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(PI) using the latest database from the International AIDS 
society – USA, Stanford University, and the patterns were 
recorded. Among treatment-naïve, the detected NRTI and 
NNRTI resistance mutations were V179T, V75  M and 
E138A. V179T causes high level resistance to Efavirenze 
and Nevirapin. V75 M causes intermediate resistance to Sta-
vudine. Regarding NRTI and NNRTI resistance mutations 
among treated patients, the most frequent mutation (7%) was 
M184 V, which causes high level resistance to zidovudin and 
emtricitabine. The interesting result from this study was the 
detection of NRTI and NNRTI resistance mutations before 
the initiation of treatment, which signifies the transmission 
of resistant strains of virus between individuals. This muta-
tion highlights the importance of drug resistance HIV-1 
genotyping before commencing treatment.

Abbreviations
ART  Ant-Retroviral Therapy
DR  Drug Resistance

Abstract The use of anti-retroviral therapy has been effec-
tive in controlling the spread of HIV-1, and has prolonged 
life expectancy, but this success can be affected by the emer-
gence of drug resistance. The main goal of this study was to 
investigate drug resistance in the reverse transcriptase (RT), 
and protease (PR) genes among HIV-1 infected individuals. 
We systematically selected 59 HIV-1 infected individuals 
from Shiraz Voluntary Counseling and Testing Center (29 
treatment- naïve and 30 treated). In this study intravenous 
drug users older than 18 were included in this study. Using 
specific primers, nested RT-PCR was performed on RNA 
extracted from patient samples. The genes targeted for RT 
and PCR were successfully amplified and sequenced. The 
sequences of these two genes were compared with muta-
tions related to drug resistance against nucleotide reverse 
transcriptase inhibitors (NRTI), non-nucleotide reverse 
transcriptase inhibitors (NNRTI) and protease inhibitors 
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TDR  Transmitted Drug Resistance
RT  Reverse Transcriptase
NRTIs  Nucleoside Reverse Transcriptase Inhibitor
NNRTIs  Non-Nucleoside Reverse Transcriptase 

Inhibitor
PI  Protease Inhibitors
IDU  Intravenous Drug Use
VCT  Voluntary Counseling and Testing
AZT  Zidovudine
3TC  Lamivudine
EFV  Efavirenz
NJ  Neighbor-Joining

Introduction

By the end of 2011, more than 8 million HIV-1 infected 
individuals in low and middle income countries were under-
going anti-retroviral therapy (ART) [1]. ART has helped to 
control the spread of HIV-1 and has prolonged life expec-
tancy in these patients, but this success can be affected by 
the emergence of drug resistance (DR) [2, 3]. Treatment 
failure is attributed to individual patient’s refusal to adhere 
to drug protocol, prescribing inappropriate drugs and muta-
tions associated with drug resistance [4, 5].

Transmitted drug resistance (TDR) in patients who have 
never received any treatment is ascribed to direct transmis-
sion of resistant strains from treated patients. Acquired drug 
resistance occurs when there is non-adherence to drug regimen 
or treatment is suddenly terminated [6]. Protease and reverse 
transcriptase (RT) gene mutations in HIV-1 reduce virus sensi-
tivity to ART, which is an important cause of treatment failure 
[7]. A study of 25 HIV-1 infected individuals under treatment 
showed that 66.6% of the participants were resistant to nucle-
oside reverse transcriptase inhibitors (NRTIs), 32% to non-
nucleoside reverse transcriptase inhibitors (NNRTIs), while 
only 1 patient was susceptible to both NRTIs and NNRTIs [8].

In Iran the main method of HIV transmission is intrave-
nous drug use (IDU), constituting 68.1% of all cases. Other 
transmission methods are through sexual contact, blood 
transfusion, vertical transmission and unknown, with fre-
quencies of 17.1%, 0.9%, 0.9% and 18.2%, respectively [9]. 
It was shown that all IDU patients with HIV-1 in Iran have 
the subtype A virus [10].

Recently a study was done on 40 ART-naïve IDUs with 
chronic HIV-1 infection from Sanandaj (western Iran). This 
study showed that all samples were CRF35_AD. Trans-
mitted resistance mutations included nucleoside reverse 
transcriptase inhibitors (NRTIs, 10%), with the M41L and 
M184 V mutations being the most common (5%), and non-
nucleoside reverse transcriptase inhibitors (NNRTIs, 5%), 
with the K103 N mutation being the only associated amino 
acid change detected (5%) [11].

There is little data available on drug resistance among 
IDU and non IDU patients, and a recent meta-analysis 
found no significant difference between these two groups 
of patients [12].

Despite the fact that the first case of HIV-1 in Iran was 
detected more than 2 decades ago, there are few detailed 
studies available on this virus in this low-to-middle income 
country setting. If HIV-1 positive drug resistant patients are 
detected early enough proper selection of drug protocols can 
be achieved and the transmission of drug resistance can be 
limited. As IDU is the main route of HIV-1 transmission in 
Iran, this study was conducted among HIV-1 positive intra-
venous drug users in the Shiraz Voluntary Counseling and 
Testing Center (VCT). The main goal of this study was to 
investigate drug resistance within the RT and PR genes and 
to evaluate HIV-1 subtypes, so that the clinicians can make 
better decisions and unnecessary costs can be reduced.

Materials and methods

In this cross sectional study, 59 HIV-1 infected individuals 
from the Shiraz VCT Center (29 without treatment and 30 
who were on ART for more than a year) were systemati-
cally selected. They were included if they were intravenous 
drug users and were 18 years or older and were willing to 
participate in the study. Anyone who discontinued their rou-
tine follow-up was excluded and was replaced with another 
patient. The study was approved by the Ethical Committee of 
Shiraz University of Medical Sciences. A written informed 
consent was obtained from all patients. Blood samples were 
taken in the VCT Center laboratory. Demographic and labo-
ratory data were recorded in a data collection form by skilled 
personnel. After sampling, the serum was centrifuged and 
stored in a refrigerator at -80 °C, before being transferred 
to the Department of Hepatitis and AIDS at the Pasteur 
Institute of Iran with all precautions taken for cold chain 
continuity.

Using specific primers, nested RT-PCR was performed 
following RNA extraction. The RT and PR genes were sub-
sequently amplified and sequenced. These sequences were 
then compared with mutations related to drug resistance 
against NRTI, NNRTI, and PI using the latest database from 
the International AIDS society – USA, Stanford University, 
and the resultant mutation patterns were recorded.

HIV‑1 drug‑resistance genotyping

The DNA and amino acid sequences from each sample 
were compared with the consensus sequence of HIV-1 sub-
types (from the database of Los Alamos National Labo-
ratory). Drug-resistance-associated mutations (DRAMs) 
were assessed based on the available guidelines for 
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drug-resistance testing [13]. Furthermore, transmitted HIV-1 
drug-resistance mutations were selected according to the 
mutation list provided by Bennett et al. [14].

HIV‑1 RT and protease gene sequencing

Sera that were serologically positive for HIV underwent 
extraction by a Qlamo Viral RNA Mini Kit (QIAGEN, Ger-
many). According to the kit protocol, 140-200 microliter of 
the serum was extracted, and the viral nucleic acid was pre-
pared using the process of complementary DNA synthesis.

A maxime RT PreMix (iNtRON, Korea) kit was used 
for cDNA synthesis. Each vial of this kit contained dNTPs, 
reverse transcriptase, RNA Ribo lock and random primers. 
An amount of 0.1-1 microliter of the extracted RNA was 
added to each vial and c-DNA synthesis was performed for 
1 hour at 45 °C.

After the amplification process by nested PCR, 507 base 
pairs fragments were obtained for the protease gene (posi-
tions 2,168–2,591 in the reference HXB2 sequence), and 838 
base pairs fragments for the RT gene (positions 2,510–3,347 
in the reference HXB2 sequence).

Fragment amplification and detection was performed 
by electrophoresis on agarose gels and the fragment was 
extracted using the Qiamp gel extraction mini kit and sent 
for direct sequencing after the necessary steps.

De novo and statistical analysis

After interpretation of the sequences using specialised 
genetics software, including Mega 4 and BioEdit, these same 
software were employed to a the phylogenetic tree and to 
detect possible mutations.

The existence of NRTI, NNRTI and PI resistance muta-
tions was determined through utilization of the latest ver-
sions of the relevant document from the International AIDS 
Society-USA, Stanford University.

These sequences consisted of 1100 base pairs of the poly-
merase region of HIV-1. Mega 4 and CLC Bio were used to 
draw the phylogenetic tree and to detect mutations relating 
to NRTI, NNRTI and PI resistance with the help of credible 
available databases.

Nucleotide sequences were aligned using Clustal W pro-
gram in CLC Main Workbench 6.5 software (CLC Bio, QIA-
GEN). Genetic distance was calculated using the Kimura 
two-parameter matrix. Subsequently a phylogenetic tree 
was constructed by the neighbor-joining (NJ) method and 
tested with the bootstrap method, using 1000 replicates. The 
analyses and nucleotides substitutions within and between 
the sequences were carried using the MEGA program, ver-
sion 4 [15].

Determining HIV‑1 subtype

The sequences received were comparatively analyzed 
(aligned) and edited within the BioEdit software. Phy-
logenetic analysis of the sequences against the reference 
sequences obtained from the gene database was done using 
the Clustal W software and the Neighbour-joining assay 
method.

Results

Among the 59 HIV-1 infected patients, 58 were male while 
only 1 was female. All of the patients were IV drug users. A 
total of 30 patients (all male) had been under treatment for 
more than one year (group A) while 29 patients had received 
no treatment (group B). The difference in mean age between 
both groups was not significant (group A 39 ± 6 years, group 
B 39 ± 8 years). The CD4 + cell count in cells/mm3 was 
269 ± 123.3 for group A and 343.5 ± 194.5 for group B. The 
majority of patients in group A (n = 21, 72%) had received 
Zidovudine (AZT), Lamivudine (3TC), and Efavirenz 
(EFV). In 4 patients the drug regimen consisted of EFV, 
3TC and Abacavir (ABC). Two patients received EFV, 3TC 
and Tenofovir (TDF), while 2 received EFV, 3TC and Nevi-
rapine (NVR). All of the participants had the CRF 35-AD 
HIV subtype.

In group B, the detected NRTI and NNRTI resistance 
mutations were V179T, V75 M and E138A. V179T causes 
high level resistance to the drugs Efavirenze and Nevirapin. 
V75 M causes intermediate level resistance to the drug Sta-
vudine. T69 N mutation causes low level resistance to the 
drugs Didanosine and Stavudine (Table 1).

Regarding NRTI and NNRTI resistance mutations in 
group A, M184 V showed a frequency of (7%), a mutation 
which causes high level drug resistance to Zidovudin and 
Emtricitabine. The V75M mutation causes intermediate 
level resistance to Stavudin. The T69D mutation had a fre-
quency of 3% and causes low level resistance to Didanosine 
and Stavudine, while the K103 N mutation, with a frequency 
of 3%, causes high level resistance to Nevirapine. Other 

Table 1  The frequency of NRTI, NNRTI and PI resistance mutations 
in the 29 HIV-1 positive intravenous drug users who were treatment- 
naïve

Mutation pattern Number Frequency Drug resistance mutations

E138A 1 3% –
V75 M 1 3% Stavudin
T69 N 1 3% Didanosine, Stavudine
V179T 1 3% Efavirenze, Nevirapin
L10 I 1 3% –
L10L/V 4 14% –
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mutations in this group include L74V and T215H, with a 
frequency of 3% each. T215H causes high level resistance 
to Zidovudin and Stavudine. Another mutation was V108I, 
a so-called accessory mutation, with a frequency of 3% 
that causes low level resistance to Efavirenz and Nevirap-
ine. Other accessory mutations in this group were L210W, 
H221Y and K219R, which cause low level resistance to 
Zidovudine, Stavudine and Efavirenz (Table 2).

Finally, the Y188L and M41L mutations were also 
observed with a frequency of 3%. M41L causes high level 
resistance to Zidovudine and Stavudine, while it causes 
intermediate level resistance to Abacavir and Tenofovir. 
Y188L is an accessory mutation.

With regard to PI associated resistance mutations in 
group B, the L10L/V frequency was (14%) while L10I had 
a frequency of 3%. Both of these mutations are polymorphic 
and are classified as accessory mutations that cause low level 
resistance.

L10I/V is polymorphic accessory PI-selected mutation 
that either reduces PI susceptibility or increases the replica-
tion of viruses containing PI-resistance mutations.

The results of the above applied methods and the cor-
responding phylogenic tree for one patient with the code 
reference XXXXX are shown in Figure 1.

Discussion

In this study we investigated the frequency of NRTI, NNRTI 
and PI resistance mutations in 30 HIV positive intrave-
nous drug users who were under treatment for more than 
a year and 29 patients who did not receive any treatment. 
All participants had the CRF 35-AD subtype, which was 
in line with a study conducted in Tehran, Iran. In that study 
the sample size was 50 newly identified, antiretroviral-
naïve HIV-1 patients who had referred to counseling and 

behavioral centers in Tehran, Kermanshah and Shiraz. [16]. 
In a similar study on 73 blood samples from patients younger 
than 25 years-old without treatment from ten Iranian prov-
inces by Mousavi et al, it was shown that all participants also 
had the CRI-035-AID subtype [17].

In a study by Baesi et al on 25 HIV-1 infected individuals 
receiving treatment for at least 1 year, the therapy regimen 
contained one non-nucleoside reverse transcriptase inhibitor 
(NNRTI) in combination with two nucleoside reverse tran-
scriptase inhibitors (NRTIs). It was shown that 16 patients 
had NRTI resistance mutations and 8 had NNRTI resistance 
mutations. They concluded that drug regimen that consisted 
of two NRTIs plus one PI was more effective than a regi-
men of 2 NRTIs plus one NNRTI, which is in line with our 
study, which reports a 50% resistance to NRTI drugs among 
patients [8].

A systematic review and meta-analysis was conducted 
by Gupta in 2008 on approximately 8000 adults who were 
receiving dual nucleoside reverse-transcriptase inhibitors 
(NRTIs) in combination with a third agent (either a non-
nucleoside reverse-transcriptase inhibitor [NNRTI] or a 
ritonavir-boosted protease inhibitor [bPI]) as a first line of 
treatment. The primary outcome measures were mutation 
incidences to the relevant drugs at week 48. At the time 
of treatment failure, the frequency of M184 V and K65R 
mutations was defined, and it was shown that the frequency 
of such mutations was significantly higher in those patients 
receiving NNRTIs compared with those receiving PIs. In 
our study we showed that the M184 V mutations were at a 
frequency of 7% [18].

In another study in 2010 on 42 viremic HIV-1 infected 
individuals who were receiving treatment, 19% of these 
did not show any evidence of drug mutations. Seventy-six 
percent of the patients had resistance mutation to NRTIs 
with the most prevalent one being M184V, while 74% of the 
patients had resistance mutation to NNRTIs with the most 

Table 2  The frequency of 
NRTI, NNRTI and PI resistance 
mutations in the 30, HIV-1 
positive intravenous drug users 
under ART treatment

Mutation pattern N Frequency (%) Drug resistance mutations

L74V 1 3% Nevirapine
Y115F 1 3% Tenofovir
M184V 2 7% Zidovudine, Emtricitabine
Y188L 1 3% –
H221Y 2 7% Zidovudine, Stavudine, Efavirenz
K103N 1 3% Nevirapine
K219R 1 3% Zidovudine, Stavudine, Efavirenz
T215H 1 3% Zidovudin, Stavudine
T69D 1 3% Didanosine, Stavudine
M41L 1 3% Zidovudine, Stavudine, Abacavir, Tenofovir
V108I 1 3% Efavirenz, Nevirapine
L210W 1 3% Zidovudine, Stavudine, Efavirenz
L10V 1 3% –
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prevalent one being related to P225H. Forty-five percent of 
the patients had resistance mutations to PIs, mostly L90M. 
In our study the same frequency of NRTI resistance was 
observed in patients who did not receive treatment; however, 
only one resistance mutation to PI was seen in patients who 
were receiving treatment, which might signify the impor-
tance of using at least one PI in the drug regimen of HIV 
positive patients [19].

A cross-sectional study was conducted amongst adults 
receiving first-line (3TC_d4T/ AZT_NVP/EFV) and sec-
ond-line (3TC/AZT/LPV/r) treatment in Nairobi, Kenya. 
Koigi et al showed an increasing rate of drug resistance in 
HIV-1 infected individuals in this study. Out of 44 patients, 
24 patients were drug resistant, which was similar to many 
other studies. This highlights the urgent need to address drug 
resistance in HIV-1 infected individuals [20].

In another study performed in London in 2014 on 1705 
HIV-1 infected individuals who were not receiving treat-
ment, it was shown that 13.5% of them had drug resistance 
to ART that had significantly increased in comparison with 

earlier studies, especially with regard to NNRTIs. In our 
study we also showed that 12% of patients who did not 
receive treatment had resistance to NNRTIs and NRTIs 
[21].

Mutations resulting in resistance to a drug can also confer 
resistance to other drugs in the same ARV regimen [22]. 
This obviously prevents the HIV-1 drug regimen from being 
effective.

An interesting finding from this study was the detection 
of NRTI and NNRTI resistance mutations E138A, V75M, 
V179T, and T69N in HIV-1 infected individuals without 
treatment. This indicates that resistant strains of virus are 
being transferred between individuals (transmitted drug 
resistance). Resistance to these drugs is an important clini-
cal finding, since they are the first line of therapy in Iran. 
The mutations seen in 4 (14%) of our participants highlights 
the importance of drug resistance HIV-1 genotyping before 
treatment initiation. This can be used to guide physicians in 
selecting the best treatment, and will also reduce the burden-
some cost of using inappropriate drug regimens

Fig. 1  A phylogenic tree 
based on 1100 bp of the HIV-1 
polymerase sequence from 1 
patient described in this study 
as well as 45 reference HIV-1 
sequences downloaded from 
GenBank. The tree was drawn 
using the neighbour-joining 
method with 1,000 replicates
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