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Currently, 2.5 million children are living with 
HIV/AIDS, of whom more than 90% reside 
in sub-Saharan Africa. Access to antiretroviral 

(ARV) agents has increased dramatically over the past 
years. The number of children under 15 years of age 
receiving antiretroviral therapy increased by 29% be-
tween 2008 and 2009. About 356 400 children less than 
15 years of age were receiving ARV therapy in low and 
middle-income countries at the end of 2009, up from 
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BACKGROUND AND OBJECTIVES: The use of a potent combination of antiretroviral (ARV) drugs, so-called 
highly active ARV therapy (HAART), has dramatically improved the quality of life and overall survival of children 
with human immunodeficiency virus (HIV) infection. However, these benefits can be compromised by the de-
velopment of drug resistance. Our objectives were to analyze the prevalence and pattern of HIV-drug resistance 
among HIV-infected children failing first-line HAART. 
DESIGN AND SETTING: Retrospective study based on data obtained from July 2006 through January 2009 of 
prevalence of genotypic resistance estimated in HAART-treated children who experienced virologic failure (HIV 
RNA>1000 copies/mL) at a tertiary care center in Riyadh. 
PATIENTS AND METHODS: The characteristics of the study population and genotype resistance data were ana-
lyzed in ARV-treated children who experience virologic failure. 
RESULTS: Among 22 children who underwent resistance testing, the prevalence of resistance to any drug was 
86.4%. Inadequate adherence to ARVs in children with drug resistance was 91%. Twenty-four mutations were 
detected within the protease coding region and 14 in the reverse transcriptase (RT) coding region. In 80% of 
isolates piM36I was detected, while rtM184V was detected in 70% of the isolates and was associated with cross-
resistance to at least two nucleoside RT inhibitors (NRTI). Clinically significant non-nucleoside RT inhibitors 
(NNRTI) resistance was conferred by rtK103N. The best ARV susceptibility was to lopinavir in the PI class. ARV 
resistance was not associated with geographic regions or the CDC classification status. Study children responded 
satisfactorily to genotype-guided treatment and intensive family counseling. 
CONCLUSION: ARVs resistance is common among HIV-infected Saudi children who experienced virologic 
failure to HAART. Inadequate adherence is a common cause for resistance to ARVs in children. Mutations M36I 
and M184V were more frequent for PIs, NRTIs and NNRTIs. Evaluation of genotype tests should be considered 
in all children with therapeutic failure to guide future selection of ARV regimens. These data will help improve 
clinical management of HIV-infected children in Saudi Arabia.

275 300 at the end of 2008. Children represented 6.8% 
of people receiving ARV therapy and 8.7% of people in 
need.1 The ultimate goal of ARV is to achieve virologic 
suppression and immune reconstitution. Virologic sup-
pression is defined as a reduction in plasma HIV RNA 
to below the limit of detection or <50 copies/mL (cpm). 
Immune reconstitution is reflected by an increase in 
CD4 positive T cell count. HAART has dramatically 
improved the quality of life and overall survival of in-
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dividuals infected with HIV-1. Sub-optimal exposure 
to ARV can rapidly select the development of resistant 
mutation. These resistant variants can rapidly emerge 
and ultimately lead to virologic failure (defined as the in-
ability to achieve virologic suppression within 16 to 24 
weeks of initiation of ARVs or persistent HIV RNA 
load >1000 cpm).2 In the United States and western 
Europe, nearly 80% of HIV-1 infected adults who expe-
rienced virologic failure harbored virus strains resistant 
to at least one ARV drug.3 Few studies on emerging re-
sistant mutations in children were available in selected 
cohorts of limited size.3-10 

There are essentially two types of assays for detecting 
ARV resistance in routine clinical practice. Phenotypic 
assays measures the susceptibility of the virus to various 
drugs in a tissue-culture system while genotypic assays 
detect the presence of resistance mutations. Genotypic 
assays are most commonly used in clinical practice be-
cause they are generally less expensive, laborious and 
time-consuming than phenotypic assays.11 The objective 
of this study was to estimate the prevalence and pattern 
of ARV resistance in HIV-infected children who failed 
HAART.

PATIENT AND METHODS
All perinatally HIV-infected children followed in the 
King Faisal Specialist Hospital and Research Centre 
comprehensive HIV care program who received 
triple ARV therapy or highly active ARV therapy 
(HAART) according to the recommendation of the 
working group on ARV therapy and medical manage-

ment of HIV-infected children12 were included in the 
analysis. Genotypic resistance tests were performed in 
patients with virologic failure (defined as plasma HIV 
RNA >1000 copies/mL) to optimize the choice of new 
ARV regimens. The blood samples had genotype tests 
performed using TRUGENE HIV-1 genotyping kit 
(DNA-sequencing assay, Bayer Healthcare; healthcare.
bayer.com) and interpretative results were based on the 
manufacturer’s guideline. The analysis was carried out 
on data obtained between July 2006 and January 2009. 

RESULTS 
Among children receiving HAART, the proportion of 
children who experienced persistent viral load >1000 
copies/mL was 48% (22/46). The characteristics of 
study population are summarized in Table 1. Overall, a 
genotype test was performed at least once in the 22 chil-
dren who experienced virologic failure. The prevalence 
of resistance to any ARV drugs was 86.4%. Inadequate 
adherence to ARVs in children with drug resistance was 
91%. Twenty-four mutations were detected within the 
protease coding region and 14 in the RT coding region 
(Tables 2, 3). 

The most common mutation (found in 71% of 
strains) was piM36I (Table 2). The rtM184V mutation 
was present in 70% of strains and was associated with 
cross-resistance to at least two NRTIs—lamivudine 
and emtricitabine (Table 3). Clinically significant efa-
virenz resistance was conferred by the rtK103N muta-
tion. ARV resistance was not associated with geographic 
regions or the CDC pediatric HIV classification. The 
group of studied children responded satisfactorily to the 
genotype-guided treatment and intensive family coun-
seling after 52 weeks follow-up. 

DISCUSSION 
This study is the first to estimate the prevalence of ge-
notypic resistance in treated Saudi children who expe-
rienced virologic failure defined as HIV RNA >1000 
copies/mL. The ultimate goal of ARV therapy is sup-
pression of HIV replication and reducing morbidity and 
mortality linked to severe immunodeficiency. During 
the period from July 2006 to January 2009, about 48% 
of children living in Saudi Arabia and receiving medical 
care for HIV infection at King Faisal Specialist Hospital 
and Research Centre had virologic failure. Among the 
22 pretreated children with virologic failure, the preva-
lence of resistance to any drug was 86.4%, which is 
higher than previously reported.3,4,13 Randomized trials 
and observational studies in children have also described 
a high prevalence of resistance to any drug, increasing 
with the number of prior ARV drugs received.8,14 In 

Table 1.  characteristics of hiv-infected children experiencing therapeutic failure.

Characteristic  

Median age (years) 7

Gender
   Male
   Female

13 (59.1)
9 (40.9)

cDc (category c)a 2 (9.1%)

cDc (AiDS-defining conditions)a 2 (9.1%)

virologic failureb and documented resistance 22 (86.4%)

Median cD4 count and range (cells/m3) 817 (134-1885)

Median hiv-rNA viral load and range (copies/ml) 1352  (1100-20 202)

inadequate adherence to Arvs 20/22 (91%)

values are number (%) unless otherwise indicated.

athe centers for Disease control and Prevention (cDc). clinical categories for children  younger than 13 years 
(category c= hiv encephalopathy)  years and cDc case definition for AiDS-defining conditions: for adolescent and 
adult, 13 years of age and older (recurrent bacterial pneumonia=3 episodes in 1 year).

bvirologic failure: persistent viremia (hiv-rNA viral load >1000 copies/ml).
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the United States and western Europe, nearly 80% of 
HIV-infected adults experiencing virologic failure har-
bored virus strain resistant to at least one ARV drug.3,4 
Children seem to be more prone to selection for drug-re-
sistant variants for both biologic and behavioral reasons. 
Plasma viral loads are much higher following perinatal 
infection and ARV drugs may not fully suppress viral 
load during the early years of childhood. Furthermore, 
drug absorption and pharmacokinetics are highly vari-
able and change with age, resulting in suboptimal levels 
of ARV drug. This is further compounded by difficulties 
in adherence resulting from unpalatable liquid formula-
tions and the requirement for frequent dosing.2,8,15,16 
The assessment of a child with virologic failure should 
include evaluation to adherence to therapy, medication 
intolerance, issues related to pharmacokinetics that 
could result in low drug levels, and evaluation for ARV 

Table 2.  Most common resistance patterns in 24 sequences from patients with resistance mutations to protease inhibitor drug 
susceptibility.

Pattern No SQV ATN IDV RTV NPV LPV APV

M36i 17 S Nt r r r S Nt

l90M 10 r Nt r r r S S

l10v 2 r Nt Pr r S S Pr

K20M 3 S Pr S r S S Pr

G16e 2 S S S S S Pr Nt

l63t 2 S S S S S Pr Nt

D30N 9 S S S r r S Nt

N88D 8 S S S r r S Nt

SQv: saquinavir, AtN: atazanavir, iDv: indinavir, rtv: ritonavir, NPv: nelfinavir, lPv: lopinavir, APv: amprenavir

r: resistant, S: susceptible, Pr: possible resistance, Nt: not tested

Table 3. the resistance pattern in 14 sequences from patients with resistance mutations in the reverse transcriptase coding region.

Pattern No
Drug Susceptibility

AZT 3TC D4T ABC DDI FTC TDF

M184v 10 Pr r S S S r S

D67N 3 S r Pr r S Pr S

K70r 3 Pr S Pr S S S S

K219e 2 r S Pr S S S S

t215Y 3 r r r Pr S S S

M41l 2 r S r S S S S

AZt: zidovudine, 3tc: lamivudine, D4t: stavudine, DDi: didanosine, Ftc: entricitabine, tDF: tenofovir, ABc: abacavir

r: resistant, S: sensitive, Pr: possible resistance.

drug-resistance testing.17,18 In our study, 20/22 (91%) vi-
remic patients provided a clear history of noncompliance 
with HAART because of patient refusal due to the poor 
taste of the drug. We have observed a high frequency of 
possible genotypic resistance to PIs (24 mutations). The 
most common mutations were piM36I and piL90M, 
found in 70% and 42% of our patients, respectively. 
These two mutations confer cross-resistance to various 
PIs. In the present study, we found the best profile for 
the PIs to be lopinavir (75.5%) with only four possibly 
resistant isolates as shown in Table 2. This observation 
verifies the important fact that lopinavir has the greatest 
genetic barrier to resistance. or possible resistance muta-
tions were detected in the RT regions.19-21

The most common mutation in RT regions was 
rtM184V (70%), which was associated with resistance 
to 3TC and FTC and possible resistance to AZT. This 
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high proportion of patients harboring the M184V mu-
tation could be because 80% of our viremic patients were 
receiving 3TC at the time of testing. The M184V muta-
tion in the RT gene is associated with resistance to 3TC 
and inverse susceptibility to others, as has been shown in 
clinical and in vitro studies.22-24 RT enzyme possessing 
the M184V mutation exhibit reduced processability and 
increased fidelity compared with wild-type enzymes. All 
patients had genotypic resistance or possible resistance 
to AZT, D4T and ABC because the pressure of three 
or more AZT-specific mutations including T214Y is 
thought to confer resistance to D4T and ABC.25,26 

We detected the rtK103N mutation in three viremic 
children who were receiving efavirenz (NRTI). Our 
data is similar to those described previously by Bacheler 
et al.27 The K103N mutation was detected in patients 
receiving efivarenz and who had a plasma viral load re-
bound. The K103N is the most common RT gene muta-
tion observed following an NNRT-containing regimen. 

 Antiretroviral resistance was not associated with 
geographic region or CDC status. The children had a 

satisfactory response to genotype-guided treatment. 
This response was maintained over the follow-up pe-
riod. Family education concerning adherence was inten-
sive and included training in the administration of the 
prescribed medication with an emphasis on the impor-
tance for adherence to drug regimen.

In conclusion, antiretroviral resistance is common 
among HIV-infected Saudi children failing HAART. 
Inadequate adherence is the most common cause of 
ARV failure in children. The clinician needs to assess 
the likely contribution of adherence problems to the fail-
ure of the drug regimen. M361, M184V and K103N 
mutations were frequent for the PI, NRTI, and NNRT 
classes, respectively. These mutations are extremely im-
portant as they confer cross-resistance among drugs 
within the same antiretroviral class. Genotype resistance 
testing is important to assess reasons for current virolog-
ic failure and to identify future selection of active ARV 
medications. The provided data will help to improve the 
clinical management of HIV-infected children in Saudi 
Arabia. 



original articleANtiretrovirAl reSiStANce iN SAuDi chilDreN

Ann Saudi Med 2012 November-December www.annsaudimed.net 569

1. uNAiDS, Progress report 2010. towards uni-
versal Access: Scaling uP Priority hiv/AiDS inter-
ventions in the health sector. Available at http://
www.unicef.org/about/annualreport/files/com-
munication_Ar_2010.pdf. Accessed November, 
2, 2011
2. Ghen tK, Aldrovandi GM. review of hiv antiret-
roviral drug resistance. Pediatr infect Dis J. 2008; 
27:749-752. 
3 richman DD, Morton Sc, Wrin t, hellmann N, 
Berry S, Shapiro MF, Bozzette SA. the prevalence 
of antiretroviral drug resistance in the united 
States. 2004;18:1393-1401. 
4. tamalet c, Fantini J, tourres c. Yahi N. resis-
tance of hiv-1 to multiple antiretroviral drugs 
in France: a 6-year survey (1997-2002) based 
on an analysis of over 7,000 gentoyptes. AiDS. 
2000;17:2383-2388. 
5. Johann-liang r, lee Se, Fernandez A, cervia 
J, Noel GJ. Genotypic characterization of human 
immunodeficiency virus type 1 isolated from verti-
cally infected children with antiretroviral therapy 
experience. Pediatr infect Dis J. 2000;19:363-364. 
6. Brindeiro PA, Brindeiro rM, Moetensen c, her-
togs K, De vroey v, rubini NP, Sion FS, De Sa cA, 
Machado DM, Succi rc, tanuri A. testing geno-
typic and phenotypic resistance in human immu-
nodeficiency virus type 1 isolates of clade B and 
other clades from children failing antiretroviral 
therapy. J clin Micriobiol. 2002;40:4512-4519. 
7. Simonetti Sr, Schatzmayr hG, Simonetti JP. 
human immunodeficiency virus type 1: drug resis-
tance in treated and untreated Brazilian children. 
Mem inst oswaldo cruz. 2003;98:831-837. 
8. Mullen J, leech S, o’Shea S, chystie il, Du Mont 
G, Ball c, Sharland M, cottam F, Zuckerman M, 
rice P, easterbrook P. Antiretroviral drug reistance 
among hiv-1 infected children failing treatment. J 
Med virol; 2002;68:299-304. 
9. Machado es, lamber JS, Watson Dc, Afonso 
Ao, da cunha SM, Nogueira SA, caride e. oleveira 
rh, Sill AM, Devico A, tanuri A. Genotypic resis-
tance and hiv-1 subtype in Brazilian children on 
dual and triple combination therapy. J clin virol. 
2004;30:24-31. 
10. ruel tD, Kamya Mr, li P, Pasutti W, charlebois 
eD, liegler t, Dorsey G, rosenthal PJ, havlir Dv, 
Wong JK, Achan J. early virologic failure and the 
development of antiretroviral drug resistance mu-
tations in hiv-infected ugandan children. JAiDS 
2011;56:44-50. 

11. hanna GJ, D’Aquila rt. clinical use of geno-
typic and phenotypic drug resistance testing to 
monitor antiretroviral chemotherapy. clin infect 
Dis 2001; 32:774-82. 
12. the working group of antiretroviral therapy and 
medical management of hiv-infected children: 
Guidelines for the use of antiretroviral agents in 
Pediatric hiv-infected children. oct 2006; Feb 
2008. Available at http://www/aidsinfo.nih.gov/
contentfiles/Pediatricguidelines.pdf 
13. Delaugerre c, Warszawski J, chaix Ml, veber 
F, Macassa e, Buseyne F, rouzioux c, Blanche S. 
Prevalence and risk factors associated with anti-
retroviral resistance in hiv-1 infected children. J 
Med virol 2007; 79:1261-69. 
14. Aboulker JP, Babiker A, chaix Ml. compag-
nucci A, Darbyshire J, Debre M, Faye, Giaquinto 
c, Gibb DM, harper l, Saidi Y, Walker AS. highly 
active antiretroviral therapy started in infants un-
der 3 months of age: 72-week follow-up for cD4 
cell count, viral load and drug resistance outcome. 
AiDS 2004; 18-237-245. 
 15. Davies MA, Boulle A, Fakir t, Nuttall J, eley 
B., Adherence to antiretroviral therapy in young 
children in cape town, South Africa, measured 
by medication return and caregiver self-report: a 
prospective cohort study. BMc Pediatr. 2008;8:34
16. Gibb DM, Goodall rl, Giacomet v, McGee l, 
compagnucci A, lyall h; Paediatric european Net-
work for treatment of AiDS Steering committee. 
Adherence to prescribed antiretroviral therapy in 
human immunodeficiency virus-infected children 
in the PeNtA 5 trial. Pediatr infect Dis J. 2003; 
22:56–62.
17. van Dyke rB, lee S, Johnson GM, Wiznia 
A, Mohan K, Stanley K, Morse ev, Krogstad PA, 
Nachman S; Pediatric AiDS clinical trials Group 
Adherence Subcommittee Pediatric AiDS clini-
cal trials Group 377 Study team. reported ad-
herence as a determinant of response to highly 
active antiretroviral therapy in children who have 
human immunodeficiency virus infection. Pediat-
rics, 2002.109(4):e61. http://www.ncbi.nlm.nih.gov/
pubmed/11927734
18. Katko e, Johnson GM, Fowler Sl, turner rB. 
Assessment of adherence with medications in 
human immunodeficiency virus-infected children. 
Pediatr infect Dis J, 2001. 20: 1174-6.
19. tan D, Walmsley S. lopinavir plus ritonavir: a 
novel protease inhibitor combination for hiv infec-
tion. expert review of anti-infective therapy 2007; 

5: 13-28. 
20. taylor BS, hunt G, Abrams eJ, coovadia A, 
Meyers t, Sherman G, Strehlau r, Morris l, Kuhn 
l. rapid development and antiretroviral drug re-
sistance mutations in hiv-infected children less 
than two years of age initiating protease inhibitor-
based therapy in South Africa. AiDS res hum 
retroviruses 2011, March 23 [epublished of print] 
accessed Pub Med 20 Nov 2011. 
21. clavel F, hance AJ. hiv resistance: N engl J 
Med 2004; 350:1023-35 
22. Winters MA, Bosch rJ, Albrecht MA, Kat-
zenstein DA; AiDS clinical trials Group 364 Study 
team. clinical impact of the M184v mutation on 
switching to didanosine or maintenance lamivu-
dine treatment in nucleoside reverse –transcrip-
tase inhibitors-experienced patients. JiD 2003; 
188:537-40.
23. ilina t, Parniak MA. inhibitors of hiv-1 reverse 
transcriptase. Advances in Pharmacology 2008; 
56:121-167. 
24. Pellegrin i, izopet J, reynes J, Denayrolles M, 
Montes B, Pellegrin Jl, Massip P, Puel J, Fleury h, 
Segondy M. emergence of zidovudine and multi-
drug-resistance mutations in the hiv-resistance 
mutations in the hiv-1 reverse transcriptase gene 
in therapy naïve patients receiving stavudine 
plus didanosine combination therapy. AiDS 1999; 
13:1705-09. 
24. ilina t, Parniak MA. inhibitors of hiv-1 reverse 
transcriptase. Advances in Pharmacology 2008; 
56:121-167. 
25. izopet J, Bicart-See A, Pasquier c, Sandres 
K, Bonnet e, Marchou B, Puel J, Massip P. Muta-
tions conferring resistance to zidovudine diminish 
the antiviral effect of stavudine plus didanosine. J 
Med virol 1999; 59:507-11. 
26. Montaner JS, Mo t, raboud JM, rae S, Alex-
ander cS, Zala c, rouleau D, harrigan Pr. human 
immunodeficiency virus-infected persons with 
mutations conferring resistance to zidovudine 
showed reduced virologic responses to hydroxy-
urea and stavudine-lamivudine. J infect Dis 2000; 
181:729-32. 
27. Bacheler l, Jeffrey S, hanna G, D’Aquila r, 
Wallace l, logue K, cordova B, hertogs K, larder 
B, Buckery r, Baker D, Gallagher K, Scarnati h, 
tritch r, rizzo c. Genotypic correlates of pheno-
typic resistance to efavirenz in virus isolates from 
patient failing non-nucleoside reverse transcrip-
tase inhibitor therapy. J virol 2001; 75: 4999-5008. 

REfERENCES


