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ABSTRACT 

Tremendous advances have occurred in recent decades in the development of safe and effective medications for 
the treatment of viral diseases. Currently there are more than 20 HIV drugs approved for use in humans. 
Combined chemotherapy has been found useful for a number of viral infections comprising drugs with different 
mechanism of action. HIV treatment guidelines recommend the use of two nucleoside reverse transcriptase 
inhibitors (NsRTIs) plus a third antiretroviral drug for treatment-naive patients with AIDS that include non-
nucleoside reverse transcriptase inhibitors (NNRTIs; eg, efavirenz), ritonavir-boosted protease inhibitors (eg, 
darunavir, atazanavir), and integrase inhibitors (eg, raltegravir, dolutegravir). However emergence of drug 
resistant HIV variants and their dissemination impede proper treatment of AIDS. Preferred regimens as first-line 
treatment in patients with suboptimum adherence comprise drugs with improved potency, safety and 
infrequent selection for resistance-associated mutations. The present review stands for an update on facts and 
phenomena of present, past, and future use of antiretrovirals based upon the available documents in SCI and 
non-SCI journals. 
 
Keywords: Antiretrovirals, reverse transcriptase inhibitors, viral protease inhibitors, viral coreceptor antagonist, 
fusion inhibitor, integrase inhibitors. 
 

 

INTRODUCTION 

The AIDS disease caused by HIV is a major health 
problem with an actively spreading pandemic outbreak 
that has infected 34 million people worldwide and led 
to 30 million deaths due to AIDS-related diseases. [1] 

Although significant progress for the treatment of AIDS 
have been made that can slow the course of the disease 
but presently no vaccine or medication is obtainable 
that can completely eradicate this infection. [2] This is on 
account of the extra ordinary genetic diversity of the 
virus attributed to the high mutation and RNA 
recombination rates, immune selection that altogether  
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give rise to virus variants with great genetic 
heterogeneity, and development of mechanisms for 
evasion of the host immune response as well as 
acquisition of drug resistance through selection 
pressure or person to person transmission. [3-4] 

Currently, there are 26 drugs approved for 
antiretroviral therapy and they are classified as reverse 
transcriptase inhibitors (nucleoside and nucleotide 
analogues), nonnucleoside reverse transcriptase 
inhibitors (NNRTI), cell entry inhibitors, integrase 
inhibitors and protease inhibitors (PI). [4] Combinatorial 
treatment, have displayed considerable potentiality in 
controlling HIV infection in the form of HAART 
regimen, comprising either a NNRTI or a ritonavir-
boosted PI in combination with two NRTIs. [5] However 
antiviral drugs when administered in combination over 
prolonged periods have caused serious side effects 
leading to medication non-adherence and thus 
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treatment failure. [6] Besides, many newer antiretroviral 
drugs approved for use in combination are quite costly, 
thus limiting their use in developing countries, where 
infection is most common. However, improvements in 
effectiveness, safety and dosage simplification have 
alleviated those complications. Therefore, in order to 
achieve effective control and to combat this disease 
efforts are on to develop newer drugs. The present 
article is an attempt to provide an overview of 
antiretroviral therapies, with an emphasis on studies 
that have been conducted in the past 5 years with 
recent advances in field; antiretrovirals under clinical 
development trials; newer potential antiretrovirals with 
greater efficacy and less toxicity compared to 
ubiquitously used drugs, while adding further insights 
into the mechanisms of antiretroviral drug resistance. 
The current review is due to an extensive search in the 
field from both SCI and non-SCI journals as well as 
from scientific websites. The antiretrovirals are 

classified based on their mechanism of action through 
inhibition of viral life cycle stages. 
 
NUCLEOSIDE AND NUCLEOTIDE REVERSE 
TRANSCRIPTASE INHIBITOR (NRTI) 
Nucleoside Reverse Transcriptase Inhibitors (NsRTI) 
are structural analogues of nucleosides which are 
converted into triphosphate (TP) derivatives that 
compete with usual deoxynucleoside triphospahates 
(dNTPs) for inclusion into the growing DNA chain 
causing competitive inhibition of HIV-1 reverse 
transcriptase (RT) for DNA polymerization due to the 
absence of 3/-OH group in the ribose ring. [4] The 
approved NsRTIs such as Zidovudine (AZT), 
Zalcitabine (ddC), Stavudine (d4T), Emtricitabine 
(FTC), Abacavir (ABC), Lamivudine (3TC), Didanosine 
(ddI), Tenofovir disoproxil fumarate (TDF) and the 
newer drugs such as Apricitabine (ATC), Amdoxovir, 
Racivir, Elvucitabine, Tenofovir alafenamide (TAF) and 
CMX-157 under clinical trial are depicted in Table 1. [7-

27]

Table 1: Nucleoside Reverse Transcriptase Inhibitors (NsRTI) 

Drugs 
[Reference] 

Systematic name 
Combination 

from same class 
Side effects 

Old NsRTI 

Zidovudine 
[7-9] 

1-[(2R,4S,5S)-4-azido-5-(hydroxymethyl)oxolan-2-yl]-5-
methylpyrimidine-2,4-dione 

Lamivudine 
Leukopenia, anemia, hepatotoxicity, 

cardiomyopathy, myopathy 
Zalcitabine 

[10] 
4-amino-1-((2R,5S)-5-(hydroxymethyl)tetrahydrofuran-

2-yl)pyrimidin-2(1H)-one 
Zidovudine 

Nausea, headache, peripheral neuropathy, oral 
ulcers, oesophageal ulcers 

Stavudine 
[11-12] 

1-((2R,5S)-5-(hydroxymethyl)-2,5-dihydrofuran-2-yl)-5-
methylpyrimidine-2,4(1H,3H)-dione 

Lamivudine 
Didanosine 

Neuropathy, genotoxic, lipodystrophy 

Abacavir [13-

14] 
{(1S,4R)-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-

yl]cyclopent-2-en-1-yl}methanol 
Lamivudine 
Zidovudine 

Fatal hypersensitivity 

Lamivudine 
[15] 

4-amino-1-[(2R,5S)-2-(hydroxymethyl)-1,3-oxathiolan-
5-yl]-1,2-dihydropyrimidin-2-one 

Zidovudine, 
Stavudine 

Long term use leads to emergence of resistant 
mutant 

Didanosine 
[16] 

9-((2R,5S)-5-(hydroxymethyl)tetrahydrofuran-2-yl)-3H-
purin-6(9H)-one 

Zidovudine 
Stavudine 

Pancreatitis, neuropathy, hepatic dysfunction, 
myalgia, leucopenia, anemia, thrombocytopenia 

Emtricitabine 
[17-18] 

4-amino-5-fluoro-1-[(2S,5R)-2-(hydroxymethyl)-1,3-
oxathiolan-5-yl]-1,2-dihydropyrimidin-2-one 

Didanosine 
Diarrhea, headache, nausea, rash, 

hyperpigmentation , hepatotoxicity, lactic 
acidosis 

New NsRTI 
Apricitabine 

[19-21] 
4-amino-1-[(2R,4R)-2-(hydroxymethyl)-1,3- oxathiolan-

4-yl]pyrimidin-2(1H)-one 
As monotherapy Nasal congestion, muscle pain, headache 

Amdoxovir 
[22] 

[(2R,4R)-4-(2,6-Diaminopurin-9-yl)-1,3-dioxolan-2-
yl]methanol 

Zidovudine 
Lamivudine 

Obstructive nephropathy, lens opacities 

Racivir [23-25] 
4-Amino-5-fluoro-1-[(2S,5R)-2-(hydroxymethyl)-1,3-

oxathiolan-5-yl]pyrimidin-2(1H)-one 
Enantiomeremtric

itabine 
Mild headache, fatigue 

Elvucitabine 
[26-27] 

4-Amino-5-fluoro-1-[(2S,5R)-5-(hydroxymethyl)-2,5-
dihydrofuran-2-yl]pyrimidin-2-one 

_ Bone marrow suppression 

 
The drug Amdoxovir is converted to its active form 
dioxolane guanine triphosphate by deamination with a 
cellular enzyme adenosine deaminase, [28] and is 
currently in phase II clinical trials. [22] The oxothiolone 
Racivir is similar to FTC and 3TC, [23] and this NsRTI is 
currently in phase II clinical trials. [24] The effectiveness 
of Elvucitabine is withheld under phase II trial on 
account of some evidence of bone marrow suppression 
and rapid fall of CD4+ count. [28] 
Nucleotide Reverse Transcriptase Inhibitors (NtRTI) 
are structural analogues of nucleotides and resemble 
nucleoside analogues. Adefovir was initially used for 
HIV infection but is not used at present. [29] Tenofovir 
(TFV) disoproxil fumarate or TDF is an acyclic 

nucleoside phosphonate administered as an esterase-
sensitive prodrug. [4] Tenofovir alafenamide (TAF), a 
new prodrug of TFV is more efficient than TDF in 
terms of higher levels of TFV-DP (diphosphate) 
delivery into pheripheral blood mononuclear cells 
(PBMCs) at much lower TAF doses. TAF is under trial 
as fixed-dose combinations (similar to Stribild) with 
FTC and integrase inhibitor elvitegravir plus a 
pharmacoenhancer cobicistat to prolong the effect of 
elvitegravir. [30] Another recently developed NtRTI is 
CMX-157 which is under Phase I trial and is a 
phospholipid based prodrug of TFV with significant 
concentrations of TFV and its active metabolite in 
PBMCs. [30] 
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Several amino acid substitutions such as K65R, K70E, 
L74V, Y115F and M184I or M184V confer resistance to 
NRTIs by increasing the capacity of HIV-1 RT to 
differentiate the TP derivatives of NRTIs. K65R 
mutation is associated with TFV resistance [31] and 
interaction of Arg instead of Lys with the γ-phosphate 
of the incoming dNTP [32] restricts the conformational 
adaptability of the RT polymerase active site with a 
decreased nucleotide incorporation rate compared with 
the wild-type enzyme. [33-34] TDF resistance is associated 
with K65R and K70R mutations with the former 
substitution having greater impact on resistance while 
K65R and M184V patterns have greater impact on ABC 
resistance than L74V and Y115F patterns. [4] The HIV-1 
RT polymerase with K65R mutation is capable of 
differentiating several NRTIs including TFV, ddI, ABC, 
3TC, FTC and ddC. Mutation in K65R gene is 
associated with Apricitabine resistance with 
concomitant resistance to ddI and TFV. [21] 3TC and FTC 
resistance is related to amino acid substitutions M184I 
and M184V respectively containing β-branched amino 
acid that hinders the interaction of 3TC-TP or FTC-TP 
with the oxathiolane ring of the inhibitor due to a steric 
clash with NRTI. [35] Multi drug resistance is found in 
the Q151M complex comprising A62V, V75I, F77L, 
F116Y and Q151M mutations that decrease 
incorporation of AZTTP, d4TTP, ddATP, ddCTP or 
carbovir-TP [36-37] due to the loss of hydrogen bonding 
interactions altering the 3/-OH group of the dNTP 
ribose moiety. The Q151M complex confers resistance 
to FTC, AZT, 3TC, ABC inhibitors but not to TFV 
inhibitor. [4] Besides NRTI-associated resistance 
mutations, there is another mechanism by which HIV-1 
becomes resistant to NRTIs through acquisition of 
thymidine analogue resistance mutations (TAMs) 
during treatment with AZT, d4T or TFV and involves 
M41L, D67N, K70R, L210W, T215F or T215Y, and 
K219E or K219Q amino acid substitutions. [4] AZT 
resistance due to TAM also causes cross-resistance to 
ABC and TFV. HIV-1 RTs having TAMs cause 
pyrophosphate donor (ATP)-mediated phosphorolysis 
of AZT, d4T and TFV to form the dinucleoside 
tetraphosphate product, finally forming dead-end 
complex (DEC) that inhibits the reaction when the 3/-
OH of the primer occupies the P site and the 
complementary dNTP binds to the N site and remove 

3/-terminal chain-terminators from blocked DNA 
primers. [4] ATC resistance occurs due to HIV-1 RT 
mutations such as L74V, M184V, K65R, V75I, M184V, 
Q151M, Q151M/M184V, TAMs including M41L and 
T215F/Y [38-39] while dexelvucitabine resistance is found 
with deletion of Ser68 in combination with K65R 
mutation. [40] 
The 4'-Ethynyl-2-fluoro-2'-deoxyadenosine (EFdA) is an 
NRTI under preclinical development and inhibits HIV-
1 replication by blocking primer translocation after 
being inserted into the DNA chain as EFdA 
monophosphate. [41] EFdA is more active than AZT and 
is effective against a broad range of K65R, L74V, 
M41L/T215Y or the Q151M complex mutations bearing 
drug-resistant isolates. [42] EFdA resistance is due to 
M184V along with P119S and T165A mutation. [42-43] 

Another NRTI under preclinical development is GS-
9148 [(5-(6-amino-purin-9-yl)-4-fluoro-2, 5-dihydro-
furan-2-yloxymethyl)phosphonic acid], which is a 
phosphonate nucleotide analogue RTI effective against 
a broad range of K65R, L74V or M184V, combinations 
of 6 TAMs mutations bearing drug-resistant isolates. [44] 
 
NON-NUCLEOSIDE REVERSE TRANSCRIPTASE 
INHIBITORS (NNRTI) 
Non-Nucleoside Reverse Transcriptase Inhibitors 
(NNRTI) are small (<600 Da) hydrophobic compounds 
that directly bind at sites, about 10 Ao away, other than 
the substrate-binding site (where the NRTI bind) at a 
hydrophobic pocket adjacent to the viral RT active site 
in the RT p66 subunit and inhibit it non-competitively 
to induce conformational change in the enzyme which 
leads to its inactivation. [4, 45] They inhibit the RT of 
HIV-1 but not that of HIV-2. The approved drugs such 
as first generation NNRTI (nevirapine, delavirdine, 
efavirenz), next generation NNRTI (etravirine and 
rilpivirine) and the newer NNRTIs such as Lersivirine, 
difluoromethylbenzoxazole (DFMB) pyrimidine 
thioether derivatives, MK-6186, RO-0335, dapivirine, 
under preclinical development are depicted in Table 2. 
[46-57] Currently used drugs are Efavirenz, Nevirapine, 
Delavirdine and the newer agents in this group are 
Etravirine and Rilpivirine. Rilpivirine has completed 
phase III trials [58] and is recommended with a high-
calorie meal for its good systemic distribution. [56]  

 

 

Table 2: Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTI) 

Drugs (Approval 
date: US) [Reference] 

Systematic name Combination Side effects 

Old NNRTI 
Efavirenz (09/1998) 

[46-48] 
(4S)-6-chloro-4-(2-cyclopropylethynyl)-4-(trifluoromethyl)-

2,4-dihydro-1H-3,1-benzoxazin-2-one 
Two or more NRTIs and/or PI 

Psychiatric symptoms, 
birth defects 

Nevirapine (06/1996) 
[49-51] 

11-cyclopropyl-4-methyl-5,11-dihydro-6H- dipyrido[3,2-
b:2′,3′-e][1,4]diazepin-6-one 

Three-drug regimens Rash 

Delavirdine 
(04/1997) [52-53] 

N-[2-({4-[3-(propan-2-ylamino)pyridin-2-yl]piperazin-1-
yl}carbonyl)-1H-indol-5-yl] methanesulfonamide 

Zidovudine and didanosine 
and/or PI 

Rash, fatigue, headache 
and nausea 

Etravirine (01/2008) 
[2,54-55] 

4-[6-Amino-5-bromo-2- [(4-cyanophenyl)amino] 
pyrimidin-4-yl]oxy-3,5-dimethylbenzonitrile 

As a combination therapy in 
treatment experienced adults 

Cutaneous reactions as a 
maculopapular rash 

New NNRTI 

Rilpivirine (05/2011) 
[56-57] 

4-{[4-({4-[(E)-2-cyanovinyl]-2,6-
dimethylphenyl}amino)pyrimidin-2-yl]amino}benzonitrile 

As a combination therapy with 
other NNRTI 

Depressive disorders, 
insomnia, headache, rash 
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Rilpivirine is metabolised in liver by cytochrome 
CYP3A and Etravirine by cytochrome P450 CYP3A4, 
CYP2C9, CYP2C19 and have the potential for drug 
interactions with co-administered medications. [2] 

Rash, central nervous system adverse effects, and 
hepatic amino transferase level elevations are generally 
associated with efavirenz-based regimens. [59] 
The first generation NNRTIs nevirapine, delavirdine 
and efavirenz inhibit RTs by binding at catalytic sites of 
DNA polymerase, created through shifting of aromatic 
side-chains of Tyr181 and Tyr188, as well as through 
shifting of primer grip region (β12-β13-β14 strands) 
away from catalytic triad (β6-β10-β9 strands). [60] 

Nevirapine or efavirenz resistance is contributed by 
mutations that disrupt the stacking interactions such as 
Y181C, that limit the conformational flexibility of the 
NNRTI binding pocket (e.g. Y188L), or facilitate exit of 
the NNRTI from the binding site (e.g. K103N). 
The next generation NNRTI etravirine is a diaryl 
pyrimidine compound that inhibits RTs by forming 
hydrogen bond with Lys101 and by placing its 
benzonitrile moiety in the binding pocket (formed by 
Val106, Pro225, Phe227, Leu234, Pro236 and Tyr318) 
with the dimethylcyanophenyl group oriented towards 
Tyr188, Phe227 and Trp229. [61-62] The amino acid 
substitutions related to Etravirine resistance are V90I, 
A98G, L100I, K101E/H/P, V106I,E138A/K/G/Q, 
V179D/F/T, Y181C/I/V, G190A/S and M230L 
amongst which at least two mutations associated with 
high etravirine resistance are V179F/Y181C, 
V179F/Y181I or Y181I/M230L. [61, 63-64] The other next 
generation NNRTI rilpivirine is also a diaryl 
pyrimidine compound that binds the NNRTI binding 
pocket in different conformations, positions and 
orientations due to the drug’s torsional flexibility and 
compact design. [61] Rilpivirine resistance is associated 
with mutations such as V90I, L100I, K101E, V106A/I, 
V108I, E138G/K/Q/R,V179F/I, Y181C/I, V189I, 
G190E, H221Y, F227C and M230I/L out of which 
E138K and M184I are the most frequent mutations. [65-66] 
However, E138K has been found to be the major 
mutation associated with resistance to both rilpivirine 
and etravirine in the absence of NNRTI resistance 
mutations. [67] 
Lersivirine, difluoromethylbenzoxazole (DFMB) 
pyrimidine thioether derivatives, MK-6186, RO-0335 
and dapivirine are NNRTIs in preclinical development. 
Lersivirine (UK-453,061) is a pyrazole derivative that 
binds the RT in a conformation different from that 
shown by nevirapine or efavirenz, characterized by the 
rotation of Tyr181. Lersivirine is active against HIV-1 
strains bearing single amino acid substitutions in the 
RT such as L100I, K101E, K103N, V106A, V108I, E138K, 
Y181C, Y181I, M184V, Y188C, F227L, E233V, L234I, and 
P236L. [68] High-level in vitro resistance to lersivirine is 
conferred by F227C as well as the double-mutants 
V106A/F227L and Y181I/Y188L. [68] Mutations found in 
patients failing therapy with lersivirine include K101E, 

V106M, V108I, Y188H, H221Y, F227C or L, and L234I. 
[69] Other NNRTIs in preclinical development that show 
excellent potency against K103N and Y181C mutants 
are difluoromethyl benzoxazole (DFMB) pyrimidine 
thioether derivatives [70], MK-6186 [4], RO-0335 [64], and 
dapivirine (TMC120), a DAPY analogue, developed to 
be used as a vaginal microbicide. [4] However, high-
level resistance to dapivirine is conferred by mutations 
L100I/K103N and K103N/Y181C [4], and other 
mutations such as L100I, K101E, V106I, E138K, V179I, 
Y181C and G190A have been selected in vitro in the 
presence of the drug. [4] Not surprisingly, the 
mutational profile of dapivirine resembles the ones 
described for etravirine and rilpivirine. 
 
NUCLEOTIDE-COMPETING REVERSE 
TRANSCRIPTASE INHIBITORS   
There is a new class of HIV-1 RTIs, known as 
nucleotide-competing RT inhibitors (NcRTIs) that are 
competitive inhibitors of natural dNTPs and act by 
binding to the active site of DNA polymerase during 
reverse transcription. [4] The indolopyridinone 
compound such as INDOPY-1 represents a NcRTI. 
 
CELL ENTRY INHIBITORS 
HIV-1 infection occur after binding of gp120 viral 
envelope glycoprotein with CD4 receptor and CCR5, 
CXCR4 coreceptors which cause fusion of the viral and 
host cell membranes in presence of gp41 viral 
transmembrane glycoprotein. [4] Cell entry inhibitors 
include fusion inhibitors (e.g. enfuvirtide, albuvirtide 
and sifuvirtide), CXCR4 and CCR5 antagonists (e.g. 
bicyclams such as AMD3100, maraviroc, vicriviroc and 
cenicriviroc), attachment inhibitors (e.g.zintevir, 
chicoric acid derivatives, dextran sulfate, cyanovirin 
andlectins), CD4 binding inhibitors (e.g. azaindole 
derivatives such as BMS-378806 or BMS-599793), 
monoclonal antibodies against CD4, the coreceptor or 
the gp120/gp41 complex (e.g. ibalizumabor IgG1b12), 
and protease inhibitors. Amongst these drugs only 
maraviroc and enfuvirtide have been approved for 
clinical use. However enfuvirtide recommended as 
twice-daily subcutaneous injections, is used as salvage 
therapy against multidrug-resistant HIVs due to its 
high cost. [4] There are two types of cell entry inhibitors, 
viz. fusion inhibitors and co-receptor inhibitors.  
 
FUSION INHIBITORS  
The HIV fusion protein is a Class I trimeric protein 
consisting of three noncovalently attached gp120/gp41 
heterodimers (a product of gp160 precursor protein), 
gp120 is the outer receptor binding subunit and gp41 is 
the fusion subunit. The gp41 subunit contains at the N-
terminal a fusion peptide, a heptad repeat region or 
HR1, a linker region, and a heptad repeat region or 
HR2 at the C-terminal, a tryptophan rich 
juxtamembrane region, a transmembrane domain, and 
a cytoplasmic tail. The formation of six-helix bundle 
trimeric hairpin loop structure by gp41 is essential for 
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fusion to occur with three HR2 helices packing in an 
antiparallel fashion, in the grooves created by a central 
triple helical coiled-coil composed of three HR1 
regions. [71] Enfuvirtide (Fuzeon approved on 03/2003) 
is a fusion inhibitor that blocks HIV cell entry. It is 
homologous to a segment of the peptide motif HR2 
(heptad repeat) region of gp41 corresponding to amino 
acids 643-678. As a linear 36 amino acid peptide, 
enfuvirtide binds to the HR1 region of gp41 blocking 
the formation of the six-helix bundle hairpin structure 
necessary for fusion and thus enfuvirtide function by 
blocking the interaction between HR2-HR1, the binding 
of which is a prerequisite for fusion to occur. [72] Under 
drug selection pressure, the high replication rate of HIV 
and the low fidelity of the HIV reverse transcriptase 
enzyme cause resistance development to enfuvirtide. 
[72] The development of resistance is associated with 
single and double substitution mutation in a conserved 
region spanning amino acids 36-45 in gp41. [73-74] 

Enfuvirtide is not available in oral form, causes adverse 
reaction at the injection site, is very expensive, and is 
generally only considered for patients with very few 
remaining ARV options, as a salvage therapy in 
patients with multi-drug resistant HIV. 
 
CO-RECEPTOR INHIBITORS  
Co-receptor inhibitors include CCR5 receptor 
antagonist that belong to a relatively new class of HIV-
1 entry inhibitors. CCR5 is a chemokine co-receptor 
used by T-cell-tropic HIV strains during attachment of 
HIV-1 virus before viral fusion and entry into host cells. 
[75] The HIV fusion occurs by conformational changes 
due to attachment of CD4 to a gp120 pocket so that the 
V3 loop obtrudes and β-bridging sheets are formed, 
causing better access of the coreceptor attachment site 
on the target cell. [76]   
Maraviroc (MVC) [77]  (Brand name: Selzentry, Celsentri; 
US approval date: 08/2007) is the only CCR5 antagonist 
that has been licensed for clinical use as an HIV-1 
antiretroviral therapy. [78] Other CCR5 antagonist HIV-1 
inhibitors that lack clinical efficacy and possess adverse 
side effects include vicriviroc, aplaviroc and 
cenicriviroc. [79] The CCR5 co-receptor antagonist drugs 
act by binding to the hydrophobic pocket formed by 
the transmembrane helices of CCR5 which leads to 
structural alterations in the extracellular loops, ECL 
(projecting from the helices) such that they are no 
longer recognized by gp120. The N terminus is 
unaffected by the binding of CCR5 antagonists to 
CCR5. Thus, CCR5 antagonists are not competitive 
inhibitors of CCR5; rather they are allosteric inhibitors 
of HIV-1 entry. [2] Resistance to MVC occurs due to a 
critical interaction of HIV-1 with the sulfated tyrosine 
residues at position 10 and 14 of the CCR5 N-terminus 
and an altered interaction with histidine residues of the 
CCR5 ECL1 and ECL2 regions such that the adaptive 
changes in the gp120 V3 loop causes the viruses to 
utilize the antagonist-modified form of CCR5; 

mutations in gp41 conferring this ability have also been 
observed. [79] 
 
INTEGRASE INHIBITORS  
Integrase inhibitors are potent agents against HIV 
which function to inhibit the integrase enzyme required 
in replication of HIV. [80] Raltegravir [Isentress: N-(2-(4-
(4-fluorobenzylcarbamoyl)-5-hydroxy-1-methyl-6-oxo-
1,6-dihydropyrimidin-2-yl)propan-2-yl); US approval 
date: 10/2007] and Elvitegravir {EVG: 6-[(3-Chloro-2-
fluorophenyl)methyl]-1-[(2S)-1-hydroxy-3-methylbutan 
-2-yl]-7-methoxy-4-oxoquinoline-3-carboxylic acid} are 
recently approved drugs in this class. Eron et al. (2013) 
demonstrated that raltegravir, the HIV-1 integrase 
strand-transfer inhibitor, with optimized background 
therapy showed reduction of viral loads to less than 50 
copies per mL in 51% patients while mean CD4 cell 
count increase was 164 cells per Μl and found a 
favourable long-term efficacy (at week 240) and safety 
profile (the most common drug-related adverse events 
at 5 years were nausea, headache, and diarrhea) with 
raltegravir in treatment-naive and previously treated 
patients having triple-class resistant HIV in whom 
antiretroviral therapy is failing. [81] Mutation in genes 
encoding integrase is associated with resistance to 
integrase inhibitors. Resistance to raltegravir is due to a 
primary mutation at position 155, 148, or 143 with a 
concomitant secondary mutation at other positions in 
the integrase. [82] 
 
PROTEASE INHIBITORS  

Protease inhibitors are small peptidic or non-peptidic 
competitive inhibitors of HIV-1 proteases which are 
member of a highly conserved aspartic protease family 
consisting of a dyad of aspartate residues one in each 
lobe of the enzyme’s bilobal structure to activate a 
nucleophilic water molecule and catalyze peptide 
cleavage. [83] The drugs prevent the HIV protease from 
cleaving the viral gag-pol polyprotein and carrying out 
proteolytic processing of precursor viral proteins into 
mature viral proteins. [84] This action prevents the 
production of infectious viral particles with the 
subsequent decrease of the viral load and the partial 
immune restoration. [85] There are three generation of 
PIs developed to improve the drug efficacy and/or 
properties. Currently, there are six approved PIs 
namely, darunavir, lopinavir, atazanavir, 
fosamprenavir, saquinavir and tipranavir all of which 
act by binding to the active site of the enzyme. 
Darunavir, lopinavir and atazanavir are mostly used, 
and except atazanavir all PIs are used with ritonavir-
boosting. All PIs except tipranavir are peptidomimetics. 
Table 3 depicts the different types of protease inhibitors 
and their characteristics. [86-96] There are two types of 
mutations conferring resistance to protease inhibitors, 
primary and secondary resistance mutations. Primary 
mutations such as D30N, V32I, L33F, M46I/L, I47A/V, 
G48V, I50L/V, V82A/F/L/S/T, and I84A/V act 
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Table 3: Protease inhibitors 

Protease inhibitors 
(Approval date: US)[Reference] 

Systematic name Common side effects 

1st generation 

Saquinavir (12/1995) [84] 
(2S)-N-[(2S,3R)-4-[(3S)-3-(tert-butylcarbamoyl)-decahydroisoquinolin-2-yl]-3-

hydroxy-1-phenylbutan-2-yl]-2-(quinolin-2-ylformamido)butanediamide 
Gastrointestinal symptoms 

Ritonavir (03/1996) [85] 
1,3-thiazol-5-ylmethyl N-[(2S,3S,5S)-3-hydroxy-5-[(2S)-3-methyl-2-

{[methyl({[2-(propan-2-yl)-1,3-thiazol-4-yl] methyl}) carbamoyl]amino} 
butanamido]-1,6-diphenylhexan-2-yl]carbamate 

Hypercholesterolemia, 
hypertriglyceridemia, 

hyperglycemia 
2nd generation 

Lopinavir/ritonavir 
(09/2000) [86-87] 

(2S)-N-[(2S,4S,5S)-5-[2-(2,6-dimethylphenoxy)acetamido]-4-hydroxy-1,6-
diphenylhexan-2-yl]-3-methyl-2-(2-oxo-1,3-diazinan-1-yl)butanamide 

Gastrointestinal disturbances, lipid 
abnormalities, CSF penetration 

Fosamprenavir (10/2003) [86, 

88] 
_ _ 

Atazanavir (06/2003) 
[86,89-91] 

methyl N-[(1S)-1-{[(2S,3S)-3-hydroxy-4-[(2S)-2-[(methoxycarbonyl)amino]-
3,3-dimethyl-N'-{[4-(pyridin-2-yl)phenyl]methyl}butanehydrazido]-1-

phenylbutan-2-yl]carbamoyl}-2,2-dimethylpropyl]carbamate 

Bilirrubin elevation, should not be 
used with proton pump inhibitors 

3rd generation 

Tipranavir (06/2005) [92-93] 
N-{3-[(1R)-1-[(2R)-6-hydroxy-4-oxo-2-(2-phenylethyl)-2-propyl-3,4-dihydro-
2H-pyran-5-yl]propyl]phenyl}-5-(trifluoromethyl)pyridine-2-sulfonamide 

Ddrug interactions, inhibition of 
CYP isoenzymes 

Darunavir (06/2006) [94] 
[(1R,5S,6R)-2,8-dioxabicyclo[3.3.0]oct-6-yl] N-[(2S,3R)-4- [(4-

aminophenyl)sulfonyl- (2-methylpropyl)amino]-3-hydroxy-1-phenyl- butan-
2-yl] carbamate 

Diarrhoea, nausea, headache, 
upper respiratory tract infection, 

nasopharyngitis 

 
Table 4: Combination HAART regimen (Menendez-Arias, 2013)[4] 

Drugs (Approval date in US) 

Fixed-dose combinations of nucleostide analogues 
Lamivudine/Zidovudine (09/1997) 

Abacavir/Lamivudine/Zidovudine (11/2000) 
Abacavir/Lamivudine (08/2004) 

Emtricitabine/Tenofovir DF (08/2004) 
Fixed-dose combinations of nucleostide and non-nucleostide  
inhibitors 

Efavirenz/Emtricitabine/Tenofovir DF (07/2006) 
Emtricitabine/Rilpivirine/Tenofovir DF (08/2011) 

Fixed-dose combinations of reverse transcriptase and Integrase 
inhibitors 

Elvitegravir/Cobicistat/Emtricitabine/Tenofovir DF (08/2012) 

 
through modification of residues present in the 
substrate-binding pocket or its vicinity. [97] Secondary 
mutations arise during treatment with PIs and occur at 
codons encoding amino acidsout of the enzyme active 
site. For example N88D mutation compensates 
impaired replication due to D30N mutation in presence 
of L90M mutation. [98] Other molecular mechanism of 
secondary mutation include mutation A431V at NC/p1 
gag cleavage site and L449F mutation at p1/p6 gag 
cleavage site in presence of D30N, I50L or I84V 
mutations. [99] 
The newly prescribed PIs show very high genetic 
barriers to resistance i.e., PIs require large number of 
mutations to overcome drug selection pressure. For e.g. 
darunavir or tipranavir require 20-30 mutations in the 
protease-coding region to exhibit decreased 
susceptibility in HIV-1 isolates whereas a high-level 
resistance to ritonavir-boosted lopinavir or darunavir 
usually requires a minimum of three to four mutations. 
[100] PIs such as darunavir-like compounds e.g. GRL-
1398, are in preclinical trial phase and have shown 
efficacy against HIV variants resistant to PIs and that 
require 8 or several mutations such as A28S [101], or 
TMC310911 at codon 41 in the protease-coding region 
[102], seldom found in patients treated with currently 
sanctioned antiretroviral drugs. 

Vidal et al (2013) reported a high rate of virologic and 
immunologic suppression with darunavir/ritonavir 
plus optimized background treatment among highly 
antiretroviral-experienced HIV-infected patients in 
Brazil with 83% patients showing HIV RNA level <50 
copies/mL and the median CD4 cell count of 301 
cells/mm3 from a baseline HIV RNA >100000 
copies/mL that was inversely associated with virologic 
success at week 48. [103] Gastrointestinal symptoms, 
lipid abnormalities, and hepatic amino transferase level 
elevations appear to be generally associated with 
protease inhibitor (PI)-based regimens. [59] 
HAART regimen typically consist of two NRTIs (either 
Tenofovir and Emtricitabine or Abacavir and 
Lamivudine or Zidovudine and Lamivudine) combined 
with an NNRTI (Efavirenz) or a boosted PI (either 
Atazanavir/Darunavir or Lopinavir/ritonavir or 
Lopinavir and Saquinavir), and choosing which 
combination to use depends on considerations of drug 
potency, tolerability, potential for adherence, and 
resistance. [5] The choice between NNRTI and PI 
therapy is specific to the individual patient, determined 
based on which adverse events the patient is able or 
willing to tolerate. Raltegravir, the integrase strand 
transfer inhibitor, is also used for the treatment of naive 
patients. 
Fixed-dose antiretroviral agents, as dual NRTIs are 
available in combinations of Tenofovir/Emtricitabine, 
Zidovudine/Lamivudine and Abacavir/Lamivudine 
while boosted PIs is available as Lopinavir/Ritonavir 
combination. [5] Combined chemotherapy with two 
NRTIs or NRTIs plus NNRTIs possess in vitro 
synergistic activity with a reported mechanism of 
enhanced formation of phosphorylated metabolites 
with emricitabine plus tenofovir combination. [104-105] 
The triple drug combination of 
Rilpivirine/Emricitabine/Tenofovir exhibited a 
stronger synergistic effect compared to the 
Efavirenz/Emtricitabine/Tenofovir combination, the 
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proposed mechanism being the increased formation of 
dead end complexes with tenofovir-terminated DNA 
primer/template plus HIV-1 RT in the presence of 
emricitabine-triphosphate or rilpivirine, and by 
emricitabine-monophosphate-terminated DNA primer 
/template and HIV-1 RT in the presence of rilpivirine, 
as well as increased levels of the active metabolites 
tenofovir-diphosphate and emricitabine-triphosphate 
when the drugs are dosed together. [106] Thus HAART 
combinations have been simplified with single-tablet, 
once-daily, fixed-dose regimen to reduce pill burden 
and frequency of administration that can in turn affect 
adherence to the drug besides having improved 
efficacy and a higher barrier to resistance development. 
[107-108] Table 4 contains information on anti-HIV 
medication approved by Food and Drug 
Administration, USA. [4] 

 
HIV VACCINE 
Besides progress being made towards development of 
medicines against HIV, several efforts have been made 
to produce HIV vaccine that could either confer long-
term immunity to HIV infection based on cellular or 
humoral immune response that eradicates the virus or 
that could control HIV viremia by vaccination. Despite 
several diligent efforts, no safe and effective vaccines 
have yet being produced that can completely eliminate 
the disease. However, some of these attempts show 
promising results that require continued research 
efforts. Several clinical trials to evaluate the safety and 
efficacy of therapeutic vaccine have been implemented 
some of which are depicted in Table 5. [109-111]  

Nabel (2007) reported few HIV candidate vaccines 
involving canarypox and recombinant envelope (Env) 
glycoprotein in combination, an adenovirus vector 
encoding gag, pol and nef proteins from HIV clade B, 
and another involving recombinant adenovirus 5. [3] 

The first indication that a vaccine could protect against 
HIV-1 infection was made by RV144 study in which 
vaccination with an avipox vector, boosted with the 
bivalent gp120s showed 31% fewer HIV-1 infections in 
the vaccine arm compared to the placebo arm in 
volunteers. [112] The HVTN 505 Study Team tested the 
efficacy of a DNA prime-recombinant adenovirus type 
5 boost (DNA/rAd5) vaccine regimen in persons at 
increased risk for HIV-1 infection in the United States; 
the 6-plasmid DNA vaccine (expressing clade B gag, 
pol, and nef and env proteins from clades A, B, and C) 
administered at weeks 0, 4, and 8, while the rAd5 
vector boost (expressing clade B gag-pol fusion protein 
and env glycoproteins from clades A, B, and C) was 
administered at week 24, however, the DNA/rAd5 
vaccine regimen did not reduce either the rate of HIV-1 
acquisition or the viral-load set point in the population 
studied. [111] The HVTN 505 vaccine induced antibodies, 
nonspecific for HIV infection, which recognized HIV as 
well as intestinal microbiome, thus the HVTN 505 
vaccine candidate did not perform well. [113]  

The vaccines based on monoclonal antibodies (mAbs) 
bind to site within the V2-V3 region of the HIV-1 viral 
spike [114] and also in the functionally conserved region 
of gp120 that interacts with the host cell receptor CD4. 
[115-116] The variable loops V2 and V3 within gp120 
involved with HIV-1 recognition of the α4β7-integrin, 
the gut-homing receptor for HIV-1 used by primary 
isolates during early stages of infection [117] are 
recognized by the mAbs, that were reported to be 
extremely strain-specific while other mAbs were able to 
neutralize 70%–80% of current circulating isolates. [114, 

118] Recent progress in the identification of vaccines that 
elicit broadly neutralizing antibodies have provided 
new opportunities to advance the goal of producing 
vaccines that prevent infection and/or progression to 
AIDS. [119] Advances are been made to treat and prevent 
HIV infections based on improvement of known and 
novel broadly neutralizing antibodies using 
combination of two complementary antibodies, each 
targeting different sites on the HIV surface molecule. 

[120]  Universal sterilizing HIV vaccine that elicit cross-
reactive and broadly neutralizing antibodies showed 
promising results with the such antibodies appearing in 
10 to 30% of infected persons. [121] Currently 
development are towards rational design of effective 
HIV vaccine with directed-antigen evolution to 
produce HIV-envelope immunogens that will strongly 
attach and activate the germline naïve B-cell receptors. 
[122]  

Despite the risks in terms of drug toxicities involved 
with antiretroviral therapy for HIV infection, the 
treatment could outweigh the benefits of controlling the 
virus. The results of three large clinical trials, SMART 
study in 2006, HPTN 052 study in 2011 and START 
study in 2015 demonstrate the benefits of starting ART 
early in infection that outweigh any theoretical risk 
protecting the health of the infected individual while 
preventing HIV transmission to uninfected individuals. 
[123] Besides, preexposure prophylaxis (PrEP) is 
nowadays a promising interventions on HIV 
prevention, which involves initiation of antiretroviral 
drugs in HIV-negative persons before potential 
exposure to the virus, with either TDF or the 
combination of TDF and FTC has been shown to 
provide protection in men at high risk for HIV-1 
infection. The combination of PrEP and prompt 
initiation of ART for infected individuals offers a 
promising suggestion, made by National Institute of 
Allergy and Infectious Diseases (NIAID) scientists, to 
bring about an end to the HIV/AIDS pandemic. [123] A 
significant progress have been made on the 
development of antiretrovirals based on the concepts of 
targeting different steps of the viral life cycle including 
genome replication (reverse transcriptase inhibitors), 
maturation (viral protease inhibitors), viral co-receptor 
antagonist (maraviroc), fusion inhibitor, (enfuvirtide) 
and integrase inhibitors (raltegravir and elvitegravir). 
[84] Formulations of the same are well established, but 
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formulations for Elvitegravir and the nonnucleoside 
reverse transcriptase inhibitor rilpivirine is now 
emerging. [4] There are several on-going clinical trials in 
2015 and onwards for the implementation of 

antiretroviral medications among people with HIV 
infection some of which are indicated in Table 6. [124-129] 

The combined therapy of the old and the newer drugs 

 

 
Table 5: Recent HIV vaccine clinical trials 

Clinical Trials.gov 
Identifier [Reference] 

Study Duration 
(Phase) 

Vaccine Purpose 

NCT02413645 [109] 

Jun 2015- Oct 
2016 

(Phase 1) 

TriMix_100; TriMix_300; 600μg 
mRNA (300μg HIV 
mRNA+300μg TriMix mRNA; 
900μg mRNA (600μg HIV 
mRNA+300μg TriMix mRNA; 
1200μg mRNA (900μg HIV 
mRNA+300μg TriMix mRNA 

To evaluate the safety and to establish the recommended dose of 
iHIVARNA-01 as a new therapeutic vaccine against HIV 

NCT01627678 [110] 

Sept 2012-  Nov 
2013 

(Phase 1 and 2) 

Vacc-C5/GM-CSF 
Vacc-C5/Alhydrogel 

To investigate the formation of non-neutralizing antibody against C5 
region by Vacc-C5, which is a single heterodimeric peptide-based 
HIV vaccine corresponding to the C5 region on gp120 and the 
external domain of gp41 

NCT01859325 [111] 

May 2013- Jan 
2030 

(Phase 1) 

Attenuated recombinant 
vesicular stomatitis virus 
containing HIV-1 gag gene; 
plasmid DNA containing human 
IL-12 gene; plasmid DNA 
containing genes encoding 
multiple HIV-1 proteins 

To evaluate the safety and efficacy of therapeutic vaccine (to 
augment immunologic control of HIV infection and obviate the need 
for chronic combination ART), namely, HIV-1 multiantigen plasmid 
vaccine prime in combination with an interleukin-12 plasmid DNA 
adjuvant delivered by in vivo electroporation followed by a 
recombinant vesicular stomatitis virus vector containing the HIV-1 
gag gene booster vaccine in subjects on combination ART who 
started therapy during acute or early HIV infection 

 
Table 6: Present on-going clinical trials in 2015 

Clinical Trials.gov 
Identifier [Reference] 

Study Duration 
(Phase) 

Drugs Purpose 

NCT02206555 [124] 
 

Nov 2014- Nov 
2016 

(Phase 4) 

Emtricitabine/Tenofovir 
Disoproxil fumarate 

Primary HIV prevention with pre exposure prophylaxis in sero-
negative individuals at high risk for HIV infection 

NCT02527096 [125] 
 

Sept2015- Nov 
2017 

(Phase 2) 
Ddolutegravir and Lamivudine 

Evaluation of the antiviral efficacy of 48 weeks treatment with the 
two drugs combination Dolutegravir and Lamivudine in HIV-1 
infected patients virologically suppressed with triple HAART. 

NCT02514707 [126] Jan2014-Jun 2025 
Any combination including 
second line 

Evaluation of the outcomes of HIV infected individuals after ten 
years on antiretroviral treatment 

NCT02572947 [127] 
Dec 2015- Sept 

2016 
(Phase 2) 

Dolutegravir 

To investigate the feasibility of Dolutegravir monotherapy in 
maintenance therapy in  virologically suppressed patients for at least 
six months on conventional triple ART of Dolutegravir plus two 
NsRTIs 

NCT02513901 [128] 
July 2015- Dec 

2015 
(Phase 1 and 2) 

Chidamide with ART 
To evaluate the safety and efficacy of multi-dose Chidamide in 
combination with antiretroviral therapy in HIV-infected adults with 
suppressed viral load 

NCT02469246 [129] 
Jun 2015- Jun 

2018 
(Phase 3) 

Emtricitabine/Tenofovir 
Aalafenamide or 
Abacavir/Lamivudine; both 
along with allowed 3rd pre-
existing ARV regimen 

To evaluate the efficacy, safety, and tolerability of switching 
Aabacavir/Lamivudine (ABC/3TC) to Eemtricitabine/Tenofovir 
Alafenamide  versus maintaining ABC/3TC in HIV-1 infected adults 
who are virologically suppressed on regimens containing ABC/3TC. 

 

with different mechanism of actions and belonging to 
different groups have improved the spectrum of 
treatment of AIDS. [130] However, adverse reactions to 
medication play major role in non-adherence to 
treatment; moreover, acquisition of drug resistance 
reduces the efficacy of treatment too. Hence, to make 
antiretroviral therapy suitable and to overcome the 
problem of drug resistance, the search for safe and 
efficient antiretroviral agent with improved 
bioavailability, pharmacokinetics with simplified 
dosing regimens, and the development of newer cost 
effective agents are required for preventive therapies. [5] 
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