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Abstract

Background: Since the early 90’s antiretroviral drugs have been available at King Faisal Specialist Hospital and
Research Centre (KFSH&RC), a referral hospital in Riyadh, Saudi Arabia, for the treatment of both adults and
children infected with HIV-1. However, up to date, there are no genetic profiling data for the resistance-causing mutations
in HIV-1 virus in patients on antiretroviral drugs therapy. This paper presents an initial report and a profiling survey of drug
resistance-associated mutations of 103 HIV-1 patients seen at KFSH&RC.

Methods: This is a retrospective study on Patients treated at KFSH&RC since 2003 up to 2016. The analysis was done on
the drug resistance mutations profiles of 103 patients who were undergoing highly active antiretroviral therapy protocols.

Results: Our analysis shows that the drug resistance mutations reported in our treatment cohort of HIV-infected adults
patients is similar what is internationally reported to some extent. Additionally, we have identified novel drug resistance
causing mutations. Furthermore, different profile of drug resistance causing mutations was also observed.

Conclusion: Patients showed both similar and new drug resistant causing mutations, early identification of these
mutations is crucial to guide and avoid failure future therapy.
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Background
Antiretroviral drugs (ARV) are the group of drugs used
for patients diagnosed with HIV infection. These anti-
retroviral are usually administered in combinations to
reduce the emergence of HIV-1 drug resistance. None-
theless, the acquisition and evolution of secondary
resistance, from non-compliance is one of the major ob-
stacles to a successful ARV therapy. Furthermore,
Patients who acquire HIV-1 drug resistant viruses have
fewer treatment options and are at a higher risk of mor-
bidity [1].
The US Food and drug administration since 2012

approved 28 ARV drugs [2, 3]. These ARV drugs fall
into five classes; nucleoside RT inhibitors (NRTIs),
non-nucleoside RT inhibitors (NNRTIs), protease

inhibitors (PIs), integrase inhibitors (II), and fusion in-
hibitors (FI) [4].
In general, the World Health Organization (WHO)

recommended a protocol for the initial treatment of
HIV-1 infection that generally includes the combined
use of three antiretroviral agents. In most cases, the ap-
plication of two NRTI together with a NNRTI, a PI or
an II is recommended [2]. To insure a better control and
outcome, a number of factors must be taken into consid-
eration and monitored frequently such as; genotyping
testing before and during ARV treatment, ARV drug re-
sistance, individual tolerance profiles and the needs of
the individual patient, as well as several interactions with
other drugs. King Faisal Specialist Hospital and Research
Centre, have their own protocol, which is a combination
of both the WHO [5] and the international guidelines
[6]. The combinations used are also based on the avail-
ability of these drugs at KFSH&RC.
The development of resistance to ARV therapy re-

mains a major cause of treatment failure among patients
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living with HIV-1. Additionally, it’s also as important to
measure the rates of these mutations in our populations.
This will improve our understanding of resistance and
lead to more refined treatment strategies and, in some
cases, improves the outcome [7–9].
Antiretroviral drugs have been available at KFSH&RC,

a referral hospital, in Riyadh, the capital of Saudi Arabia,
for the treatment of adults and children infected with
HIV-1 since the early 90’s. However, no genetic profiling
of the resistance-causing mutations in the HIV-1 virus
obtained from patients on ARV therapy protocols have
been done nor analyzed. This paper presents an initial
report and a profiling survey of drug
resistance-associated mutations (DRMs) of 103 HIV-1
patients seen at KFSH&RC. Identifying these resistance
causing mutations will guide us to establish an in house
diagnostic assay for screening of these possible DRM as
a diagnostic tool for the HIV clinic for better patient
care and treatment.

Methods
A retrospective analysis was done on the drug resistance
mutations profiles of 103 patients at KFSH&RC, who
were undergoing highly active antiretroviral therapy
(HAART) protocols. Our selection criteria were all
HIV-infected adults on HAART regimens and are ex-
periencing virological failure (> 500 copies/mL), with re-
sistance mutations detected by consensus sequencing.
Up to date there are no commercially available genotyp-
ing test kits to monitor such mutation. Since 2003, these
tests were done at our reference laboratory in Mayo
clinic. Testing was performed by RT-PCR and DNA se-
quencing method (Trugene HIV-1 Genotyping Kit; Sie-
mens Healthcare Diagnostics, Inc.). Results were based
on manufacturer’s most recent FDA-approved interpret-
ive guidelines. HIV-1 genotype was analyzed by TRU-
GENE HIV-1 Genotyping Kit (DNA sequencing assay;
Bayer HealthCare LLC), and interpretive results were
based on manufacturer’s Guidelines v8.0. The evaluation
for DRM was at the earliest available testing done and
diagnosed within 1 year of their estimated date of infec-
tion at KFSH&RC. The mutations reported and their
profile for each ARV group of drugs was analyzed. The
comparison was done for single drugs in addition to
known combination therapy. Additionally, the percent-
age of primary drug resistance causing mutations re-
ported annually was also analyzed.

Results
This study includes 103 HIV-1-infected Saudi patients
enrolled between the years 1988–2016. Their age ranged
from 9 to 78 with a mean of 45 years. The number of
males was 70 (68%) and females 33 (32%), with a ratio of
male to female 2:1.

The median of CD4 count at diagnosis was 16.8 cells/
μl, with an average viral load of 5.3 log10/ml. The aver-
age time (years) since diagnosis of these patients to initi-
ation of HAART protocol 1.78 years, with an average
therapy time of 14 .1 years.
All these patients had drug resistance analysis done on

their viral samples, with an average of 5.9 years after the
initiation of ART. The drug resistance testing for these
patients was performed more than once, ranging from 1
to 12 times with a mean of 3 times in all their therapy
years. Table 1 lists all the base line characteristics of the
subjects.
Mutations were analyzed in relation to demographic,

clinical, and laboratory variables at time of genotyping.
The drug resistance is evaluated through genotyping
tests. One hundred and three subjects were analyzed for
mutation codon analysis.

Table 1 Base line characteristics of the patients in the study

Characteristic

Age (year)

Mean 45

Range 9–73

Gender - no. (%)

Male 70 (68)

Female 33 (32)

Elapsed Time (year)

Since diagnosis (mean) 14.1

Since diagnosis to initiation of HAART

Mean 1.78

Median 0.5

Range 0–10

Since diagnosis to drug resistance testing

Mean 5.9

Median 6

Range 0–19

No. of drug resistance testing done /patient

Mean 3

Median 3

Range 1–12

Laboratory variables

CD4 –Percentile (%)

Mean 17.8

Median 16.8

Range 1–60

HIVQ –Log10

Mean 5.3

Median 4.5

Range 1.7–6.4
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The highest frequency for drug resistance in our co-
hort studies was reported to the NRTI’s (68%) followed
by (47%) for both NNRTI’s and PRI’s, as seen in Fig. 1.
Overall the K103 N was the main and most common

mutation detected within the NNRTIs group of drugs.
Other Mutations at positions; 98, 100, 101, 103, 106,
108, 138, 179, 181, 188, 190, 225, 227 and 230 have also
been detected. Interestingly, mutation I88H, K101Q,
E135G, V179E and F227 L are novel mutations reported
with our patients’ cohort which were never reported pre-
viously. Furthermore, mutations V106A, V108I, Y181C,
Y88L, G190A and P225H have been reported in our pa-
tients. Figure 2, shows the international reported muta-
tions and their profile in comparison to the resistance
causing mutations reported in our cohort of patient
sample at KFSH&RC.
Resistance to NRTI’s especially AZT was found to be

induced by a range of mutations in RT including M41 L,
K65R/E/N, D67N, K70R, I74V, I84V, M184 L, L210 W,
T215Y/F, and K219E which were all present in our pa-
tients. Additionally, a number of resistance causing
novel mutations were also observed, including, T215C/
D/S/V. Figure 3, demonstrate previously reported muta-
tions in comparison with our reported mutations, which
indicates a different profile and reported novel muta-
tions within the NRTI’s.
The use of PI’s alone also yielded a number of muta-

tions, similar to what is reported internationally, as seen
in Fig. 4. Additionally, when a combination of PI’s are
used in therapy protocol, mutations at codon 82, V82A/
T/F/S, was reported in our patients receiving treatment
with indinavir and ritonavir. Mutation D30N is in our
cohort patients receiving a combined therapy of

atazanavir and reitonavir. A comparison of the muta-
tions reported in the sample from KFSH&RC and the
internationally reported mutations is listed in Fig. 5.

Discussion
Generally the K103 N was the main mutation detected
within the NNRTIs group of drugs. K103 N is the most
common resistance mutation that emerges during failure
of an NNRTI-containing regimen [10], which is also the
case with our patients, where this mutation was detected
in 100% of patients treated with either efavirenz or nevi-
rapine. A major limitation for treatment with NNRTIs is
the rapid development of drug-resistant mutants. A sin-
gle mutation may cause a high-level drug resistance to
NNRTIs and can confer significant cross-resistance
among all NNRTIs [11–13]. Other Mutations at posi-
tions; 98, 100, 101, 103, 106, 108, 138, 179, 181, 188,
190, 225, 227 and 230 have also been detected, most of
these mutations have been shown to confer resistance in
NNRTIs [14–16]. Interestingly, mutation I88H, K101Q,
E135G, V179E and F227 L are novel mutations which
were never reported previously. These mutations confers
high-level cross-resistance to all currently available
NNRTIs [8, 17, 18]. The mutations V106A, V108I,
Y181C, Y88L, G190A and P225H have been reported in
our patients. There is evidence that the following muta-
tions V106A, Y181C and G190A have been observed in
early virological failure.
Resistance to NRTI’s, specially AZT was found to be

induced by a range of mutations in RT including M41 L,
K65R/E/N, D67N, K70R, I74V, I84V, M184 L, L210 W,
T215Y/F, and K219E as previously reported in previous
studies and annual reports [13, 19]. Furthermore, a

Fig. 1 The frequency of reported mutations per group of ART drugs from 2003 to 2016. The number of new mutations reported for every drug
in the three major ART groups, NNRTI’s (non-nucleoside reverse transcriptase inhibitors), NRTI’s (Reverse transcriptase inhibitors) and PI’s (Protease
inhibitors) was combined and plotted
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Fig. 2 (See legend on next page.)

Al-Mozaini et al. BMC Infectious Diseases  (2018) 18:425 Page 4 of 10



number of resistance causing novel mutations were also
reported, they include, T215C/D/S/V. Although the mu-
tations detected are similar to what was earlier reported
[13], some of them are associated with different drugs
from what was earlier reported, leading to presenting a
different profile of mutations. This difference includes
mutation L210 W, which was reported with didanosine
and stavudine only, in our analysis the same mutation is
also seen with lamivudine, emtricitabine, abacavir and
tenogovir. Mutations T215Y/F and K219 also are present
in association with lamivudine, emtricitabine, abacavir
and tenofovir, which were not reported previously. Add-
itionally, a number of mutations that were reported

internationally but are of minimal or no role in the de-
velopment of resistance were also seen in our sample,
including mutation M184 V and K70R. Furthermore,
mutations E44D and V188I were also present in our
sample and reported internationally, these mutations in
general have a limited accessory role in increasing resist-
ance in general [8, 13].
Mutations in the protease gene which is mediated by

amino acid substitutions results in reducing the binding
of the inhibitor to the protease leading to drug resistance
to PI’s [20–22]. The most common mutated codons; that
are related to PI’s drug resistance are: L10I, K20 T,
M36I, M41 L, M46I, I54V, I62V, A71V, and L90 M.

(See figure on previous page.)
Fig. 2 Comparison of the resistance causing mutations reported internationally and at KFSH&RC in the NNRTI’s (non-nucleoside reverse
transcriptase inhibitors) group of ART. The Blue ribbon represents the World Reported mutations, while the Pink ribbons are the mutations
reported at KFSH& RC reported mutations. Bold letter represents the world Reported mutations but with a different drug at KFSH&RC (different
profile of mutations), while the Red represents the Novel mutations which were never previously reported. *M184 and K70R, were reported in
both the world report and KFSH&RC, they do not contribute to development of drug resistance. **Reported mutations at KFSH&RC: E44D and
V188I are reported in general to have a limited accessory role in increasing resistance

Fig. 3 Comparison of the resistance causing mutations reported internationally and at KFSH&RC in the NRTI’s (nucleoside reverse transcriptase
inhibitors) group of ART. The Blue ribbon represents the World Reported mutations, while the Pink ribbons are the mutations reported at KFSH&
RC reported mutations. Bold letter represents the world Reported mutations but with a different drug at KFSH&RC (different profile of mutations),
while the Red represents the Novel mutations which were never previously reported
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Fig. 4 Comparison of the resistance causing mutations reported internationally and at KFSH&RC in the PI’s (Protease inhibitors) group of ART. The
Blue ribbon represents the World Reported mutations, while the Pink ribbons are the mutations reported at KFSH& RC reported mutations. Bold
letter represents the world Reported mutations but with a different drug at KFSH&RC (different profile of mutations), while the Red represents the
Novel mutations which were never previously reported
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Fig. 5 Comparison of the resistance causing mutations reported internationally and at KFSH&RC in the PI’s (Protease inhibitors) combinations. The
Blue ribbon represents the World Reported mutations, while the Pink ribbons are the mutations reported at KFSH& RC reported mutations. Bold
letter represents the world Reported mutations but with a different drug at KFSH&RC (different profile of mutations), while the Red represents the
Novel mutations which were never previously reported
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Minor mutations were found in the protease gene, in-
cluding L10F, L10 V, I15V, K20 M, D30N, I47V, I62V,
V77I, V82A, V82F, I84V, L63P, H69K, A71T, G73SL76V,
V82I, L89 M and I93L. Additionally, a number of novel
mutations were detected in our patients, which was not
reported previously such as I13V, I15V, E35G, M46 V,
and V82 M. The L90 M codon was found to be
associated with resistance to all seven PIs in cohort stud-
ies. In addition the L90 M has been associated with
resistance in vitro therefore conferring broad cross-class
resistance [23–25].
Additionally, when combinations of PI’s are used in

therapy protocol, another set of mutations appear, both
novel and reported. For example, mutation at codon 82,
V82A/T/F/S, is reported in patients receiving treatment
with indinavir and ritonavir [21] and also in our patients.
Mutation D30N is observed in patients receiving nelfina-
viras was reported [26], additionally the same mutation
was observed in our cohort patients receiving a com-
bined therapy of atazanavir and reitonavir. Polymor-
phisms at codons 10, 20, 36, 63, 71, 77, and 93 have
been described as lower rate frequency mutations. How-
ever, these mutations do not cause drug resistance in
isolation but when present with other primary PI
mutations [13, 27].
It has been shown that mutations at codon 10, 63, or

71 compensated for a reduced viability of HIV-1 variants
with a primary resistance mutation at codon 82 [22].
High-level resistance caused by the accumulation of pri-
mary and secondary mutations can lead to clinically sig-
nificant reductions in drug susceptibility [28]. A
mutation at codon 63 has been shown to be the most
polymorphic mutation in the protease gene [29]. L63P is
found about 45% in untreated individuals and approxi-
mately 10% carried other polymorphisms at this codon
including L63S/T/S/Q/N [30].

Conclusion
With the expansion and the availability of different
classes of ARV, virological suppression has been
mostly achievable. Yet, with the continuous adminis-
tration of HAART therapy, the development of ARV
resistance is the major complication and challenge, in
addition to other challenges such as patient
compliance and development of ARV therapy toxicity
[31–33]. Currently the WHO publishes reports which
addresses and lists all the HIV resistance causing mu-
tations reported at a global level [34], furthermore,
the Office of AIDS Research Advisory Council
(OARAC) publishes periodical guidelines for HIV
therapy in all groups and populations based on all
the reported and published cases [6]. Additionally,
some countries develop their own therapy guidelines
also based on a number of factors such as the

population, the reports and the availability of the
drugs [35–38], in addition to KFSH&RC. These guide-
lines are updated annually, but in the end, it’s not set
rules, but rather a set of recommendations to be
followed if applicable only and based on the individ-
ual patient profile and situation, in addition to the
availability of the ARV on the time of diagnosis and
initiation of therapy. The aim of these guidelines is to
provide the maximum virological suppression with
minimum toxicity and drug resistance development.
Effort has been expended to use different drug
regimens in order to reduce the development of
resistance.
Despite these efforts, drug-resistant viruses are in-

creasing in the recent years in the HIV-infected popula-
tion and this is caused by the rapid replication rate of
the virus and its characteristic genetic adaptation cap-
abilities [39–45]. Based on the genotypic polymorphisms
studies these emerging resistances have been labelled as
either primary or secondary resistance mutations. Infec-
tion of individuals with drug-resistant alternates of the
virus has therapeutic failure consequences for the indi-
vidual, and also has a domino effect on any future ther-
apy of this epidemic on population basis [2, 45].
Antiretroviral therapy failure is well documented and

is characterized by the increase in viral replication and
load. There are various causes leading to this failure,
which is mainly caused by sub-therapeutic drug levels
due to drug interactions, poor compliance, or poor ab-
sorption, or not following the proper protocol [4, 33].
Thus its concluded that the development of resistance
to antiretroviral therapy is a major contributor to drug
failure [7, 9].
Additionally, different backgrounds of the patients and

their location all contribute to the developing of resist-
ance causing mutations [32]. Periodical reporting of
these mutations in the Kingdom of Saudi Arabia (KSA),
for example, will contribute to better therapy and out-
come for the patient. The presence of novel mutations,
which were not reported previously in the international
annual report [13, 34], highlights the importance of
these periodic reports from this area of the globe, since
it is already done in a number of other areas such as the
sub-Saharan African area [38], and India [37], in
addition to specific WHO associated reports such as the
WHO / Bhutan 2008 report (WHO, 2008). Figure 6
summarizes these internationally reported mutations in
addition to the novel ones reported from our sample at
KFSH&RC.
The prevalence of primary or transmitted HIV drug

resistance to all of the drugs and drug classes that were
evaluated in this study was 66% and 34% respectively.
These findings provide a useful background for anti-
retroviral therapy in KSA and contribute reference data
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for the surveillance of HIV drug resistance around the
world. Additionally, the frequency of the reported muta-
tions and the novel ones, as well as the outcome will be
an interesting future study, additionally, reporting the
patient behavior towards therapy and their compliance
and its correlation with the frequency of development of
both types of mutations would also be interesting. There
are limited HIV drug resistance surveillance reports
done, especially in KSA, this paper is a preliminary
retrospective report and analysis of drug resistance mu-
tations among our HIV patients. Identifying these resist-
ance causing mutations will guide us to establish an in
house diagnostic assay for screening of these possible
DRM as a diagnostic tool for the HIV clinic and there-
fore to carefully monitor these resistant strains.
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