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ABSTRACT: 

The discovery of the human immunodeficiency virus (HIV) as the causative organism of acquired 

immunodeficiency syndrome (AIDS) and the inability of modern medicine to find a cure for it has placed HIV 

as one of the most dreaded pathogens of the 21st century. Many people infected with HIV aids so it was once 

thought to result in medical apocalypse. However with advent of ART it is now possible to control HIV. With 

the help of ART the replication of HIV can stop and thereafter many FDA approval medicines was there for 

AIDS.Even with the introduction of ART, a substantial number of patients fail to adhere due to a variety of 

reasons, including adverse side effects, drug abuse, mental disorders, socioeconomic status, literacy, and social 

stigma. With the availability of so many options for HIV treatment at each stage of the disease progression, 

physicians can switch between the treatment regimens to avoid and/or minimize the adverse effects of drugs. 

Now in the future with the help of gene therapy and immunotherapy we can minimize or stop the replication of 

HIV 
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What is HIV AIDS? 

Acquired immunodeficiency syndrome (AIDS) is a medical condition caused by the human immunodeficiency 

virus (HIV). HIV infection is a very current threat and can easily be termed as a curse upon the human race. 

The scientific community first noticed and recognized the presence of AIDS as an actual disease following an 

increase in the incidence of very rare opportunistic infections and cancers among otherwise healthy homosexual 

men [1]. HIV-1 was identified as the causative organism soon after the first official recognition of HIV patients 

in the USA [2]. HIV-2 was reported first in Africa in 1985 and is markedly different from HIV-1 [3]. It closely 

resembles a simian virus that infects macaques in captivity. Simian viruses that naturally infect African primates 

are suspected to reach humans via multiple cross-species transmissions resulting in the spread of HIV-1 and 

HIV-2 [2]. The global prevalence of HIV has expanded since its discovery and has now spread across the globe 

despite advances in antiretroviral treatments (ART). The mortality and morbidity rates related to HIV infections 

remain high in developing countries largely due to food insecurity and malnutrition [4]. Long-term concomitant 

sexual relationships and high infectivity during the early phase of HIV infections are other factors behind the 

extensive spread of HIV in the general population [5]. 

Basic facts about HIV: 

 HIV stands for human immunodeficiency virus. 

 There is effective treatment available which is known as antiretroviral so people with HIV can live a 

normal, healthy life. 
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 The earlier HIV is diagnosed; the sooner treatment can start – leading to better long term health. So 

testing regular is very important for HIV. 

 HIV is found in semen, blood, vaginal and anal fluids, and breast milk. 

 HIV cannot be transmitted through sweat, saliva or urine. 

 Using condoms during sex is the best way to prevent HIV and other ST infections. 

 If you inject the drugs, always use a clean needle and syringe, and never share equipment. 

 If you are in pregnancy and living with HIV, the virus in your blood could pass into your baby’s body, 

or after giving birth through breastfeeding. Taking HIV treatment virtually eliminates this risk [6].Figure 

no 1: HIV cycle

 

 

METHODOLOGY: 

Diagnosis: 

HIV/AIDS is diagnosed in laboratory testing and then staged based on the presence of certain signs or 

symptoms.[7] HIV screening is recommended by the United States Preventive Services Task Force for all 

people 15 years to 65 years of age including all pregnant women[8]. Many areas of the world, a third of HIV 

carriers discover they are infected at an advanced stage of the disease when AIDS or severe immunodeficiency 

has become clear [9]. 

HIV testing: 

Most people infected with HIV develop specific antibodies (i.e. seroconvert) within three to twelve weeks after 

the initial infection. Diagnosis of primary HIV before seroconversion is done by measuring HIV-RNA or p24 

antigen [10]. Positive results obtained by antibody or PCR testing are confirmed either by a different antibody 

or by PCR [7].Antibody tests in children younger than 18 months are typically inaccurate due to the continued 

presence of maternal antibodies. Thus HIV infection can only be diagnosed by PCR testing for HIV RNA or 

DNA, or testing for the p24 antigen[7]. Much of the world lacks access to reliable PCR testing and many places 

simply wait until either symptoms develop or the child is old enough for accurate antibody testing. In sub-

Saharan Africa as of 2007–2009, between 30 and 70% of the population were aware of their HIV status.In 2009, 

between 3.6 and 42% of men and women in Sub-Saharan countries were tested which represented a significant 

increase compared to previous years. 
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Classifications: 

The WHO first proposed a definition for AIDS in 1986. Since then, the WHO classification has been updated 

and expanded several times; with the most recent version being published in 2007.The WHO system uses the 

following categories: 

Primary HIV infection: May be asymptomatic or associated with acute retroviral syndrome. 

Stage I: HIV infection is asymptomatic with a CD4+ T cell count greater than 500 per microliter (µl or cubic 

mm) of blood. May include generalized lymph node enlargement. 

Stage II: Mild symptoms which may include minor mucocutaneous manifestations and recurrent upper 

respiratory tract infections. A CD4 count of less than 500/µl. 

Stage III: Advanced symptoms which may include unexplained chronic diarrhoea for longer than a month, 

severe bacterial infections including tuberculosis of the lung, and a CD4 count of less than 350/µl. 

Stage IV or AIDS: severe symptoms which include toxoplasmosis of the brain, candidiasis of the oesophagus, 

trachea, bronchi or lungs and Kaposi's sarcoma. A CD4 count of less than 200/µl[7]. 

Figure no2 : HIV plasma copies per ml plasma.[10] 

 

CD4+ T cells: 

The human immune system consists of the ancient innate immune system passed on along the evolution from 

invertebrates and the recently acquired adaptive immune system uniquely present in vertebrates. The 

lymphocyte population is mainly made up of the thymus-derived lymphocytes (T-lymphocytes), bone-marrow-

derived (B-lymphocytes), and the natural-killer cells (NK cells). T-lymphocytes mediating the cellular 

immunity, along with B lymphocytes mediating humeral immunity, provide adaptive immunity, which work in 

close collaboration with the innate immune system. B-lymphocytes mature in the bone marrow itself, while the 

T-lymphocytes require the thymus to mature, before being deployed to the peripheral lymphoid organs for 

further antigen-mediated differentiation. A small subset of the CD4+cells, including natural regulatory cells and 

natural killer T cells (NKT cells), are already distinct differentiated cells on release from the thymus. 

CD4+T cells along with CD8+T cells make up the majority of T-lymphocytes. CD4+T cells after being 

activated and differentiated into distinct effector subtypes play a major role in mediating immune response 

through the secretion of specific cytokines. The CD4+T cells carry out multiple functions, ranging from 
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activation of the cells of the innate immune system, B-lymphocytes, cytotoxic T cells, as well as non-immune 

cells, and also play critical role in the suppression of immune reaction. Continuing studies identified new subsets 

of CD4+ cells besides the classical T-helper 1 (Th1) and T-helper 2 (Th2) cells. These include T-helper 17 

(Th17), follicular helper T cell (Tfh), induced T-regulatory cells (iTreg), and the regulatory type 1 cells (Tr1) 

as well as the potentially distinct T-helper 9 (Th9). The differentiation of the different lineages depends on the 

complex network of specific cytokine signalling and transcription factors followed by epigenetic modifications. 

This paper will be focusing on the cytokine milieu and lineage specific transcription factors required for the 

differential development of the antigen-activated CD4+T cells, and also will cover a brief overview of the 

development pathway of mature naïve CD4+T cells, and finally the effector functions of each subtype will be 

summarized[11]. 

HIV subgroups: 

HIV -1= HIV-1 is well-known for its extensive genetic diversity. There are four different lineages coming under 

HIV-1: M, N, O, and P. The most commonly reported HIV virus across the globe is group M. Group N less 

prevalent, reported only from Cameroon [12]. Group O is accountable for 1% of the total HIV-1 cases and is 

mainly found Cameroon and Gabon . Group P is the rarest of all and has been identified in Cameroonian 

pregnant woman in France. It has a prevalence of 0.06% of total HIV infections [13]. 

HIV-2= HIV-2 is most commonly reported in West Africa, with Guinea-Bissau and Senegal having the highest 

incidence. Eight different types of HIV-2 exist, labelled HIV-A to HIV-H. Group A is reported throughout the 

sub-Saharan region [14]. Group B is reported more commonly in the Ivory Coast [15]. Due to the sporadic 

nature of the infection and incidence, C to H are categorized as “dead-end” transmissions that produce no 

subsequent infections [12]. 

GLOBAL HIV AND AIDS STATISTICS: HIV continues to be a major global public health issue. In 

2016, an estimated 36.7 million people were living with HIV (including 1.8 million children) – with a global 

HIV prevalence of 0.8% among adults. Around 30% of these same people do not know that they have the virus. 

Figure no 3 :  number of people living with HIV in 2016. 
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Figure no4 : number of new infections in 2016.[16]

 

Treatment 

Despite challenges, new global efforts have meant that the number of people receiving HIV treatment has 

increased dramatically in recent years, particularly in resource-poor countries. A major milestone was achieved 

in 2016 where, for the first time, it was found that more than half of all people living with HIV (53%) now have 

access to life-saving treatment. In 2016, 19.5 million people living with HIV were receiving antiretroviral 

treatment (ART) - up from 17million in June 2016 and 7.5 million in 2010. If this level of treatment scale up 

continues, it is estimated that the world will meet its global target of 30 million people on treatment by 2020. 

Significant progress has also been made in the prevention of mother-to-child transmission of HIV (PMTCT). 

In 2016, 76% of all pregnant women living with HIV accessed treatment to prevent HIV transmission to their 

babies – this is up from 47% in 2010 but a small decline by 1% from the previous year. 

Figure no 5:  no. of people living with HIV and accessing treatment globally [16]. 

[ 
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RESULTS: 

Infections common to HIV/AIDS: 

Tuberculosis (TB): In resource-limited nations, TB is the most common opportunistic infection associated with 

HIV. It's a leading cause of death among people with AIDS [17]. 

Cytomegalovirus: This common herpes virus is transmitted in body fluids such as saliva, blood, urine, semen 

and breast milk. A healthy immune system inactivates the virus, and it remains dormant in your body. If your 

immune system weakens, the virus resurfaces — causing damage to your eyes, digestive tract, lungs or other 

organs [17]. 

Candidiasis: Candidiasis is a common HIV-related infection. It causes inflammation and a thick, white coating 

on the mucous membranes of your mouth, tongue, oesophagus or vagina [17]. 

Cryptococcus meningitis: Meningitis is an inflammation of the membranes and fluid surrounding your brain 

and spinal cord (meninges). Cryptococcus meningitis is a common central nervous system infection associated 

with HIV, caused by a fungus found in soil[17]. 

Toxoplasmosis: This potentially deadly infection is caused by Toxoplasma gondii, a parasite spread primarily 

by cats. Infected cats pass the parasites in their stools, which may then spread to other animals and humans. 

Seizures occur when it spreads to the brain[17]. 

Cryptosporidiosis: This infection is caused by an intestinal parasite that's commonly found in animals. You 

get it when you eat or drink contaminated food or water. The parasite grows in your intestines and bile ducts, 

leading to severe, chronic diarrhoea in people with AIDS [17]. 

Cancers common to HIV/AIDS: 

Kaposi's sarcoma:  A tumor of the blood vessel walls, this cancer is rare in people not infected with HIV, but 

common in HIV-positive people. It usually appears as pink, red or purple lesions on the skin and mouth. In 

people with darker skin, the lesions may look dark brown or black. Kaposi's sarcoma can also affect the internal 

organs, including the digestive tract and lungs [17]. 

Lymphoma: This cancer starts in the white blood cells. The most common early sign is painless swelling of 

the lymph nodes in your neck, armpit or groin [17]. 

Complications: 

HIV infection weakens your immune system, making you much more likely to develop numerous infections 

and certain types of cancers [17]. 

Other complications: 

Wasting syndrome:  Aggressive treatment approaches have reduced the number of cases of wasting syndrome, 

but it still affects many people with AIDS. It's defined as a loss of at least 10% of body weight, often 

accompanied by diarrhoea, chronic weakness and fever [17]. 

Neurological complications:  Although AIDS doesn't appear to infect the nerve cells; it can cause neurological 

symptoms such as confusion, forgetfulness, depression, anxiety and difficulty walking. One of the most 
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common neurological complications is AIDS dementia complex, which leads to behavioural changes and 

reduced mental functioning[17]. 

Kidney disease: HIV-associated nephropathy (HIVAN) is an inflammation of the tiny filters in your kidneys 

that remove excess fluid and wastes from your blood and pass them to your urine. It most often affects blacks 

or Hispanics. Anyone with this complication should be started on antiretroviral therapy. 

Prevention: 

There's no vaccine to prevent HIV infection and no cure for AIDS. But you can protect yourself and others from 

infection [17]. 

 To help prevent the spread of HIV: 

 Use a new condom every time you have sex 

 Consider the drug Truvada. 

 Tell your sexual partners if you have HIV 

 Use a clean needle. 

 If you're pregnant, get medical care right away. 

 Consider male circumcision. 

FDA-Approved HIV Medicines: 

 

Drug Class 
Generic Name  

(Other names and acronyms) 

Brand 

Name 

FDA 

Approval 

Date 

Nucleoside Reverse Transcriptase Inhibitors (NRTIs) 

NRTIs block reverse 

transcriptase, 

an enzyme HIV needs to 

make copies of itself. 

abacavir 

(abacavirsulfate, ABC) 

Ziagen December 

17, 1998 

emtricitabine 

(FTC) 

Emtriva July 2, 2003 

lamivudine 

(3TC) 

Epivir November 

17, 1995 

tenofovirdisoproxilfumarate 

(tenofovir DF, TDF) 

Viread October 26, 

2001 

zidovudine 

(azidothymidine, AZT, ZDV) 

Retrovir March 19, 

1987 

Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs) 
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Drug Class 
Generic Name  

(Other names and acronyms) 

Brand 

Name 

FDA 

Approval 

Date 

NNRTIs bind to and 

later alter reverse 

transcriptase, an enzyme 

HIV needs to make 

copies of itself. 

doravirine 

(DOR) 

Pifeltro August 30, 

2018 

efavirenz 

(EFV) 

Sustiva September 

17, 1998 

Etravirine Intelence January 18, 

2008 

nevirapine 

(extended-release nevirapine, NVP) 

Viramune June 21, 

1996 

ViramuneXR 

(extended 

release) 

March 25, 

2011 

rilpivirine 

(rilpivirine hydrochloride, RPV) 

Edurant May 20, 

2011 

Protease Inhibitors (PIs) 

PIs block HIV protease, 

an enzyme HIV needs to 

make copies of itself. 

atazanavir 

(atazanavirsulfate, ATV) 

Reyataz June 20, 

2003 

darunavir 

(darunavirethanolate, DRV) 

Prezista June 23, 

2006 

fosamprenavir 

(fosamprenavir calcium, FOS-APV, FPV) 

Lexiva October 20, 

2003 

ritonavir 

(RTV). 

Norvir March 1, 

1996 

Saquinavir 

(saquinavirmesylate, SQV) 

Invirase December 

6, 1995 

tipranavir 

(TPV) 

Aptivus June 22, 

2005 
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Drug Class 
Generic Name  

(Other names and acronyms) 

Brand 

Name 

FDA 

Approval 

Date 

Fusion Inhibitors 

Fusion inhibitors block 

HIV from entering 

the CD4 cells of 

the immune system. 

enfuvirtide 

(T-20) 

Fuzeon March 13, 

2003 

CCR5 Antagonists 

CCR5 antagonists block 

CCR5 coreceptors on 

the surface of certain 

immune cells that HIV 

needs to enter the cells. 

maraviroc 

(MVC) 

Selzentry August 6, 

2007 

Integrase Inhibitors 

Integrase inhibitors 

block HIV integrase, an 

enzyme HIV needs to 

make copies of itself. 

dolutegravir 

(DTG, dolutegravir sodium) 

Tivicay August 13, 

2013 

raltegravir 

(raltegravir potassium, RAL) 

Isentress October 12, 

2007 

Isentress HD May 26, 

2017 

Post-Attachment Inhibitors 

Post-attachment 

inhibitors block CD4 

receptors on the surface 

of certain immune cells 

that HIV needs to enter 

the cells. 

ibalizumab 

(Hu5A8, IBA, Ibalizumab-uiyk, TMB-355, 

TNX-355) 

 

Trogarzo March 6, 

2018 

Pharmacokinetic Enhancers 

Pharmacokinetic 

enhancers are used in 

HIV treatment to 

cobicistat 

(COBI) 

Tybost September 

24, 2014 
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Drug Class 
Generic Name  

(Other names and acronyms) 

Brand 

Name 

FDA 

Approval 

Date 

increase the 

effectiveness of an HIV 

medicine included in an 

HIV regimen. 

Combination HIV Medicines 

Combination HIV 

medicines contain two 

or more HIV medicines 

from one or more drug 

classes. 

abacavir and lamivudine 

(abacavirsulfate / lamivudine, ABC / 3TC) 

Epzicom August 2, 

2004 

abacavir, dolutegravir, and lamivudine 

(abacavirsulfate / dolutegravir sodium / 

lamivudine, ABC / DTG / 3TC) 

Triumeq August 22, 

2014 

abacavir, lamivudine, and 

zidovudine(abacavirsulfate / lamivudine / 

zidovudine, ABC / 3TC / ZDV) 

Trizivir November 

14, 2000 

atazanavir and cobicistat 

(atazanavirsulfate / cobicistat, ATV / COBI) 

Evotaz January 29, 

2015 

bictegravir, emtricitabine, and 

tenofoviralafenamide 

(bictegravir sodium / emtricitabine / 

tenofoviralafenamidefumarate, BIC / FTC / 

TAF) 

Biktarvy February 7, 

2018 

darunavir and cobicistat 

(darunavirethanolate / cobicistat, DRV / 

COBI) 

Prezcobix January 29, 

2015 

darunavir, cobicistat, emtricitabine, and 

tenofoviralafenamide 

(darunavirethanolate / cobicistat / 

emtricitabine / tenofovir AF, 

darunavirethanolate / cobicistat / 

emtricitabine / tenofoviralafenamide, 

darunavir / cobicistat / emtricitabine / 

tenofovir AF, darunavir / cobicistat / 

emtricitabine / 

Symtuza July 17, 

2018 
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Drug Class 
Generic Name  

(Other names and acronyms) 

Brand 

Name 

FDA 

Approval 

Date 

tenofoviralafenamidefumarate,  DRV / 

COBI / FTC / TAF) 

dolutegravir and rilpivirine 

(dolutegravir sodium / rilpivirine 

hydrochloride, DTG / RPV) 

Juluca November 

21, 2017 

doravirine, lamivudine, and 

tenofovirdisoproxilfumarate 

(doravirine / lamivudine / TDF, doravirine / 

lamivudine / tenofovir DF, DOR / 3TC / 

TDF) 

Delstrigo August 30, 

2018 

efavirenz, emtricitabine, and 

tenofovirdisoproxilfumarate 

(efavirenz / emtricitabine / tenofovir DF, 

EFV / FTC / TDF) 

Atripla July 12, 

2006 

efavirenz, lamivudine, and 

tenofovirdisoproxilfumarate 

(EFV / 3TC / TDF) 

Symfi March 22, 

2018 

efavirenz, lamivudine, and 

tenofovirdisoproxilfumarate 

(EFV / 3TC / TDF) 

Symfi Lo February 5, 

2018 

elvitegravir, cobicistat, emtricitabine, and 

tenofoviralafenamidefumarate 

(elvitegravir / cobicistat / emtricitabine / 

tenofoviralafenamide, EVG / COBI / FTC / 

TAF) 

Genvoya November 

5, 2015 

elvitegravir, cobicistat, emtricitabine, and 

tenofovirdisoproxilfumarate 

(QUAD, EVG / COBI / FTC / TDF) 

Stribild August 27, 

2012 

emtricitabine, rilpivirine, and 

tenofoviralafenamide 

(emtricitabine / rilpivirine / tenofovir AF, 

emtricitabine / rilpivirine / 

tenofoviralafenamidefumarate, emtricitabine 

Odefsey March 1, 

2016 
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Drug Class 
Generic Name  

(Other names and acronyms) 

Brand 

Name 

FDA 

Approval 

Date 

/ rilpivirine hydrochloride / tenofovir AF, 

emtricitabine / rilpivirine hydrochloride / 

tenofoviralafenamide, emtricitabine / 

rilpivirine hydrochloride / 

tenofoviralafenamidefumarate, FTC / RPV / 

TAF) 

emtricitabine, rilpivirine, and 

tenofovirdisoproxilfumarate 

(emtricitabine / rilpivirine hydrochloride / 

tenofovirdisoproxilfumarate, emtricitabine / 

rilpivirine / tenofovir, FTC / RPV / TDF) 

Complera August 10, 

2011 

emtricitabine and tenofoviralafenamide 

(emtricitabine / tenofovir AF, emtricitabine / 

tenofoviralafenamidefumarate, FTC / TAF) 

Descovy April 4, 

2016 

emtricitabine and 

tenofovirdisoproxilfumarate 

(emtricitabine / tenofovir DF, FTC / TDF) 

Truvada August 2, 

2004 

lamivudine and tenofovirdisoproxilfumarate 

(3TC / TDF) 

Cimduo February 

28, 2018 

lamivudine and zidovudine 

(3TC / ZDV) 

Combivir September 

27, 1997 

lopinavir and ritonavir 

(ritonavir-boosted lopinavir, LPV/r, LPV / 

RTV) 

Kaletra September 

15, 2000 

[18]. 

A Review of the Future of HIV Therapy: 

HIV research has come a long way since the disease was discovered in the 1980’s. Antiretroviral therapy was 

a major milestone that has changed the lives of millions, but the goal now is to find an HIV cure before 2020. 

We’ve scanned the biotech industry to identify the most promising developments towards finding the cure. 

The year 2020 will bring us close to the 50-year mark after HIV was first described. Several organizations are 

pushing the development of a first functional cure — one that leaves people living with HIV healthy and 
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medication-free without necessarily wiping the virus completely — to 2020. But how close are we to reach this 

goal? Let’s have a look at the most advanced strategies to make a functional HIV cure. 

Stopping the replication of HIV: 

One of the most advanced HIV treatments seeks to inhibit the virus’ ability to replicate its RNA and produce 

more copies of itself. A similar approach is commonly used to treat herpes infections, and although it doesn’t 

get fully rid of the virus, it can stop its spread. The French company Abivax showed last year in a clinical trial 

that this approach has the potential to become a functional cure for HIV. The key to its potential is that it can 

target the reservoir of HIV viruses that “hide” inactive within our cells.“Current therapies suppress the virus in 

circulation by inhibiting the formation of new viruses, but they don’t touch the reservoir. Once you stop, the 

virus comes back in 10-14 days,” says Hartmut Ehrlich, CEO of Abivax. “ABX464 is the first drug candidate 

ever shown to reduce the HIV reservoir.”The drug, called ABX464, binds to a specific sequence in the RNA of 

the virus, inhibiting its replication. In a Phase 2a trial, several patients were given the drug in addition to 

antiretroviral therapy. Eight out of 15 patients treated with ABX464 showed a 25% to 50% reduction of their 

HIV reservoir after 28 days, compared to no reduction in those taking only antiretroviral therapy. 

Figure no: 6. 

 

Ehrlich highlights that a key factor to the potential of this drug is that it doesn’t only target the reservoir of HIV 

hiding in blood cells, but also the latent viruses hiding in the intestine, the largest reservoir of HIV.Thecompany 

is now planning a Phase 2b clinical trial to confirm the effects of the drug in the long term. “We will follow 

about 200 patients for 6 to 9 months to find the maximum level of reservoir reduction and how long it takes to 

achieve it,” says Ehrlich. “That will take us into the first half of 2020, when we could start preparing for Phase 

3[19].” 

 Immunotherapy 

 Gene therapy 

CONCLUSION: 

Recent advances in HIV treatments have dramatically altered the nature and progression of HIV/AIDS. It can 

be safely considered as a “chronic” disease, provided the infected patients receive proper ART. Unfortunately, 

current statistics of the worldwide HIV burden tells another story: one with a steady rate of HIV-related deaths. 

More people die of complications and the progression of HIV to AIDS than should be when ART is used 

properly. The major hurdle a physician faces with ART is the incidence of adverse side effects of the treatment, 

http://www.jetir.org/


© 2020 JETIR July 2020, Volume 7, Issue 7                                                                 www.jetir.org (ISSN-2349-5162) 

JETIR2007105 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 862 
 

which persuade patients to discontinue the treatment. Poverty, lack of awareness, and the social stigma 

associated with the infection complicate an already complicated situation. Appropriate changes in treatment 

regimens and medications can help patients overcome such adverse effects and potential complications inherent 

to the disease. Additionally, in future with the help immunotherapy and gene therapy we can stop the HIV 

replication. 
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