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Abstract 
Background: Antiretroviral drug resistance remains a significant problem in the clinical management of 
patients infected with the Human Immunodeficiency Virus type-1.  
Aim: This study investigates and reports data on the molecular characterization of HIV-1 isolates from 
patients who are in a state of therapy failure.  
Methods: This is a retrospective study conducted on 65 patients in therapy failure. Inclusion criteria 
included patients diagnosed as being in therapy failure between the years 2009 and 2013. We defined 
ART failure as either a failure to achieve viral suppression or a failure to detect viral loads below 500 
copies/mL after virological suppression in at least two plasma samples.  We used the published WHO list 
for surveillance of transmitted resistance and the Stanford HIV Drug Resistance Database to identify drug 
resistance mutations. 
Results: 65% of the participants had at least one drug resistance mutation (DRM). 12% of the population 
sampled had resistance to only one ART class, 32% presented with resistance to two classes of 
antiretroviral drugs, and 20% had resistance to all three classes of drugs. The prevalence of nucleoside 
transcriptase inhibitor (NRTI) mutations was 55%, the most common DRM being M184V. The prevalence 
of non-nucleoside reverse transcriptase inhibitor (NNRTI) mutations was 58%, with the most common 
mutation being the K103N mutation. The prevalence of protease inhibitors drug resistance mutations was 
23%, with mutations V82A and I47V being present in 10% of the study population.  
Conclusion: Our study is the first molecular characterization of DRM emergence in HIV-1 strains from 
patients failing antiretroviral therapy in Lebanon. Continuous monitoring of resistance patterns for HIV in 
the country is necessary to tackle the emergent drug resistance. 
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Introduction 
Antiretroviral resistance is a significant issue in 
public health that has undermined the efficacy of 
antiretroviral treatment [1]. This resistance is 
mainly due to gene mutations selected for during 
suboptimal treatment periods, allowing for the 
emergence of new strains with decreased 
susceptibility to antiretroviral therapy [1, 2]. 
Different factors may lead to such mutations: 
large genetic variation of the virus, poor 
compliance with antiretroviral treatment, and 
sometimes drug therapy that may select for 
specific mutations. Although combination 
regimens have decreased the rate of mutations, 
the ability to prevent multi-regimens failure is still 
poorly defined [2]. Prevalence studies report 
failure rates of dual antiretroviral therapy as high 
as 60% [3, 4]. Hence, the continuous rise in 
resistance rates and failure of response to 
treatment has prompted a worldwide effort to 
follow, map, and monitor antiretroviral mutations 
in order to control this problem. 

Regarding mapping mutations, we differentiate 
between ‘treatment naïve’ patients, who have 
not started therapy but have been infected with 
HIV, and patients ‘failing therapy,’ who have not 
responded to first-line treatment [1]. In Lebanon, 
since the first case diagnosed in 1984 [5], the 
prevalence of HIV has been 0.1% of the 
population. The reported cases of HIV/AIDS in 
2010 in Lebanon were 1,346, according to 
UNAIDS [6]. The use of ART started with 
zidovudine in 1988 as a monotherapy, followed 
by didanosine in 1991. In 1996, zidovudine and 
didanosine (ddI) were combined, the latter being 
replaced by lamivudine (3TC). Indinavir was also 
being used at the time. Stavudine was 
introduced in the late 1990s, followed by 
efavirenz in the 2000s [7].  

In Lebanon, HIV-infected patients receive their 
treatment free of charge from the National AIDS 
Program (NAP) and the Lebanese Ministry of 
Public Health (MOPH). The management and 
treatment of HIV patients in Lebanon follows the 
WHO recommendations [8]. The first-line 
treatment consists of two NRTIs: lamivudine 
(3TC) and zidovudine (AZT/ZDV), or tenofovir 
(TDF) and an NNRTI like efavirenz (EFV) and, less 
commonly, nevirapine (NVP). The second line 
treatment consists of two NRTIs plus a protease 
inhibitor: lopinavir/ritonavir (or ritonavir 
‘boosted’). The current antiretrovirals available  

 

for HIV-infected patients in Lebanon are 
zidovudine (AZT/ZDV), lamivudine (3TC), 
didanosine (ddI), tenofovir (TDF), abacavir (ABC) 
(all of which are NRTIs), efavirenz (EFV), and 
nevirapine (NVP) (both being NNRTIs), one 
protease inhibitor lopinavir/ritonavir (LPVr) and 
finally one integrase inhibitor (raltegravir RAL) [7]. 
We do not commonly use other drug classes 
such as fusion inhibitors and CCR5 antagonists 
in Lebanon. However, there are frequent 
shortages of drugs associated with increased 
resistance, which further complicates national 
efforts to monitor resistance patterns [9]. This 
study aims to present data on the molecular 
characterization of HIV-1 isolates from patients 
who are in a state of therapy failure.  

Methods 
    a) Study Participants 
Sixty-five HIV-1 infected patients, currently 
followed at the Lebanese American University 
Medical Center - Rizk Hospital (LAUMC-RH), 
provided written formal consent upon enrollment 
in the study. Human subject approval for this 
study was obtained from the Institutional Review 
Board (IRB) of the Lebanese American University 
Medical Center - Rizk Hospital (LAUMC-RH). 
Inclusion criteria included patients diagnosed as 
being in therapy failure between the years 2009 
and 2013. ART failure was defined either as a 
failure to achieve virological suppression or as a 
failure to detect, in two plasma samples, viral 
loads below 500 copies/mL after virological 
suppression. The current treatment for HIV 
includes three types of drugs: protease 
inhibitors, nucleoside and nucleotide reverse 
transcriptase inhibitors (NRTIs), and non-
nucleotide reverse transcriptase inhibitors 
(NNRTIs).  

    b) Clinical and Virologic Characteristics 
Blood samples were taken from all subjects for 
RNA extraction using the TRUGEN BAYER kit. 
Plasma was collected from patients with a 
volume of 1 mL. The samples were then 
centrifuged at a speed of 28,000g for 60 minutes 
at a temperature of 4°C. HIV RNA concentrations 
of 50 to 1,000 copies/mL were then obtained. We 
removed 860 μL of supernatant. The resultant 
pellet was then resuspended. We utilized the 
TruGene HIV-1 genotyping assay which includes 
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a kit for a reverse-transcriptase polymerase 
chain reaction (RT-PCR) for HIV RNA extracted 
from plasma. We did PCR amplification and 
cycle sequencing, specifically of the 1,318-bp 
fragment of the pol gene. This generates 
sequences for two genes: (a) the PR gene (288-
bp sequence; codons 4 to 99) and (b) the RT 
gene (630-bp sequence; codons 36 to 247). 
Finally, we analyzed the data, generated the 
gene sequences and their corresponding 
translated protein, and assessed the presence of 
antiretroviral resistance-conferring 
polymorphism using the OpenGene (Bayer 
Diagnostics) software system [10]. 

    c) HIV-1 Drug Resistance Mutations 
We used the published WHO list for surveillance 
of transmitted resistance and the Stanford HIV 
Drug Resistance Database [12] to identify drug 
resistance mutations [11-13]. According to the 
Stanford HIV database, each mutation is given a 
drug penalty score determining the level of 
resistance to that particular drug. Scores are 
attributed as the following: Score 0-9: 
susceptible to the drug, score 10-14: potential 
low-level resistance to the drug, score 15-29: 
low-level resistance to the drug, score 30-59: 
Intermediate-level resistance to the drug and 
finally a score above 60 entails high-level 
resistance to the particular drug. For the purpose 
of our study, drug resistance mutations (DRM) 
were defined as those having a Stanford score of 
a minimum of 30 (Stanford 30). 

    d) Statistical Analysis 
We used descriptive statistics to characterize the 
mutation frequencies, percentages, and 
distribution, based on the drug type. We used 
tables to present the genetic mutations found in 
the recruited cohort from the Lebanese 
population. We carried out all analyses using 
STAT MP 13.0. 

Results 
Among the 65 patients recruited to the study, 9 
(13%) were in ARV failure in 2009, 7 (10%) failed 
in 2010, 19 patients (27%) failed in 2011, 9 (13%) 
in 2012 and 21 (37%) in 2013. The subjects' 
mean age was 40.88+/- 6.6 years, and most of 
them (n=56, 83.58%) were males. All patients 
were on two NRTIs: zidovudine (AZT/ZDV) and 
lamivudine (3TC). Figure 1 shows the distribution 

of the classes of mutations. NRTI and NNRTI 
resistance were the most commonly observed 
amongst ART failing patients; we detected NRTI 
Drug Resistance Mutations (DRMs) in 36 patients 
(55%) and NNRTI DRMs in 38 patients (58%). PI 
resistance was detected in 15 patients (23%). 42 
patients (64%) presented with at least one DRM. 
Regarding classes of antiretrovirals, 8 patients 
(12%) were resistant to only one class of ART, 21 
patients (32%) were resistant to two classes of 
antiretrovirals, and 13 patients (20%) were 
resistant to all three classes of ART drugs. 23 
patients (35%) presented with no DRM that 
would explain their therapy failure. Table 1 
summarizes genotypic resistance to 
antiretroviral drugs in subjects on therapy.

 
Figure 1: Drug resistance mutations by class in the 
study participants. NNRTI: non-nucleoside reverse 
transcriptase inhibitor; NRTI: nucleoside reverse 
transcriptase inhibitor; PI: protease inhibitor. 

Table 1: Genotypic resistance to antiretroviral drugs in 
subjects failing therapy 

Category Number of treated 
showing resistance (%) 

Overall 42 (64) 

NRTI 36 (55) 

NNRTI 38 (58) 

PI 15 (23) 
  

Two drug families 21 (32) 

All three drug families 13 (20) 
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Regarding NRTIs, the most common mutation 
was the M184V detected in 30 patients (46% of 
participants), followed by T215YF in 21 patients 
(32% of participants), K70R in 8 patients (12%), 
V75M in 5 patients (7.6%) and K65R in 4 patients 
(6.1%). M184V is a signature mutation for 
lamivudine (3TC) and emtricitabine (Stanford 60 
for both drugs) [14]. Its presence is not a 
contraindication to continued treatment with 
3TC/FTC because of the increased susceptibility 
to AZT, TDF, and d4T (Stanford -10) [7, 15, 16]. 
Moreover, patients with the M184V mutation and 
on therapy have shown a clinically significant 
reduction in HIV-1 viral loads [17]. M184V may 
also increase susceptibility in patients who have 
already developed resistance to Zidovudine [18]. 
Another mutation with this particular 
characteristic is the K65R mutation, which we 
found in 4 participants. K65R causes high-level 
resistance to TDF, ddI (Stanford 60), and 
intermediate-level resistance to ABC (Stanford 
45) and 3TC(Stanford 30) [13]. On the other hand, 
it has also been shown to increase susceptibility 
to AZT (Stanford -15) [19]. K65R and M184V 
were conjointly found in 2 of the participants. 
Another primary NRTI mutation reported in the 
HIV database was the T215 Y/F found in 21 
participants. This is a thymidine analog mutation 
causing intermediate to high-level resistance for 
AZT, d4T (Stanford 45 score), and low-level 
resistance to ABC, ddI, and TDF. The K70R 
mutation causes intermediate-level resistance to 
AZT (Stanford score of 30) and has low-level 
resistance for d4T, ABC, and ddI [18, 20]. 

Six major NNRTI resistance-conferring 
mutations were detected in our population 
sample. The most common of these mutations 
was the K103N mutation detected in 17 patients 
(26.1%), followed by G190 A/S/V in 15 patients 
(23%), Y181C in 9 patients (13%), P225H in 8 
patients (12%), Y188L in 3 patients (4%) and 
finally K101E, which was detected in only one 
patient. K103N and Y181C are known to confer 
cross-resistance to all NNRTIs. K103N causes 
high-level resistance to NVP with more than a 50-
fold reduction in drug susceptibility [21]. It also 
equally affects EFV, and the mutation has a 
Stanford score of 60 for both drugs [13, 22]. 
Y181C also severely affects susceptibility to NVP 
and EFV (Stanford 60 for NVP and Stanford 30 
for EFV) [12, 13, 23]. G190A/S/V confers high-
level resistance to NVP (Stanford 60) with more 
than a 50-fold reduction in susceptibility to the 

drug. It also confers intermediate-level 
resistance to EFV (Stanford 45) with a 5 to 10 fold 
decrease in drug susceptibility [12, 24, 25]. 
P225H also causes intermediate-level resistance 
to EFV and NVP (both Stanford 30 scores). 
P225H occurred with K103N in 3 of our 
participants. This specific combination of 
mutations causes high-level resistance to EFV, 
particularly with more than 50 fold reduction in 
susceptibility to the Efavirenz EFV [13, 20]. 

Almost all patients presenting with at least one 
DRM showed a mutation in the protease gene 
(90% of the patients, n= 60). The most common 
mutations throughout the years were the L63P 
and M36I mutations (cumulative percentages of 
82% and 63% for L63 and M36, respectively).  
According to the Stanford HIV database [11, 13], 
L63P and M36I mutations are neither major nor 
minor resistance mutations. They confer no 
resistance to lopinavir, which Lebanese HIV 
patients have as part of their tri-therapy regimen. 
Amongst the PI DRM detected in the sample 
population, the most common mutations 
reported as major drug resistance mutations by 
the HIV Drug Resistance Database and the 
updated surveillance list of drug resistance 
mutations were V82A and I47V in 7 patients each 
(10% each), followed by L90M in 5 patients 
(7.7%), I84V in 3 patients (4.6%) and V32I, which 
was detected in only 2 of our patients. I84V is 
associated with high-level resistance to ATV, 
FPV, IDV, NFV, SQV (all Stanford 60 scores), 
intermediate-level resistance to LPV/r, ritonavir-
boosted, and TPV/r (Stanford 30). L90M reduces 
susceptibility to all PIs except TPV and DRV 
(Stanford 60 for NFV and Stanford 40 for SQV). 
The two most common DRMs, V82A and I47V, 
are both associated with intermediate-level 
resistance (Stanford 30) for IDV, LPV/r, and NFV 
(for V82A) and FPV/r, TPV/r (for I47V) [13, 26, 27]. 
Minor PI mutations were found in one subject in 
our study (Stanford scores less than 20), namely 
in the I54V and M46I genes. The mutation I54V 
reduces susceptibly to all PIs except DRV/r with 
mutation scores of Stanford 20. M46I reduces 
susceptibility to IDV, NFV, LPV, and ATV with a 
Stanford score of 10 (potential low-level 
resistance) [12, 20]. 

Discussion 
This  patient   population   represents  a  serious 
threat to the spread of the drug-resistant virus. 
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This is consistent with the data of higher rates of 
transmission of drug resistant HIV from 2007 to 
2013. This transmitted resistance causes 
impairment of treatment responses and 
highlights the urgent need for prevention efforts 
directed at this specific group of patients [7, 28].  
In this study, 64% of the patients presented with 
at least one DRM. Regarding antiretroviral 
classes, 12% of the patients were resistant to 
only one ART class, 32% were resistant to two 
classes of antiretrovirals, and 20% were resistant 
to all three classes of drugs. In comparison, other 
countries such as South Africa [4], Brazil [29], 
France [30], and Spain [31] noted the existence 
of at least one DRM in 71% to 83% of the 
sequences, and resistance to two drug classes 
was between 48% to 58%. Resistance to three 
classes was between 13% and 20%. Also, 35% 
of the patients showed no drug resistance 
mutations despite ART failure, whereas other 
studies demonstrated lower prevalence (14% to 
22%) for such a finding [2, 30-32]. This is 
probably due to inadequate adherence to 
therapy [31] and Lebanon’s drug shortage 
episodes [7].  

The high prevalence of NRTI and NNRTI DRMs 
(55% for NRTI and 58% for NNRTIs) can be 
explained by the fact that a combination of NRTI 
and NNRTI is the first-line therapy for all patients. 
[28, 33]. NRTI mutation prevalence in Lebanon 
amongst treatment failing patients (55%) is 
closer to prevalence figures in Morocco (48%) 
but far lower than prevalence figures in the 
United States, Spain, France, and England, 
where resistance to NRTI ranged between 71% - 
82% (28, 30, 31, 33). The predominant NRTI 
mutation was M184V, and its prevalence (46%) 
was lower than described for HIV patients failing 
HAART in other countries: 70% prevalence in 
Morocco, 75% in Brazil, and 64.3% in South 
Africa, and 49.3% in Spain [4, 28, 29, 34]. 

This substantially high prevalence in Lebanon 
may primarily be due to the extensive use of 
lamivudine (3TC). Furthermore, Lebanon is 
facing a net decrease in the incidence of M184V. 
This is most obvious when the 2013 incidence is 
compared to that of preceding years: 85.7% in 
2010, 47.4% in 2011, 67% in 2012, followed by 
a drop as low as 23.5% in 2013 [6]. Before 2013, 
M184V was the single most common NRTI 
mutation every year. This trend goes exactly with 

worldwide observations of M184V/I mutation 
frequencies, which have been decreasing 
significantly over time. The increased use of a 
tenofovir/emtricitabine/efavirenz single-tablet 
regimen was associated with a reduced selection 
of these mutations (32). Lebanon began 
implementing the single-tablet regimen in 2009, 
which correlates with the findings of the study. 
Prevalence of NNRTIs mutation (58%) is slightly 
higher than that reported in other studies, 
ranging from 38.9% in France to 52% in England 
[28, 30, 31, 33]. However, this also goes with the 
fact that NNRTIs are part of first-line therapy in 
ART. The most common NNRTI resistance 
mutation was K103N, and this corresponds to 
other international figures as well [2, 35, 36]. 

Regarding PI DRMs, the most prevalent DRMs in 
the study were the V82A and I47V mutations. 
This contrasts with results worldwide regarding 
protease inhibitor mutations, where L90M, V82A 
M46I are the most common. These are major 
resistance-conferring mutations [20, 35-37]. The 
prevalence of PI DRM in the study was 21.5%, 
which is somewhat similar to prevalence figures 
in Morocco, but extensively much lower than 
those reported in Spain, France, Italy, and the 
United States, where PI DRM occurred in 41% to 
53% of samples analyzed [28-34]. 

The genotypic analysis may be of crucial 
importance in guiding the clinician during 
management. For example, for NRTI, each drug 
has a predictable set of mutations beginning with 
primary mutations that decrease viral 
susceptibility to the drug. On the other hand, the 
disadvantage is a reduction in viral fitness [18] 
and the replication ability of the virus. Thus, a 
primary mutation is followed by a secondary 
mutation, which increases viral fitness. Detecting 
such primary mutations, which decrease viral 
fitness before the secondary mutations can form, 
can be beneficial in ART management as the 
clinician can adapt the therapeutic approach to 
such findings and curb the predictable progress 
of mutation-selection by exploiting this low level 
of viral replication [38]. This can have a significant 
impact on decreasing resistance to current ART 
regimens. Furthermore, infection with HIV strains 
with DRM will condemn the treatment-naïve 
patient to therapy failure earlier on in the course 
of treatment; thus, sequencing these strains 
presents as an increasingly unavoidable 
recommendation in the worldwide effort to 
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decrease ART resistance in the clinical 
management of HIV. The International AIDS 
Society USA guidelines for the use of ART in 
adults advise testing for HIV drug resistance 
before starting therapy [39].  

Conclusion 
Our study shows a significantly high prevalence 
of drug resistance mutations among our study 
population, consisting of patients failing 
standard ART. Advances in HIV prevention and 
treatment with newer antiretroviral agents such 
as fusion inhibitors, integrase inhibitors and 
CCR5 inhibitors has significantly improved the 
survival and quality of life of patients with HIV. 

With continued development of drugs and 
combination therapies, HIV resistance testing 
becomes even more important to tackle this 
emergent drug resistance pandemic and 

incorporate the regular use of pre-treatment 
testing for a sustainable adjustment of a 
population-specific HIV treatments and 
potentially change what is considered “first-line”. 
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