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Abstract
Determination of human immunodeficiency virus-1 (HIV-1) genotypes and identification of antiretroviral drug-resistant mutations.
Among treatment naïve HIV patients in Jazan, Saudi Arabia. HIV is a major public health problem. HIV genotyping and antiretroviral
resistance testing is an important guide for better management of treatment-naive. Antiretroviral resistance testing before starting of
treatment regimen leads to a better virological response. A total of 57 samples of treatment-naive patients were collected from King
Fahd Central Hospital in Jazan, Saudi Arabia. Samples were tested for HIV-1 antibodies, western blot, viral load, HIV-1 genotypes
through direct sequencing, and antiretroviral resistance testing. The HIV-1 Genotypes were as follow; C: 66.6%, D: 10.5%, G: 8.8%,
B: 7.0%, CRF01_AE: 3.5%, A and CRF02_AG: 1.8% each. 77.2% of cases showed susceptibility to the 3 major classes of
antiretroviral drugs; Protease inhibitor (PI), Nucleoside reverse transcriptase inhibitor (NRTI), and non-nucleoside reverse
transcriptase inhibitors (NNRTI); while 8.8% had mutations conferring resistance to NRTI. Mutations conferring resistance to PI were
detected in 7.0% of cases, and 1.8% of cases had mutations conferring resistance to both NRTI and PI. Mutations conferring
resistance to NNRTI were detected in 5.3% of cases. Mutations associated with antiretroviral drugs include (V82A+I84IV), (L10F
+Q58E), (L10F+V82Y), L10FV, L33LF, L89LMV, M184V, E138A, V106I, and V179VD. The prevalence of HIV-1 antiretroviral
resistance mutations is 22.8% in the studied population, which may warrant antiretroviral drug resistance testing as a pretreatment to
help and guide physicians for the proper HIV treatment.

Abbreviations: AIDS = acquired immunodeficiency syndrome, ART = antiretroviral therapy, ARV = antiretroviral, CCR5 =
chemokine co-receptors, FDA = Food and Drug Administration, HAART = highly active antiretroviral therapy, HIV = human
immunodeficiency virus, NNRTI = non-nucleoside reverse transcriptase inhibitors, NRTI = nucleoside reverse transcriptase inhibitor,
PI = protease inhibitor, WHO = World Health Organization.
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1. Introduction
Human immunodeficiency virus (HIV) is a major health problem
globally.[1] According to the Global AIDS update by the World
Health Organization (WHO) and the Joint United Nations
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Program on HIV/AIDS,[2] in 2017, 36.9 million people are
infected with HIV worldwide, 1.8 million are newly infected with
HIV, and about 940,000 people died of AIDS.[3] In Saudi Arabia,
there are around 1.5 HIV positive people per 100,000 people
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annually among Saudi citizens and 1.2 per 10,000 among non-
Saudis. Saudi Arabia remains a low-prevalence country in the
face of HIV according to the Global AIDS Report.[4]

HIV is classified into 2 different types: type 1 (HIV-1) and type
2 (HIV-2).[5] HIV-1 is divided into 4 groups: main (M), outlier
(O), neither (non-M/non-O), or new (N), and P.[6,7] TheM group
is subdivided into 9 subtypes (A, B, C, D, F, G, H, J, and K) and
circulating recombinant forms (CRFs).[8] Subtype B is the most
common epidemic subtype infecting people in America, Europe,
Asia, and Australia, while the subtypes concentrated in Africa are
A, C, and D.[5]

The Food and Drug Administration (FDA) has approved >25
Antiretroviral (ARV) drugs into 6 categories.[9] These categories
include protease inhibitors (PIs), nucleoside reverse transcriptase
inhibitors (NRTIs), non-nucleoside reverse transcriptase inhib-
itors (NNRTIs), CCR5 antagonists, fusion inhibitors (FI), and
integrase strand transfer inhibitors (INSTIs). Treatment of HIV
patients mandates the use of a mixture of ARVs from ≥2 classes
targeting different steps in the HIV life cycle.[10] The most
common cause of failure for HIV treatment is the appearance of
drug resistance.[11] Genotype assays can detect drug resistance
mutations in HIV genes if present.[12] The HIV-1 genotypic
resistance is an important test used to guide the physicians to
select the most appropriate initial ART for naive patients and
posterior treatment in patients with virological failure.[13]

In Saudi Arabia, little is known about the profile of HIV
antiretroviral resistance. In 2010, Jamjoom et al,[14] described the
genotyping and antiretroviral resistance profile (RT and protease)
of HIV-1 in cases on antiretroviral therapy from Jeddah, Saudi
Arabia. They reported that 52% of cases were susceptible to all 3
major categories of antiretroviral drugs used, 41% had mutations
known to confer high-level resistance to one ormore ofNRTI, and
16% had mutations known to confer high-level resistance to
NNRTI, 13%hadmutations known to confer high-level resistance
to one or more of protease inhibitors (PI). Recently, Al-Mozaini
et al,[15] reported the resistance profiles in the HIV cohort on
treated patients from Riyadh and found the highest frequency for
drug resistance in the studied cohort to be for NRTI (68%)
followed by resistancemutations for bothNNRTI and PRI (47%).
The objective of this study was to determine the HIV-1

genotypes as well as to identify the antiretroviral drug resistance
mutations among the treatment-naïve HIV-infected patients in
Jazan, Saudi Arabia.
2. Subjects and methods

2.1. Samples collection

A total of 57 blood samples from treatment-naive patients were
recruited at the HIV clinic, King Fahd Central Hospital, Jazan,
Saudi Arabia, between 2016 and 2017. Samples were transferred
to the Special Infectious Agents Unit, King Fahd Medical
Research Center, King Abdulaziz University, Jeddah for
laboratory investigations. Ethical approval for this study was
provided by the Unit of Biomedical Ethics, King Abdulaziz
University Hospital.
2.2. Methodology
2.2.1. Serological tests (EIA). Plasma samples were tested for
HIV P24 Antigen and Antibodies using the Genscreen ULTRA
HIV Ag-Ab Score kit (BIO-RAD, Germany), according to
manufacturer’s instructions.
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2.2.2. Western blot assay. Positive samples for HIV-1 Ab were
tested for Western Blot using INNO-LIA HIV I/II score kit
(Fujirebio, Belgium) according to the manufacturer’s instruc-
tions.

2.2.3. Viral loadmeasurement. The HIV-1 RNA viral load was
performed using the Abbott RealTime HIV-1 Assay (Abbott,
Germany) according to the manufacturer’s instructions. The
selection of the genotyping assay was based on samples that
fulfilled the viral load ≥1000 copies per ml.

2.2.4. Reverse transcription PCR (RT-PCR). Total RNA was
extracted using Roche MagNA pure compact Nucleic Acid
Isolation Kit (Roche, NY) according to the manufacturer’s
instructions. The extracted RNA was subjected to nested RT-
PCR amplification according to Zhou et al,[16] generating a 1.1
kb fragment of the pol gene region of theHIV-1 genome spanning
the entire PR region and approximately two-thirds of the RT
region. PCR was performed using the One-Step RT-PCR Kit
(QIAGEN, Germany), on a Veritti 96 well thermal Cycler
(Applied BioSystems, Singapore). PCR products were visualized
by electrophoresis on ethidium bromide-stained 1% agarose gel
with the size of 1084 base pairs fragment.

2.2.5. Sequencing analysis. Nested PCR products were
purified using the QIAquick PCR Purification kit (QIAGEN,
Germany) according to the manufacturer’s instructions. For
DNA sequencing, purified DNA was subjected to DNA
sequencing in 3500 DNA genetic analyzer (Applied Biosystems,
USA). Six sequencing primers overlapping the entire amplicon
were used.[16] The sequencing raw data were assembled using
Geneious 8.1.5 software (Biomatters, Auckland, New Zea-
land).[17] The obtained sequences were aligned with HIV
reference sequences available from the National Center for
Biotechnology Information (NCBI) database (https://blast.ncbi.
nlm.nih.gov/Blast), using ClustalW, to determine the HIV-1
genotypes.

2.2.6. Phylogenetic analysis. Phylogenetic analysis was per-
formed using MEGA6 software with the neighbor-joining
method and Maximum Composite Likelihood with 1000
bootstrap replicates.[18] Sequences from this studywere deposited
in the Genbank with the accession numbers MN078747-
MN078803.

2.2.7. Detection of HIV-1 genotypes and drug resistance. All
the generated sequences were submitted to The Stanford
Genotypic Resistance Interpretation Algorithm software to
determine both HIV-1 genotyping and the resistance-associated
mutations of HIV-1 in PR and RT regions (http://hivdb.stanford.
edu/pages/algs/HIVdb.html).
2.3. Statistical analysis

Categorical data were reported as frequency and percentage (%).
Data were analyzed using SPSS version 21 (IBM, NY, USA).
Continuous data were reported as mean±SE.
3. Results

3.1. Patients characteristics

A total of fifty-seven treatment-naïve HIV-1 patients were
recruited from King Fahd General Hospital in Jazan (South-
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Table 1

The HIV-1 genotypes distribution among 57 patients.

Genotype Number %

C 38 66.6%
D 6 10.5%
G 5 8.8%
B 4 7.0%
CRF01_AE 2 3.5%
CRF02_AG 1 1.8%
A 1 1.8%
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western Saudi Arabia). Samples were tested for the prevalence of
HIV-1 genotypes and for the identification of antiretroviral drug
resistance mutations in Jazan, Saudi Arabia. The mean age of the
participating patients was 32.45±1.68 years, the number of men
was 46 (80.7%), and the women 11 (19.3%). The mean of
plasma viral load was 183184.7±338675.1C/mL. The nation-
ality of patients included Saudi 64.9% and non-Saudi 35.1%.
3.2. Genotypes distribution

The phylogenetic analysis of HIV-1 genotypes (Table 1 and
Fig. 1) showed that the distribution of HIV-1 genotypes was as
follows: genotype C was the major genotype (66.6%, 38/57), it is
clustered with strains from North America, South America,
Europe, Africa, and Asia, followed by genotype D (10.5%, 6/57)
that was clustered with strains from Africa. Genotype G (8.8%,
5/57) was clustered with strains from Europe and Africa,
genotype B (7.0%, 4/57) was clustered with strains from North
America and East Asia, CRF01_AE (3.5%, 2/57) was clustered
with strains from Asia, genotype A, and CRF02_AG were less
frequently detected (1.8%, 1/57) each, they were clustered with
strains from Africa.

3.3. Antiretroviral drug resistance mutations

Results of antiretroviral drug resistance mutations at the pol gene
region (Table 2) showed that among 57 patients, there were no
mutations conferring resistance to each of PI, NRTI, and NNRTI
separately in 91.2%, 89.5%, and 94.7% of the patients
respectively. In the recruited cases, 77.2% of the subjects were
clear from all mutations that might confer antiretroviral
resistance to all the 3 categories of anti-HIV drugs (PI, NRTI,
and NNRTI). Among the observed resistance mutations, 4/57
(7.0%) had conferring resistance to PI, other detected mutations
were (L10F+V82Y), L10FV, L33LF, and L89LMV. Only one
resistance mutation to NRTI was detected (M184V) in 5/57
(8.8%). Resistance mutations to NNRTI were detected in 3/57
(5.3%), these mutations were V179VD, V106I, and E138A. One
patient had multi-drug mutation; the mutations (V82A+I84IV)
and (L10F+Q58E) were found in the protease region while
mutation M184V was found to confer resistance to NRTI drugs.
Among the treatment-naive patients studied, 13 (22.8%)

conferred resistance mutations to different antiretroviral drugs
(Table 3). Four patients hadmutations in the protease regionwith
no association to drug resistance (L33LF, L89LMV, L10FV, and
[L10F+V82Y]), these patients were genotype C. Five patients
had the same resistance mutations to NRTI (M184V),
these patients had different genotypes (B, C, and G), and this
mutation is associated with resistance to the antiretroviral drugs:
3

Lamivudine (3TC), Abacavir (ABC), and Emtricitabine (FTC).
Three patients had resistance mutations to NNRTI (V179VD,
V106I, and E138A). The patient with V179VD mutation was
genotype C and had resistance to the antiretroviral drugs:
Efavirenz (EFV), Etravirine (ETR), Nevirapine (NVP), and
Rilpivirine (RPV). The patient with V106I mutation was
genotype CRF01-AE, and had resistance to the antiretroviral
drugs, ETR, NVP, and RPV, the patient with E138A mutation,
was genotype B and had resistance to two antiretroviral drugs:
ETR, and RPV. One patient had multiple resistance mutations to
PI (V82A+I84IV, L01F+Q58E), and M184V mutation to
NRTI, he was genotype C and had resistance to the antiretroviral
drugs: Atazanavir (ATV), Darunavir (DRV), Lopinavir (LPV),
3TC, ABC, and FTC.
4. Discussion

The ARV drug resistance testing is recommended for the acute
and early infection before initiation of treatment, during
treatment of chronic HIV infection, in cases of treatment failure
in patients on ARV therapy, and during pregnancy. It is
important to reduce drug resistance to highly active antiretroviral
therapy (HAART) as it increases the chance of second-line
success and subsequent treatments after viral recovery during
first-line treatment. Resistance testing should help physicians
avoid unnecessary drug exchanging, eliminate compliance
problems, and perform well-directed keys rather than experi-
mental drug changes. The use of effective drugs for extended time
periods save costs associated with drug conversion and avoids
unnecessary toxins from inactive drugs. ARV therapies with PI
and RTI and recently with integrase inhibitors, in addition to
combination drugs, have been available for several years in the
Kingdom of Saudi Arabia.
The results of this study report on HIV-1 genotyping and the

prevalence of antiretroviral drug-resistant mutations in 57
treatment-naive patients in Jazan, Saudi Arabia, recruited from
2016 to 2017. To our knowledge, this is the first study performed
in naïve chronic HIV cases from Jazan, Saudi Arabia.[14,19]

In the current study, among the treatment-naive patients, the
average age was 32.45±1.68 with a male to female ratio of 4:1.
Our results showed that the most prevalent genotype was
genotype C (66.6%) as reported by earlier studies from Saudi
Arabia,[14] this genotype is also most prevalent in the Horn of
Africa, Djibouti,[20] and the most frequent genotype in North-
eastern South Africa, India, and parts of China.[21] Genotype D
was identified in 10.5% of the recruited subjects which is
reported to be more prevalent in North Africa and the Middle
East, genotype G in 8.8%, while the other genotypes (B,
CRF01_AE, CRF02_AG, and A) collectively constitute 14.1% of
the recruited subjects. Genotype B is more prevalent in West and
Central Europe, the Americas, Australia, and several Southeast
Asian countries, as well as northern Africa and the Middle
East,[22,23] genotype CRF01_AE is predominant in Asia,[24] while
genotypes G and CRF02_AG are more prevalent in West
Africa.[25] Genotype A is more prevalent in Central and East
Africa as well as East European countries.
The current study shows that HIV resistance to the major

categories of drugs used in Saudi Arabia is important and should
be taken into account in the treatment of patients with chronic
HIV. The most frequent mutations detected in this study were
V82A+I84IV which are associated with PI conferring resistance
to Atazanavir, Lopinavir, Lamivudine, Emtricitabine, Darunavir,
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Figure 1. Phylogenetic analysis for HIV-1 genotypes. HIV=human immunodeficiency virus.

Zaki et al. Medicine (2020) 99:49 Medicine
and Abacavir. The other mutations associated with PI were L10F
+Q58E which confer resistance to Atazanavir, Lopinavir,
Lamivudine, Emtricitabine, Darunavir, and Abacavir. These
results are inconsistent with the previous study of Jamjoom
et al,[14] who reported that the most prevalent PI mutations were
I54V, L90M, V82A, M46I, I50V, and D30N. This discrepancy
may be due to the difference in recruited subjects, where our study
recruited treatment naïve patients while the Jamjoom study
recruited patients who received antiretroviral therapy and some
of them had treatment failure.
The only mutation associated with NRTI resistance wasM184

V, which confers resistance to Atazanavir, Lopinavir, Lamivu-
4

dine, Emtricitabine, Darunavir, and Abacavir. The mutations
associated with NNRTI resistance were V179VD, V106I, and
E138A. The E138A, conferring resistance to Rilpivirine, and
Etravirine, V179VD confers resistance to Efavirenz, Etravirine,
Nevirapine, and Rilpivirine, while V106I confers resistance to
Etravirine, Nevirapine, Rilpivirine, and Doravirine. The muta-
tion patterns detected in this study are discordant with results
from a previous study reported from Saudi Arabia[14] which
might be mainly due to the exposure of the patients in the earlier
study to antiretroviral treatment.
In the current study, the frequency mutation associated with

drug-resistance to NRTI was M184V 10.5%, which is the major



Table 3

Summary of genotypes and profile of the resistance mutation in naïve treatment patients.

Sample code Antiretroviral drugs Genotype PI resistance mutations NRTI resistance mutations NNRTI resistance mutations

HIV008_KSA Susceptible C L33LF
∗

None None
HIV018_KSA Susceptible C L89LMV

∗
None None

HIV046_KSA Susceptible C L10FV
∗

None None
HIV048_KSA Susceptible C (L10F, V82Y)

∗
None None

HIV027_KSA ATV, DRV, LPV, 3TC, ABC, FTC C (V82A, I84IV), (L10F, Q58E) M184V None
HIV001_KSA 3TC, ABC, FTC B None M184V None
HIV002_KSA 3TC, ABC, FTC C None M184V None
HIV005_KSA 3TC, ABC, FTC C None M184V None
HIV007_KSA 3TC, ABC, FTC G None M184V None
HIV015_KSA 3TC, ABC, FTC G None M184V None
HIV017_KSA EFV, ETR, NVP, RPV C None None V179DV
HIV031_KSA ETR, NVP, RPV CRF01_AE None None V106I
HIV049_KSA ETR, RPV B None None E138A

Abacavir (ABC), Atazanavir (ATV), Darunavir (DRV), Doravirine (DOR), Efavirenz (EFV), Emtricitabine (FTC), Etravirine (ETR), Lamivudine (3TC), Lopinavir (LPV), Nevirapine (NVP), Rilpivirine (RPV).
NRTI=nucleoside reverse transcriptase inhibitor; NNRTI=non-nucleoside reverse transcriptase inhibitors; PI=protease inhibitor.
∗
These mutations do not cause PI resistance.
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mutation observed in most of the previous studies.[14,19,20,22–26]

The agreement with our study only in resistance to Lamivudine
but disagree in resistance to Atazanavir/r, Lopinavir/r, and
Emtricitabine. While the mutations associated with resistance to
NNRTI were V179DV (1.8%), V106I (1.8%), and E138A
(1.8%). The mutations associated with resistance to PI were
V82A+I84IV 1.8%, and L10F+Q58E 1.8%.
Additionally, the rapidly changing dynamics of HIV resistance

require a continuous update of resistance data. Unfortunately,
this is constrained by the comparatively high cost and technical
requirements for testing. Update of resistance data should be
considered in patients receiving treatment for consideration in
future studies. The database available to compare new mutations
used in this study was based on the dominant genotype B strains
in Europe and the United States.[27] This might cause significant
differences in the drug susceptibility of other genetic patterns.
Reports indicate that different HIV-1 genotypes can be more
susceptible to PI or NNRTIs than genotype B, including genotype
C, which is quite dominant in our population.[27] Therefore, the
decision in the adoption of therapeutic regimens based on
genotype B pattern of sensitivity should be exercised, and more
extensive studies might be needed to investigate the role of other
mutations in antiretroviral treatment resistance in different
genotypes.
Table 2

Patterns of antiretroviral drug resistance mutations.

Category No. (%) Drug-resistance mutations

Susceptible to PI 52 (91.2%) None
Susceptible to NRTI 51 (89.5%) None
Susceptible to NNRTI 54 (94.7%) None
Susceptible to PI+NRTI+NNRTI 44 (77.2%) None
Resistance to PI 4 (7.0%) (L10F+V82Y), L10FV,

L33LF, L89LMV
Resistance to NRTI 5 (8.8%) M184V
Resistance to NNRTI 3 (5.3%) V179VD, V106I, E138A
Resistance to PI+NRTI 1 (1.8%) PI: (V82A+ I84IV),

(L10F+Q58E) NRTI: M184V

NRTI=nucleoside reverse transcriptase inhibitor; NNRTI=non-nucleoside reverse transcriptase
inhibitors; PI=protease inhibitor.

5

5. Conclusions

This study showed that the prevalence of HIV-1 antiretroviral
resistance mutations is 22.8% in the studied population of naïve
chronic HIV-1 patients, which justifies the need for antiretroviral
drug resistance testing prior to treatment to aid and guide the
physician with regard to the proper HIV treatment regimen.
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