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Drug Resistance
• In simple terms, drug resistance refers to the ability of disease causing 
germs—such as bacteria and viruses—to continue multiplying despite 
the presence of drugs that usually kill them.

• The widespread availability of antiretroviral therapy has made the 
fight against HIV a great deal easier. 

• But these medications can’t go the distance alone. This is because of 
obstacles that can arise before and during treatment—one of the 
most important is HIV drug resistance.



Antiretroviral Drugs
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Mechanism of ART Drugs



What is HIV drug resistance?

• With HIV, drug resistance is caused by changes (mutations) in the 
virus’s genetic structure. These mutations can lead to changes in 
certain proteins, most commonly enzymes, which help HIV reproduce 
(replicate).

• Mutations are very common in HIV. This is because HIV replicates at 
an extremely rapid rate and does not contain the proteins needed to 
correct the mistakes it makes during copying.



HIV Drug Resistance
• Worldwide antiretroviral therapy has reduced mortality and morbidity with
HIV, however increasing drug resistance is limiting treatment options

• Mutation can be of two types, both major and minor, which may involve base
substitution, deletion, and insertion

• These mutations render the antiretroviral drugs to become ineffective

• Updated data, therefore, are necessary to study the patterns of resistance
and sensitivity of virus against the drugs being administered



Nucleoside reverse 
transcriptase 
inhibitors

Zidovudine 
Lamivudine 
Abacavir 
FTC 
Tenofovir

Non‐nucleoside 
reverse transcriptase 

inhibitors
Efavirenz 
Etravirine 
Nevirapine 
Rilpivirine

Protease Inhibitors
Atazanavir 
Darunavir 
Fosamprenavir
Lopinavir/Ritonavir 
Saquinavir
Tipranavir

Integrase Inhibitors
Raltegravir
Elvitegravir

Fusion Inhibitors 
Maraviro
Enfuvirtide 

Schnieder et.al. 2006; Wasti et.al.  2009

The virus can develop resistance against these 
medicines due to spontaneous mutations in HIV 

genome and can cause the ART to become ineffective

Antiretroviral drug therapy (ART)



Material and Methods
• Study was done at the section of Molecular
Pathology, Dow Diagnostic Reference and
Research Laboratory, Dow University of Health
Sciences (DUHS).

• Blood samples were collected from diagnosed
known HIV drug‐naive patients after taking the
consent.

• A history was taken from all patients that were
enrolled.

• This study was approved by the Institutional
review board (IRB) of DUHS



Methodology

Blood Sample

DNA Extraction was Performed From Whole Blood

Amplification of Beta 
Globin Gene And 

Confirm on Agarose 
Gel

Amplification of RT 
Region of Pol Gene and 
Confirm on Agrose Gel 

Electrophoresis
Sequencing

HIV Drug 
Resistance 

Mutations Analysis

Shannon 
Entropy Analysis 



ART DRUGS RESISTANCE MUTATIONS
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NRTI: Nucleoside reverse transcriptase inhibitors
NNRTI: Non‐Nucleoside reverse transcriptase inhibitors



Major Mutation

Level of Resistance

Nucleoside reverse transcriptase inhibitors (NRTI) Drugs
Non-Nucleoside reverse transcriptase inhibitors 

(NNRTI) Drugs

S.No Subtype NRTI NNRTI 3TC ABC AZT FTC TDF ETR NVP RPV EFV

1. A1 NONE E138A, V179D S S S S S L-LR IR IR IR

2. A1 NONE E138A, V179D S S S S S L-LR IR IR IR

3. CRF50_A1D
M41L, M184V, 

T215Y
NONE H-LR IR IR H-LR L-LR S S S S

4. CRF50_A1D NONE NONE S S S S S S S S S

5.  CRF 02AG M184V K103N H-LR L-LR S H-LR S S H-LR S H-LR

6.  A1 NONE E138A S S S S S PL-LR S L-LR S

7. CRF35_AD M184V K103N, M230L H-LR L-LR S H-LR S IR H-LR H-LR H-LR

8 A1 NONE K13N, E138A S S S S S PL-LR H-LR L-LR H-LR

9. CRF50_A1D NONE K103N S S S S S S H-LR S H-LR

ART DRUGS RESISTANCE MUTATIONS

S sensitive; L-LR low-level resistance; IR Intermediate resistance; PL-LR Potential-Low Level resistance; H-LR High-Level resistance

3TC: Lamivudine; ABC: Abacavir; AZT: Zidovudine; FTC: Emtricitabine; TDF: Tenofovir
ETR: Etravirine; NVP: Nevirapine; RPV: Rilpivirine; EFV: Efavirenz



DRUG RESISTANCE OF NRTI
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DRUG RESISTANCE OF NNRTI
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MINOR MUTATIONS
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Minor Mutation of HIV (b)
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Minor mutations

Minor Mutation of HIV (c)
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CONCLUSION 

• Due to the change in the pattern of diversity and selective pressure the virus has evolved 
it self that results in increased drug resistance mutation. 

• The ART is now causing High Level of Resistance (H‐LR) to the patients with no effect. 

• We have reported major mutations along with several minor mutations that may have 
drastic change on the pattern of drug resistance.




