main) 

N(Non O/Non M/New) 

O(Outlier) 

P 

A,B,C,D,F,G,H,J,K A1 and A2 

F1 and F2 

HIV-2                       - A,B,C,D,E,F,G,H  

 

3.3.5 Origin of HIV and geographic distribution: 

HIV is said have originated due to cross species transmission of a class of retroviruses called 

the Simian Immunodeficiency Viruses (SIV’s) found in species of African primates. The 

various species harboring these viruses include chimpanzees (Pan tronglodytes), Sooty 

mangabeys, mandrills, African green monkeys and gorillas (31). These viruses are non 

pathogenic in their natural hosts but studies done on wild and captive animals have shown 

that there exists a continuous inter and intra species transmission among the animals. HIV-1 

is said to have originated from SIV-1 found in Pan tronglodytes and HIV-2 from SIV-2 

found in Sooty mangabeys (31). 

Globally the most common subtype is subtype M which is said to have originated from 

Central Africa. Subtype C is the most common in India (32). 

3.3.6 Recombinant forms: 

Recombinant forms are subtypes arising due to infection of a single individual with two 

subtypes of the virus. These arise as a result of events of recombination taking place in the 

virus. This has been attributed due to the template switching ability of the enzyme RT. They 

are of two types: 
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a) Circulating recombinant Forms (CRF’s): A recombinant virus is designated as CRF if 

it is identified in atleast three epidemiologically unrelated individuals. Identification is 

made possible by full length genome sequencing. There are about 55 CRF’s 

recognized according to the database network (33). Most of these have originated in 

Africa. The subtypes E and I are also classified as CRF’s. The parental E subtype has 

never been recognized and is designated as CRF01_AE which is the most common 

CRF in Southeast Asia. (23)CRF02_AG which is said to have originated from West 

and Central Africa is one of the most common subtypes responsible for new 

infections in the African subcontinent (32)(34). 

b)  Unique Recombinant forms (URF’s): These arise due to secondary recombinations 

among the CRF’s. AC and AD URF’s have been reported from several African 

countries. AC has been reported from our country as well. Several other URF’s 

reported are B’01(Myanmar, Thailand and USA) and B’C(Myanmar). 

3.4 Transmission: 

HIV is a parenterally transmitted virus. The various routes of transmission are as follows: 

a) Sexual transmission: This is the most common route of transmission throughout the globe. 

National estimates also show a similar picture with heterosexual route accounting for 87.4% 

of infections and homosexual route accounting to 1.3% (15). The virus is demonstrable in the 

secretions of the genital tract in both males (seminal fluid) as well as the females(cervical and 

vaginal secretions) since these secretions are a transudate of blood which harbours the virus. 

The risk of transmission is higher when associated with other genital infections and 

ulcerations caused by Treponema pallidum, Herpes simplex, Haemophilus ducreyi, Neisseria 

gonorrhoeae, Chlamydia trachomatis (23). Male to female transmission has been shown to 

be more efficient probably because of the increased duration of exposure of the cervical and 
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vaginal mucosa to the virus in the semen. Sexual practices which cause trauma to the rectal 

mucosa increases the chance of transmission in heterosexual men because of the direct 

inoculation across the traumatised mucosa and also due to the increased number of 

susceptible cells such as Langerhans cells (23). 

b) Blood and blood products: The individuals who are at risk of acquiring infection through 

this route include injection drug users (sharing of needles and syringes), those receiving 

blood and blood products, transplanted organs. Injection drug users account for 1.6% of the 

infections in our country (15). However routine screening of blood and blood products in the 

blood banks has reduced the incidence. Facilities which do not perform HIV RNA testing but 

use antibody testing for diagnosis of HIV might miss out on the individuals who are in the 

window period of the disease (23). 

Cases of transmission occurring via artificial insemination (infected semen) and organ 

donation have been reported (23). 

Health care workers and laboratory workers handling blood and other infectious body fluids 

are at risk of contracting the infection through accidental pricks, injury with instruments 

contaminated with blood, splash on the mucosal surfaces. The risk of transmission for a 

percutaneous injury is estimated to be 0.3% and 0.09% for mucosal exposure (23). The fluids 

which are considered potentially hazardous are cerebrospinal fluid, synovial fluid, 

pleural/pericardial/peritoneal fluid and amniotic fluid.  

c) Mother to child transmission: Transmission from the mother to the foetus can occur 

antenatally, during delivery or through breast feeding. Around 50-65% of the infections occur 

perinatally when the child passes through the birth canal (23). In our country 5.4% of the 

infections are transplacental infections making it the second most common route after sexual 

transmission (15). The high plasma viremia aids in the transmission of the virus from the 
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mother to the foetus in utero. Risk of transmission increases with premature rupture of 

membranes, chorioamnionitis etc (23). 

3.5 Replication of HIV : 

3.5.1 Receptors for the virus: 

The primary receptor for entry of the virus into the T lymphocytes is a 55 kDa glycoprotein, 

the CD4 (23)(35). This receptor is present on about 60% of the total T lymphocytes (35). It is 

also present on macrophages, monocytes, T cell precursors in the lymphoid organs, 

microglial cells in the brain, dendritic and Langerhans cells (23). Structurally the CD4 

receptor has three regions, extracellular, transmembrane and the intracellular regions (35). 

The extracellular domain is made up of 370 amino acids and a portion of it called the V1 

region made up of 40-55 aminoacids serves as the binding site for the gp120(at the conserved 

C terminal) surface protein of HIV (35). Following this, the gp120 undergoes a 

conformational modification which exposes the gp41 molecule to the surface. The 

hydrophobic NH3 end of the gp41 molecule has the ability to penetrate the host cell 

membrane thus anchoring the virus to the cell (23). The gp41 further bends upon itself to 

bring the virus envelope and the T cell surface closer to each other thus aiding in the fusion of 

the lipid membranes. Dendritic cells possess DC-SIGN which aids in the process of 

attachment and entry of virus into the cell (23).   

Co receptors: 

There are two major co receptors which play an important role in the pathogenesis if HIV 

infection; CCR5 and CXCR4. They belong to the seven transmembrane G-protein coupled 

receptor family. Sixty percent of the individuals infected with HIV predominantly harbor the 

R5 viruses which means these viruses use CCR5 as the co receptor (23). However, most 
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strains tend to be dual tropic in that they use both of these co receptors for entry into the T 

cell.  The V3 domain of the gp120 can bind to co receptor (CCR5) which plays an important 

role in pathogenesis. This binding enhances the propensity of the viruses to infect the 

monocytes, macrophages and the microglial cells in the brain tissue (23). CXCR4 is a co 

receptor in SIV. These co receptors have been studied in great detail and these receptors are 

found to be natural ligands for chemokines. CCR5 is inhibited by RANTES, MIP1ß and 

MIP1ά. CXCR4 is inhibited by SDF1 (23). Mutations in the gene encoding for CCR5 can 

restrict the individual from getting infected with the virus (23). 

3.5.2 Preintegration complex: 

The virus is internalised in the cytoplasm of the host cell. The preintegration complex is made 

up of the viral RNA, the enzymes and the protein coat (4). A certain cellular protein called 

the cyclophillin is said to promote disassembly of the virion thus helping in initiating the 

process of reverse transcription. The precursor proteins (gag) are cleaved and activated with 

the help of protease (4). 

3.5.3 Reverse transcription: 

The process of reverse transcription is initiated soon after the entry of the virus into the 

cytoplasm. The first step is the binding of the host tRNA to the primer binding site at the 3’ 

end of the plus strand of the viral RNA. DNA polymerase then acts using up the nucleotides 

of the host to synthesize the minus strand strong stop DNA in a direction towards the 5’ end 

(4). The RNA DNA hybrid thus formed serves as the template for the action of RNAse H. 

The enzyme cleaves the RNA strand leaving a portion of the DNA strand nascent. The 5’ and 

3’ ends have repeat sequences which are identical. The nascent DNA strand then translocates 

from the 5’ to the 3’ end of the genome and this is also referred to as the jump. The DNA 

polymerase then elongates the minus strand to give rise to a long minus strand DNA. As this 
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process continues, the RNA DNA hybrid is formed and continues to be the target for 

RNAseH. However a portion of the RNA at the 3’ end called the polypurine tract is resistant 

to the action of the RNAseH and serves as the template for the synthesis of the plus strand 

strong stop DNA (4). This oligonucleotide strand remains attached to the minus DNA strand 

and allows for the synthesis of the plus DNA strand. This process uses the minus strand as the 

template and proceeds towards the 5’ end of the minus strand copying a portion of the tRNA 

which is still attached at the 5’ end. Following this, the tRNA primer at the 5’ end of minus 

strand is removed by the RNAse H by cleavage at the RNA DNA hybrid junction and within 

tRNA. This usually leaves behind a single nucleotide A to the left of the 5’ terminus of the 

minus strand. The 3’ end of the plus strand is now exposed allowing for a second jump or 

translocation to occur transferring the 5’ end of the minus strand to be transferred to the plus 

strand. This annealing leads to the formation of a circular DNA intermediate with identical 

DNA strands. Elongation of both the strands is completed giving rise to a linear proviral 

DNA which is ready for integration into the host genome (4)(21). 

3.5.4 Integration into the host genome: 

The proviral DNA is imported into the nucleus. Cellular activation does play an important 

role in this process accelerating the integration in activated dividing T cells (4)(21). However, 

lentiviruses can integrate into the nucleus of non dividing cells as well via active nuclear 

transport (4). The vpr and the integrase proteins aid in nuclear import. The proviral DNA is 

incorporated preferentially within the introns of active genes of the host with the help of 

integrase (4). 
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3.5.5 Synthesis of viral proteins: 

The integrated proviral DNA serves as the template for transcription giving rise to viral RNA. 

The RNA further undergoes translation to give rise to various viral proteins. The precursor 

proteins are cleaved to give rise to functional proteins. The proteins also undergo various post 

translational modification such as phosphorylation, myristylation etc (23). The new virions 

are formed in the cytoplasm of the host by the assembly of the RNA, enzymes and envelope 

proteins (4).  

3.5.6 Budding of the daughter virions:  

 The newly formed virions bud out of the host cell at a specialised region on the host cell 

termed the lipid rafts (23).  The virus acquires a portion of the lipid bilayer of the host and 

thus is enveloped. 

The protease cleaves the env precursor proteins to give rise to the matured viral particles. 

 3.5.7 Genes and the functions of the proteins encoded by them: 

1) env: (envelope) encodes for the structural proteins namely gp 120 (surface glycoprotein) 

and gp41 (transmembrane glycoprotein). The env protein is synthesized within the virion as 

gp160 (23). This precursor protein is then cleaved within the golgi apparatus by 

enzymes(furins) to yield the separate components which are then transported to the surface of 

the cell (19). The transmembrane protein passing through the lipid bilayer is attached to the 

surface glycoprotein by non covalent bonds. Studies done on the structural details suggest a 

knob and socket like arrangement giving the appearance of spikes. The gp 120 present on the 

surface of the cell helps to bind to the CD4+ T lymphocyte. The transmembrane protein helps 

in fusion of the virion with the host cell (23). 
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2) gag: (group specific antigen) encodes for the capsid protein (p24), matrix protein(p17), 

RNA binding proteins(p9 and p7). The gag protein is synthesized as precursor p55 protein 

which undergoes proteolytic cleavage to produce the component proteins (11). 

3) pol: (polymerase) encodes for Reverse Transcriptase(p66/p51), Integrase (p 11), 

Protease(p15). The gag and pol proteins are translated as a single long protein(gag-pol 

precursor) from the corresponding ORF’s. The protease helps to cleave the gag pol precursor. 

The integrase helps in the formation of proviral DNA. The reverse transcriptase brings about 

reverse transcription (4). 

3.5.7.1 Reverse Transcriptase enzyme (RT):  

The hallmark of retroviruses is the presence of enzyme RT. The enzyme is derived from the 

gag-pol precursor as mentioned before. X ray crystallography has revealed that it exists as a 

heterodimer of p51(440 amino acids long) and p66(560 amino acids long) subunits (21).The 

enzyme has two functional components DNA polymerase and RNAse H. The larger subunit 

mostly contributes to both the polymerase activity and RNAse H activity where as the smaller 

subunit accounts for the RNAse H activity alone. The structural arrangement of these two 

domains are distinct. The p66 domain is subdivided into  four smaller domains resembling 

the right hand; palm, fingers, thumb and the connection (21). The p51 domain lies at base of 

the polymerase domain. The nucleic acid which is to be reverse transcribed lies in the grip of 

the palm and the fingers as depicted in Figure 3. The characteristic property of retroviruses is 

due to the presence of the enzyme RT. The process of reverse transcription is one of the most 

important stages in the replication of the viruses which takes place in the cytoplasm of the 

host cell (21). The function of the DNA polymerase is to convert the template viral RNA into 

DNA starting from the 3’ end by incorporating nucleotides to the growing strand. 
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Figure 3: Structure of Reverse Transcriptase of HIV 

 

Adapted from Structure and function of HIV-1 reverse transcriptase: molecular mechanisms 

of polymerization and inhibition, Sarafianos et al Ref (21) 

The RNAse H functions as an endonuclease and degrades the diploid RNA from the 3’ and 5’ 

ends to release small sequences (oligonucleotides) which are required for the initiation of the 

elongation process which is brought about by the polymerase (4)(21). Some of the unique 

features of the enzyme are as follows: The DNA polymerase can catalyze the reaction for 

both the DNA and RNA strands unlike other polymerases. It requires divalent cations Mg 
2+

 

ions for its action (21). It is a relatively slow enzyme which has the ability to incorporate 1- 

100 nucleotides per second (4). It has low fidelity the rate of errors being 10
-4 

 errors per base 

incorporated (4). This is because the enzyme does not exhibit proofreading activity. The 

misincorporated bases are not removed by the enzyme which ideally occurs with the host 

DNA polymerase (4). In vitro, the processing capacity is low and the enzyme tends to 

dissociate itself from the RNA strand. Of clinical importance is the fact that, RT is the target 

for the Nucleoside Reverse Transcriptase inhibitors (NRTI) and Non Nucleoside Reverse 

Transcriptase Inhibitors (NNRTI) which are used in ART (21). Mutations in the gene coding 

for the enzyme confers resistance to these drugs. The enzyme can be obtained from purified 
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viral particles by lysing the virions. Also it can be obtained as recombinant proteins used in 

various assays to diagnose HIV infection. The enzyme is stable at 37
0 

as demonstrated in a 

study done by Lee et al (1987) where they carried out polymerase assay with culture filtrates 

of the virus grown in CEM T cell line. They showed that the enzyme activity was linearly 

related to the number of viral particles and hence detection of the enzyme can act as a 

surrogate to viral load (88).  

3.5.7.2 Regulatory proteins: 

Regulatory proteins are products of translation of regulatory and accessory genes located 

downstream on the viral RNA. These genes are flanked by the LTR regions (4)(23).  They 

modify the host cell factors and potentiate the infectivity of the virus. They serve as important 

factors for pathogenesis of the disease. There are six important regions coding for these 

proteins and their functions are as follows: 

a) Vif: (Viral Infectivity factor, p23): It causes proteosomal degradation of a class of 

host proteins called the APOBEC3G which are a part of the innate immune system in 

the host cells. APOBEC proteins inhibit viral replication which further leads to 

accumulation of viral transcripts. It also deaminates the cytidine present in viral RNA 

which leads to hypermutation of the viral genome. Both these are detrimental to the 

virus. However the virus has derived the strategy of combating by producing vif 

protein which prevents the action of APOBEC proteins (22). 

b) Vpr: (Viral protein R p15): It causes the arrest of the host cell in the G2 phase of the 

cell cycle (mitotic arrest). This helps further by allowing the virus to infect the 

macrophages and multiply adequately. This protein assists in the transport of the pre 

integration complex for integration into the DNA of the host (22).   
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c) Tat (Transcriptional Activator, p14): The function of this protein is transactivation. It 

binds to the TAR region of the 5’ LTR region on the viral RNA. With the help of host 

cellular proteins called the cyclin T1 and CDK9, it up regulates the function of RNA 

polymerase II (23). Thus it helps in elongation of the RNA which is being transcribed 

from the viral DNA template. 

d) Rev (Regulation of viral gene expression, p19): It acts as a shuttle protein between the 

nucleus and the cytoplasm aiding in the export of unspliced viral RNA across the 

nuclear membrane. It binds to the RRE(rev Responsive element) on the mRNA, 

inhibits the splicing until the time the RNA is transported out of the nucleus thus 

ensuring that the whole length of the RNA reaches the cytoplasm and is available for 

expression (24). 

e) Vpu (Viral protein U): After the entry of the virus into the cell, the CD4 recptor has to 

be down regulated so the long lasting infection is established by the virus. vpu protein 

assists in this by causing proteosomal degradation of the freshly synthesized CD4 

receptor molecules within the endoplasmic reticulum of the host cell (25). The second 

function is antagonism of the tethrin on the host cell surface thus assisting in release 

of daughter virions from the cell (25). One of the major differences between HIV-1 

and HIV-2 lies in the fact that HIV-2 genome has vpx instead of the vpu gene.  

f)  Nef (Negative effector,p27): It downregulates the expression of CD4 and MHC class 

1 molecules on the surface of the T lymphocytes. It also inhibits apoptosis. It is 

considered an immunomodulator since it affects cellular signal transduction pathways. 

In the earlier studies, it was thought to be negative effector and hence the name. 

However several studies have proven the role of this protein and it is clear now that 

this protein enhances the infectivity of the virus (26).  
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3.6 Pathogenesis: 

The depletion of the CD4 helper T lymphocytes due to direct invasion by the virus and 

aberrant cytotoxic T cell activation is the primary event in pathogenesis of HIV leading to 

progressive immunosuppression which is the hallmark of the disease. The typical course of 

infection follows the following pattern and studies done in treatment naïve individuals has 

helped in establishing the natural course of infection (23). 

a) Primary HIV infection: The virus which enters the body through various routes seeds the 

spleen and lymphoid tissue (23). This mostly occurs with the routes of transmission 

introducing the virus directly into the blood stream such as blood transfusion, needle prick, 

mother to child transmission, sexual intercourse with mucosal injury etc. However the virus 

entering through the intact mucosa(genital tract and the lamina propria of the gastrointestinal 

tract) encounters the dendritic cells (23). These cells have a specialised receptor called the 

DC-SIGN and other Toll Like Receptors(TLR’s) which binds to the gp120 of the virus and 

facilitates transinfection of the CD4+ T cells (36). These cells present the virus to the CD4+ 

T cells in the blood as well in the secondary lymphoid organs. A study conducted by Cavrelli 

et al(2013)  showed that the virus gets translocated across the intestinal mucosa through 

selectively engaging the dendritic cells (37). Thus it has proven that these cells play an 

important role in dissemination and persistence of the virus (37). Following this, the virus 

undergoes rapid multiplication in various lymphoid organs thoroughout the body including 

the Gut Associated Lymphatic Tissue(GALT) which gives rise to viremia. Widespread 

dissemination to various organs thus occurs (37). 

b) Chronic and persistant infection: The hallmark of HIV is the establishment of a chronic 

and persistant disease because of continual viral replication. The peculiarity lies in the ability 

of the virus to overcome evasion by the immune system accompanied by survival in face of 
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immune activation. In vivo replication of the virus within the infected cells gives rise to 

innumerable number of mutants via recombination and mutation processes. Hence these cells 

escape killing by the cytotoxic T lymphocytes. (38) The nef protein downregulates the 

expression of HLA class 1 and thus prevents recognition of the viral infected cells by the 

cytotoxic T lymphocytes. Also studies have shown that the cytotoxic cells are exhausted 

shortly after their activation following the burst of viremia. The virus incorporates changes in 

the envelope glycoprotein by glycosylation, hypervariability in the sequence and 

conformational masking of the epitopes. Continuous replication of the virus within activated 

cells and re-infection of the circulating T lymphocytes helps to maintain a steady state of 

plasma level with as much as 10
10 

viral particles produced and cleared each day (23).  A 

proportion of the CD4+ T cells serve as reservoir for the virus which establishes latency post 

integration into the genome of the host. The rate of reverse transcription remains at a low 

level till it receives an activation signal. The half life of these cells is around 44 months and 

modelling studies have shown that it will take 7-70 years to completely eradicate the virus 

from the body (38)(39).  

c) Advanced disease: As the disease progresses, progressive destruction of CD4+ T cells 

continues with the virus multiplying. The clinical course is variable and advanced disease 

with opportunistic infections ensue (23). The diagrammatic representation of the course of 

the infection is depicted in the Figure 4. 

3.7. Immune response in HIV: 

The cellular and humoral responses are activated upon entry and multiplication of the virus in 

the body (23). Individuals mount a robust humoral immune response directed against various 

structural proteins of the virus. Antibodies appear within 6-12 weeks of infection in most 
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individuals. However antibodies have been detected in the serum as early as 20 days in some 

cases (41). 

Figure 4: Clinical course of infection in HIV infected individuals with comparison to 

CD4+ T cell count and plasma HIV RNA levels 

 

Adapted from Immunopathogenic mechanisms of HIV infection, Fauci et al, Ref (40) 

The first of the antibodies to appear are those against  gag proteins (23). The p24 antigen 

levels drop with the appearance of the antibodies. This is followed by the appearance of 

antibodies against env and pol proteins. The antibodies developed against the gp120 and gp41 

are neutralizing antibodies. However the antibodies are not completely protective and the 

antigenic variation in the surface glycoproteins due to mechanisms discussed before allow the 

virus to escape the action of the immune system. Group specific antibodies are directed 

against a portion of the gp120 (close to CD4 binding site, amino acid 423-437) and 

gp41(close to the membrane binding site amino acid 728-745) (23). Antibodies also mediate 

Antibody Dependent Cell Cytotoxicity (ADCC) killing the infected cells as well as the by 

stander uninfected CD4+ T cells, thus has a role in pathogenesis (41). The cell mediated 

immune responses include activation of cytotoxic CD8+ T cells which destroy the infected 

cells through production of perforins and several cytokines such as IFN-Y. The other cells 
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which play a role include natural killer cells and other mediators such as 

chemokines(RANTES,MIP-1ά, MIP-1ß etc) (23). 

3.8. Clinical spectrum and opportunistic infections: 

The spectrum of disease in HIV can be diverse encompassing a varied presentation. Around  

50-70 % of the individuals experience acute HIV syndrome within 3-6 weeks of infection 

(23). This is in account of the burst of viremia and rapid fall in the T lypmhocytes. The 

presentations include infectious mononucleosis like syndrome, fever, pharyngitis, arthralgia, 

lymphadenopathy etc (23). The symptoms gradually reduce over 2-3 weeks with 

seroconversion. In majority of the infected individuals the disease progresses into a latent 

phase with ongoing viral replication. The median time period after which clinical disease 

manifests is around 10 years. This is termed the asymptomatic stage. A small subset of 

individuals termed the long term non-progressors survive for 10-20 years post infection with 

low plasma viral load levels. The symptomatic phase can occur any time during the course of 

disease in infected individuals (23). Profound immunosuppression with CD4+ T cell count of 

less than 200 leads to development of various opportunistic infections due to the defect in the 

cell mediated immunity that occurs (23)(42).  

3.8.1 WHO staging of disease: 

WHO gives the clinical staging of HIV based on clinical manifestations and an independent 

staging based on immunological criteria based on the CD4+ T cell counts. These criteria 

apply to adults above the age of 15 years. It is recommended that both the criteria be taken 

into account for decisions management (42). For the purpose of surveillance, the term 

Advanced HIV or AIDS is given to any individual in Clinical stage 3 or stage 4  or CD4+ T 

cell count <350/mm
3 

irrespective of the clinical stage.  
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Table 3: Immunological staging of HIV 

CD4+ T cell count Stage 

>500/mm
3
 Not significant immunosuppression 

350-499 mm
3
 Mild immunosuppression 

200-349 mm
3
 Advanced immunosuppression 

<200 mm
3
 Severe immunosuppression 

 

The clinical staging for HIV given by WHO includes four stages with Stage 1 called as the 

asymptomatic stage or the acute retroviral syndrome. Stages 2, 3 and 4 have specific 

manifestations which form the basis for ordering investigations according to the presenting 

signs and symptoms (42). 

3.8.2 CDC staging: 

The CDC staging for HIV disease is based on CD4+ T cell counts and symptoms as shown in 

Table 4.  

Table 4: CDC staging system for HIV: 

CD4+T cell 

categories 

Cells/µL 

Clinical categories 

A 

Asymptomatic acute 

HIV 

B 

Symptomatic 

conditions not A or 

C 

C 

AIDS indicator 

conditions 

>500 A1 B1 C1 

200-499 A2 B2 C2 

<200 A3 B3 C3 
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Table 5: Examples of opportunistic infections with CDC stage of HIV: 

CD4+ T cell count Opportunistic infections 

200-499 Oral Candidiasis, Kaposi’s sarcoma, Herpes zoster 

infection, Mycobacterium tuberculosis 

<200 Pneumocystis jiroveci pneumonia, Histoplasmosis etc. 

100-199 Cryptococcosis, Toxoplasmosis, Cryptosporidiosis 

50-100 Cytomegalovirus infection, Penicilliosis 

<50 Mycobacterium Avium complex infection 

 

3.9 Diagnosis: 

Soon after the recognition of HIV in the early 1980’s, several laboratory tests to diagnose 

HIV were developed (23). Serological tests to detect antibodies followed by p24 antigen 

detection were some of the earliest tests developed (23). Several formats are used currently in 

different settings based on the nature of presentation and status of the patient. The mainstay 

of diagnosis is detection of antibodies against various viral proteins in the serum of infected 

individuals. The first marker to appear in the serum is the virus itself which can be detected 

by molecular methods (23). This is followed by the p24 antigen. In the acute phase of the 

illness antibodies are not detectable and this is referred to as the window period which lasts 

for 4-6 weeks. Antibodies can then be detected using various assays as described below (23). 

3.9.1 Situations where testing is done: 

i) Mandatory screening for donor blood and blood products, tissues, organs, sperms 

ii) Antenatal screening to prevent mother to child transmission 

iii) Voluntary testing 

iv) Clinical suspicion of HIV 
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v) Research 

vi) Health care workers with exposure 

Figure 5: Appearance of serum markers and plasma HIV RNA in comparison to CD4+ T cell 

count and clinical phases of HIV infection              

                   

Adapted from WHO Manual on Laboratory diagnosis of  HIV. 

 

3.9.2 Tests available: 

The tests can be divided as follows based on the situation which calls for testing. 

i)Indirect tests - Serological tests: 

a) Screening test – ELISA or Rapid tests 

b) Supplement test- Western blot or 2
nd

 and 3
rd  

generation ELISA/Rapid test 

The various strategies used for diagnosing HIV according the NACO guidelines are as 

follows: 
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Table 6 : Strategies for testing according to NACO guidelines: 

Tests A1 A2 A3 Interpretation 

Strategy 1 

(Transplantation screening) 

neg 
Not 

done 

Not 

done 
-neg 

pos 
Not 

done 

Not 

done 
pos 

Strategy IIa 

(Surveillance) 

neg 
Not 

done 

Not 

done 
neg 

pos pos 
Not 

done 
pos 

pos neg 
Not 

done 
neg 

Strategy IIb 

(Diagnosis of individual with 

AIDS indicator symptoms) 

neg 
Not 

done 

Not 

done 
neg 

pos pos 
Not 

done 
pos 

pos neg pos Indeterminate 

pos neg neg neg 

Strategy III 

(Diagnosis in asymptomatic 

individuals) 

neg 
Not 

done 

Not 

done 
neg 

pos pos 
pos pos 

neg Indeterminate 

pos neg 
pos Indeterminate 

neg neg 

A1. A2 A3 represent three different assays either rapid or ELISA tests 

pos: Positive test result 

neg: Negative test result 

 

ii) Direct tests 

a) Polymerase chain reaction is helpful to diagnose HIV in the window period when 

seroconversion has not yet occurred and in new borns born to HIV infected mothers. Reverse 

transcriptase PCR is used to detect the RNA in the plasma while proviral DNA can be 

detected in the peripheral blood mononuclear cells (23).  
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b) p24 antigen detection can be used for diagnosis in neonates and in the window period of 

the disease. However the disadvantage is that the antigen complexes with antibodies and 

dissociation is required to detect the antigen (23). 

c) Virus culture is not routinely done. Research laboratories use PBMCs to culture the virus 

and for resistance testing. It is labour intensive and time consuming (43). 

3.9.2.1 ELISA for HIV: 

Different formats of ELISA are available as described in Table 7 

Table 7: ELISA formats for diagnosis of HIV 

Generation of 

ELISA 

Antigen used Features 

First generation Infected cell lysate prepared 

from purified whole virus grown 

in T cell lines 

Detects IgG antibodies and 

hence specificity is low 

Second generation Recombinant antigens which are 

portions of the whole virus 

produced by cells such as yeasts 

and bacteria transfected with the 

area of the genome of the virus 

coding for specific proteins 

Detects IgG antibodies 

Third generation Synthetic peptides prepared by 

joining sequences of amino acids 

identical to the individual 

proteins. HIV Ag complexed 

with the enzyme. 

Detects all classes of antibodies 

including IgG and IgM 

antibodies 

Fourth generation Combination of recombinant and 

synthetic peptides and 

monoclonal antibodies to p24 Ag 

Detects all classes of antibodies 

including IgG, IgM antibodies 

and p24 antigen 

 

3.9.2.2 Rapid tests for HIV: 

These are alternative tests used for diagnosis of HIV in settings where the tests can be 

performed easily without requiring expertise. These tests generally give results within 30 
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minutes and give reliable results with good sensitivity. They have inbuilt controls and hence 

easy to interpret. The various tests available and the methodologies are illustrated in Table.8 

Table.8: Features of various rapid test formats for diagnosis of HIV 

Principle and examples Features 

Immunoconcentration/ 

Immunofiltration 

Eg: HIV Tridot, HIV spot 

The antigens are coated on nitrocellulose membrane 

supported by a solid support. Antibodies in the 

patient’s serum bind to the antigens. Absorbent pads 

are present beneath to collect the serum. Colloidal 

gold conjugated with protein A binds with the 

antibodies to give the colour. These are referred to as 

dot blot assays. 

Particle agglutination 

Eg: Capillus HIV 1 and 2, NEVA 

HIV, Serodia 

Gelatin, RBC’s, latex  or microbeads are used as 

carrier particles which are bound to antigens. 

Antibodies react with the particles to produce visible 

agglutination 

Immunochromatography 

Eg: Retrocheck HIV, SD Bioline 

HIV ½ 3.0 

These are lateral flow assays with capture antigens 

coated on the membrane strip on the test lines. The 

antibodies in the test serum move along the 

membrane complexed with recombinant antigen 

colloidal gold conjugate. A visible coloured band is 

produced by the antigen antibody antigen colloidal 

gold complex at the test line. 

Enzyme Immunoassay/ 

Immunocomb 

Eg: Immunocomb II HIV 1 and 2 

bispot, Comb AIDS RS 

This assay format consists of a solid support with 

projections(teeth of the comb) on which anti human 

IgG antibodies are coated. Antibodies in the serum 

are captured and detected using antibodies conjugated 

with enzymes which change the colour of the 

chromogenic substrate 

 

3.9.2.3 Western blot for HIV: 

The various proteins of HIV are separated based on molecular weight using gel 

electrophoresis and blotted onto nitrocellulose membrane strips. The antibodies in the serum 

bind to the antigens on the strip. The bound antibodies are detected using labeled 

antibodies(with enzymes such as horse radish peroxidise/alkaline phosphatase) Addition of a 

substrate produces coloured bands (44). The various antigens blotted are products of gag, pol 
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and env genes. Various criteria are available for diagnosis based on the pattern of bands. 

According the American Red cross society criteria, any one band each for the three proteins 

is taken as a positive result. 

3.10 Treatment: 

The goal of instituting treatment in HIV is to achieve maximal suppression of the viral 

replication and restoring the CD4+ T cells. This in turn reduces the morbidity, delays disease 

progression and improves the quality of life of infected individuals (45).   ART was 

introduced in India in April 2004 and the policies have been scaled up since then. There are 

380 ART centres providing treatment to around 6.07 lakhs individuals in the country (15).  

The centres are linked to testing laboratories and offer pre and post test counseling as well.  

The various classes of drugs available for treatment are as follows:(23) 

a) Reverse Transcriptase inhibitors : 

Nucleoside analogues: Eg Zidovudine, Didanosine, Zalcitabine Emtricitabine,  

Abacavir, Stavudine etc 

Nucleotide analogue: Eg tenofovir 

Non-Nucleoside RT inhibitor(NNRTI): Eg Nevirapine, Efavirenz, Delavirdine etc 

b) Protease inhibitors(PI) 

Eg Ritonavir, Saquinavir, Indinavir etc 

c) Integrase inhibitor 

Eg Raltegravir 

d) Entry inhibitors 

Eg Enfuvirtide  

e) Co receptor antagonist 

Eg Maraviroc 
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HAART refers to the administration of a combination of atleast three anti retroviral drugs for 

HIV. This helps to prevent the development of drug resistant mutants. HAART was 

introduced in India in 2000. Since its introduction it has had a major impact on the natural 

history of disease in India (46). Several recent studies have shown that early initiation of 

HAART (CD4+ count<350/mm
3 
have beneficial effects in preventing opportunistic 

infections and decreasing morbidity (47)(48). Life expectancy was shown to be increased 

considerably in a multinational study conducted across Europe and North America among 

HIV individuals receiving ART(49). The risk of death due to AIDS was reduced by 74% 

according a systematic Cochrane review which collected data from trial in Haiti and SMART 

group (Strategies for Managament of ART) when ART was initiated early (50). HIV RNA 

levels drop by 1 log difference or ten folds within 1-2 months of therapy CD4 raises by 100-

150cells/mm
3
 (50). In a study conducted by Cohen et al (2011) recruiting 1763 HIV couples 

where one of the partners was HIV positive, they found that early institution of ART reduced 

the risk of transmission of HIV. This was attributed to the fact that viral replication was 

restricted in the blood thus leading to reduced shedding of the virus in the genital secretions 

(51). 

WHO recommendation for reducing mother to child transmission is to administer the triple 

drug regimen. Post exposure prophylaxis with ART drugs in case of exposure is another 

indication. Two drug regimen (NRTI+ NNRTI) and three drug regimen (NRTI+ NNRTI+PI) 

are available (43). 

3.10.1 Monitoring treatment: 

The restoration of the immune system with ART is indicated by the rise in the CD4 count as well as 

decrease in the viral load. So there are two main approaches to monitor ART (52). 

a) Measurement of CD4+ T cell count  
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b) Measurement of viral RNA in the plasma 

c) Alteranative tests  

i) Measurement of p24 antigen  

ii) Measurement of enzyme reverse transcriptase 

iii) Proviral DNA quantification 

iv) Measurement of Beta2 microglobulin, serum neoprotein etc (53) 

3.10.1.1 Measurement of CD4+ T cells:  

The monitoring of disease in most of the developing countries is by measuring the CD4+ T 

cell count. ART is recommended when the CD4+ T cell count is <350/mm
3  

(75). Prophylaxis 

for Pneumocystis jeroveci is essential when counts are below 200/ mm
3
.  The cell count drops 

by approximately 50 every year during the asymptomatic phase. Thus monitoring of disease 

and treatment is possible by measuring the same (23).  

It is done using flowcytometry which is the reference standard. Many laboratories across the 

world use CD4 monitoring for follow up of HIV. 

The various methods available for testing are:  

a) Flowcytometry: This method uses the principle of identifying cells with known physical 

and chemical properties with the help of light scattered by them. Also it combines the 

detection of fluorescence emitted by fluorescent labeled specific antibodies which bind to the 

cells. The FACSCount system (Becton Dickinson, New Jersey, U.S.A)  is based on 

flowcytometry. Whole blood is used in the assay. It consists of twin tubes. One tube contains 

flourochrome labeled monoclonal antibodies against CD4 and CD3 receptors and the second 

has antibodies against CD8 and CD3 receptors. (CD3 is a receptor present on all T cells). 

When whole blood is added the CD4 and CD8 cells bind to the respective antibodies and the 
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fluorescence is emitted which is measured using laser light. Fluorochrome labeled reference 

beads are present to quantitate the cells. The inbuilt software recognises the pattern of 

scattered light and gives the absolute CD4 and CD8 counts. Gating technology with use of 

monoclonal antibodies against CD45 and CD14 helps to obtain a better total lymphocyte 

count. (CD45 is a pan T cell marker and CD14 is a marker for monocytes). Percentage of 

CD4+ T cells and absolute counts can thus be obtained (54). 

b) CyflowPartec (GmbH, Germany) is another hand held battery operated instrument for 

measuring the absolute CD4 counts based on the principle of flow cytometry. The test is done 

on whole blood and is similar to FACS. However percentage of CD4+ cells is not obtained 

(55). 

c) Pointcare Now (Marlborough, U.S.A)  uses scattering of light but not fluorochromes. The 

antibodies are labelled with colloidal gold particles and the light scattered by various cells is 

measured and analysed. This gives the Total leukocyte count, total WBC, CD4+ T cell count 

and the % CD4 value. 

d) Guava Easy CD4(Guava technologies, C.A, U.S.A) uses microcapillary technique and 

fluorescent labelled CD3 and CD4 antibodies. The laser light detects the fluorescence. 

Absolute CD4+ counts and % CD4 value is obtained. 

e) DynaBeads: This uses magnetic particles coated with antibodies to CD4 and CD8 on the T 

cells. The antibodies to CD14 are also present which removes the monocytes from whole 

blood and the remaining T cells are stained with acridine orange. The stained cells are 

counted microscopically using a fluorescence microscope. This gives the absolute CD4+ T 

cell count. 
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3.10.1.2 Monitoring the viral load: 

Monitoring the viral load in HIV infected patients will help to assess response to treatment, 

progression of disease and emergence of drug resistance.  

i)Clinical progression : Viral load is depicted as the total number of copies of viral particles/ml of 

plasma. The viral load in the plasma is a good predictor of disease progression. Clinical progression 

of the disease to AIDS is accelerated with increasing viral loads(>50000/ml) (56).  

ii)Response to treatment: Virological suppression is defined as persistant low or undetectable viral 

load. Undetectable viral load is considered to be <40 copies/ml since most of the FDA approved 

assays have a lower limit of detection of 40copies/ml. However most studies conducted take <200 

copies/ml as thee indication for response to treatment. Individuals on treatment might have an 

intermittent low persistent viremia of 50-1000copies/ml. Hence repeat testing every 3-6 months is 

required to ensure adequate monitoring (57). 

iii)Treatment failure and change of regimen : Treatment failure is defined as the persistant viral load 

of  >1000 copies/ml of plasma on atleast two occasions within a period of 3 months in individuals 

who are on ART for atleast more than 6 months (58). Treatment failure may be because of emergence 

of resistant mutants, non adherence to treatment regimen, or reduced efficacy and potency of the drug 

itself. These factors can be interconnected. Incomplete suppression of the viral load due to non 

adherence to ART is one of the causes for emergence of drug resistant mutants of the virus. Levels of 

viral RNA between 50-500/ml is considered to carry a bigger risk for emergence of mutants than 

levels below 50/ml (8) (59). Prior to 2010, WHO recommended use of clinical and immunological 

markers for monitoring ART. Strong recommendations on using measurement of plasma viral is now 

in vogue to confirm virological or treatment failure in individuals with evidence of clinical or 

immunological failure (75)(77). CD4+ T cell count measurement is subject to variation such as 

diurnal variation, acute viral infection, chronic liver disease, alcohol, pregnancy etc.  CD4 count 
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alone is not sufficient and accurate for starting therapy. Virological monitoring carries the advantage 

of predicting failure earlier. This in turn follows change of drug regimen reducing the development of 

drug resistant mutants (58). Thus it acts as a very good indicator for start/change of drugs used in 

ART. However, a baseline titre of the viral load is required for comparison.  

Monitoring of viral load in developed countries is done routinely for HIV infected patients. 

However, in developed countries, it is not done routinely due to the cost involved and the 

expertise required for performing these assays which might not be possible in all laboratories. 

Newer cost effective easy to perform methods and development of newer technologies are 

now a promising alternative (60). WHO recommends measurement of viral load wherever 

possible every 6-12 months for individuals who are on ART (58).  

3.10.1.3 Molecular assays used for the quantification: 

The various assays available for measuring the plasma viral load as follows: 

i) Reverse Transcriptase quantitative PCR: 

Molecular assays are considered the gold standard for quantifying the viral load in the 

plasma. Real time PCR is based on the principle of detecting the amplified DNA using 

TaqMan probes. These probes are around 20-25 nucleotides long with a fluorescence 

reporter(FAM-6 carboxyfluorescein) at the 5’ end and a quencher at the 3’ end(TAMRA-6 

carboxytetramethyl rhodamine). During the extension step of the PCR, the probe binds to the 

amplified DNA and the Taq polymerase which has 5’ nuclease activity cleaves the probe 

releasing the quencher. The flouorescent reporter emits fluorescence and is detected by the 

fluorescence detector. The increase in the fluorescence with time is detected in real time and 

the point at which the fluorescence crosses the threshold is termed the Ct. The viral load in 

the sample is calculated compared to a known standard with known number of viral copies 
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(61)(52). Viral load is measured as number of copies/ ml of the plasma. Several FDA 

approved assays are available for HIV RNA PCR (62). 

a) Cobas Ampliprep/COBAS TaqMan HIV test (Roche, Sydney, Australia) uses the gag 

region of the HIV genome as the target for amplification. The RNA is first converted to 

complementary DNA and the DNA is amplified. TaqMan probes hybridize with the 

amplified DNA and the fluorescence is detected real time. The assay can detect HIV subtypes 

A-D, F-H and CRF01_AE. The range of detection is 48 to 10
7 

copies/ml (63). 

b) Abbott Real time HIV-1(ABBOTT, Illinois, U.S.A): This assay targets the integrase 

region of pol which is a highly conserved region. The pol region is more conserved than gag 

region. The probe in this assay is a double stranded probe which helps in real time detection 

of the amplified product. In addition to this, it uses a non competitive internal control to 

indicate inhibition of amplification if it has occurred. This is a FDA approved assay.. Studies 

done on evaluation of this assay show good sensitivity and specificity. Sloma et al evaluated 

Aboott Real time HIV-1 assay with Cobas Ampliprep/COBAS TaqMan HIV test and found 

that there was good correlation( r=0.95) with a mean log difference of 0.35 between assays 

for detecting viral load  (85). This group also concluded that that the automated instrument 

m2000sp used for extraction had a good throughput with 53 minutes of hands on time for 

Abbott Real time HIV-1 assay. This assay detects CRF02_AG in addition to the other 

subtypes of group M. The range of detection is 40 – 10,000,000 copies/ml of plasma (52) . 

Marconi et al evaluated the assay for detecting viral load in dried blood spots and found that 

it had a sensitivity of 99.4% (86).  

c) Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany): The assay uses the principle of 

reverse transcription with taqman chemistry and specific amplification of a 93bp 

region(LTR) of the HIV-1 genome using specific primers linked to fluorescent labeled 



41 
 

oligonucleotide probes. Extraction of RNA is done manually using a silicon based membrane 

which captures the viral particles using centrifugal or vacuum assistance. Saune et al 

evaluated Abbott RealTime HIV-1, Artus HIV-1 RG RT PCR and Roche CAPCTM HIV-1 

and found fair agreement between assays for the 20 replicates of HIV-1 samples with RNA 

concentration of 20-200copies/ml. The COV was 0.6% and 9.2% (Abbott RealTime HIV-1), 

10.3% and 38% (Artus HIV-1RG RT PCR) and 5.2% and 13.1% (Roche CAPCTM HIV-1 vs 

2.0) (87). 

ii) Nucleic acid Sequence Based Amplification: 

This technique utilizes the replication of HIV which produces multiple copies of the RNA 

and end point detection using molecular beacons. The assay approved by FDA is Nucli Sens 

HIV-1 QT(Biomerieux, Craponne, France) which uses the gag region as the target with a 

special primer possessing a tail of T7 RNA. This is a polymerase promoter which binds to the 

RNA of the virus and initiates the synthesis of cDNA. The RT further promotes the formation 

of double stranded cDNA. The DNA is transcribed to produce multiple copies of RNA. The 

amplified products are detected using molecular beacons which are stem loop structures 

consisting of a fluorochrome and quencher at either ends which are in proximity to each 

other. The secondary structure unfolds and emits fluorescence upon binding to RNA and is 

measured. Quantification is based on the fluorescence emitted by known standards. The range 

of detection is 176 to 3,47,000 cpoies/ml (52). 

iii) Branched DNA assay: 

This technique also uses probes but the principle is signal amplification. The FDA approved 

assay is Versant HIV-1 RNA 3.0(Siemens, Munich, Germany ). The range of detection is 75 

to 5,00,000 copies/ml. The HIV RNA is captured in a microtitre plate with the help of probes 

specific to the pol region of the HIV RNA which is released after lysis of the virions. The 
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captured RNA is then sandwiched between with the probes on the plate and pre amplifier 

probes again specific for the pol region. The detection is done with help of amplifier probes 

and probes labeled with alkaline phosphatase enzyme which forms a branched DNA 

complex. The system of detection is based on chemiluminescence (52). 

3.10.1.4 Alternative tests used to measure the viral load: 

The molecular assays described previously need expertise, expensive equipments, trained 

personnel to carry out the tests, storage conditions for the reagents and also separate clean 

and dirty rooms. To overcome this, point of care inexpensive tests which can be easily 

performed are necessary in the resource limited settings. These tests should have the features 

of reproducibility, comparable sensitivity and specificity to aid clinicians in making decisions 

regarding management of patients. The assays available are:  

a) BCA(Biobarcode amplification) based assays:  p24 antigen detection can be done 

using this format. The antigen is captured in a precoated microtitre plate with 

antibodies against p24. A secondary antibody (biotinylated antibody is added which 

binds to the p24 antigen. Streptavidin labelled gold nanoparticles are added in the 

subsequent step which binds to biotinylated antibody. These gold particles also bind 

to biotin labeled barcode DNA which can be detected by a scanometric method. This 

assay can measure upto 0.1pg/ml of the antigen 

b) Microfluidic based assay: This system uses microbeads coated with specific 

antibodies to capture the virus particles. The microbeads have an advantage since they 

increase the surface area for capture. A secondary antibody bound to quantum dots are 

used which bind to the virus antibody complex. These can be visualised 

microscopically. The fluorescence emitted is detected and quantified. The detection 

limit is 22 ng/ml (52).  
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c) Miniature PCR chips: These assay consists of a portable disposable chip made up of 

polydimethylsiloxane. RT PCR can be carried in a microfluidic compartment and 

chemiluluminescence is used for detection. An inbuilt thermocycler helps in the PCR 

reaction (64).  

d) Miniature immunoassay: To overcome the difficulties in the ELISA, enzyme 

immunoassay formats using silver nitrate and hydroquinone as well as colloidal gold 

conjugates were developed. Immunoassay for p24 antigen using a dip pen 

nanolithography technique has been developed. The antigen is captured using 

monoclonal antibodies and detected using colloidal gold nanoparticles. The lower 

detection limit of this assay was 0.025pg/ml (51).The signal amplification was made 

more efficient in this assay by heavily functionalizing the gold nanoparticles with 

polyclonal anti p24 antibodies. Automated assays using whole blood are also 

available consisting of preloaded discs with buffers and other reagents. Centrifugation 

to separate the plasma along with mixing, incubation, washing and readings are taken 

using the system (52).  

e) Reverse transcriptase assay: This assay detects the enzyme RT in the plasma of 

patients with HIV. RT is a conserved region and is present inside the viral particles. 

This assay is based on the principle where the viral particles are bound to a gel and 

lysed to release the enzyme which is detected using an ELISA based format (66). 
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4. MATERIALS AND METHODS: 

This study was carried out in the Department of Clinical Virology, Christian Medical 

College, Vellore between May 2012 and November 2013 with prior approval from the 

Institutional review Board (IRB No. 7857 dated 04.06.2012). 

4.1 Samples: 

4.1.1 Criteria for recruitment: 

Treatment naïve HIV-1 and HIV-2 positive individuals (adults)(confirmed by serological 

methods) with available CD4+T counts and viral load data ( only for HIV-1)  were recruited in 

the study. HIV status for all these was confirmed by testing the samples as per the WHO/NACO 

guidelines.  

                  Algorithm for confirmation of HIV samples (Strategy 3 – NACO) 

                                                       

 

 

 

 

 

 

 

 

TEST 1 

TEST 1 + TEST 1 - 

TEST 2 

TEST 1 +  TEST 2 + TEST 1 +  TEST 2 - 

TEST 3 TEST 3 

TEST 1 +  TEST 2 + TEST 3 + TEST 1 +  TEST 2 + TEST 3 - TEST 1 +  TEST 2 - TEST  3 + TEST 1 +  TEST 2 - TEST 3 - 

POSITIVE INDETERMINATE NEGATIVE 

TEST 1: Automated Architect HIV Ag/Ab ELISA 

TEST 2: Vironostika HIV Ag/Ab ELISA  

TEST 3: HIV TRIDOT (HIV-1 and HIV-2 

differentiation) 
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4.1.2 Sample size calculation:  

The selection was done independent of the reference standard. The sample size was calculated 

based on the data presented in various published studies (66) (67) (68) (70) (71). The correlation 

coefficient ‘r’ value ranged from 0.7 to 0.9 in various studies comparing the efficacy of the 

assay under evaluation with standard assays(PCR) to measure the viral load. Considering the 

lowest expected ‘r’ value to be 0.5 and taking the alpha and beta errors as 0.05, the sample size 

was calculated as 46 using the statistical software Med Calc (version 9.2.0.1). Based on this, 

samples from 50 treatment naive HIV-1 infected individuals were recruited into the study.  

Samples which were collected for another ongoing study was selected and the first 50 

consecutive samples were taken. A second sample collected from these 50 individuals following 

1 year of antiretroviral treatment was taken and tested to assess the utility of the assay to 

monitor response to ART. For the current study, since we used stored samples, waiver of 

consent was requested from the IRB and the same was granted. 

In addition to these 50 paired samples, 25 samples from HIV-1 infected individuals with low 

viral load values (<5000 copies/ml) were also included in order to test the efficiency of the assay 

to detect the low viral load in plasma. We also included samples from HIV-2 infected 

individuals. Since the HIV-2 positive cases reported is very low (1:100 of HIV infected 

individuals) in India all the available HIV-2 samples were selected in the study. All these 

samples used were also stored samples from individuals who had given informed consent for 

future HIV related studies. 

4.1.3 Controls: 

Samples from 10 HIV negative healthy adults,5 Hepatitis B positive and 5 Hepatitis C 

positive samples ( The latter ten samples were also negative for HIV) were also selected in 

order to test the specificity of the assay. The HIV negative samples were collected from the 
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healthy laboratory personnel after taking a written informed consent from them for HIV 

testing and as well as for the study. The samples were tested with a fourth generation ELISA 

for HIV (VIRONOSTIKA HIV Ag/Ab ELISA) to rule out HIV infection.  The HCV and 

HBV positive samples had been collected and stored in the department of Clinical Virology 

and those samples were tested as unlinked anonymous samples. These samples were included 

in the study as HBV and HCV also possess RT activity and hence to assess the specificity of 

the assay under evaluation.  The data on the number of samples collected from different 

category of study subjects are shown in Table 9. 

Table 9: The number of samples collected from different categories of HIV infected individuals, 

normal healthy and disease controls 

Category Number of samples 

Treatment naïve HIV-1 positive plasma samples 50 

Treatment experienced HIV-1 positive plasma samples 50 

HIV-1 samples with viral load <5000 copies/ml 25 

Treatment naïve HIV-2 plasma samples 13 

HIV negative samples from healthy individuals 10 

HCV positive samples 5 

HBV positive samples 5 

 

4.1.4 Storage of samples: 

All the plasma samples were stored at -70
o
 C until testing. The samples were freeze thawed just 

before testing with the assays.  
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4.2. Index Test -  ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) reverse 

transcriptase(RT)  assay: 

4.2.1 Principle of the assay: 

ExaVir version 3.0 assay is an assay which detects the reverse transcriptase(RT) acivity in the 

plasma of HIV infected individuals. Plasma sample containing the HIV virus particles is 

treated to inactivate the cellular enzymes and also remove the antiviral substances if present. 

Subsequently the viral particles are separated using a gel that binds the virion. The reverse 

transcriptase is separated out from viral particles which are bound to the gel by the lysis 

buffer provided.  The RT activity in the lysate is measured by the ELISA system. The ELISA 

plate has RNA template polyriboadenosine strands covalently bound to the wells. A mixture 

of primer (oligodeoxythymidine), RT substrate (5-bromo 3-deoxyribouridine 5’triphosphate)  

and the lysate are added to the well and which  will initiate the activity of reverse 

transcriptase which is present in the lysate and this will lead to the formation of a RNA DNA 

hybrid with the 5-bromo 3-deoxyribouridine 5’triphosphate incorporated into the DNA 

strand. This is detected with the help of monoclonal anti bromodeoxyribouridine 

monophosphate antibodies conjugated with alkaline phosphatase. A suitable substrate 

(paranitrophenyl phosphate) is added for the colour development and is read using an ELISA 

reader, µ Quant spectrophotometer (BioTek, U.S.A) at 405 nm (80). The assay  gives the 

value of RT activity in fg/ml and a software (provided by the manufacturer of the assay) will 

generate the value of viral RNA equivalents as number of copies/ml. The pictorial 

representation of the principle of the assay is shown in Figure 6. 

4.2.2 Assay procedure: 

All the standard precautions for dealing with blood and blood products were taken while 

carrying out the assay. The assay was carried out as per the manufacturer’s instructions. The 
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person performing the assay was blinded to the sample details. Thirty samples were processed in 

each run of the assay and each run required a minimum of 46 hours with 5 hours of hands on 

time. 

Figure 6: Diagrammatic representation of the Exavir Version 3.0 assay principle (Reverse 

transcriptase Assay) 

 

Adapted from ExaVir Load Analyzer Version 3.0 Instructions for use, CAVIDI Ref (80)   

 

4.2.3 In house Controls:  

Positive control: Plasma sample positive for HIV and having a viral load of at least 25,000 

copies/ml as measured by Artus HIV-1 RG RT PCR (QIAGEN, Hilden, Germany) was selected 

to include in every run.  

Negative control: The samples collected from the healthy laboratory personnel (tested negative 

for HIV) were used as negative controls in every run. 

4.2.4 Materials and reagents:  

The reagents and the materials required for the assay are shown in Table 10. The assay was 

carried out on a simple work bench in the laboratory. The consumables were stored at room 
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temperature and the reagents were stored at -20
0
. The expiry date and lot numbers were checked 

before performing each run. The reagents were for one time use only.  

Table 10: Materials and reagents required for the ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden)  assay: 

                      Materials          Reagents (Stored at -20ºC) 

Plasma processing tubes – 32 Sample additive 

Columns – 32 Separation gel 

Storage tubes – 32 Gel Buffer 1 conc. 

Sample box Gel Buffer 2 conc. 

Storage tube rack Lysis Buffer 

Separation equipment Lysis Buffer Additive 

Plastic containers for preparation of 

Wash Buffers(2ltr and 260ml) 

RT Reaction Buffer 

RT reaction plate RT Reaction Components 

Plastic lid for the RT reaction plate Dilution Buffer 

Adhesive tape Dilution Buffer additive 

Rubber band HIV – 1 rRT Standard 

Four Plastic buckets for washing the RT 

Reaction plate 

Plate Wash Buffer conc. 

5 ltr Plastic container for the Plate Wash 

buffer 

RT Product Tracer 

Purified water (Milli Q distilled water) Product Tracer dissolvent 

Glass jars for measuring the water Substrate tablet 

Aluminium foil Substrate Buffer 

Pipettes and pipette tips Plate Wash Buffer conc. 

Shaker  

Gloves and Apron  

1% Dakins solution  

Blotting paper  
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The plasma samples and reagents were thawed at room temperature before performing the test. 

4.2.5 Steps of the procedure : 

4.2.5.1 Pre treatment of plasma: 

The Sample additive was prepared by reconstituting in 4 ml of milli Q distilled water. The 

Plasma processing tubes were labelled (1-32) and put in the Sample box as shown in Figure 7. 

100µl of the sample addititive was added to each of the Plasma processing tubes. This step helps 

to inactivate the plasma enzymes and other RT inhibiting factors. One ml each of the plasma 

samples to be tested was added to the tubes 1-30. The positive control plasma was added to tube 

31 and the negative control plasma to tube 32. The tubes were capped, vortexed for five 

seconds. The Sample box containing the tubes was covered with the lid, secured with the rubber 

band, wrapped in aluminium foil and incubated in the dark at room temperature for 20 minutes. . 

4.2.5.2 Binding the virions to the gel: 

After 20 minutes of incubation, 1ml of Separation gel was added to each of the tubes. The 

Separation gel was shaken to homogenise the material to ensure that each sample received equal 

amount of the material. The tubes were capped, vortexed and placed back in the Sample box. 

The cap was placed on the Sample box, secured with rubber band and placed on the rocking 

shaker (Cintex,Mumbai, India) for 30 minutes at room temperature. These steps ensure that the 

virions bind to the gel. 

4.2.5.3 Separation of the RT from the bound virions: 

This next step was carried out in a separation equipment provided by the manufacturer which 

consists of Column holder for the tubes, vacuum pump and tubing, Waste collector, Buffer 

dispenser ,Storage tube, Collector tube rack and Lysate collector. 
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a) Setting up the separation equipment: 

The Columns were labeled from 1-32 and placed in the Column holder as shown in Figure 8a. 

The Column holder was placed on top of the Waste Collector. The Vacuum pump was 

connected through the tubing to the Waste container (with 2% Dakins solution) which in turn 

was connected to the Waste Collector. The Buffer dispenser containing 32 minute channels was 

placed on top of the Column holder. The metal plug was placed on the Buffer dispenser as 

shown in Figure 8b and made sure that the minute columns were clean and that water flows 

through them. The complete apparatus set up is as shown in the Figure. 9  

b) Preparation of Wash buffers: 

Gel Buffer 1: The contents of the Gel Buffer 1 conc. was added to a 2 litre bottle. The buffer 

bottle was rinsed with 100 ml of water and added back to the 2 litre bottle. An additional 1100 

ml of water was added to the 2 litre bottle and mixed by rotating the bottle around 15-20 times. 

Gel Buffer 2: The contents of the Gel Buffer 2 conc. was added to another bottle. To this 260ml 

of water was added and mixed. 

c) Washing of the gel: 

This step will remove the plasma and leave behind only the virion bound to the gel. The Sample 

box was removed from the mixing table after 30 minutes of incubation. The contents of each of 

the Plasma processing tubes were vortexed and transferred into the respective Columns which 

had been labeled and placed in the Column holder. The vaccum attached to the Column holder 

was started and the gels sucked dry. The vacuum was turned off and Buffer dispenser with the 

metal plug was placed on the Column holder. Gel buffer 1 was poured over the metal plug plate 

until the buffer reaches the shelf just below the holes in the plate. The metal plug was shaken 

gently to ensure the buffer entered all the Columns uniformly. The Buffer dispenser was 
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removed. Vacuum pump was turned on and the gels sucked dry. This procedure was repeated 

another three times with Gel buffer 1. The procedure is repeated similarly with Gel Buffer 2 

once. The gels were sucked completely dry before proceeding to the next step. 

4.2.5.4 Lysis of the virions to obtain the RT 

a) Preparation of the Lysis Buffer:  

Five ml of the Lysis Buffer was added to the Lysis Buffer Additive, vortexed and the contents 

transferred back to the Lysis Buffer bottle.  

b) Lysis of virions using the separation equipment 

The Storage tubes were labelled from 1-32 and placed in the Collector tube rack which was 

inside the Lysate Collector as shown in Figure 10a. The Column holder containing the Columns 

was transferred from the Waste collector to the Lysate Collector as shown in Figure 10b.The 

Lysis Buffer was vortexed and 250µl of it  added to each of Columns. The vacuum pump was 

turned on and the valve kept closed for seven seconds. The valve was opened and closed again 

and kept in that position for seven more seconds. The valve was opened and the vacuum pump 

was turned off. The Lysis Buffer lyses the virions bound to the gel and allows the release of RT 

enzyme  into the lysate which gets collected in the Storage Tubes. The Column holder was lifted 

out. The Storage tubes containing the lysate were transferred to the Storage tube rack which has 

12 rows as shown in Figure 11. The horizontal rows have the labels A to H. This rack with the 

tubes was used for diluting the standards and transfer of the lysate to the ELISA plate 

subsequently. 
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4.2.5.5 Reverse transcriptase assay: 

This was carried out in a 96 well ELISA plate. The plate contains polyriboadenosine strands 

covalently bound to the bottom of the wells as the RNA template on which the RT acts. The 

reagents were prepared as described below and the ELISA procedure carried out.  

a) Preparation of the Dilution Buffer: 

To 5 ml of the Dilution Buffer, Dilution Buffer Additive was added. The dissolved contents 

were transferred back to the Dilution Buffer bottle and vortexed. This was used for diluting the 

HIV-1rRT standard as well as the RT reaction components. 

b) Preparation of RT Reaction Components:  

Four ml of the RT Reaction Buffer was added to the RT Reaction Components and vortexed for 

ten seconds. This mixture was labeled as RM1. A 10 ml tube labeled as RM2 was taken and 1.8 

ml of RM1 and 7.2 ml of Dilution Buffer was added to it. This tube was vortexed for five 

seconds. RT Reaction Components contain lyophilised oligodeoxythymidine as the primer and 

nucleotides (5 bromo 3 deoxyribouridine 5’ triphosphate) required for the elongation of the 

complementary DNA strand which will be synthesized by the RT(extracted from the samples) 

acting on the RNA template(bound to the wells of the ELISA plate)  with the help of the primers 

and oligonucleotides.  

c) Preparation of the HIV-1 rRT Standard:  

Six ml of Dilution Buffer was added to the HIV-1 rRT Standard and vortexed for ten seconds. 

Sixteen Storage tubes were put in the Storage tube rack in rows 10 and 12 ( total of 16 tubes) . 

To each of these tubes, 300µl of Dilution Buffer was added. Two wells were also marked as 

buffer blanks. 200µl of the dissolved HIV-1 rRT Standard was added to Storage tube A12, the 

pipette was changed and mixed five times. Serial dilution of the standard was done by 
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transferring 200µl consecutively till H12 mixing five times every time and changing the pipette. 

From the well H12, contents were transferred to A10 and continued till well C10. Each kit is 

provided with the standard and RT activity of the standard in fg/ml mentioned in the package 

insert which needs to be entered for the calculation of viral load by the software. 

d) Addition of reagents, samples and controls to the ELISA plate: 

30µl of the contents of RM1 was added to each of the rows 1, 3, 5, 7, 9 and 11 of the RT 

Reaction Plate. 150 µl of the RM2 was added to the rows 2, 4, 6, 8, 10 and 12. The RT Reaction 

Plate was covered with the plastic lid until the next step. The lysates from the Storage tubes 

were mixed twice and pipetted into the RT Reaction plate as follows. 150µl from Storage tubes 

row 1 to row 1 of RT Reaction plate. 30 µl from  Storage tubes row 1 to row 2 of RT Reaction 

plate. This process was continued till row 12. In effect, all the lysates from the samples and the 

diluted standard were added in two volumes(30µl and 150µl) in the plate. The RT Reaction plate 

was covered with the adherent tape and pressed down firmly to ensure proper sealing. The plate 

was incubated for 18-24 hours at 33ºC. During this incubation period the RT present in the 

sample will synthesize the DNA strand from the RNA template incorporating the 5-bromo 3-

deoxyribouridine 5’triphosphate.The RNA DNA hybrid is formed. 

After 18-24 hours of incubation, following procedure was done. 

e) Preparation of the Plate Wash Buffer: 

 Two litres of milliQ distilled water was added to the 5 litre plastic container. The contents of 

the Plate Wash Buffer concentrate  was added to the container and the volume was made up 5 

litres by adding water. The container was rotated around to mix the contents. The foam was 

removed out of the mouth of the container by pressing the container. 
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f)  Preparation of the Product Tracer:  

The contents of the Product Tracer Dissolvent was added to the RT Product Tracer and vortexed 

for ten seconds. It has monoclonal anti-bromodeoxyribouridine monophosphate antibodies 

conjugated with alkaline phosphatase. 

g) Preparation of the Substrate Buffer:  

The Substrate tablet was added to the Substrate Buffer and stored in the dark till further use. It 

contains paranitrophenyl phosphate. 

h)  Stopping the reaction: 

The RT Reaction plate was collected from the incubator, the adhesive was removed and the 

ELISA strips secured with a rubber band. The contents from the plate were emptied into the 

discard jar. 500 ml of the wash buffer was added to four plastic buckets as shown in Figure 12a. 

The plate was washed in the four buckets containing the wash buffer with the wells facing up in 

the following manner. The plate was placed into the wash buffer in the bucket and moved 

sideways around 15 times. Then the plate was removed and the wash buffer emptied before 

moving into the second bucket. The procedure was repeated in the remaining buckets as well. 

The plate was kept soaked in the third bucket for 5 minutes before moving to the fourth bucket 

as shown in Figure 12b. Similarly the plate was kept soaked in the fourth bucket also for 5 

minutes. The plate was removed from the fourth bucket and turned upside down on the blotting 

paper and allowed to dry. All the bubbles were removed from the wells before proceeding to the 

next step. The buckets were emptied out and rinsed with distilled water. The buckets are kept 

upside down for drying.  
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i) Addition of the product tracer: 

100µl of the RT Product tracer was added to all the wells of the plate using a multi channel 

pipette. The plate was sealed with adhesive tape and incubated at 33ºC for 90 minutes. During 

this step the antibodies will bind to the 5-bromo 3-deoxyribouridine 5’triphosphate incorporated 

into the DNA strand synthesized by the RT in the samples.  

j)  Removal of the tracer: 

The RT Product tracer was removed by washing in the four buckets as described previously 

after 90 minutes of incubation. 

k) Addition of the substrate buffer: 

120µl of the prepared Substrate Buffer was added to all the wells of the plate after drying the 

plate as described in the previous step. The plate was covered and incubated in the dark for 10 

minutes. During this period, the alkaline phosphatase acts on the substrate to change its colour 

4.2.5.6 Readings: 

The intensity of the colour obtained was read spectrophotometrically at A405 using the µQuant 

Spectrophotometer (BioTek, U.S.A) Three readings were taken for each run. The plate was 

incubated in the dark between the readings. Multiple readings ensure that even the smallest 

amount of RT in the sample is detected after the longest developing time.  

- Zero read: Immediately after 10 minutes of incubation 

-  2-3 hours read: After 2-3 hours of incubation in dark 

- Overnight read: After 16-24 hours incubation in dark  
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4.2.5.7 Calculation of viral load: 

Calculation of the plasma viral load was done with the help of the software (ExaVir Load 

Analyzer) which generates a standard curve obtained by the serial dilutions of standard 

recombinant HIV-1 RT. The OD data of all the three readings taken for all the samples (Zero 

read, 2-3 hours read and Overnight read  and the concentration of HIV-1 RT standard(which is 

given along with the assay) were entered. Then the software was run to obtain the results.  

The software reads the OD data files created from plate readers and calculates the viral load as 

amount of Reverse Transcriptase in fg/ml. An estimated equivalence of RNA copies/ml is also 

given. The software will also indicate if the amount of RT in the sample is either below or above 

the detection limit. If the amount of of RT in the sample is above the upper detection limit a 

comment saying ‘Out of range’ is displayed. Among the three readings the amount of RT 

activity is calculated using only one of the O.D values(overnight reading) if the other 

values(zero and 2-3 hour readings) are below the detection limit and in such cases the comment 

displayed is ‘single point’. If the O.D values of the three readings are inconsistent, the software 

will not calculate the RT activity and the message ‘failed’ is displayed indicating that the test 

has to be repeated. The analytical sensitivity is said to be 1fg/ml and the range measurable using 

the assay is 1 to 3000 fg/ml plasma (corresponding to approximately 200 to 600000 copies/ml 

plasma) according to the manufacturer of the assay. 
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TESTING ALGORITHM FOR THE INDEX TEST EXAVIR VERSION 3.0(CAVIDI, 

UPPSALA, SWEDEN)) – DAY-1 

 

 

 

 

                                                                               Incubate for 20 mins in dark 

                                                                               Incubate on mixing table for 30 mins 

 

 

 

 

 

 

 

 

 

 

 

 

Label 32 Plasma processing tubes 

Add 100µl Sample additive(reconstituted in 4ml water) 

Add 1 ml plasma sample to each of 30 tubes, PC to tube 31 and NC to tube 32  

 

Pour contents into corresponding labelled columns placed in Separation equipment 

Add I ml separation gel 

Apply vacuum and suck gels dry 

Wash with Gel Buffer 1(reconstituted to 2 ltrs) 4 

times and such gels dry 

Wash with Gel Buffer 2 (reconstituted to 260mL) 

2 times and suck gels dry 

Place storage tubes in the Lysate collector and 

transfer the columns 

Lysate obtained in storage tubes 

Apply vacuum 

Add 250µl Lysis buffer to columns 

Add Reaction components in 30µl and 

150µl in ELISA plate.Add lysates in 30µl 

and 150µl in ELISA plate. Add HIV-

1rRT standard in 11 dilutions 

Incubate the ELISA plate at 

33ºC for 18-24 hours 
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TESTING ALGORITHM FOR THE INDEX TEST EXAVIR VERSION 3.0(CAVIDI, 

UPPSALA, SWEDEN)) – DAY-2 

 

 

 

 

                                                                                

                                                                               Incubate at 33ºC for 90 mins 

 

 

 

 

 

 

 

 

 

  

Prepare Plate Wash Buffer – reconstitute in 5 ltrs water 

Pour into 4 buckets o.5 ltr in each bucket 

Wash the ELISA plate 15 times in buckets 1, 2, 3 each. Soak in bucket 3 for 5 

mins. Wash 15 times in bucket 4. Soak in bucket 4 for 5 mins. 

 
Tap the plate dry and add 100µl RT product tracer 

Wash the ELISA plate 15 times in buckets 1, 2, 3 each. Soak in bucket 3 for 5 

mins. Wash 15 times in bucket 4. Soak in bucket 4 for 5 mins. 

 
Tap the plate dry and add 120µl Substrate Buffer 

Incubate in dark at room temperature for 10 mins Read at A405 nm (0 read) 

Read at A405 nm (2-3hours read) 

Read at A405 nm (Overnight read) 

Incubate in dark at room temperature for 2-3 hours 

Incubate in dark at room temperature for 16-24 hours 
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4.3. Reference tests - Real time Polymerase Chain Reaction:  

4.3.1 Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany)   

4.3.1.1  RNA extraction using QIAmp Viral RNA Mini kit:  

The RNA extraction was done for HIV-1 samples using the protocol and the reagents given by 

the manufacturers as follows prior to carrying out the PCR. The materials are listed in Table 11 

i) Principle: 

The assay uses a membrane based technology where the virus in the plasma binds to the silica 

gel in the membrane which is further lysed and washed to obtain RNA in the pure form. 

ii) Materials required 

Table 11: Materials required for extraction of HIV RNA from plasma: QIAmp Viral RNA 

Mini kit  

QIAmp mini spin columns 

Collection tubes(2ml) 

Buffer AVL 

Buffer AW1(concentrate) – diluted as per protocol using ethanol 

Buffer AW2(concentrate) – diluted as per protocol using ethanol 

Buffer AVE 

Carrier RNA(1µg/µL) - Reconstituted by adding lyophilised carrier RNA to 

Buffer AVL 

Ethanol(100%) 

1.7 ml centrifuge tubes 

Pipettes 

Centrifuge 

Sterile pipette tips 
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iii) Procedure:  

1) Spin columns and tubes were labeled. Plasma samples were thawed before starting the 

procedure. RNAse free PCR grade water was used as the Negative control and was added 

to every fifth tube with every run of extraction. 

2) The reconstituted carrier RNA was mixed with Buffer AVL in proportion of 5.6µL for 

0.56ml respectively. 

3) Five hundred and sixty µL of the above prepared solution was added into the centrifuge 

tube. 

4) One hundred and forty µL of plasma sample was added the centrifuge tube, pulse vortexed 

for 15 seconds and incubated at room temperature for 10 minutes. The virus particles are 

lysed to yield the RNA. The carrier RNA enhances the binding of nucleic acid to the 

membrane of the spin column and also prevents degradation of RNA by the RNAse which 

might have escaped denaturation by the chaotropic salts and detergent present in the Buffer 

AVL.  

5)  The tubes were briefly centrifuged to remove the droplets in the lid. 

6)  Five hundred and sixty microlitre of ethanol was added to the sample and pulse vortexed 

for 15 seconds. Ethanol ensures binding of the nucleic acid to the membrane. 

7) Six hundred and thirty microlitre of the above solution was added to the spin column 

placed in a 2ml collection tube and centrifuged for 8000rpm for 1 minute. The collection 

tube is discarded and the spin column is placed in a new collection tube. 

8) Step 7 was repeated once. 

9) The spin column was opened and 500 µL of Buffer AW1 was added, centrifuged at 

8000rpm for 1 minute and the spin column placed in a new collection tube. 

10) Five hundred microlitre of Buffer AW2 was added to the spin column, centrifuged at 

14000rpm for 3 minutes and the spin column placed in a new centrifuge tube. 



62 
 

11) The spin column was centrifuged at 14000 rpm for 1 min to remove the residual buffer. 

12) The spin column was placed in a 1.7 ml centrifuge tube and 160µL of Buffer AVE was 

added, incubated at room temperature for 1 minute and centrifuged at 8000rpm for 1 

minute. The spin column was discarded and elute containing the pure RNA was obtained in 

the centrifuge tube. 

4.3.1.2 Real time Reverse Transcriptase Polymerase Chain Reaction using Artus HIV-1 

RG RT PCR(QIAGEN, Hilden, Germany) assay 

 i) Principle:  

The assay uses the principle of reverse transcription with taqman chemistry and specific 

amplification of a 93bp region(LTR) of the HIV-1 genome using specific primers linked to 

fluorescent labeled oligonucleotide probes. Thermal cycling and real time direct detection of 

the amplicon was done using Rotor Gene Q (QIAGEN, Hilden, Germany) PCR machine. The 

lower limit of detection prescribed by the manufacturer by this assay is 72 copies/ml. 

ii) Reagents required 

Table 12:  Reagents  required for Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) PCR 

HIV RG Master A 

HIV RG Master B 

Standards 

HIV-1 RG QS1(1X10
4
)IU/ml 

HIV-1 RG QS2(1X10
3
)IU/ml 

HIV-1 RG QS3(1X10
2
)IU/ml 

HIV-1 RG QS4(1X10
1
)IU/ml 

              HIV-1 RG IC (Internal Control) 
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iii) Procedure:  

1) PCR tubes were placed on the cooling block  

2) Preparation of the Master mix (done in the clean room): Twelve microlitre of HIV-1 RG 

Master A, 18µL of HIV-1 RG Master B and 2µL of HIV-1 RG IC were mixed per sample 

and 30 µL added to the PCR tubes placed in the cooling block. Internal Control allows to 

check for PCR inhibition.  

3) Twenty microlitre of the eluted RNA from plasma samples were added to the tubes along 

with the 4 standards with varying viral load. A known positive HIV-1 plasma sample and 

negative plasma sample are included in each run. 

4) The PCR tubes were placed in the Corbett Research instrument and the locking ring placed 

over the samples. The thermal cycler was started and results analyzed using the Rotor gene 

Q software. 

Table 13: Cycling conditions for Artus HIV-1 RG RT PCR (QIAGEN, Hilden, Germany) 

PCR 

 

Hold at 50ºC  30 mins 

Hold at 95ºC 15 mins 

50 cycles Step 1 - 95ºC 30 secs 

                 Step 2 - 50ºC 60 secs 

                 Step 3 - 72ºC 30 secs 

 

4.3.2 Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A)  

i) Principle:  

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assay is an in vitro reverse transcriptase 

PCR assay which uses an automated m2000 System as the platform. Extraction of the viral RNA 

and the PCR is carried out in an automated closed system Abbott Real Time HIV-1 m2000sp 
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instrument. Magnetic particles are used to capture the viral nucleic acid which is transferred to 

the PCR plate where amplification occurs. Amplification is carried out in Abbott Real Time 

HIV-1 m2000rt instrument. The target region of the HIV genome is integrase region in the pol 

gene. An unrelated RNA sequence (Armored RNA in negative human plasma along with the 

specific probe labeled with a fluorophore other than HIV specific fluorophore) serves as the 

internal control and is added to the sample. Fluorescent labeled partially double stranded 

oligonucleotide probes are used to detect the amplified product of HIV ( taqman based 

principle). The probe has a fluorescent marker covalently linked to the 5’ end and a quencher at 

the 3’ end. In the presence of the target sequence, the probe hybridizes with the target thus 

dissociating the fluorophore from the quencher causing emission of fluorescence. The 

fluorescent signal is detected by the machine.  The amplification cycle at which the fluorescent 

signal is obtained is proportional to the log of the HIV-1 RNA. The lower limit of detection with 

this assay prescribed by the manufacturer is 40 copies/ml. 

ii) Materials: 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) m2000sp instrument with reagents for 

automated extraction as per the protocol (m2000 sample preparation RNA protocol) 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) m2000rt instrument for amplification and 

real time detection 

Table 14: Cycling conditions for Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) PCR 

Denaturation 92ºC 

Annealing and extension 56ºC 

Probe hybridization 35ºC 
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4.4. CD4+T cell count: 

CD4+ T cell counts were performed on the HIV-1 and HIV-2 samples using the FACS count 

system (Becton Dickinson,New Jersey, U.S.A) 

i) Principle: 

The assay employs a two colour immunofluorescence method to measure the absolute T 

lymphocyte count (cells/µl of whole blood) of CD3+T cells and CD3+CD4+ T cells The 

reagents for detection consist of a mixture of monoclonal antibodies conjugated with two 

fluorochromes and a known number of fluorochrome integrated polystyrene beads. The tubes 

contain reagents with antibodies to CD3 and CD4. When whole blood is added in the tubes with 

the reagents, the antibodies bind specifically to the CD antigens on the surface of the T cells. 

The instrument detects the fluorescent signal and measures the relative size of the cells. 

ii) Procedure: 

Fifty µl of whole blood (with EDTA) was added to the tubes provided with premeasured 

reagents containing fluorescent labeled antibodies and incubated for 60 minutes. 50µl of fixative 

is added to the sample in the tube and vortexed. Control bead sets containing fluorochrome 

integrated polystyrene beads in four levels (zero, 50 beads/µl, 250 beads/µl , 1000 beads/µl) are 

included to validate the linearity of the assay. The samples are run in the instrument. The 

software analyzes and gives the printed report of total CD3 cells and CD4 cells. 

4.5. Quality control measures for the reference tests and CD4 T cell measurement: 

4.5.1 Quality control for CD4 count : 

All the blood samples for CD4+T cell count are collected between 8.00 a.m to 11.00 a.m in 

our laboratory to avoid the diurnal variation in the count. With every run, two samples from 
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the previous day which have given the highest and the lowest CD4 values are included as the 

internal quality control(IQC) samples. The samples are stored at room temperature (between 

20° and 28°C). The IQC values of a given day are compared with the previous day’s values, 

and percent variation calculated. Percent variation is calculated as follows: (count on the first 

day/count on the second day) -1 ×100. A sample showing more than 20% variation from the 

previous day’s value is considered not acceptable and the clinical samples are retested if 

necessary. In addition to 2 internal quality controls we also use commercial stabilized blood 

(BD Multi-Check control, Becton, Dickinson, San Jose, CA) as external quality control for 

routine quality control testing. Our laboratory is also a participating External Quality 

Assessment Scheme (EQAS) programs under NARI/NACO.  Under this EQAS program, 

every year 2 batches of QC samples sent by National AIDS Research Institute, Pune, India 

(NARI)/NACO are estimated for their CD3, CD4 values using the BD FACS Count system. 

The results obtained using our system  are sent to NARI for evaluation. Since participation 

we always obtained values in acceptable range and passed the QC every time. 

4.5.2 Quality control for reference tests - reverse transcriptase real time PCR:  

Internal quality control:  A known positive sample is tested repeatedly with the PCR to obtain 

20 data points and the mean viral load value is obtained. Values 2 S.D above and below the 

mean is obtained to get a range of viral load log copies/ml which is used as the internal quality 

control. Internal quality control sample is included in each run of the assay and the viral load log 

value is expected to be within this range. If  quality positive controls are out of range, the test 

samples are repeated wherever necessary. The acceptable log range was 2.8-3.8log copies/ml for 

the runs performed during the study period.  

The HIV-1 viral load assays are validated by participating in UK NEQAS (National External 

Quality Assessment Service for Microbiology) program. Every time we receive 2 samples for 

the evaluation and so far we received 14 UK NEQAS plasma samples (lyophilized form) for 
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HIV-1 viral load assays. These UK NEQAS plasma samples are tested by both the molecular 

assays and the viral load obtained were within the expected results and had scored a 

maximum available point of two each time. 

4.6. NIBSC (National Institute for Biological Standards and Control) standards: 

To evaluate the performance of the three assays, NIBSC standard for HIV-1 RNA with a known 

number of viral RNA copies was diluted in negative plasma and tested with all the three assays. 

The NIBSC standard HIV-1 RNA is a lyophilised preparation of the virus isolated from a patient 

with AIDS defining illness which has been passaged in PBMC and standardised by the WHO 

Expert Committee on Biological Standardisation . Each vial consists of lyophilised plasma with 

a viral load equivalent to 319410 copies/ml (5.56 log copies/ml) when reconstituted with 1ml of 

RNAse free water. The contents of the vial were diluted with HIV/HCV/HBV negative human 

plasma obtained from expired blood bag. Five different dilutions of the standard were done; 800 

copies/ml, 400 copies/ml, 200 copies/ml, 100 copies/ml, 50 copies/ml. Three aliquots of each 

dilution per assay were stored at -70ºC until further testing. All the three assays ExaVir version 

3.0(CAVIDI, Uppsala, Sweden), Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) were performed on the diluted standards in 

triplicates.  

4.7  Subtyping of HIV-1 samples 

Among the 50 paired HIV-1 samples, 7 samples (14%) were subtyped. PCR amplification was 

done with primers specific to the ‘pol’ region. The nucleotide sequences in the FASTA format 

was incorporated into the REGA HIV-1 subtyping tool version2.0 in HIV drug resistance 

Stanford database for analysis. All the samples were found to belong to subtype ‘C’ 
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4.8. Statistical  methods: 

- MedCalc (version 9.2.0.1) software was used to calculate the sample size, Bland Altman 

analysis for calculating the viral load mean log difference between the assays, correlation 

between CD4 counts and viral load(Spearman’s correlation coefficient), box plots and 

ANOVA analysis for correlation between clinical staging and viral load. 

- R software(version 3.0.2 ) was used to calculate the intraclass correlation between the 

assays and dot plots for NIBSC standard measurements with all three assays. 

- Epitable statistical software was used to calculate the accuracy indices and ANOVA 

analysis. 

- Microsoft Office Excel 2007 was used to draw the line graphs for representing the log 

viral load values. 
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5. RESULTS: 

5. 1.Findings of viral load estimation by ExaVir version 3.0 (CAVIDI,  Uppsala, 

Sweden) and the two real time PCR assays: 

5.1.1 HIV negative samples:   

All the plasma samples from HIV negative individuals (healthy laboratory personnel) tested 

were negative with ExaVir version 3.0(CAVIDI, Uppsala, Sweden).  

The Hepatitis B and Hepatitis C positive plasma (HIV testing done and found to be negative) 

samples tested were also negative with ExaVir version 3.0 (CAVIDI, Uppsala, Sweden). 

Except for one Hepatitis B positive sample, all the Hepatitis B samples were positive for 

Hepatitis B DNA. All Hepatitis C samples tested positive for Hepatitis C RNA.  

5.1.2 HIV-1 positive samples: 

5.1.2.1 Samples from treatment naïve individuals : 

Among the 50 HIV-1 treatment naïve individuals, 47 samples had detectable viral load with 

the reference Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay. Among the 47 

samples with detectable viral load, ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) detected 

46  ( 97.8%) . Three samples had viral load less than the detection limit of the ExaVir version 

3.0 (CAVIDI, Uppsala, Sweden) and tested negative with Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) as well. The percentage of samples detected by ExaVir 

version 3.0 (CAVIDI, Uppsala, Sweden) compared to Artus HIV-1 RG RT PCR(QIAGEN, 

Hilden, Germany) in the different ranges of viral load level are shown in Table 15 . The mean 

and standard deviation for samples tested positive with Artus HIV-1 RG RT PCR(QIAGEN, 

Hilden, Germany) was 4.48+0.98 log copies/ml (n=47) and ExaVir version 3.0 (CAVIDI, 

Uppsala, Sweden) assay was 4.55+0.9 log copies/ml(n=46). There was no significant 
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difference ( p < 0.05) in the mean viral load level estimated by  Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) and ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) 

assay. 

Table 15: The number and percentage correlation of samples  tested  by the ExaVir version 

3.0 (CAVIDI, Uppsala, Sweden) and the reference test Artus HIV-1 RG RT PCR(QIAGEN, 

Hilden, Germany) with different viral load ranges among the treatment naive group of HIV-1 

infected individuals 

Viral load 

range 

copies/ml 

Number of samples 

tested positive with 

Artus HIV-1 RG RT 

PCR assay  

Number of samples 

tested positive with 

ExaVir version 3.0 

assay 

% of samples tested 

positive with  ExaVir 

version 3.0 assay 

72-100 2 2 100 

200-500 - - - 

500-1000 4 4 100 

1000-2000 1 1 100 

2000-5000 3 2* 66.6 

5000-10000 3 3 100 

10000-20000 3 3 100 

20000-30000 6 6 100 

30000-50000 4 4 100 

>50000 21 21 100 

Total 47 46 97.8 

* The one sample which showed lower than detection limit by the ExaVir version 3.0 showed 

2917 copies/ml by Artus HIV-1 RG RT PCR and 3116 copies/ml with Abbott Real Time 

HIV -1 assay. 

 

For all the samples tested with both the assays ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany), the viral load values 

were log10 converted for comparison. The log difference was calculated between the ExaVir 

version 3.0 (CAVIDI, Uppsala, Sweden) and Artus HIV-1 RG RT PCR (QIAGEN, Hilden, 

Germany) assays. Samples showing a log difference of >0.5 log copies/ml and the samples 

which showed discrepant results were tested with a third assay Abbott Real Time HIV-
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1(ABBOTT, Illinois, U.S.A) which is  FDA approved assay.  Among the samples in the 

treatment naïve group, 19 samples (38%) fell in the above mentioned category   and of which 

16 samples were available for testing.  Table 16 shows the viral load values with all the three 

assays for these 16 samples in the treatment naïve group. Among these only 4 samples had a 

difference of  >0.5 log copies/ml between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) 

and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A).  The rest of the values correlated 

well between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Abbott Real Time HIV-

1(ABBOTT, Illinois, U.S.A).  The one sample which showed lower than detection limit by 

the ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) but showed 2917 copies/ml by Artus 

HIV-1 RG RT PCR(QIAGEN, Hilden, Germany)  showed 3116 copies/ml with Abbott Real 

Time HIV-1(ABBOTT, Illinois, U.S.A). The viral load mean log value for these 16 samples 

was 4.21+1.4 log copies/ml, 3.9+1.09 log copies/ml and 4.4+1.3 log copies/ml with ExaVir 

version 3.0, Artus HIV-1 RG RT PCR  and Abbott Real Time HIV-1 assays respectively. The 

mean log difference between ExaVir version 3.0 and Abbott Real Time HIV-1 was lesser (0.2 

log copies/ml) than between ExaVir version 3.0 and Artus HIV-1 RG RT PCR (0.3 log 

copies/ml). The mean difference was even higher between Artus HIV-1 RG RT PCR  and 

Abbott Real Time HIV-1 assays(0.5 log copies/ml). However, ANOVA analysis between all 

three assays showed no significant difference (p<0.05) 
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Table 16: Samples in the treatment naïve group which gave >0.5log difference or discrepant 

results between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) assay and their corresponding viral load values with 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assay (n=16) 

Sample No. ExaVir version 

3.0viral 

load(copies/ml) 

Artus HIV-1 RG RT 

PCR viral 

load(copies/ml) 

Abbott Real Time 

HIV-1 viral 

load(copies/ml) 

CAV-132 < 200 2917 3116 

CAV-100 439 3724 372 

CAV-111 841 101 768 

CAV-43 4532 27835 9624 

CAV-06 4873 18088 3808 

CAV-101 8260 62678 39895 

CAV-125 17245 122813 141214 

CAV-49 19508 5252 107845 

CAV-47 53814 6995 69356 

CAV-65 65952 599767 117160 

CAV-79 188637 28400 275389 

CAV-73 205920 46918 293778 

CAV-41 275341 552 252649 

CAV-93 >290000* 135 291675 

CAV-71 >300000* 2557 758118 

CAV-35 >330000* 52767 492711 

*The higher detection limit for the ExaVir version 3.0 assay is different in each run of the 

assay and depends on the standard curve generated by diluting the HIV-1 standard provided 

with each kit which is included in each run of the assay 

 

5.1.2.2 Samples from treatment experienced individuals: 

Among the 50 treatment experienced individuals, 17  had detectable viral load with Artus 

HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay. Among these 17 samples, ExaVir 

version 3.0 (CAVIDI, Uppsala, Sweden) detected only 5 samples (29.4%). ExaVir version 

3.0 (CAVIDI, Uppsala, Sweden) tested negative for 33 samples which had undetectable viral 
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load with Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) as well. The percentage of 

samples detected by ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) compared to Artus 

HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) in the different ranges of viral load are 

shown in Table 17. The mean and standard deviation for samples tested positive with Artus 

HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) was 3.26+0.9 log copies/ml(n=17) and 

ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) assay was 3.8+0.8 log copies/ml(n=5) 

Table 17:  The number and percentage correlation of samples  tested  by the ExaVir version 

3.0 (CAVIDI, Uppsala, Sweden) and the reference test Artus HIV-1 RG RT PCR(QIAGEN, 

Hilden, Germany) with different viral load ranges among the treatment experienced group of 

HIV-1 infected individuals 

Viral load 

range 

copies/ml 

Number of samples 

tested positive with 

Artus HIV-1 RG RT 

PCR assay  

Number of samples 

tested positive with 

ExaVir version 3.0 

assay 

% of samples tested 

positive with  ExaVir 

version 3.0 assay 

72-100 1 0 0 

200-500 4 0 0 

500-1000 2 0 0 

1000-2000 3 1 33.3 

2000-5000 3 1 33.3 

5000-10000 1 0 0 

10000-20000 1 1 100 

20000-30000 2 2 100 

30000-50000 - - - 

>50000 - - - 

Total 17 5 29 

 

In the treatment experienced group there were 12samples which showed a negative result 

with ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and positive with Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) assay and 11 of these were available for testing with 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assay. Ten of these tested negative with 
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Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) as well. Table 18a shows the viral load 

values of these discrepant samples with all the three assays.  There were 2 positive samples 

with a  difference of  >0.5 log copies/ml between ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assays and these were 

also tested with Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assay. Table 18b shows 

the data on these 2 samples. There was one sample(CAV-99) which tested negative with 

Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and Abbott Real Time HIV-

1(ABBOTT, Illinois, U.S.A) assays but positive with ExaVir version 3.0(CAVIDI, Uppsala, 

Sweden) giving a viral load of 50172 copies/ml. However, this sample was retested with 

ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and found to be negative. 

Table 18a: Samples in the treatment experienced group which gave discrepant result between 

ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Artus HIV-1 RG RT PCR(QIAGEN, 

Hilden, Germany) assay and their corresponding viral load values with Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A) assay for HIV-1 individuals (n=11) 

Sample No. Artus HIV-1 RG RT 

PCR viral 

load(copies/ml) 

ExaVir version 3.0 

viral load(copies/ml) 

Abbott Real Time 

HIV-1viral 

load(copies/ml) 

CAV-11 744 <200 <40 

CAV-12 2049 <200 <40 

CAV-14 1031 <200 <40 

CAV-36 1012 <200 <40 

CAV-98 754 <200 <40 

CAV-128 8159 <200 <40 

CAV-122 179 <200 <40 

CAV-106 218 <200 <40 

CAV-13 251 <200 <40 

CAV-40 279 <200 <40 

CAV-133 246 <200 99 
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Table 18b: Samples in the treatment experienced group which gave a log difference of >0.5 

between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) assays  and their corresponding viral load values with 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assay for HIV-1 individuals (n=2) 

Sample No. Artus HIV-1 RG 

RT PCRviral 

load(copies/ml) 

ExaVir version 3.0 

viral 

load(copies/ml) 

Abbott Real Time 

HIV-1viral 

load(copies/ml) 

CAV-64 1575 2955 <40 

CAV-66 237893 5766 82403 

 

5.1.2.3  Samples with low viral load <5000 copies/ml as estimated by Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A) 

Twenty five samples with a viral load  <5000 copies/ml already tested by Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A) were tested with ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden).   

Among the 25 samples with detectable viral load by Abbott Real Time HIV-1(ABBOTT, 

Illinois, U.S.A) assay (<5000copies/ml), 16 samples(64%) were detectable by ExaVir version 

3.0 (CAVIDI, Uppsala, Sweden). Among the 9 samples which were not detected by ExaVir 

version 3.0 (CAVIDI, Uppsala, Sweden), 3 samples were below the limit of detection of 

ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) i.e < 200 copies/ml.  So eliminating those 3 

samples, 72.7% of the samples in the lower viral load range were detected by ExaVir version 

3.0 (CAVIDI, Uppsala, Sweden) for samples with viral load >200copies/ml as compared to 

the Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assay.  All except one samples were 

detectable by ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) with viral load 

>1000copies/ml as compared to Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A).  The 

one sample which was not detected by ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) had a 

viral load of  1615 copies/ml with Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A). The 
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mean log viral load for the samples  were 1.9+1.4 log copies/ml with ExaVir version 3.0 

(CAVIDI, Uppsala, Sweden) , 3.0+0.5 log for Abbott Real Time HIV-1(ABBOTT, Illinois, 

U.S.A) and 3.0+1.2 log for Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany)    

Table 19:  Comparison of the viral loads estimated by the ExaVir version 3.0 (CAVIDI, 

Uppsala, Sweden) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assays with 

different viral load ranges among the low viral load group of HIV-1 infected individuals 

Viral load 

range 

<5000 

copies/ml 

Number of samples 

tested positive with 

Abbott Real Time 

HIV-1 assay (%) 

 

Number of samples 

tested positive with 

ExaVir version 3.0 

assay (%) 

Number of samples 

tested positive with 

Artus HIV-1 RG RT 

PCR  (%) 

40-200 3 0 (0) 2 (66.6) 

200-500 1 0 (0) 0 (0) 

500-1000 8 4 (50) 8 (100) 

1000-2000 5 4 (80) 4 (80) 

2000-5000 8 8 (100) 8 (100) 

Total 25 16 (64) 22 (88) 

 

5.2.  Accuracy indices for ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) : 

5.2.1 Accuracy indices for ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) as compared 

to Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay: 

The accuracy indices were calculated based on the 125 HIV-1 samples [samples from 50 

treatment naive, 50 treatment experienced and 25 samples with viral load <5000 copies/ml]   

tested with ExaVir version 3.0(CAVIDI, Uppsala, Sweden). The number of samples detected 

and accuracy indices are shown in Table 20a and 20b. The sensitivity of ExaVir version 3.0 

(CAVIDI, Uppsala, Sweden) in detecting viral load >200 copies/ml compared to Artus HIV-

1 RG RT PCR(QIAGEN, Hilden, Germany) was 76.7% and 86.8% for samples >1000 

copies/ml. 
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Table 20a: Number of samples detected and accuracy indices for ExaVir version 3.0 

(CAVIDI, Uppsala, Sweden) as compared to Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) to for HIV-1 samples considering the lower limit of detection as 200copies/ml 
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                            Artus HIV-1 RG RT PCR assay 

                          +                                                     - 

66 1 

20 38 

Accuracy indices 

 ( 95% CI) 

Sensitivity Specificity PPV NPV 

76.6 (66.2-84.9) 97.4 (84.9-99.9) 98.5 (90.0-99.9) 65.5 (51.8-77.2) 

 

Table :20b Number of samples detected and accuracy indices for ExaVir version 3.0 

(CAVIDI, Uppsala, Sweden) as compared to Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) for HIV-1 samples considering the lower limit of detection as 1000copies/ml   
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                            Artus HIV-1 RG RT PCR assay 

                          +                                                     - 

66 1 

10 38 

Accuracy indices 

 ( 95% CI) 

Sensitivity Specificity PPV NPV 

86.8 (76.2-93.2) 97.4 (84.9-99.9) 98.5 (90.9-99.9) 79.2 (64.6-89.0) 

 

However,  among the 86 samples which tested positive with Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany), 3 samples had viral load values <200copies/ml. 

Eliminating these three samples, ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) detected 66 

of 83 samples i.e 79.5% of the samples.  

5.2.2 Accuracy indices for ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) as compared 

to Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assay: 

A total of 55 (30  samples with either discrepant result or log difference of  >0.5 log 

copies/ml  and 25 samples with viral load <5000 copies/ml) samples with viral load values 
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for ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Abbott Real Time HIV-1(ABBOTT, 

Illinois, U.S.A) were available for comparison. The number of samples detected and accuracy 

indices are shown in Table 21a and 21b. 

The sensitivity of ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) in detecting viral load 

>200 copies/ml compared to Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) was 74.4% 

and 94.1% for samples >1000 copies/ml. Among the 43 samples which tested positive with 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A), 4 samples had viral load 

<200copies/ml. Eliminating these 4 samples, ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) detected 32 of 39 samples i.e 82.05% of samples. Out of the 11 samples tested 

negative with ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and positive with Abbott Real 

Time HIV-1(ABBOTT, Illinois, U.S.A), 9 samples had viral load <1000copies/ml with 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A). Two samples with viral load >1000 was 

missed by ExaVir version 3.0(CAVIDI, Uppsala, Sweden).  

Table 21a: Number of samples detected and accuracy indices for ExaVir version 3.0 

(CAVIDI, Uppsala, Sweden) as compared to Abbott Real Time HIV-1(ABBOTT, Illinois, 

U.S.A) for HIV-1 samples considering the lower limit of detection as 200copies/ml 
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                           Abbott Real Time HIV-1 assay 

                           +                                                     - 

32 1 

11 11 

Accuracy 

indices 

 ( 95% CI) 

Sensitivity Specificity PPV NPV 

74.4 (58.5-86) 91.7 (59.8-99.6) 97 (82.5-99.8) 50 (28.8-71.2) 
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Table 21b: Number of samples detected by ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) 

as compared to Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) for HIV-1 samples 

considering the lower limit of detection samples as 1000copies/ml 
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                             Abbott Real Time HIV-1 assay 

                         +                                                     - 

32 1 

2 11 

Accuracy indices 

 ( 95% CI) 

Sensitivity Specificity PPV NPV 

94.1 (78.9-99) 91.7 (59.8-99.6) 97 (82.5-99.8) 84.6 (53.7-97.3) 

 

5.3.  Correlation between the assays for all HIV-1 samples: 

5.3.1 Intraclass correlation for viral load estimated for the assays:  

Intra class correlation coefficient (ICC) was calculated to assess the degree of relatedness 

between the assays in measuring the viral load. This statistical method compares the actual 

viral load values (copies/ml) obtained by the assays for the samples with detectable viral load 

and the assays were compared in pairs. For the Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) and ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) assays the ICC was 

0.219(n=66) with a p value of 0.03 with 95%CI showing a good correlation. The ICC for 

viral load values detected by ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Abbott 

Real Time HIV-1(ABBOTT, Illinois, U.S.A) was calculated to be 0.783(n=32) with p value 

of <0.0001 with 95% CI thus showing a highly significant correlation. The ICC for viral load 

values with Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A) assays was 0.077(n=40) with p value of 0.314 with 95% CI 

thus showing no siginificant  correlation between the assays.  
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5.3.2 Bland Altman analysis:  

The Bland Altman plot was plotted using the software MedCalc (version 9.2.0.1) to analyze 

the agreement between the assays in measuring the viral load. The plot was plotted for 

samples positive with the assays under comparison (assays compared in pairs). The viral load 

log10 difference between the assays for each of the samples was plotted on Y axis and average 

between the of the viral load log10  for the same samples with the two assays was plotted on 

the X axis. Horizontal lines are drawn at the mean difference, and at the limits of agreement, 

which are defined as the mean difference plus and minus 1.96 times the standard deviation of 

the differences. The samples which tested negative with both the assays and which tested 

negative with either assay were excluded since the difference in the log values was high and 

inappropriate for plotting the graph 

The bias (mean difference) was  +0.1 log copies/ml for Artus HIV-1 RG RT PCR assay with 

limits of agreement +1.7 to -1.6 with 95% CI between ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assays (n=66). The 

samples which tested positive with ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assays (n=32)  showed a bias of + 0.2 

log copies/ml for Abbott Real Time HIV-1with all the values lying between the limits of  

agreement -1.1 and +1.5 with 95% CI. The mean difference was 0.0 log copies/ml for 

samples positive with Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and Abbott 

Real Time HIV-1(ABBOTT, Illinois, U.S.A) assays(n=40) but the  limits of agreement was 

+2.2 and -2.2 with 95% CI.  
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Figure 14: Bland Altman plot comparing ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) 

and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assays for all HIV-1 samples 

positive with both assays (n=66) 

             

                        

 

Figure 15:  Bland Altman plot comparing ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) 

and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assays for all HIV-1 samples 

positive with both assays (n=32) 
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Figure 16:  Bland Altman plot comparing Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assays for all HIV-1 

samples positive with both assays (n=40) 

 

 

5.3.3 Regression plots: 

Regression line graph was drawn using Microsoft Office Excel 2007 by plotting viral load 

values for the two assays under comparison on X and Y axes with the intercept line 
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Sweden) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assays than for ExaVir 
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PCR(QIAGEN, Hilden, Germany) and Abbott Real Time HIV-1(ABBOTT, Illinois, 

U.S.A)(n=40) which was the least compared to the others. 

 

Figure 17: Regression plot representing the ‘r’ value for HIV-1 log viral load values with 

ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Artus HIV-1 RG RT PCR(QIAGEN, 

Hilden, Germany) assays(n=66) 

 

 

Figure 18: Regression plot representing the ‘r’ value for HIV-1 log viral load values with 

ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Abbott Real Time HIV-1(ABBOTT, 

Illinois, U.S.A) assays(n=32)  
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Figure 19:  Regression plot representing the ‘r’ value for HIV-1 log viral load values with 

Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and Abbott Real Time HIV-

1(ABBOTT, Illinois, U.S.A) assays(n=40) 
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5.3 Comparison of the assays with CD4+ T cell count: 

Spearman’s rank correlation coefficient was calculated to analyze the correlation between 

viral load values obtained by the three assays and the corresponding CD4 counts for these 

samples. Significant negative correlation was observed all three assays.  The p value was 

significant for the assays with 95% CI as shown in Table 22. 

Table 22: Spearman’s rank correlation coefficient for CD4 count and viral load values 

measured by ExaVir version 3.0(CAVIDI, Uppsala, Sweden), Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) 

assays for HIV-1 samples 

Sample size 125 125 55 

Variable X  ExaVir version 

3.0 viral load 

copies/ml 

Artus HIV-1 RG 

RT PCR viral 

load copies/ml 

Abbott Real Time 

HIV-1viral load 

copies/ml 

Variable Y CD4 cells/µl CD4 cells/µl CD4 cells/µl 

95% Confidence interval -0.687 to -0.451 -0.588 to -0.309 -0.643 to -0.217 

Spearman Correlation 

coefficient(rho) 

-0.581 -0.460 -0.456 

Significance level p<0.0001 p<0.0001 p=0.0008 

 

5.4 Correlation of viral load with clinical staging: 

The CDC clinical staging was obtained for the 50 individuals in the treatment naïve group. 

The individuals belonged to the stages A3, B3, A2, B2 and C2.  The log values of the viral 

load from individuals falling into these individual categories were grouped into stages A, B 

and C and the mean log viral load was calculated in these stages. There were 11 individuals  

in stage A,  38 individuals in stage B  and 1 individual  in stage C of disease. The results are 

as shown in Table 23.  
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Table 23: Total number of HIV-1 treatment naïve individuals and corresponding mean log 

viral load values measured by ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Artus 

HIV-1 RG RT PCR(QIAGEN, Hilden, Germany)  in each of the CDC stages of HIV disease 

CDC stage of HIV (n) ExaVir version 3.0  viral 

load log copies/ml 

mean+S.D (median) 

Artus HIV-1 RG RT PCR 

viral load log copies/ml 

mean+S.D (median) 

Stage A (11) 3.59+1.44 (4.1) 3.85+1.67(4.3) 

Stage B (38) 4.34+1.54 (5.1) 4.20+1.36(4.55) 

Stage C (1) 4.82 5.78 

 

The box and whisker plot was plotted for ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) 

and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) viral load values grouping 

samples in Stage A and B of disease..  The central box represents the values from the lower to 

upper quartile (25 to 75 percentile). The middle line represents the median. The horizontal 

line extends from the minimum to the maximum value, excluding the outliers which are 

displayed as separate points. The box whisker plots for ExaVir version 3.0 (CAVIDI, 

Uppsala, Sweden) and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) log viral load 

values in comparison to staging are represented in Figure 20 and Figure 21 respectively. 

The mean viral load log was 3.59 log copies/ml (Stage A), 4.34 log copies/ml (Stage B) and 

3.85 log copies/ml (Stage A), 4.20 log copies/ml (Stage B) with ExaVir version 3.0 

(CAVIDI, Uppsala, Sweden) and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) 

assays respectively. Thus the mean viral load log values were lesser in asymptomatic 

individuals than in symptomatic individuals. 
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Figure 20: Box and whisker plot for ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) viral 

load log values for samples from HIV-1 treatment naïve individuals in comparison with CDC 

clinical staging  

 

 

Figure 21:  Box and whisker plot for Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) 

viral load log values for samples from HIV-1 treatment naïve individuals in comparison with 

CDC clinical staging 
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treatment naïve group. There was no statistically significant correlation (p <0.05) between the 

stage of disease and viral load values for both the assays.  

5.5 NIBSC (National Institute for Biological Standards and Control) Standards: 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assay detected all the dilutions of the 

NIBSC Standard from 800 copies/ml to 50 copies/ml.  Artus HIV-1 RG RT PCR(QIAGEN, 

Hilden, Germany) assay was able detect all samples above 400copies/ml and missed 1 sample 

of  200 copies/ml and 2 samples of 100 copies/ml. ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) detected only one sample with 800 copies/ml. The data on the detection  of diluted 

standards with the three assays used in the study are showed in Table 24. 

Table 24: Data on detection of viral load with NIBSC standard dilutions (50-800copies/ml)  

for all the three assays tested in triplicates 

Group Diluted NIBSC 

Standard 

copies/ml 

Abbott Real 

Time HIV-1 

viral load 

copies/ml 

Artus HIV-1 RG 

RT PCR viral 

load copies/ml 

ExaVir version 

3.0 viral load 

copies/ml 

1 800 449 4746 214 

800 704 2711 <200 

800 754 1108 <200 

2 400 241 233 <200 

400 307 2759 <200 

400 294 816 <200 

3 200 192 777 <200 

200 174 3475 <200 

200 142 <72 <200 

4 100 86 1660 <200 

100 39 <72 <200 

100 60 <72 <200 

5 50 57 <72 <200 

50 <40 <72 <200 

50 <40 <72 <200 
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Dot plots were plotted using R software(version 3.0.2) to represent the percentage of samples 

detected in each of the groups of the standards. The points represented in the plots in the 

following figures 22a, 22b and 22c represent the percentage of samples among the triplicates 

detected in each dilution for each of the tests. However the lower limit of detection could not 

be calculated for the Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) and Artus HIV-1 

RG RT PCR (QIAGEN, Hilden, Germany) assays since the number of dilutions tested were 

not sufficient for statistical analysis. More number of samples with dilutions in a narrower 

range had to be tested (for example 40, 50, 60 copies/ml etc) for ExaVir version 3.0 

(CAVIDI, Uppsala, Sweden), it was not possible because only one sample among all the 

samples tested was detected. 

 

Figure 22a: Percentage detection among the triplicates of NIBSC standard dilutions 

800,400,200,100 and 50 copies/ml by Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) 

assay 

 

 

 

 

 

 

NIBSC standard dilutions viral load in copies/ml 
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Figure 22b Percentage detection among the triplicates of NIBSC standard dilutions 

800,400,200,100 and 50 copies/ml by Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) assay 

 

 

 

 

 

Figure 22c Percentage detection among the triplicates of NIBSC standard dilutions 

800,400,200,100 and 50 copies/ml by ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) assay 
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5.6 HIV-2 samples: 

Among the 13 HIV-2 treatment naïve samples tested with ExaVir version 3.0 (CAVIDI, 

Uppsala, Sweden)  9 had detectable viral load ranging from 886-330000copies/ml(2.95-5.52 

log copies/ml).The mean virsl load and standard deviation was 4.04+0.84 log copies/ml. The 

viral load obtained for HIV-2 samples is shown in Table 25. Since there was no standardized 

PCR available for HIV-2 in our set up we used CD4+ T cell counts for comparing the viral 

load obtained by the assay under evaluation. A significant negative correlation (rho= - 0.833, 

p=0.0039) was observed between the viral load measured by ExaVir version 3.0 (CAVIDI, 

Uppsala, Sweden) and CD4+ T cell counts as shown in Table 26.  The correlation obtained 

for the HIV-2 viral load and the CD4 values were higher when compared to the HIV-1 and 

viral load. 

Table 25: Data showing the viral load values as measured by ExaVir version 3.0 (CAVIDI, 

Uppsala, Sweden) and the corresponding CD4 counts for HIV-2 samples 

Sample code ExaVir version 3.0viral 

load values(copies/ml) 

CD4 count(cells/µl) 

CAV - 01 <200 815 

CAV – 04 <200 462 

CAV – 05 <200 495 

CAV – 135 <200 539 

CAV – 03 886 818 

CAV – 136 1032 603 

CAV – 88 2368 304 

CAV – 57 6974 165 

CAV – 59 17130 149 

CAV – 58 20239 26 

CAV – 90 24210 89 

CAV -  60 60635 79 

CAV - 56 >330000 86 
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Table 26: Spearman correlation coefficient for CD4 count and viral load measured by ExaVir 

version 3.0 (CAVIDI, Uppsala, Sweden) assay for HIV-2 samples 

Variable X  ExaVir version 3.0 viral load 

copies/ml (n=9) 

Variable Y CD4 cells/µl) 

95% Confidence interval -0.949 to -0.521 

Spearman correlation coefficient -0.833 

Significance level p = 0.0039 
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                                               STUDY ALGORITHM 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

50 HIV-1 confirmed 

individuals already tested for 

viral load with Artus HIV-1 

RG RT PCR  

10 HIV negative samples 

from healthy individuals 

5 HCV positive samples 

5 HBV positive samples 

13 treatment naïve 

HIV-2 samples 

25 additional HIV-1 

samples with low viral 

load <5000 copies/ml 

already tested for viral 

load with Abbott Real 

TIme HIV-1  assay 

 ExaVir version 3.0(CAVIDI, 

Uppsala, Sweden)) Reverse 

Transcriptase assay 

Log10 values calculated for viral load values 

obtained by ExaVir version 3.0 and Artus 

HIV-1 RG  RT PCR assays  assays (n=100) 

 

Tested with 

Artus HIV-1 

RG RT PCR  

Log10 difference calculated for samples  

Undetectable viral 

load with Artus HIV-

1 RT PCR 

(n=3)(n=3) 

Detectable viral load 

with Artus HIV-1 

RG RT PCR (n=47)    

Sample aliquots  

not available  (n=1) 

 

Sample aliquots 

available (n=11) 

 

Sample aliquots 

available (n=16) 

Sample aliquots 

not available (n=3) 

Plasma samples prior 

to start of ART(n=50) 

Plasma samples after 

1 year of ART(n=50) 

Prior to ART After ART 

Viral load log10 difference >0.5 

(n=19) 

Detectable viral load 

with Artus HIV-1 

RG RT PCR  (n=17)    

Viral load log10 

difference >0.5 (n=2) 

Viral load detectable with 

Artus but undetectable 

with ExaVir version 3.0 

(n=12) 

Tested with Abbott Real Time 

HIV-1 assay 

STATISTICALANALYSIS 

Undetectable viral 

load with Artus HIV-

1 RT PCR 

(n=13)(n=3) 
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6. DISCUSSION: 

HIV has emerged as one of the most challenging viruses affecting mankind and continues to 

plague the whole world. The infection spreads through sexual, parenteral and from an 

infected mother to child (23). The virus hijacks the immune system destroying the CD4+ T 

lymphocytes. Individuals infected with the virus are susceptible to a wide spectrum of 

opportunistic infections which lead to morbidity and mortality (23). Anti Retroviral Therapy 

(ART) is a promising strategy to combat the virus and improve the quality of living in 

individuals infected with HIV. When ART was introduced in India in 2004, the prevalence of 

HIV fell from 0.39% to 0.27% thus proving its major role in reducing the disease burden 

(15). The incidence of new infections fell by more than 50% from 2000 to 2011 and there 

was a significant reduction in the mortality as per the NACO statistics. The AIDS related 

deaths reduced by 29% over a period of 5 years from 2007-2011 (3). The NACO in India has 

established 380 ART centres which provide treatment to 6.04 lakh individuals with HIV (3). 

These centres are funded by the government and treatment is being made accessible at low 

cost. The success of the programme depends on continual access and support by the health 

care systems in terms of appropriate tools to monitor treatment (59)(74). Response to therapy 

is monitored by using two main laboratory markers; the immunological marker CD4+ T cell 

count and the viral marker HIV viral load in the plasma  (75). Prior to 2010, WHO 

recommendations were to use either of these for monitoring treatment. According to the 2013 

guidelines, plasma viral load monitoring is considered the gold standard and the preferred 

method for monitoring individuals on ART (75). CD4+ T cell count measurement is subject 

to variation such as diurnal variation, acute viral infection, chronic liver disease, alcohol, 

pregnancy etc.  CD4+ T cell count alone is not sufficient and accurate for starting therapy. 

Virological monitoring carries the advantage of predicting failure earlier. This in turn follows 

change of drug regimen from first line to second line drugs thus reducing the development of 
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drug resistant mutants (58)(75). On the other hand, some of the individuals can be 

misclassified to have treatment failure based on immunological failure (CD4 <200cells/µl) in 

spite of having adequate virological suppression. These individuals might be unnecessarily 

started on second line drugs based on the immunological marker alone (75). There are studies 

which support the fact that virological marker is better than immunological or clinical criteria 

alone. A non inferiority randomised trial was conducted in Uganda on 1094 patients with 

HIV and they found that virological along with immunological monitoring improved health 

and survival in patients on ART when compared to clinical monitoring alone (76). Another 

study conducted by Keiser et al  (2009) to evaluate the strength of immunological criteria in 

detecting virological failure showed that measurement of CD4+ T cell count alone has lesser 

positive predictive value (9.5%) and a high negative predictive value( 95%) thus is helpful in 

ruling out virological failure but not helpful in ruling in the same  (77). In a study done using 

computer simulation model by Kimmel et al (2010), showed that the second line ART 

increased life expectancy by 61% with viral RNA measurement as compared to 46% with 

CD4 monitoring alone (78). All these data point towards of starting viral load monitoring 

along with CD4+ T cell estimation even in India as well.   

There are several assays available for the estimation of HIV plasma viral load (62). 

Molecular assays such as real time PCR, NASBA and bDNA assays and alternate 

inexpensive methods such as p24 antigen quantitation, microfluidic based viral capture assay, 

miniature PCR chips and reverse transcriptase assays (60)(62)(63). Molecular viral load 

assays need expensive instruments and reagents, sophisticated laboratory infrastructure to 

minimize the risk of contamination, and highly skilled laboratory personnel who are 

proficient in molecular biology techniques. The above mentioned factors restrict the 

establishment of viral load testing in resource-poor countries (60)(66)(67)(72). The need for 

monitoring the viral load arises because ART is being made available freely in the developing 
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countries like India at a low cost by the government (15). The success of these programmes 

should not be hindered by the unavailability of tools for monitoring ART.  In our institution, 

only 1/3 of the HIV infected individuals on ART are being assessed for viral load on 

clinician’s request alone due to financial constraints. Hence it is important to evaluate assays 

which are feasible to do in secondary care laboratory facility.  Our aim of this study was to 

evaluate such an assay which require only facility required to run ELISAs.    

One such assay is the ExaVir load version 3.0(CAVIDI, , Uppsala, Sweden) assay which 

employs a modified ELISA format to measure the viral reverse transcriptase (RT) activity 

and in turn the plasma RNA levels. The plasma samples are pretreated prior to the procedure 

of extracting the RT enzyme which removes the inhibitors present in the plasma. The virus 

particles are bound to the gel and separated using a vacuum suction apparatus and the enzyme 

extracted using a lysis buffer to lyse the viral particles. The RT obtained in the elute is added 

to the ELISA plate which converts a bound template of RNA into DNA which is further 

detected by antibodies tagged with alkaline phosphatase enzyme.  

The first version developed was version ExaVir load version 1.0. In this version, 600µl of 

lysis buffer was used to obtain the elute containing the RT after the virions are bound to the 

gel. The elute was added to the ELISA plates in 15µl and 75µl volumes. The incubation 

period was overnight at 33ºC and readings taken the next day (53)(67). To improve the 

linearity of the assay, version 2.0 was developed. In this version, 330µl of lysis buffer was 

used instead of 600µl to increase the concentration of the RT enzyme in the elute. The elute 

was added to the ELISA plate in volumes of 30µl and 150µl and an extended 24 hours of 

incubation on day 2 was included in the protocol (53)(67). ExaVir version 3.0 assay has been 

described by the manufacturers to have enhanced precision, analytical specificity and 

sensitivity. This version uses 250 µl of the lysis buffer which further concentrates the RT in 

the sample as compared to the previous versions. The overnight incubation period allows for 
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lowest amount of RT in the sample to be detected allowing maximum developing time. The 

improved wash gels ensure RT to be obtained in the pure form devoid of inhibitors. The 

spectrophotometric reading of the ELISA plate is done thrice (10 minutes after addition of the 

substrate, 2-3 hours later and after overnight incubation at room temperature) which further 

improves the linearity of the assay. The lower limit of detection is 200 copies/ml and the 

hands on time is 5 hours (69).  

The two  previous versions (version 1 and 2) of the ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) assay have been evaluated extensively. Jennings  et al (2005) evaluated ExaVir 

versions 1.0 and 2.0. Several panels were prepared by spiking sero-negative plasma with 

known HIV-1 subtypes B, A, C, D, CRF_01AE, CRF_02AG and F. The samples were tested 

using both versions in several centres. The assays were compared with real time PCR Roche 

Amplicor HIV-1 Monitor Test v1.5. The RT assay version 2.0 detected 100% of samples 

with viral load >500 copies/ml(r= 0.83-0.96) as compared to version1.0 which detected 98% 

of samples with viral load >10000 copies/ml(r=0.84-0.99). They also calculated the cost per 

test and the cost of RT assay was 40-50% lesser than the molecular assay. The lower 

detection limit of was 400 copies/ml with hands on time of 6 hours (67).  

Study done by Braun  et al(2003) is one of the earliest published studies on ExaVir version 

3.0 (CAVIDI, Uppsala, Sweden) assay. They performed the assay on 322 plasma samples 

from Group M subtype B and non-subtype B HIV-1 samples (these included individuals on 

ART as well), 16 HIV-1 O group and 52 HIV-2 samples. They compared the RT activity with 

real time PCR COBAS AMPLICOR (Roche Diagnostics) for HIV-1 group M and LCx HIV 

RNA assay (Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) for HIV-1 O group 

samples. They found good correlation between RT assay and PCR (r=0.85, p<0.0001). 

Sensitivity of the assay was 48% for samples containing 1.7-4.0 log copies/ml and 100% for 

>4.9 log copies/ml. Ten samples were tested in duplicates to assess within run variation and 8 
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samples for between run variation and there was no significant difference between the 

samples (66). Stevens  et al (2005) evaluated the RT assay on 117 HIV-1 subtype C samples 

(treatment naïve and ART experienced). They found strong correlation between RT assay and 

Amplicor HIV-1 Monitor v1.5 assay(r=0.81). In addition to this, they used a mixed effect 

statistical model with data on 89 samples from 20 patients and this showed a significant 

correlation(r
2 

=0.81) between RT concentration and RNA values (68). 

 Greengrass et al (2009) have compared both the versions and found that version 3 is more 

sensitive than version 2. The version 3 detected 94% (n=168)  samples with viral load >400 

copies/ml as compared to version 2 which detected 83%(n=178)of the samples. Also there 

was excellent correlation between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and 

Roche Amplicor HIV RNA assay(r=0.85,p<0.00010 (69). Another study group Huang  et al 

(2010) compared versions  2 and 3 of the RT assay with COBAS Taqman amplink v3.2. They 

found that there was stronger correlation between version 3(r=0.95) than version2(0.92) with 

molecular assay. They tested samples from 6 patients at three monthly intervals for upto 1 

year after start of ART and found that the RT assay correlated well with molecular assay. 

They also tested 3 different samples in triplicates by three different operators to assess the 

reproducibility of the assay (71).   

Labett et al (2009) compared the version 3 with two molecular based assays, Abbott Real 

Time HIV-1(ABBOTT, Illinois, U.S.A) and COBAS Ampliprep Taqman assay. The assay 

quantified 92.8% of samples with viral loads of >2.3 log10 copies/ml by the standard 

molecular assays.  There was good correlation between the molecular assays and RT 

assay(r=0.94 and 0.92 respectively for Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) 

and Ampliprep) for both subtype B and non subtype B HIV-1 samples.  
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Studies done in India evaluating the version 3.0 of the assay are limited.  Iqbal et al(2007) 

evaluated version 1 of the assay. A total of 121 HIV-1 samples were tested and the assay was 

compared with real time PCR Amplicor HIV-1 Monitor v1.5. They found that the sensitivity 

was 97% and specificity of 71% and there was good correlation between PCR and the assay 

(Bias = 0.23 log copies/ml with Bland Altman plot) (72).  

Based on the above data on evaluation of the  ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden)  assay, we analyzed the performance of the assay for both HIV-1 and HIV-2 plasma 

samples.  The main objective of our study was to quantitate the RT activity in plasma of HIV-

1 and HIV-2 infected individuals and to compare the same with viral load measured using 

taqman based real time PCR assays like  Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany)  assay which is a CE approved assay and Abbott Real Time HIV-1(ABBOTT, 

Illinois, U.S.A) assay which is a FDA approved assay. The viral load had already been 

performed on the 100 paired samples using the real time RT PCR assay Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany). Twenty five additional samples with viral load <5000 

copies/ml(already tested with Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) were 

tested to test the sensitivity of the assay. 

 One of the advantages of using this assay is the detection of HIV-2 viral load. India is a 

country with dual epidemic of HIV-1 and HIV-2, though HIV-2 is at low levels (27). Hence, 

we included 13 HIV-2 plasma samples collected from treatment naïve individuals as well for 

testing.  These individuals had only CD4+ T cell count available for comparison with the 

viral load estimated by. In order to avoid any bias in testing all the  samples were coded and 

tested blinded to the assay performer.  

The subtyping for HIV-1 was done for 14% (7/50 HIV-1 treatment naïve samples) using the 

REGA HIV-1 subtyping tool version 2.0 in HIV drug resistance Stanford data base and 
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analyzed and found to belong to subtype C of HIV. The most common subtype of HIV-1 

circulating in India is subtype C as shown in previous studies (31) (83) (84) . Hence, this was 

a study conducted to detect the viral load in samples from HIV-1 individuals with subtype C. 

The HIV negative samples (10 samples from healthy individuals tested negative for HIV) 

were tested with ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and none were detected 

positive  with the assay. Five each of Hepatitis B positive and  Hepatitis C positive samples 

were also tested with ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) assay and all the 10 

samples were found to be negative for HIV-1.  All these samples were from treatment naive 

individuals and were positive for either HBV DNA or HCV RNA except for one sample 

which was seropositive for HBV but the plasma  DNA was < 10 IU/ml. HCV and HBV are 

two other blood borne viruses which also possess RT activity. But this assay was highly 

specific for detecting HIV alone. The reason may be the ability of the gel (morpholine 

ethanesulfonic acid) used to separate the virions which might be very specific in binding to 

the lipid membrane of HIV alone (56). The specificity of the assay in detecting only HIV was 

also demonstrated by  Greengrass et al (20029) similar to our study (69). 

 ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) was able to detect 97.87% of the samples in 

the treatment naïve group (n=47) which had a detectable viral load with Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) assay. The mean viral load by these two assays were 

4.48+0.98 log copies/ml(n=47) and 4.55+0.9 log copies/ml(n=46) by Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) and ExaVir version 3.0(CAVIDI, Uppasala, Sweden) 

respectively and there was no significant difference (p = < 0.05) between the mean values 

estimated by both the techniques. However among these samples, we found that there were 

16 samples for which the viral load log difference between ExaVir version 3.0 (CAVIDI, 

Uppsala, Sweden) and  Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay was 

>0.5 log copies/ml. So these samples were tested with a third assay Abbott Real Time HIV-



101 
 

1(ABBOTT, Illinois, U.S.A) which is a FDA approved assay.  Only three of these samples 

gave a log difference of  >0.5 log copies/ml between Abbott Real time HIV-1 and ExaVir 

version 3.0 assay. The viral load mean log value for these 16 samples were 4.21+1.4 log 

copies/ml , 3.9+1.09 log copies/ml and 4.4+1.3 log copies/ml for ExaVir version 3.0, Artus 

HIV-1 RG RT PCR  and Abbott Real Time HIV-1 assays respectively. The mean log 

difference between ExaVir version 3.0 and Abbott Real Time HIV-1 was lesser (0.2 log 

copies/ml) than between ExaVir version 3.0 and Artus HIV-1 RG RT PCR (0.3 log 

copies/ml). The mean difference was even higher between Artus HIV-1 RG RT PCR  and 

Abbott Real Time HIV-1 assays(0.5 log copies/ml). Thus Artus HIV-1 Rg RT PCR gave 

higher viral load values. We did a literature search to reason out the fact that Artus HIV-1 RG 

RT PCR gave higher viral load values. A study done by Drexlar et al (2012) comparing 

Abbott real time and Artus Qiagen real time PCR for HIV as well as HCV samples showed 

that Artus Qiagen real time PCR gave higher viral load values for HCV samples and also two 

subtype B HIV-1 samples with viral load log 3.09 and 3.80 log copies/ml tested negative with 

Abbott assay (81). However they stated that the reasons for the same were unclear for HIV-1.  

Among the treatment experienced group (following 1 year of ART) there were 17 individuals 

who showed HIV-1 viral load as estimated by Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany)  assay. Among these only 5 samples (29.4%) were detected by ExaVir version 

3.0(CAVIDI, Uppsala, Sweden). So the samples which gave a detectable viral load with 

Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) but were undetectable with ExaVir 

version 3.0 (CAVIDI, Uppsala, Sweden) were tested with a third assay Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A) which is a FDA approved assay. Among the 11 samples 

tested Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) gave a  negative result with 10 

samples thus correlating with ExaVir version 3.0(CAVIDI, Uppsala, Sweden).  Even the one 

positive sample by Abbott Real time HIV-1 (ABBOTT,Illinois, U.S.A)  gave a viral load of  
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99copies/ml which was below the detection limit of the the Exavir version 3.0 assay. Hence, 

compared to Abbott Real time HIV-1 assay, there was 100 % concordance for Exavir version 

3.0 assay for the 11 samples tested from treatment experienced individuals. Thus in the 

current study we found that Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay 

showed a detectable viral load (ranging from 179 to 8159 copies/ml) for samples all of which 

gave negative results with Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) and ExaVir 

version 3.0 (CAVIDI, Uppsala, Sweden) assays. This aspect concerning the specificity of 

Artus HIV-1 RG RT PCR assay needs further evaluation. For the  10  samples which tested 

positive with Artus HIV-1 RG RT PCR assay and negative with the other two assays,  nested 

PCR performed to test  the drug resistance and none of these samples were amplified by the 

PCR reaction again proving that Artus HIV-1 RG RT PCR gave false positive results. 

(personal communication). 

To further test the sensitivity of the assay, 25 samples with viral load <5000 copies/ml 

(already  tested by Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) were included. These 

samples were tested by both ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Artus HIV-

1 RG RT PCR(QIAGEN, Hilden, Germany) assays. The mean viral load log for these 

samples were 1.9+1.4 log copies/ml, 3.0+1.2 log copies/ml and 3.0+0.5 log copies/ml for 

ExaVir version 3.0(CAVIDI, Uppsala, Sweden), Artus HIV-1 RG RT PCR(QIAGEN, 

Hilden, Germany) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assays 

respectively.  ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) detected 72.7% of the samples 

with viral load  >200 copies/ml and all except one sample  > 1000 copies/ml. The Artus HIV-

1 RG RT PCR(QIAGEN, Hilden, Germany) assay detected 88% of the samples  < 5000 

copies/ml . Even though the sensitivity of the Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) assay was comparable with Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A), 
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the Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay over estimated the viral 

load as discussed earlier.  

Overall, ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) was able to quantitate 76.7% of the 

total number of samples tested(n=125) as compared to Artus HIV-1 RG RT PCR(QIAGEN, 

Hilden, Germany) and 74.4% of samples as compared to Abbott Real Time HIV-1(ABBOTT, 

Illinois, U.S.A) assay(n=55) for samples >200copies/ml.  However to detect virological 

failure, the cut off for plasma viral load value as per the most recent WHO guidelines on 

ART is 1000 copies/ml (75). Hence, we  also analyzed the detetion ablity of the Exavir 

version 3.0 assay for with a revesied cut off of 1000 copies/ml. The detection rate with 

ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) was 86.8% for >200 copies/ml whereas  

94.1% for >1000 copies/ml as compared to Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) respectively. Further 

when the sensitivity was recalculated for ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) as 

compared to Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) by considering 13 

discrepant samples (10 samples were undetectable with Abbott Real Time HIV-1 assay and 3 

were below the detection limit of ExaVir version 3.0 assay) as true negatives it was found to 

be 91.6% for samples >200copies/ml and 97.05% for samples >1000copies/ml. The 

sensitivity and specificity analysis of  Exavir version 3.0 assay as compared to Abbott Real 

time HIV-1  assay showed that it  is an useful assay which can  be used for the monitoring  of 

the HIV infected individuals. Our findings on the detection rate were comparable to the all 

the previously published studies (69) (70) (71).    

We also looked at the correlation between the viral load estimated by all the three assays with 

intra class correlation and Bland Altman plot analysis. The intraclass correlation coefficient 

was 0.219(p=0.03) between ExaVir version 3.0(CAVIDI, Uppsala, Sweden) and Artus HIV-1 

RG RT PCR(QIAGEN, Hilden, Germany)(n=66)  It was 0.783(p=<0.0001) between  ExaVir 
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version 3.0(CAVIDI, Uppsala, Sweden) and Abbott Real Time HIV-1(ABBOTT, Illinois, 

U.S.A)(n=32) and 0.077(p=0.314) for  Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A)(n=40) assays. This 

indicated highly significant correlation (p<0.0001) between samples for ExaVir version 3.0 

(CAVIDI, Uppsala, Sweden) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) 

assays, good correlation (p=0.03) between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) 

and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assays and no significant 

correlation(p=0.314) between Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) and Artus 

HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assays. 

The Bland Altman plot was plotted comparing ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) with Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A) to determine the difference in the log viral load values. The 

bias was found to be 0.1log copies/ml between ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and 0.2 log copies/ml 

between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) Abbott Real Time HIV-

1(ABBOTT, Illinois, U.S.A) but 0.0 log copies/ml between Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A). 

Though this indicated lesser bias between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) 

and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) than with ExaVir version 3.0 

(CAVIDI, Uppsala, Sweden) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A), it was 

observed that the values were closer to the line representing the mean difference in the plot 

comparing ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Abbott Real Time HIV-

1(ABBOTT, Illinois, U.S.A) with limits of agreement -1.1 to +1.5(95% CI). This was better 

than between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) which was -1.6 to +1.7. The values were farthest with 
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limits of agreement widest (+2.2 to -2.2) for Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) and  Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assays. There were 3 

outliers in the plot comparing ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Artus 

HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and 4 in the plot comparing Abbott Real 

Time HIV-1(ABBOTT, Illinois, U.S.A) and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany). All the values were between the limits of agreement in the plot comparing ExaVir 

version 3.0 (CAVIDI, Uppsala, Sweden) and Abbott Real Time HIV-1(ABBOTT, Illinois, 

U.S.A). The correlation between   ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) was again comparable to the results in 

the previous studies (69) (70) (71).  

The ‘r’ value between ExaVir version 3.0(CAVIDI, Uppsala, Sweden) and Artus HIV-1 RG 

RT PCR(QIAGEN, Hilden, Germany) was 0.445(n=66). It was 0.813(n=32) between ExaVir 

version 3.0(CAVIDI, Uppsala, Sweden) and Abbott Real Time HIV-1(ABBOTT, Illinois, 

U.S.A) and 0.409(n=40) between Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany)-

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) This shows better correlation between 

ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Abbott Real Time HIV-1(ABBOTT, 

Illinois, U.S.A) assays than Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay.  

Significant negative correlation   (rho= -0.581, p<0.0001) for ExaVir version 3.0(CAVIDI, 

Uppsala, Sweden), -0.460, p<0.0001 for Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) and -0.456, p=0.0008 for Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) was 

observed between viral load with all three assays and CD4+ T cell counts. A study done in 

our institution previously showed similar results where 146 HIV individuals were recruited 

and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) real time PCR and CD4 counts 

were estimated. It was seen that there was a significant negative correlation (r= -0.55, 

p<0.01) between plasma RNA level and CD4 counts (79). 
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The CDC staging for disease for the 50 HIV individuals prior to the start of ART were 

obtained from the clinician and correlated with the viral load values measured by Artus HIV-

1 RG RT PCR(QIAGEN, Hilden, Germany) and ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) assays. There were 11 samples from individuals  in stage A and  38 from individuals 

in stage B of disease and 1 in stage C of disease. The mean viral load log was 3.59 log 

copies/ml(Stage A), 4.34 log copies/ml(Stage B) and 3.85 log copies/ml(Stage A), 4.20 log 

copies/ml(Stage B) with ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Artus HIV-1 

RG RT PCR(QIAGEN, Hilden, Germany) assays respectively. Thus the mean viral load log 

values were lesser in asymptomatic individuals than in symptomatic individuals. However, 

there was no significant statistical correlation (ANOVA analysis) between viral load log 

values of ExaVir version 3.0(CAVIDI, Uppsala, Sweden)(p=0.3) or Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany)(p=0.4) assays with the staging. Among the asymptomatic 

individuals, mean log was higher in stage 2 (3.7 log copies/ml) as compared to stage 3 (3.42 

log copies/ml). WHO recommends starting ART in HIV infected asymptomatic  individuals 

with CD4  < 350 cells/µl. However in a study done in our institution previously they found 

that 56% of the individuals who had a CD4
+
 T cell count of 201-500 and  15.2% of  

individuals in CDC category 3 (CD4 < 200 cells/µl) were asymptomatic. Also 50% of  

asymptomatic individuals had mean viral load of 5.3X10
5 

 copies/ml. Thus they found higher 

viral load and lower CD4 counts in asymptomatic individuals probably owing to the 

differential virus host relationship seen in the Indian population (79). Early initiation of ART 

leads to effective viral load suppression in these individuals thus preventing the spread of 

HIV. Hence clinical correlation with the viral load estimation is essential before initiating 

treatment. 

Thirteen HIV-2 treatment naïve samples were tested with ExaVir version 3.0(CAVIDI, 

Uppsala, Sweden). Nine of them had detectable viral load. There was a significant negative 
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correlation(p=0.0039 with 95% CI) with Spearman correlation coefficient rho = -0.8 between 

viral load and CD4 count. The CD4+T cell counts of the four samples undetectable by 

ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) were >400 cells/mm
3 

again correlating with 

the viral load.  A single assay being capable of measuring the viral load for both HIV-1 and 

HIV-2 is the most important advantage of the assay. Molecular techniques if employed will 

require the use of separate set of primers for HIV-1 and HIV-2. However the PCR for HIV-2 

is under standardization in our setting. So we compared the viral load measured by the assay 

with CD4 count. The only disadvantage of  the assay in this context  is that it cannot 

differenciate between HIV-1 and HIV-2.  

Finally in order to estimate the limit of detection (LOD)  we tested NIBSC standard HIV-1 

RNA with a known number of viral RNA copies (standardised by WHO)  by all the three 

viral load assay viz: ExaVir version 3.0(CAVIDI, Uppsala, Sweden), Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) 

assays.  The standard was diluted in negative plasma and tested with all the three assays. The 

sample dilutions ranged from 50 to 800copies/ml. These dilutions were chosen based on the 

lower detection limit as specified by the manufacturer so that it would be appropriate to 

determine the lower limit of detection for all the three  assays.  All except one sample showed 

a detectable viral load with Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) HIV-1 assay 

while Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) detected a viral load of 

100copies/ml and above. However,  Exavir assay version 3.0  detected only one sample of the 

triplicates tested with  800 copies/ml but the rest of the samples were not detected.  Among 

the three assays, Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay gave higher 

viral load values for most of these standards as compared to either assay similar to the results 

obtained for clinical plasma samples. The reason for Artus HIV-1 RG RT PCR(QIAGEN, 

Hilden, Germany) over-estimating the viral load has to be assessed in the future. ExaVir 



108 
 

version 3.0 (CAVIDI, Uppsala, Sweden) uses the principle of vacuum suctioning and 

trapping the virions in the gel, but the detection system is signal amplification for quantitation 

of an enzyme rather than the viral particles as such. Hence the limit of detection is lower with 

ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) assay. Further testing with higher dilutions 

of  NIBSC standards could not be performed because the reagents and consumables were 

exhausted.  

In our setting, the cost of molecular testing for HIV viral load testing is about Rs.2500/test 

where the ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) assay costs about Rs.1250/test. 

This is taking into account the reagents and the consumables. This was similar to the cost 

effectiveness evaluated by Braun et al where they found a 40-50% reduction in cost per test 

for ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) assay as compared to molecular assays 

(66). 

The specificity of the assay in detecting only HIV was also demonstrated by  Greengrass et al 

(2009) similar to our study where all the HIV negative, HCV and HBV positive samples were 

undetectable by ExaVir version 3.0(CAVIDI, Uppsala, Sweden) (69)  In comparison to the 

previous study done by Greengrass et al (2009), the detection rates were comparable for viral 

load >1000copies/ml(98%, n=145). This was in close concordance to the detection rates in 

our study comparing ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) with Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A) assay(94.1%,n=55). ExaVir version 3.0 (CAVIDI, 

Uppsala, Sweden) was able to quantitate 100% of the samples above 10000copies/ml as 

compared to Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assay in the current study. 

However compared to Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay the 

detection rate was 86.8%(n=125). With lesser copies, the detection rates by the current study 

was lower probably because more number of samples were tested by Greengrass et al (2009) 

In the study done by Labbett et al (2009), 92.8% of samples(n=83) was detected by the 
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ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) assay for samples with viral load >200 

copies/ml.  The detection rate was higher than that found in our study but the range of viral 

load values were not mentioned in this study and thus we could not compare the detection 

rates in various viral load ranges. This group also plotted the Bland Altman plot and found 

mean difference of 0.28(limits of agreement 0.72-1.27 log copies/ml for Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A) real time PCR assay and 0.18 (-0.94-1.31log copies/ml) for 

taqman assay (70). This was similar to results obtained in our assay where we found a mean 

difference of 0.1logcopies/ml and 0.2 log copies/ml respectively with Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) 

assays. The correlation between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Abbott 

Real Time HIV-1(ABBOTT, Illinois, U.S.A) in our study (r=0.8, n=32) was similar to the 

previous studies. This was similar to the previous studies (69)(71)(70). However the 

correlation of ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) with Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) was lesser r=0.5(n=32) in our study. Similar to our testing 

of NIBSC standard dilutions,  Labbett et al (2009) tested WHO International HIV-1 RNA 

standard where they found that the real time Taqman PCR over-estimated the viral load for 

the standards with (70). Stevens et al (2005) evaluated the assay for only subtype C HIV, 

whereas Braun et al,(2003) Jennings et al (2005) evaluated the assay for non subtype C and 

several CRF’s and showed that the assay was able to detect these (66) (67) (68). Labbett et al 

(2009) subtyped the HIV-1 samples recruited in the study and found that among the 119 

samples, 34 belonged to subtype B and 85 belonged to diverse non B subtypes (70). 14% of 

samples recruited in our study were subtyped and found to be Subtype C.   

Though there are several advantages of using Exavir version 3.0 assay, there are 

disadvantages as well. This RT assay requires 1 ml of plasma which might be difficult to 

obtain in paediatric patients. Greengrass et al (2009) evaluated versions 2 and 3 of the assay 
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using lesser volumes of the sample (0.5 ml and 0.25 ml). These samples were adjusted to 1 

ml with sero-negative plasma. They found that the assays did not show a significant 

difference (0.03log copies with version 2 and 0.05 log copies with version 3) when tested 

with lesser volumes (73). However this aspect was not evaluated in our study. The turn-

around time for the assay is 48 hours which is longer when compared to PCR a maximum of 

5 hours). The standard curve generated with each run is based on the dilution of the standard 

provided with the assay and the limit of detection varies with each run. Batch testing needs to 

be done for the samples since each run of the assay can accommodate 30 samples and the 

reagents given can be reconstituted and used only once per run. 

The advantages of  ExaVir load version 3.0 assay over molecular techniques is that it could 

be performed in any secondary level laboratory with the routinely available equipment such 

as ELISA washer, ELISA plate reader, vortex machine and an incubator 

(66)(67)(68)(70)(71)(72)(73). Compared to the routine molecular viral load assays it is 

inexpensive and simple to perform. Clean separate rooms are not required as compared to 

PCR. The instrument consists of a suction apparatus with waste container which occupies a 

small work table. The ELISA plate can be washed in buckets and does not require manual or 

automated washers. The instrument can be easily disinfected with alcohol and reused. Also it 

has good sensitivity and correlation with the molecular assays (66)(67)(68)(70)(71)(72)(73). 

The cost per test was reduced to half when compared to the molecular assays. One of the 

major advantages of the assay is that a single assay can be used for both HIV-1 and HIV-2 

samples. 

These characteristics make ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) Reverse 

Transcriptase assay suitable for use in settings with limited infrastructure for monitoring the 

viral load in individuals with HIV as an alternative to PCR. Based on the sensitivity (even with a 

lower detection of  1000 copies/ml ) and specificity of this assay National AIDS Control 
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Organization ( NACO, India)  can establish these kind of viral load monitoring  assays in all 

state reference laboratories with good quality control measures including EQAS form Apex and 

National reference laboratories.    
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7. SUMMARY AND CONCLUSIONS: 

1) This study was done to evaluate Reverse Transcriptase based assay to quantitate the viral 

load in HIV infected individuals. This assay measures the amount of RT enzyme in the 

plasma using the ELISA format. The virus particles are bound to the gel and separated 

using a vacuum suction apparatus and the enzyme extracted is added to the ELISA plate 

which converts a bound template of RNA into DNA which is further detected by 

antibodies tagged with alkaline phosphatase enzyme. The RT activity measured is 

converted to corresponding viral load with the help of software provided. 

2) The lower limit of detection of the assay claimed by the users was 200 copies/ml. 

However the maximum range of detection varies with each run based on the standard 

curve generated using the HIV-1 standard provided with the assay. 

3) This assay can be used only for monitoring and not diagnosis of HIV since the assay 

detects a viral load of > 200copies/ml only. 

4) Samples from 75 HIV-1, 13 HIV-2, 20 HIV negative and an additional 50 HIV-1 

treatment experienced individuals were tested. For HIV-1, values were compared with 

viral load  measured by real-time PCR Artus HIV-1 RG RT PCR(QIAGEN, Hilden, 

Germany) and discrepant samples or the ones with log10 difference of  >0.5 log copies/ml 

were tested with FDA approved assay Abbott Real Time HIV-1(ABBOTT, Illinois, 

U.S.A). For HIV-2 samples, ExaVir VL was correlated with CD4 counts. The ExaVir and 

Artus real time PCR VL values in HIV-1 infected treatment naïve individuals were 

compared with CDC staging for HIV.   

5) The assay did not detect any of the HIV negative and HBV/HCV positive samples in our 

study thus proved to very specific for HIV. 

6) ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) was able to detect 97.87% of the 

samples in the treatment naïve group (n=47) which had a detectable viral load with Artus 
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HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay and 29.4% of the samples in the 

treatment experienced group (n=17). Sixteen samples in the treatment naïve group gave 

viral load log difference of  >0.5 log copies/ml between Artus HIV-1 RG RT PCR and 

Exavir version 3.0 which were tested with Abbott Real time HIV-1 assay and it was 

found that only three of these samples had >0.5 log difference between Exavir version 3.0 

and Abbott Real time HIV-1 assay. 11 samples which showed undetectable viral load 

with ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) but detectable viral load with Artus 

HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) were tested with Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A) and 10 of these had undetectable viral load with Abbott 

assay as well and  the remaining one had a viral copy number below the detection limit of 

Exavir version 3.0 ( 99 copies/ml). This shows a 100% concordance between the Abbott 

and Exavir assay in the 11 samples tested. 

7) Twenty five HIV-1 samples with viral load  < 5000 copies/ml were tested and 72.7% of 

the samples > 200 copies/ml were detected by ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) as compared to Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) assay  . 

However all except one samples  > 1000 copies/ml were detected and thus the assay 

proved to be sensitive in detecting samples  > 1000 copies/ml.  

8) The overall sensitivity of the assay was 76.7% and 82.5% when compared to Artus HIV-1 

RG RT PCR(QIAGEN, Hilden, Germany) and Abbott Real Time HIV-1(ABBOTT, 

Illinois, U.S.A) respectively for samples with viral load >200copies/ml.  The same for 

samples with viral LOAD >1000 copies/ml, was 86.8% and 94.1% respectively. The 

assay correlated well with Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) real time PCR assays. However in 

our experience we found that the Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) 

assay over estimated the viral load and ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) 
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viral load values correlated more with Abbott Real Time HIV-1(ABBOTT, Illinois, 

U.S.A) than with Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) assay. 

9) The intraclass correlation was best between ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) and Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A)(ICC=0.783,p<0.0001) 

followed by ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany)(ICC=0.219,p=0.03) and no significant correlation 

between  Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A)(ICC=0.0.7,p=0.314)  

10) The regression line graphs also showed similar results.  The agreement was best(r=0.813, 

n=32)  between ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and Abbott Real Time 

HIV-1(ABBOTT, Illinois, U.S.A) followed by ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) (r=0.445,n=32) and 

least (r=0.409, n=40)  for Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and 

Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A)  

11) Bland Altman plot showed a mean difference of +0.1 log copies/ml between Artus HIV-1 

RG RT PCR(QIAGEN, Hilden, Germany) and ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) , +0.2 log copies/ml between Abbott Real Time HIV-1(ABBOTT, Illinois, 

U.S.A) and ExaVir version 3.0 (CAVIDI, Uppsala, Sweden) and and 0.0 log copies/ml 

between Abbott Real Time HIV-1(ABBOTT, Illinois, U.S.A) and Artus HIV-1 RG RT 

PCR(QIAGEN, Hilden, Germany) assays. 

12) There was a significant negative correlation between viral load measured by ExaVir 

version 3.0 (CAVIDI, Uppsala, Sweden)  assay (rho= -0.5, p<0.0001, n=125) and the 

CD4+ T cell counts for all the HIV-1 samples. This was similar to the data available on 

viral load by molecular tests and CD4+  T cell count  in literature from the same 

population.  
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13) There was significant negative correlation between CD4 counts and HIV-2 viral load 

(rho= -0.8, p=0.0039,  n=9).  

14) Comparison between CDC clinical staging and viral load measured by ExaVir version 3.0 

(CAVIDI, Uppsala, Sweden) and Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany)  

for HIV-1 treatment naïve individuals was not statistically significant. 

15) The WHO NIBSC standard was tested in dilutions (50 to 800 copies/ml) with all three 

assays. The Abbott Real time HIV-1 assay detected the sample even with a viral load of 

50copies/ml. The Artus HIV-1 RG RT PCR detected samples above 100 copies/ml. 

However ExaVir version 3.0 assay detected only one sample with 800 copies/ml. So the 

lower detection limit is of the assay as assessed by us is close to 1000 copies/ml. 

16) There are a few disadvantages for this RT assay. The turn-around time for the assay is 48 

hours which is longer when compared to PCR. The amount of plasma required for the test 

is 1ml which might be difficult in paediatric patients as against 200µl and 800µl required 

for Artus HIV-1 RG RT PCR(QIAGEN, Hilden, Germany) and Abbott Real Time HIV-

1(ABBOTT, Illinois, U.S.A) assays respectively. The standard curve generated with each 

run is based on the dilution of the standard provided with the assay and the maximum 

limit of detection varies with each run. Batch testing needs to be done for the samples 

since each run of the assay can accommodate 30 samples and the reagents given can be 

reconstituted and used only once per run. The temperature for incubation required is 33ºC 

which might not be possible in all resource limited settings. 

17) The advantages include the following. The assay can be performed with minimal 

expertise. Clean separate rooms are not required as compared to PCR. The instrument 

consists of a suction apparatus with waste container which occupies a small work table. 

The ELISA plate can be washed in buckets and does not require manual or automated 

washers. However there is a protocol given by the manufacturers if automation is desired. 
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The instrument can be easily disinfected with alcohol and reused. The assay can detect 

any subtype of HIV-1 and HIV-2 samples. Also measuring the RT enzyme rather than 

detecting the HIV gene has an advantage in situations where mutations could have taken 

place in the HIV genome particularly in patients on treatment. The hands on time was 

approximately 3 hours on the first day and 2 hours on the second day. The software 

provided with assay converts the RT activity into corresponding viral load. The software 

provided on a CD is user friendly and can be installed for use with any version of 

Windows. 

18)  The cost  of the reagent is only half the price ( Rs. 1250) of the one required for 

molecular assays  ( Rs. 2500) per test was reduced to half when compared to the 

molecular assays. 

There were a few limitations in the study.  

All the samples could not be tested with the Abbott Real Time HIV-1(ABBOTT, Illinois, 

U.S.A) assay which would have given a clearer picture about the performance of this 

assay. Since there was no standardized PCR assay for viral load testing for HIV-2 during 

the study period, the viral load measured by ExaVir version 3.0 (CAVIDI, Uppsala, 

Sweden) for HIV-2 could not be correlated. Reproducibility of the assay could not be 

evaluated since the samples were tested in singles and only once with each assay. Also 

further evaluation of the assay using higher dilutions (>800 copies/ml) of NIBSC 

standards could not be done since the reagents and consumables were exhausted.  

 

In conclusion, ExaVir version 3.0 (CAVIDI, Uppasala, Sweden) assay can be used as an 

alternative assay to PCR for monitoring therapy in HIV-1 and HIV-2 individuals. Based 

on the sensitivity (even with a lower detection limit of  1000 copies/ml ) and specificity of 
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this assay, National AIDS Control Organization ( NACO, India)  can establish these kind 

of viral load monitoring assays in all State Reference Laboratories with good quality 

control measures including EQAS from Apex and National Reference Laboratories.    
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Figure 7: Numbered plasma processing tubes placed in the Sample box with addition of 

sample additive and plasma for pre treatment             
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Figure 8a: Columns placed in Column holder connected to Waste collector for addition of gel 

bound virions in the columns 

 

 

 

 

Figure 8b: Buffer dispenser with metal plug placed over it for washing the virions bound to the 

gel with the help of Wash buffer poured over the metal plug 
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Figure 9: ExaVir  version 3.0(CAVIDI, Uppsala , Sweden)) equipment setup with the individual 

parts assembled for separation of RT from the viral particles 
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Figure 10a: Storage tube rack placed inside the Lysate collector with Storage tubes for collection 

of the elute from the lysed viral particles containing the RT 

 

             

 

 

Figure 10b: Columns placed over the Lysate collector and connected to the Vacuum pump for 

lysis of viral particles using Lysis buffer to the washed gel poured in the respective columns 
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Figure 11: Storage tubes containing the lysate (RT) placed in the Storage tube rack prior to 

addition to the ELISA plate  

 

               

 

 

 

 

 

 

 

 

Storage tube rack 

Storage tubes with 

lysate 



Figure 12a: Wash buckets containing the Wash buffer for washing the ELISA plate in a 

sequential manner from buckets 1 to 4 for stopping the reaction as well as removal of the 

Product tracer in the subsequent step 

 

                   

 

 

Figure 12b: ELISA plate with the wells secured with rubber band being washed in the Wash 

bucket containing the Wash buffer 
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Figure 13: ELISA plate after overnight incubation showing 

colour development in the wells with positive samples  
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Sl no. CAV Id HIV status Treatment status CDC staging CD4 ExaVir viral load log Artus RT PCR viral load log Abbott Real Time viral load log

1 CAV-07 HIV-1 Treatment naive B3 158 5.56 5.66

2 CAV-09 HIV-1 Treatment naive B2 209 5.02 4.90

3 CAV-10 HIV-1 Treatment naive B2 229 4.82 5.12

4 CAV-31 HIV-1 Treatment naive B2 227 5.52 5.91

5 CAV-37 HIV-1 Treatment naive B3 171 4.16 3.76

6 CAV-39 HIV-1 Treatment naive B2 224 5.16 4.94

7 CAV-41 HIV-1 Treatment naive B3 188 5.44 2.74 5.40

8 CAV-43 HIV-1 Treatment naive A2 249 3.66 4.44 3.98

9 CAV-45 HIV-1 Treatment naive B3 199 4.12 4.43

10 CAV-49 HIV-1 Treatment naive A2 266 4.29 3.72 1.31

11 CAV-51 HIV-1 Treatment naive B2 209 3.49 4.17

12 CAV-53 HIV-1 Treatment naive B3 194 4.88 4.55

13 CAV-61 HIV-1 Treatment naive B2 227 5.28 5.19

14 CAV-63 HIV-1 Treatment naive B3 165 5.36 4.83

15 CAV-67 HIV-1 Treatment naive B2 237 5.19 4.65

16 CAV-69 HIV-1 Treatment naive B2 220 5.23 5.05

17 CAV-71 HIV-1 Treatment naive B3 132 5.48 3.41 5.80

18 CAV-73 HIV-1 Treatment naive B3 137 5.31 4.67 5.40

19 CAV-75 HIV-1 Treatment naive A2 293 0.00 0.00

20 CAV-77 HIV-1 Treatment naive B2 311 3.98 4.44

21 CAV-79 HIV-1 Treatment naive B3 170 5.28 4.45 5.44

22 CAV-81 HIV-1 Treatment naive B3 187 3.90 4.21

23 CAV-83 HIV-1 Treatment naive B2 259 5.07 5.19

24 CAV-86 HIV-1 Treatment naive B2 273 4.62 4.43

25 CAV-91 HIV-1 Treatment naive B2 284 0.00 0.00

26 CAV-95 HIV-1 Treatment naive B3 153 3.01 2.95

27 CAV-101 HIV-1 Treatment naive B3 187 3.92 4.80 4.6

28 CAV-103 HIV-1 Treatment naive B3 165 5.25 5.14

29 CAV-105 HIV-1 Treatment naive A2 269 5.46 5.86

30 CAV-107 HIV-1 Treatment naive A2 280 4.44 4.34

31 CAV-109 HIV-1 Treatment naive A3 199 2.40 2.79

32 CAV-111 HIV-1 Treatment naive A3 152 2.92 2.00 2.89

33 CAV-113 HIV-1 Treatment naive B3 144 4.62 4.68

34 CAV-116 HIV-1 Treatment naive B2 252 5.29 4.83



35 CAV-118 HIV-1 Treatment naive B3 164 0.00 0.00

36 CAV-119 HIV-1 Treatment naive B2 666 2.86 3.01

37 CAV-121 HIV-1 Treatment naive B3 185 5.18 5.23

38 CAV-123 HIV-1 Treatment naive A2 334 4.37 4.91

39 CAV-125 HIV-1 Treatment naive A3 155 4.24 5.09 5.15

40 CAV-127 HIV-1 Treatment naive B3 147 5.20 5.05

41 CAV-130 HIV-1 Treatment naive B2 238 2.74 2.97

42 CAV-132 HIV-1 Treatment naive B3 143 0.00 3.46 3.46

43 CAV-97 HIV-1 Treatment naive A3 157 4.11 4.89

44 CAV-93 HIV-1 Treatment naive B3 194 5.46 2.13 5.40

45 CAV-06 HIV-1 Treatment naive A2 245 3.69 4.26 3.58

46 CAV-35 HIV-1 Treatment naive B3 176 5.52 4.72 5.69

47 CAV-65 HIV-1 Treatment naive C2 248 4.82 5.78 5.07

48 CAV-33 HIV-1 Treatment naive B3 193 5.52 6.51

49 CAV-100 HIV-1 Treatment naive B3 191 2.64 3.57 2.50

50 CAV-47 HIV-1 Treatment naive B3 169 4.73 3.84 4.84

51 CAV-11 HIV-1 Treatment experienced 512 0.00 2.87 0.00

52 CAV-14 HIV-1 Treatment experienced 558 0.00 3.01 0.00

53 CAV-13 HIV-1 Treatment experienced 333 0.00 2.40 0.00

54 CAV-32 HIV-1 Treatment experienced 452 0.00 0.00

55 CAV-38 HIV-1 Treatment experienced 160 0.00 0.00

56 CAV-40 HIV-1 Treatment experienced 382 0.00 2.45 0.00

57 CAV-44 HIV-1 Treatment experienced 253 4.92 5.04

58 CAV-42 HIV-1 Treatment experienced 519 0.00 0.00

59 CAV-46 HIV-1 Treatment experienced 276 0.00 0.00

60 CAV-50 HIV-1 Treatment experienced 374 0.00 0.00

61 CAV-52 HIV-1 Treatment experienced 410 3.65 4.08

62 CAV-54 HIV-1 Treatment experienced 476 0.00 0.00

63 CAV-62 HIV-1 Treatment experienced 499 0.00 3.46

64 CAV-64 HIV-1 Treatment experienced 363 2.47 3.20 0.00

65 CAV-68 HIV-1 Treatment experienced 454 0.00 0.00

66 CAV-70 HIV-1 Treatment experienced 362 0.00 0.00

67 CAV-72 HIV-1 Treatment experienced 311 0.00 0.00

68 CAV-74 HIV-1 Treatment experienced 463 0.00 0.00

69 CAV-76 HIV-1 Treatment experienced 415 0.00 0.00



70 CAV-78 HIV-1 Treatment experienced 529 0.00 0.00

71 CAV-80 HIV-1 Treatment experienced 190 0.00 0.00

72 CAV-82 HIV-1 Treatment experienced 463 0.00 0.00

73 CAV-84 HIV-1 Treatment experienced 502 0.00 0.00

74 CAV-85 HIV-1 Treatment experienced 519 0.00 0.00

75 CAV-92 HIV-1 Treatment experienced 347 0.00 0.00

76 CAV-96 HIV-1 Treatment experienced 449 0.00 0.00

77 CAV-102 HIV-1 Treatment experienced 463 0.00 0.00

78 CAV-104 HIV-1 Treatment experienced 680 0.00 0.00

79 CAV-106 HIV-1 Treatment experienced 795 0.00 2.34 0.00

80 CAV-108 HIV-1 Treatment experienced 334 0.00 0.00

81 CAV-110 HIV-1 Treatment experienced 367 0.00 0.00

82 CAV-112 HIV-1 Treatment experienced 324 0.00 0.00

83 CAV-114 HIV-1 Treatment experienced 342 0.00 0.00

84 CAV-115 HIV-1 Treatment experienced 623 0.00 0.00

85 CAV-117 HIV-1 Treatment experienced 362 0.00 0.00

86 CAV-120 HIV-1 Treatment experienced 646 0.00 0.00

87 CAV-122 HIV-1 Treatment experienced 335 0.00 2.25 0.00

88 CAV-124 HIV-1 Treatment experienced 703 0.00 0.00

89 CAV-126 HIV-1 Treatment experienced 238 0.00 0.00

90 CAV-128 HIV-1 Treatment experienced 402 0.00 3.91 0.00

91 CAV-129 HIV-1 Treatment experienced 469 0.00 0.00

92 CAV-131 HIV-1 Treatment experienced 298 0.00 0.00

93 CAV-98 HIV-1 Treatment experienced 164 0.00 2.87 0.00

94 CAV-134 HIV-1 Treatment experienced 425 0.00 0.00

95 CAV-12 HIV-1 Treatment experienced 550 0.00 3.31 0.00

96 CAV-36 HIV-1 Treatment experienced 291 0.00 3.01 0.00

97 CAV-66 HIV-1 Treatment experienced 512 3.76 5.38 4.92

98 CAV-133 HIV-1 Treatment experienced 497 0.00 2.39 1.99

99 CAV-166 HIV-1 Treatment experienced 317 0.00 0.00 0.00

100 CAV-48 HIV-1 Treatment experienced 169 4.19 3.44

101 CAV-167 HIV-1 1440 2.46 3.09 2.83

102 CAV-168 HIV-1 174 0.00 2.77 2.70

103 CAV-169 HIV-1 294 0.00 3.10 2.73

104 CAV-144 HIV-1 767 2.57 3.93 2.84



105 CAV-145 HIV-1 27 2.84 3.81 2.97

106 CAV-147 HIV-1 483 0.00 4.10 2.79

107 CAV-170 HIV-1 331 0.00 4.17 2.91

108 CAV-171 HIV-1 234 2.43 3.22 2.73

109 CAV-172 HIV-1 503 2.43 0.00 3.19

110 CAV-173 HIV-1 923 0.00 2.58 3.21

111 CAV-174 HIV-1 674 3.05 3.02 3.18

112 CAV-175 HIV-1 514 2.98 3.45 3.28

113 CAV-148 HIV-1 141 3.16 4.19 3.11

114 CAV-176 HIV-1 514 3.23 3.72 3.32

115 CAV-177 HIV-1 296 3.28 3.89 3.55

116 CAV-178 HIV-1 177 3.03 3.60 3.47

117 CAV-179 HIV-1 369 3.50 3.88 3.69

118 CAV-146 HIV-1 283 3.14 3.29 3.40

119 CAV-149 HIV-1 238 3.57 2.93 3.61

120 CAV-180 HIV-1 822 2.35 3.63 3.49

121 CAV-143 HIV-1 416 0.00 0.00 2.65

122 CAV-150 HIV-1 847 0.00 0.00 2.09

123 CAV-15 HIV-1 470 0.00 3.70 2.00

124 CAV-30 HIV-1 540 0.00 2.93 1.83

125 CAV-05 HIV-1 185 3.61 2.99 3.84

128 CAV-01 HIV-2 Treatment naive 815 0.00

130 CAV-03 HIV-2 Treatment naive 818 2.95

131 CAV-04 HIV-2 Treatment naive 462 0.00

132 CAV-05 HIV-2 Treatment naive 495 0.00

134 CAV-56 HIV-2 Treatment naive 86 0.00

135 CAV-57 HIV-2 Treatment naive 165 3.84

136 CAV-58 HIV-2 Treatment naive 26 4.31

137 CAV-59 HIV-2 Treatment naive 149 4.23

138 CAV-60 HIV-2 Treatment naive 79 4.78

140 CAV-88 HIV-2 Treatment naive 304 3.37

142 CAV-90 HIV-2 Treatment naive 89 4.38

143 CAV-135 HIV-2 Treatment naive 539 0.00

144 CAV-136 HIV-2 Treatment naive 603 3.01

145 CAV-16 HCV/HIV neg 0



146 CAV-17 HBV/HIV neg 0

147 CAV-18 HBV/HIV neg 0

148 CAV-19 HBV/HIV neg 0

149 CAV-137 HCV/HIV neg 0

150 CAV-138 HCV/HIV neg 0

151 CAV-139 HCV/HIV neg 0

152 CAV-140 HCV/HIV neg 0

153 CAV-141 HBV/HIV neg 0

154 CAV-142 HBV/HIV neg 0

155 CAV-20 HIV NEG 0

156 CAV-21 HIV NEG 0

157 CAV-22 HIV NEG 0

158 CAV-23 HIV NEG 0

159 CAV-24 HIV NEG 0

160 CAV-25 HIV NEG 0

161 CAV-26 HIV NEG 0

162 CAV-27 HIV NEG 0

163 CAV-28 HIV NEG 0

164 CAV-29 HIV NEG 0

165 CAV-151 2.33 3.68 2.65

166 CAV-152 0 3.43 2.85

167 CAV-153 0 3.04 2.88

168 CAV-154 0 2.37 2.38

169 CAV-155 0 3.44 2.49

170 CAV-156 0 2.91 2.47

171 CAV-157 0 2.89 2.28

172 CAV-158 0 3.54 2.24

173 CAV-159 0 1.85 2.15

174 CAV-160 0 3.22 1.93

175 CAV-161 0 0.00 1.59

176 CAV-162 0 0.00 1.78

177 CAV-163 0 0.00 1.59

178 CAV-164 0 0.00 1.59

179 CAV-165 0 0.00 1.76



Template for addition of samples to the ELISA plate: 

 

A-H : 

Horizontal rows in the ELISA plate 

1-12: Vertical columns in the ELISA plate 

CAV : Identification number given for the samples 

P: Positive control 

N: Negative control 

B: Buffer blank 

S 1-S11: Serial dilution of the Standard provided by the manufacturers 

All samples, controls and standards are added in two volumes 150µl and 30µl 

 1(150µl) 2(30µl) 3(150µl) 4(30µl) 5(150µl) 6(30µl) 7(150µl) 8(30µl) 9(150µl) 10(30µl) 11(150µl) 12(30µl) 

A CAV1 CAV1 CAV9 CAV9 CAV17 CAV17 CAV25 CAV25 S9 S9 S1 S1 

B CAV2 CAV2 CAV10 CAV10 CAV18 CAV18 CAV26 CAV26 S10 S10 S2 S2 

C CAV3 CAV3 CAV11 CAV11 CAV19 CAV19 CAV27 CAV27 S11 S11 S3 S3 

D CAV4 CAV4 CAV12 CAV12 CAV20 CAV20 CAV28 CAV28 B B S4 S4 

E CAV5 CAV5 CAV13 CAV13 CAV21 CAV21 CAV29 CAV29 B B S5 S5 

F CAV6 CAV6 CAV14 CAV14 CAV22 CAV22 CAV30 CAV30 B B S6 S6 

G CAV7 CAV7 CAV15 CAV15 CAV23 CAV23 P P B B S7 S7 

H CAV8 CAV8 CAV16 CAV16 CAV24 CAV24 N N B B S8 S8 


