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ABSTRACT

The use of a combination of three-drug regimen has improved HIV-1 infected patients' life
span and quality; however the emergence of drug-resistant strains remains a main problem.
Reverse transcriptase inhibitors (RTIs) consist of a main part of highly active anti-retroviral
therapy (HAART) regimen. The present study aimed to investigate resistant mutations to RTI
drugs in both treatment naive and under treatment HIV patients in Mashhad city, north-eastern
Iran. RNA was extracted from sera of 22 treatment naive and 22 under treatment patients. The
mean age of under treated and treatment naive groups were 38.5+6.7 and 40.8+7.9 respectively.
cDNA was synthesized and amplified with Nested PCR assay targeting specific sequences of
RT gene. The PCR products were sent for sequencing. Bidirectional sequencing results were
analysed using HIV drug resistance database supplied by Stanford University (HIV Drug
Resistance Database, https://hivdb.stanford.edu). Among under treatment patients 10 out of 22
(45%) had at least one high-level resistance mutation which was higher than high level
resistance mutation rate among treatment naive cases (P<0.01). Detected resistance mutations
were as follows: K101E, K103N, K103E, V106M, V108I, E138A, V179T, Y181C, M184V,
Y188L, Y188H, Y188F, G190A, L210W, T215F, T215Y, K219Q, and P225H. A high level of
resistance mutations to RT inhibitors was observed that causes drug resistance especially against
lamivudine (3TC). Such mutations should be considered as probable responsible for therapeutic
failure. Serial surveillance studies of circulating drug resistance mutations are recommended.
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INTRODUCTION

The devastating alarm of acquired immunodeficiency syndrome (AIDS) pandemic [1]. as
‘the plaque of the century’[2]. has drawn significant global health attention and concern [3].
Until this time, there has been a notable progress regarding to the Human Immunodeficiency
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Virus type 1 (HIV-1) pathogenesis and disease management research [4], nevertheless the
consequences of HIV-1 infection are still a challenge facing humanity [2]. It seems that HIV-1
induced infection has been a unique disease in terms of rapid antiviral development. There are
several types of drugs currently used in a combination anti-retroviral therapy (ART). The
classes of drugs are categorized into protease inhibitors (PIs), integrase inhibitors, reverse
transcriptase inhibitors (RTIs) and fusion inhibitors [5]. However soon new challenge of drug
side effects [6] and resistant mutant variants appeared [7, 8].

Among anti-retroviral drugs, RTIs are the main component of the combination regimens
currently used. These drugs inhibit RT function which mediates the main phenomenon of
retroviruses: RNA to ds DNA synthesis. The drugs are categorized into two distinct groups: i)
nucleoside/nucleotide analogue reverse transcriptase inhibitors (NRTIs) which act as chain
terminators when are inserted in growing DNA strand, [9, 10] and, ii) non-nucleoside reverse
transcriptase inhibitors (NNRTIs) which bind and change the conformation of RT enzyme,
thereby inhibit the enzyme activity [11]. Main NRTIs consist of abacavir (ABC, Ziagen),
didanosine (ddl, Videx), Emtricitabine (FTC, Emtriva), Lamivudine (3TC, Epivir), Stavudine
(04T, Zerit), Tenofovir (TDF, Viread), Zalcitabine (ddC), Zidovudine (ZDV. While most
common prescribed NNRTIs are NVP or nevirapine and DLV or delavirdin [12].

The NNRTI class has a very high chemical diversity because this class consists of more
than 50 families of molecules. Unlike chemical heterogeneity, NNRTIs all bind to RT in the
same pocket region. In particular, efavirenz has the highest antiviral activity among NNRTIs.
First-generation NNRTIs include: delaviridine (Rescriptor), Efavirenz (Sustiva), and Nevirapine
(Viramune). Since the lipophilic pocket is mainly made up of three sites of the significant amino
acid sequence of RT, all, except one of the NNRTI resistance mutations, are found in the same
three regions (amino acids 98-108, 178-190, and 225-238) [13].

Resistance to NRTIs is created by selecting strains of HIV-1 that have several mutations in
the RT gene of the virus. Two distinct mechanisms of resistance to NRTIs have been described:
i) nucleoside analogue mutations (NAMS) such as Y115F, F116Y, V118I, Q151M, and M184V
which confer affinity reduction of RT to the drug; and ii) Thymidine analogues mutations
(TAMs) such as L210W, T215Y, and K219Q / E which are mutations selected by the thymidine
analogs AZT and d4T. They reduce NRTI susceptibility through primer unblocking mechanism
[13, 14]. Due to the high mutation rate of RT gene, resistance to NNRTIs occurs more rapidly;
however, more effective drug regimens can be achieved by combining different classes such as
RT and Pls combination [13, 15-17].

In Iran, the disease was first discovered in a haemophilia patient (1986) [18, 19] and, over
the years, the spread of the HIV-1 induced infection tended to increase slightly. In 1996, the
first outbreak was reported from a prison among IV drug abusers [18, 20]. The patients
indicated for anti-retroviral therapy are treated based on national protocol, however, screening
for drug mutations is not routinely performed and regimen is usually replaced by a physician
upon treatment failure. Therefore, the present study was performed to screen circulating drug
resistance mutation among two groups of the patient with and without a history of treatment.

MATERIALS AND METHODS

Study groups: The study was performed in Mashhad city, north east of Iran. HIV-1
positive patients were selected from the patients with no specific racial characteristics who
referred to Mashhad central health centre. Totally 44 patients were included among whom 26
were men. The participants were divided in two groups: 22 treatment naive and 22 under
treatment patients. The group under treatment received standard national therapy regimen
including Zidovudine (NRTI), Lamivudine (NRTI), and Efavirenz (NNRTI) for at least one
year. The mean age of under treated and treatment naive groups were 38.5+6.7 and 40.8+7.9
respectively. Inclusion criteria was middle-aged (30-55 years) patients with complete data files
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who agreed to participate in the study. Exclusion criteria were patients who refused to
participate the study or samples that were not technically suitable for nucleic acid extraction.

RNA extraction and cDNA synthesis: HIV-1 RNA was isolated from plasma using
(Qiagen extraction kit, Dusseldorf, Germany) based on the manufacturer's instructions. The kit
yields high quality extracted RNA with minimal contaminations. Next, the cDNA was
synthesized using Thermo Scientific RevertAid First Strand cDNA Synthesis Kit (Thermo
Fisher Scientific, Waltham, U.S.) based on kit provided manual.

Nested PCR primers and program: The primer pairs used for nested PCR to amplify RT
gene were based on W.H.O manual for HIV drug resistance assays [21]. These consensus
primers have been confirmed for the specificity to HIVV-1 RT gene amplification. The primer
sequences were as follows:

F1: 5 TTTYAGRGARCTYAATAARAGAACTCA 3,

R1:5'CCTCITTYTTGCATAYTTYCCTGTT 3'; (amplicon size: 846 bp) and

F2: 5 TTYTGGGARGTYCARYTAGGRATACC 3,

R2: 5 GGYTCTTGRTAAATTTGRTATGTCCA 3' (amplicon size: 775 bp)

In which R represents Guanine/Adenine (purine) and Y corresponds to Cytosine/Thymine
(pyrimidine) nucleotides. To set up the optimized condition for DNA polymerase activity the
following components in the reaction were used: 10x buffer with MgSO4 (5 ul), dNTP mix (0.2
mM each), primers (1uM each), DNA (~200 ng) and DNA polymerase (2.5 U per reaction). The
PCR thermal protocol consisted of initial denaturation step of 95°C for 10 min, followed by 35
cycles of denaturation (95°C for 20 sec), annealing (55°C for 30 sec), extension (72°C for 2.5
min) and a final extension of 72°C for 10 min. The same protocol was used in both nested
programs, except that 3 pul DNA from the first PCR product was used in the second round of all
nested protocols.

Gel electrophoresis, gel extraction and sequencing: The products were then
electrophoresed on 1.5% agarose gel. Next, the desired DNA bands were extracted from the gel
using a commercial Gel Purification Kit (GenetBio Co, Daejen, South Korea). The yield of the
purified product together with sequencing primers were then sent to a molecular company for
sequencing (Kawsar Biotech Company,Tehran, Iran). The amplified fragments were
bidirectionally sequenced bases on the Sanger method using Applied Biosystems 3730/3730xI
DNA Analyzer. The sequences were edited in BioEdit version 7.1.9 using both side readings.

Data analysis: Sequencing data were read by Chromas software and the mutations analyzed
using HIV Drug Resistance Database (https://hivdb.stanford.edu). The database provides
information regarding known HIV drug resistance mutations for each query.

Ethical considerations: The study was conducted according to the Helsinki declaration on
human research. The project proposal was reviewed and approved by the Ethical Committee of
Mashhad University of Medical Sciences (approval code: IR.MUMS.fm.REC.1394.86) and
written consent was obtained from all participants. The patient demographic data was provided
anonymously from patient's recorded files.

Statistical analysis: To compare age in two groups, independent T test and to compare
gender in the study groups chi square tests were used. The presence of mutations in the two
groups was compared using Chi square test. The SPSS software version 16.0 was used and a
P<0.05 was considered statistically significant in all analyses.
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RESULTS

Table 1 demonstrates patient’s demographic characteristics. The two groups were age and
sex matched (P=0.6 and 1.0 respectively). The most prevalent transmission route was sexual
contact. High coinfection with HCV was observed in both groups.

Table 1: The demographic data for HIVV-1 Positive patients in Mashhad

Characteristics Total Treatment Naive Under treatment
patients n (%) patients n (%)

Number 44 (100) 22 (100) 22 (100)

Mean age 39.6£7.3 40.8£7.9 38.546.7

Gender

Male 26 (59) 13 (59) 13 (59)

Female 18 (41) 9 (41) 9 (41)

Transmission rout

Sexually 24 (54.5) 11 (50) 13 (59)

IV drug abusers 16 (36) 9 (41) 7(32)

Tattoos history 1(2.27) - 1(4.5)

Blood transfusion 1(2.27) 1(4.5) -

unknown 1(2.27) - 1(4.5)

HCV-association 18 (41) 9 (41) 9 (41)

The primers' nucleotide blasted for HIV-1 Reverse transcriptase gene and 100% homology
was observed using primer BLAST tool. As shown in (Fig. S1), a band with 775 bp
corresponding to amplified RT sequences was observed in each sample. GeneRuler 100 bp Plus
DNA Ladder, #SM0323, Thermo scientific company, Germany; was used to identify the desired
band.

As demonstrated in Table 2, in treatment-naive patients, several low-level mutations
associated with NNRTI minimal drug resistance were observed including E138A, V179T. In
addition, high-level resistance mutations to efavirenz (Y188L and Y188F) were detected. No
specific mutations to NRTI drugs were observed in these groups, and none of these patients had
multiple mutations. In under treatment group, numerous mutations related to NRTI resistance
were observed including M184V, T215F, T215Y, K219Q, and L210W. Also, a range of NNRTI
resistance mutations was detected as shown in Table 2. These mutations consisted of K101E,
K103N, K103E, V106M, VV108I, E138A, Y181C, Y188L, Y188H, G190A, and P225H.

Table 2: Drug resistance mutations to NRTIs and NNRTIs among HIV-1 positive patients in Mashhad
Treatment naive patients (n) Under treatment patients (n)

NRTI NNRTI NRTI NNRTI
None 1 (E138A) 9 (M184V) 2 (K101E)
1(V179T) 1 (L210W) 1 (K103N)

1(Y188L) 3 (T215F) 1 (K103E)

1 (Y188F) 1(T215Y) 1 (V106M)

3 (K219Q) 1 (V1081

3 (E138A)

4 (G190A)

2 (Y181C)

3 (Y188L)

1 (Y188H)

4 (P225H)

NRTI: nucleoside/nucleotide reverse transcriptase inhibitors. NNRTI: non-nucleoside reverse transcriptase

inhibitors

Table 3 demonstrates the level of resistance observed among patients to the
antiretroviral drugs. All the above-mentioned mutations are approved by the World Health
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Organization (WHO) and the International AIDS Society (IAS-USA) listed in
https://hivdb.stanford.edu/page/who-sdrm-list [22, 23]. In this study, 45% of under treatment
and 9% of treatment-naive patients carried at least one high-level drug resistance mutation,
which was significantly higher in the under treatment group (p<0.01).

Table 3: Drug resistance among HIV-1 positve patients in Mashhad (by name and class of drug)

Drug resistance level in Drug resistance level in
Naive treatment patients Under treatment patients
HL.n (%) IL.n(%) LL.n (%) HL.n (%) IL.n(%) LL.n (%)
NRTI
AZT - - - AZT 3(30) - 3(30)
3TC - - - 3TC 6(60) - -
ABC - - - ABC - - 9(90)
FTC - - - FTC 6(60) - -
TDF - - - TDF - - 3(30)
- ddl - - 9(90)
- d4T 3(30) - -
NNRTI -
EFV 2(9) - - EFV 5(50) 3(30) 1(10)
ETR - - 2(9) ETR - - 8(80)
NVP 2(9) - - NVP 8(80) - -
RPV 1(4.5) 1(4.5) 1(4.5) RPV 3(30) - 4(40)

HL: high level, IL: intermediate level, LL: low level, AZT: Zidovudine, 3TC: Lamivudine, ABC:
abacavir, FTC: Emtricitabine, TDF: tenofovir, ddl: Didanosine, d4T: Stavudine, EFV: Efavirenz, ETR:
Etravirine, NVP: Nevirapine, RPV: Rilpivirine.

DISCUSSION

Here we report the drug resistance mutations to RT inhibitor among a group of the patients
in Mashhad, northeastern Iran. We have previously reported Pl mutations in the region [24].
The pattern of mutations undoubtedly helps physicians to choose the best regimen and to
improve national guidelines for HIV treatment.

In our study, NRTI-resistant mutation M184V, which provides high-level resistance to 3TC
and FTC, and low-level resistance to ABC and ddl was detected as a circulating mutation
among out HIV-1 infected patients. Also, T215F which produces high-level resistance to AZT
and d4T and low-level resistance to ddl , TDF and ABC was detected in our patients. In
addition, K219Q mutation developing low-level resistance to AZT, and L210W develops low-
level resistance to ZDV. T215Y, L210W, and K219Q are non-polymorphic and thymidine
analog mutations (TAMs) first seen in patients receiving a single AZT. The most common
mutation causing NRTI resistance is M184V/l, which alone produces high-level resistance to
both lamivudine and emtricitabine, followed by a series of mutations related to the thymidine
analogue (TAMSs). Common TAMs are: K219Q/E, T215Y/F, L210W, K70R, D67N and M41L.
Accumulation of TAMs leads to resistance to multiple NRTIs [25]. HIV variants containing
several TAMs have been observed in patients failing treatment with zidovudine and lamivudine
[26].

Regarding NNRTI resistance mutations, the most frequent mutations found in the present
study were E138A, G120A, P225H and Y188L. The mutation E138A confers low-level
resistance to RPV and ETR, while G190A provides high-level resistance to NVP and medium-
level resistance to EFV. P225H is a non-polymorphic mutation that provides high level resistant
to EFV, and Y188L is a non-polymorphic resistance mutation that confers high level resistance
to NVP/EFV and reduces susceptibility to RPV and ETR [27]. The high level resistance
mutations with significant clinical importance in our study were K103N, G120A, Y188L,
Y181C, and P225H.
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Such studies should be updated due to the emergence of new drug resistance mutations for
example in the report of the International AIDS Society in the United States (IAS-USA) in
2013, M230L mutation was added to the list of mutations resistant to two NNRTIs (efavirenz
and nevirapine). The study reported K65R and M184V/I as lamivudine-resistant mutations;
M41L, D67N, K70R, L210W, T215YF and K219Q/E Zidovudine resistance mutations; and
Y188L, G190SA P225H, M230L, L100l, K101P, K103N/S, V106M, V108l, Y181C/I as
resistance mutations to efavirenz [28].

Three common NNRTI-resistant mutations have been K103N, Y181C, and G190A, all were
observed in our study. One possible reason why the K103N mutation is more common is that
efavirenz and nevirapine are widely used in the first line of treatment; thereby K103N is most
frequently found in regimens containing efavirenz [29].

Different factors play a critical role in the accumulation of drug resistance mutations,
among which treatment regimen has been noticed. A study conducted in 2012 in Switzerland
included five first-line compounds (5 drug regimen groups): zidovudine (azt)+ efavirenz (FEV),
tenofovir (TDF)+EFV, lopinavir (LPV)+ AZT, LPV+TDF, ritonavir-boosted atazanavir (ATZ /
r)+TDF. The study showed that EFV+AZT had the highest prevalence of cumulative resistance,
compared to all treatment regimens [30]. Similarly, treatment pressure may affect the circulating
mutated strains in different patients, for example, a study reported that the most common
NNRTI resistance mutation in the rilpivirine group was E138K, while in the efavirenz group,
K103N was the major NNRTI resistance mutation [31]. Also, N348l has been frequently
observed in therapies containing AZT and/or ddl and is associated with TAMSs such as T215Y
[32]. In patients prescribed rilpivirine (RPV) in combination with lamivudine and emtricitabine,
E138K and M184I1 have been frequently reported [33].

The mutation pattern mainly is linked with a national regimen, for example, the main
mutations reported against first-line treatment among Ethiopian patients have been K103N and
M184V [34]. In this regards, in China, NRTI and NNRTI-related mutations including M41L,
T215Y/F, D67N, K103N, G190A/S, Y181C/F and L210W have been observed [35].

In Iran, a study conducted in Tehran showed that among NRTI drugs, lamivudine with a
24% rate had the highest resistance while no resistance to tenofovir was observed. This can be
explained mainly due to the high prescription of lamivudine comparing limited tenofovir usage.
Almost similar results were obtained for zidovudine and abacavir [36]. In Gorgan north of Iran,
in treatment naive patients, 15% had resistance to NRTIs and 20% showed resistance to
NNRTIs and no resistance were observed against protease inhibitors. While, in under treatment
group, 25% resistance to NRTIs, 20% resistance to NNRTIs and 5% resistance to protease
inhibitors were observed [37]. In another study in Iran, 16 out of 24 patients (66.6%) showed
resistance mutations to NRTI while 8 patients (32%) had resistance mutations to NNRTIs. The
study showed high-level resistance to 3TC, NVP and EFV [38]. The transfer of resistance to
NRTI in Iran has been a main concern since the first line of antiretroviral therapy has been
designed based on the combination of NRTI + NNRTI. Transfer of resistance to protease
inhibitors is expected to be low, however it should be noted that these drugs are less commonly
prescribed in Iran.

A synergism in mutation effects have been shown, for example, N348I develops resistance
to Zidovudine and Nevirapine. This mutation also reduces the susceptibility to nevirapine (7.5-
fold) and efavirenz (2.5-fold) and clearly enhances resistance to these drugs when combined
with K103N mutation [39]. Similarly, in patients receiving lamivudine and Emtricitabine
NRTIs, the M1841/V and E138K mutations have synergetic interaction [40].

Resistance to first-generation NNRTIs is mainly relevant to several codons, but the K103N
or Y181C mutation alone induce clinical failure of delavirdine, efavirenz, and nevirapine
therapy [41]. NNRTIs have a long plasma half-life that renders long suboptimal remaining of
the drug, therefore variable levels of drugs remain in the plasma for more than a few weeks,
which speeds up the development of NNRTI resistance mutations. E138A is a mutation selected
in patients using two NNRTIs, ETR and RPV and reduces the sensitivity to these drugs. This
mutation was observed in two cases in our study. One patient received ETR and RPV
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medications for a limited time; however, the other patient had no history of ART medication.
Similarly, NNRTI-resistant mutations: V179T, Y188L, and Y188F were detected in treatment
naive group which might have been transmitted by resistant virus transmission to these patients.
Nationally drug resistance mutations have been reported from different centers [42, 43]. and it
seems that upcoming mutations are a great concern. Similar to our results, higher mutation rates
have been reported among under treatment cases [38]. which may indicate suboptimal therapy.

In the present study, resistance mutations to both NRTIs and NNRTIs were observed. Some
mutations cause high-level drug resistance and are of great clinical importance which indicates
that suboptimal therapy should be prevented to reduce the rate of the circulating mutations. A
limitation of the study was a rather small sample size, and large-scale studies may complete the
gaps. Also, it is recommendable that drug resistance screening studies be conducted over the
years to reveal possible emerging mutations.
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