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Solidarité Thérapeutique Hospitalière En Réseau (ESTHER), Phnom Penh, Cambodia, 7 HIV/Hepatitis Unit, Pasteur Institute, Phnom Penh, Cambodia, 8 Université Paris
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Abstract

Introduction: In resource limited settings, patients entering an antiretroviral therapy (ART) program comprise ART naive and
ART pre-treated patients who may show differential virological outcomes.

Methods: This retrospective study, conducted in 2010–2012 in the HIV clinic of Calmette Hospital located in Phnom Penh
(Cambodia) assessed virological failure (VF) rates and patterns of drug resistance of naive and pre-treated patients. Naive
and ART pre-treated patients were included when a Viral Load (VL) was performed during the first year of ART for naive
subjects or at the first consultation for pre-treated individuals. Patients showing Virological failure (VF) (.1,000 copies/ml)
underwent HIV DR genotyping testing. Interpretation of drug resistance mutations was done according to 2013 version 23
ANRS algorithms.

Results: On a total of 209 patients, 164 (78.4%) were naive and 45 (21.5%) were ART pre-treated. Their median initial CD4
counts were 74 cells/mm3 (IQR: 30–194) and 279 cells/mm3 (IQR: 103–455) (p,0.001), respectively. Twenty seven patients
(12.9%) exhibited VF (95% CI: 8.6–18.2%), including 10 naive (10/164, 6.0%) and 17 pre-treated (17/45, 37.8%) patients (p,
0.001). Among these viremic patients, twenty-two (81.4%) were sequenced in reverse transcriptase and protease coding
regions. Overall, 19 (86.3%) harbored $1 drug resistance mutations (DRMs) whereas 3 (all belonging to pre-treated patients)
harbored wild-types viruses. The most frequent DRMs were M184V (86.3%), K103N (45.5%) and thymidine analog mutations
(TAMs) (40.9%). Two (13.3%) pre-treated patients harbored viruses that showed a multi-nucleos(t)ide resistance including
Q151M, K65R, E33A/D, E44A/D mutations.

Conclusion: In Cambodia, VF rates were low for naive patients but the emergence of DRMs to NNRTI and 3TC occurred
relatively quickly in this subgroup. In pre-treated patients, VF rates were much higher and TAMs were relatively common.
HIV genotypic assays before ART initiation and for ART pre-treated patients infection should be considered as well.
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Introduction

Anti retroviral therapy (ART) availability has considerably

increased in resource-limited settings. However, the emergence

and spread of high levels of HIV-1 drug resistance could

compromise the effectiveness of national HIV treatment pro-

grammes [1]. In resource limited settings, the majority of patients

are switched to a second-line ART regimen according to WHO

clinical and immunologic criteria, due to lack or paucity of viral

load (VL) monitoring [2,3]. These criteria lack both sensitivity and

specificity and are associated with unacceptable treatment failure

misclassification [4,5]. Minimizing resistance is particularly

important in resource limited settings with limited ART options

usually restricted to first-line nonnucleoside reverse transcriptase
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inhibitor (NNRTI)-based and second-line protease inhibitor (PI)-

based regimens [6].

Consequently, access to VL and drug resistance testing in case

of virological failure [VF]) is crucial to limit misdiagnosis of

treatment failure which leads to undetected accumulation of

resistance mutations or conversely to avoid unnecessary ART

switches to more expensive ART [7]. Even if the timing of VL

evaluation is still a matter of debate [8], performing VL testing at 6

months after initiating ART and every 12 months is now the

preferred monitoring approach to diagnose and confirm ART

failure [9]. Indeed, late diagnosis of treatment failure is associated

with accumulated drug resistance mutations and high level cross

resistance to subsequent regimens [10].

Retention and adherence also play a critical role in the response

to ART as suboptimal viral suppression may result in higher risk of

developing drug resistance [11]. In 2011, data from 149 low- and

middle-income countries indicated an average retention rate of

81% at 12 months and 75% at 24 months [12]. The main critical

issues for lost to follow-up patients is to differentiate self-

transferred clients—when people decide to enroll in care at a

new health facility without informing staff at their previous

clinics—and unascertained death where vital registration data is

not routinely collected in many resource limited settings [11].

Over the last decade, the Cambodia’s human immunodeficien-

cy virus (HIV) program (NCHADS, National Center for HIV/

AIDS, Dermatology and STD, Sexual Transmissible Disease) has

been most successful in Cambodia. The prevalence of HIV

infection decreased from 2.4% in 1998 to 0.7% in 2012 [13,14]. In

December 2012, over 90% of people in need of ART are under

treatment [15], leading to a total number of 50,659 treated

patients, including 4,052 children 0–14 years old [16]. ART care

centers are numerous, with 61 health facilities offering ART as

well as drugs for opportunistic infections. VL is now recommended

by the national program and is performed free of charge after 24

months, then once a year, or in case of suspicion treatment failure

(based on immunologic and clinical criteria) [17].

However, data remain limited on the patterns and extent of

drug resistance mutations in adults and children from this

southeastern Asian country where CRF01_AE is the most

common HIV strain. Most data on treatment failure for this

specific HIV recombinant form were reported from Thailand,

with NNRTI and NRTI resistance rates of 89–95% and 42–58%

in adults and 97% and 98% in children, respectively [6,18–20]. In

addition, laboratories that can performed VL and DR testing are

scarce outside Phnom Penh (the capital city of Cambodia). Finally,

in the absence of unique identifiers for Cambodian patients, some

of them, with a past experience of ART, may switch from one

center to another without being detected. Data are lacking

regarding the resistance profile and patterns of viral mutation of

these specific patients.

The present study, conducted in Cambodia, assessed the

interest of detecting VF and drug resistance at entry for new

patients with ART experience. Two types of patients were

considered and compared: naive patients versus pre-treated

patients.

Method

Ethics
The survey was conducted with the authorization of the

Calmette Hospital authorities. Patients enrolled in the French

program ‘‘Ensemble pour une Solidarité Thérapeutique Hospita-

lière en Réseau’’ (ESTHER) cohort were recorded anonymously

in the ESTHER data base. The survey was a retrospective

observational anonymous survey using routine data. Patients gave

oral consent to be enrolled in the ESTHER program. Patient

records/information was anonymized and de-identified prior to

analysis. These procedures were considered sufficient regarding

ethical issues, according to Cambodian National Ethic Committee

for Health Research (MoH (2001) [21].

Study setting
This study was conducted in Calmette Hospital, a 340-bed

national referral hospital located in Phnom Penh (2 million

inhabitants) using ESTHER data base. ESTHER was implement-

ed in Calmette Hospital in February 2003. It is currently taking

care of 1,591 HIV patients (as of Jan 2013).

The standard first-line regimen in Cambodia at the onset of the

study consisted in stavudine (d4T), lamivudine (3TC), and

nevirapine (NVP) and as alternative in case of drug side effects

or interaction, zidovudine (ZDV) for replacing d4T and efavirenz

(EFV) for replacing NVP. TDF/3TC or abacavir (ABC)/

didanosine (DDI) and lopinavir/r (LPVr) are the second line

treatment regimens which are prescribed after a phase of

adherence boosting for patients failing first-line treatment [17].

In terms of laboratory monitoring, HIV patients are monitored

every 3 months at the outpatients department. CD4 counts are

performed every 6 months. Also, since 2010, we decided to

perform an early VL measurement between 6 and 12 months for

ART naive patients and at inclusion for all patients who reported a

previous ART experience (ART pre-treated patients).

Study populations
From January 2010 to May 2012, all patients newly attending

the HIV clinics were eligible to the study, regardless their CD4

count and clinical stage. These new patients comprised ART naive

patients and those who reported previous ART experience (ART

pre-treated patients). Naive patients were included if one HIV-1

RNA VL was performed during the first year of ART regimen.

Patients pre-treated with ART were included if one HIV-1 RNA

VL was realized during their first ESTHER consultation. Naive or

ART pre-treated status was recorded according to the patients’

declaration at inclusion. For ART pre-treated patients, the ART

duration (in months) was retrieved from database.

Laboratory tests
Blood samples were analyzed for CD4 counts, plasma HIV-1

RNA VL, and HIV-1 drug resistance testing at Pasteur Institute in

Cambodia, as previously described [22].

Briefly, CD4 counts were obtained by flow cytometry

(FACScount, Beckton Dickinson and Cyflow, Partec, Germany).

Plasma HIV-1 RNA VL was performed on 280uC frozen plasma,

using the Agence Nationale de Recherche sur le Sida (ANRS)

second generation (G2) real-time RT-PCR test. This assay allows

the quantification of HIV-1 B and non-B sub types, including the

A/E CRF_01 circulating in South East Asia [23]. The threshold of

the assay was 250 copies/mL, by using 200 ml of plasma.

HIV-1 genotyping was conducted for patients with a VL.

1,000 copies/mL. The genotypic resistance study was done for the

reverse transcriptase (RT) and protease (PR) genes and analyzed

according to the 2013 version 23 ANRS algorithm [24].

Definitions
VF was defined as plasma HIV-1 RNA level .1000 copies/mL

[9].

Virological failure was compared with previous WHO immu-

nological failure definition: CD4 cell count at 6 months below the
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pre-treatment level, or a 50% decline from the on-treatment peak

CD4 cell count, or CD4 counts below 100 cells/mL after 12

months [25].

Multidrug resistance was defined as the presence of K65R,

Q151M, or at least three TAMs [6,26].

Statistical analysis
Data were entered in Epi Data software. All records were cross-

checked with the original data sheets. Analysis was carried out

with STATA, version 9 (Stata Corporation, College Station, TX,

USA). Chi squared or Fisher’s exact tests were used to compare

Figure 1. Flow chart of patients enrolled in early viral load study in Calmette hospital.
doi:10.1371/journal.pone.0105736.g001
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categorical variables as appropriate and Student’s t-test was used

to compare continuous data. Kruskal-Wallis and Wilcoxon rank

sum tests were used for non-normally distributed variables. A p-

value,0.05 was considered statistically significant.

Results

Characteristics of the populations
During the study period, 306 new patients were enrolled in the

ESTHER program (Figure 1). Of these, 209 (68.3%) fulfilled the

inclusion criteria as follows: 164 (78.4%) were ART naive patients

and 45 (21.5%) had a past history of ART (pre-treated patients).

Their main characteristics are described in Table 1. Naive and

pre-treated patients had similar sex ratio and age. Naive patients

had a lower baseline median initial CD4 cell count than pre-

treated individuals (74 cells/mm3, IQR: 30–194, versus 279 cells/

mm3, IQR103–455) (p,0.001), respectively.

As summarized in Table 1, 155 (out of a total of 164, 94.5%)

naive patients received a first-line regimen including D4T. By the

end of the study in December 2012, 84 (51.2%) were still under

D4T. Of the 45 ART pre-treated patients, 39 (86.6%) were treated

with first-line regimens whereas 6 (13.3%) with second-line

regimens.

Virological failure rates
The global rate of VF was 12.9% (95%CI: 8.6–18.2%.0%;

n = 27/209). VF was higher among pre-treated patient (N = 10/

164) than naive patients (N = 17/45) (6.0%, 95%CI: 2.9–10.9

versus 37.7%, 95%CI: 23.7–53.4, respectively, p,0.001) (Ta-

ble 2). Similarly, among patients on first line regimen, VF was

more frequent among pre-treated patients than naive patients (14,

35.8%, 95% CI: 0.2–0.5, versus 10, 6.0%, 95%CI: 2.9–10.9) (p,

0001). Three subjects (out of 6) pre-treated with second-line

regimens showed VF.

A total of 10 naive patients (6.3%) presented VF while only 1

(1.0%) would have been detected using the previous immunologic

WHO criteria [25].

In terms of quantitative results, median HIV-1 RNA VL for

patients with VF was significantly lower (4.3 log10 copies/mL,

IQR: 3.7–4.4) in naive patients, in comparison with pre-treated

patients (4.8 log10 copies/mL, IQR: 4.1–5.5) (p = 0.06).

Drug resistance
Of 27 patients with VF, 22 (81.4%) could be amplified and

sequenced for HIV-1 PR and RT coding regions. Among these, by

using the ANRS algorithm, 19 (19/22, 86.3%) patients harbored

$1 resistance-associated mutations (RAMs). The three remaining

patients harboring wild-type strains were all belonging to the pre-

treated patients’ category (Figure 2).

Overall, 18 (81.8%) showed dual-class resistance to NRTIs and

NNRTIs (7/7, 100% vs. 11/15 (73.3%), p = 0.1, in naive and pre-

treated patients, respectively). One (4.5%) harbored resistance to

NNRTIs only.

Table 1. Characteristic of new patients enrolled at Calmette Hospital.

Naive ART Pre-treated P Total

n = 164 (78.4%) n = 45 (21.5%) n = 209 (100%)

Male 85 (51.8) 23 (51.1) 0.9 108 (51.6)

Median age, years (IQR) 36 (30–45) 40 (32–45) 0.1 37 (31–45)

Phnom Penh residence 146 (89.0) 36 (80.0) 0.1 182 (87.0)

Median CD4 level (cells/mm3 (IQR))* 74 (30–194) 279 (103–455) ,0.001 95 (34–245)

OMS clinical stage

,3 121 (73.7) 33 (73.3) 0.9 154 (73.6)

$3 43 (26.2) 12 (26.6) 55 (26.3)

First line therapy** (n = 197) 164 (100) 39 (86.6) 203 (97.1)

-D4T containing regimen 155 (94.5) 16 (35.5) ,0.001 171 (81.8)

-AZT containing regimen 7 (4.2) 20 (44.4) ,0.001 27 (12.9)

-TDF containing regimen 1 (0.6) 1 (2.2) 0.3 2 (0.9)

-NVP containing regimen 96 (58.5) 27 (60.0) 0.2 123 (58.8)

-EFV containing regimen 67 (40.8) 11 (24.4) 0.1 78 (37.3)

Second line therapy*** (n = 6) 6 (13.3)

-3TC TDF LPV/r 3 (6.6) 3 (1.4)

-AZT 3TC LPV/r 1 (2.2) 1 (0.4)

-AZT DDI LPV/r 1 (2.2) 1 (0.4)

-3TC DDI LPV/r 1 (2.2) 1 (0.4)

Median duration of ART (months) 63 (2–144)

Numbers and (percentages). Median and (interquartile range: IQR).
D4T: stavudine, tenofovir (TDF), azidothymidine (AZT), lamivudine (3TC), nevirapine (NVP), Efavirenz (EFV), abacavir (ABC), lopinavir/r (LPVr) (/r: ritonavir as a booster),
atanazavir/r (ATVr), didanosine (DDI) or darunavir (DRVr).
*at inclusion.
**Containing two nucleoside reverse-transcriptase inhibitors (NRTIs) plus either the nonnucleoside reverse-transcriptase inhibitor (NNRTI) efavirenz or Nevirapine: AZT
or D4T, 3TC/FTC, NVP or EFV [26].
***Protease inhibitor based boosted regimens (LPV/RTV or ATV/RTV) [26].
doi:10.1371/journal.pone.0105736.t001
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The most common NRTI mutations were the M184V mutation

(19/22, 86.3%). Thymidine analog mutations (TAMs) were found

in (9/19, 40.9%) of patients with a higher rate in pre-treated

patients, but without reaching significance. The TAM2 pathway

(D67N, K70R, T215F, and K219Q/E) was present in 5/22, 4/22,

8/22, 2/22 patients. The TAM1 pathway was present mostly in

pre-treated patients (M41L 4/15, 27.7%; L210W: 3/15, 20%,

T215Y/I/Y: 6/15, 40%). V75T/M and T69D/N mutations,

associated with decreased susceptibilities to d4T and ddI, were

detected in 4/22 (18.1%) and 6/22 (27.2%) patients. L74V/I/IL

was seen in 20% of pre-treated patients, not in naive patients.

Together with K65R, this mutation is associated with resistance to

ddl, ABC, and TDF. Multi-Nucleos(t)ide Resistance (MNR) were

only observed in pre-treated patients, including 2 (13.3%)

harboring Q151M, K65R, E33A/D, E44A/D mutations.

Regarding the NNRTI mutations, V90L, K101E, K103N/S,

V106I/M, V1791L were observed in both patients groups.

However, K103N tend to be more frequent in naive patients

than in pre-treated patients (n = 5, 71.4% versus n = 5, 33.3%),

(p = 0.09). The Y181C/I (N = 5, 33.3%), A98S/G (n = 4, 27%),

H221Y (n = 2, 13%) and P225H (N = 1, 7.5%) mutations were

only seen in pre-treated patients. In five pre-treated patients,

viruses were found resistant to etravirine (ETR), a second-

generation NNRTI drug, due to the simultaneous presence of

the Y181C and G190A mutations.

In terms of resistance to drugs, among the 7 naive patients,

viruses were found resistant to 3TC/FTC (100%), D4T (57.1%),

AZT (20.0%), ABC, DDI and TDF (12.2%), NVP/EFV (100%)

and RPV (28.5%) (Table 3). Finally, all tested-naive were resistant

to 3TC/FTC/NVP/EFV. All but one remained sensitive to

didanosine (DDI), ABC, TDF, and all were sensitive to ETR.

For pre-treated patients on first line regimen, HIV strains were

resistant to 3TC (75%), D4T (66.6%), AZT (58.3%), ABC

(25.5%), TDF (8.3%), NVP/EFV (66%), rilpivirine (RPV) and

etravirine (ETV) (16.6%). Among pre-treated patients on second-

line regimens, none harbored viruses showing resistance to

lopinavir/r (LPV/r), atanazavir/r (ATV/r) or dolutegravir

(DRV/r), two were resistant to TPVr and one to indinavir (IDV).

Finally, four ART pre-treated patients were still sensitive to first-

line ART.

Discussion

Our study conducted in Cambodia showed a high level of VF

among new pre-treated patients at their initial consultation (35.8%

and 50.0% for those under 1st line and 2nd line regimens,

respectively). By contrast, the 12 months VF rate of naive patients

was quite low (6.0%). In addition, among naive patients with

virological ART failure, resistance mutations to 3TC and NNRTI

appeared quickly and were generalized to all patients. For pre-

treated patients, TAMs were frequently observed.

Table 2. Resistance Associated Mutations (RAMs) among naive and ART pre-treated patients with virological failure (VL.3 log/ml).

Naive ART Pre-exposed Total Pre-exposed

First line First line First line Second line

N = 164 N = 39 N = 203 N = 6

Virological failure 10 (6.0) 14 (35.8) 24 (11.8) 3 (50)

Median Viral load, log10 copies/ml 4.3 [IQR: 3.7–4.4] 4.8 [IQR: 4.1–5.5] -

Genotyping test 7/10 (70.0) 12/14 (85.7) 19 (9.3) 3 (100)

At least one RAMs 7 (100) 10 (83.3) 17 (89.4) 2 (66.6)

$3 NRTI mutations 2 (28.5) 8 (53.3) 10 (45.5) 1 (33.3)

$3 NNRTI mutations 5 (71.4) 5 (33.3) 10 (45.5) 2 (66.6)

NRTI resistance

3TC resistance 7 (100) 9 (75) 16 (84.2) 2 (66.6)

D4T resistance 4 (57.1) 8 (66.6) 12 (63.2) 1 (33.3)

AZT resistance 2 (20.0) 7 (58.3) 9 (47.4) 1 (33.3)

ABC resistance 1 (12.2) 3 (25.5) 4 (21.1) 0 (0)

TDF resistance 1 (14..2) 1 (8.3) 2 (10.5) 0 (0)

DDI resistance 1 (14..2) 5 (33.3) 6 (31.6) 0 (0)

NNRTI resistance

NVP resistance 7 (100) 8 (66.6) 15 (78.9) 2 (66.6)

EFV resistance 7 (100) 8 (66.6) 15 (78.9) 2 (66.6)

ETV resistance 0 (0) 3 (25.0) 3 (15.8) 1 (33.3)

RPV resistance 0(0) 2 (16.6) 3 (15.8) 0 (0)

PI resistance

LPVr resistance not done 0/3 (0) 0/3 (0)

ATVr resistance not done 0/3 (0) 0/3 (0)

Numbers and (percentages). Median and (interquartile range: IQR).
Stavudine (D4T), tenofovir (TDF), azidothymidine (AZT), lamivudine (3TC), nevirapine (NVP), efavirenz (EFV), abacavir (ABC), lopinavir/r (LPVr) (/r: ritonavir as a booster),
atanazavir/r (ATVr), didanosine (DDI) or darunavir (DRVr).
doi:10.1371/journal.pone.0105736.t002
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The fact that naive patients showed a very low level of VF

supports the efficacy of the 1st line treatment, and emphasizes the

need on regular monitoring of patients’ adherence. This result is

consistent with previous reports of studies conducted one to four

years after the onset of first-line ARV regimen in Cambodia [27–

31]. The VF rate observed after 4 year of ART was similar (4%) in

another Phnom Penh hospital [30]. Interestingly, the VF rate

reported herein is lower than that reported in sub-Saharan Africa

patients where up to 24% of VF is obtained within 12 months of

initiation of first-line ART [32].

The presence of early mutations in the naive patient group

conferring resistance to NNRTI and in a lesser extent to NRTI is

of concern. All naive patients harbored viruses that were resistant

to NVP/EFV with a majority of them showing the K103N/S

mutation. The rates of 181C/I, K103N/S G190A and M184L/V

mutations were also higher than in another recent study in

Cambodia among patients having a median duration of 12 months

up to 4 years on antiretroviral therapy [6,7,30]. The level of

transmitted drug resistance (TDR) in naive patients needs to be

assessed and could explain the high level of resistance mutations

for this population potentially more recently infected than pre-

treated patients. Finally, the number of TAM was limited and

TDF option was preserved as second-line regimen backbone for all

but one naive patients.

By contrast, failure rate among ART pre-treated patients was

high in comparison with a recent multisite study involving several

African and Asian countries where levels of VF ranged between

2.9% and 20.6% after one year [33]. In our experience, the

proportion of ART pre-treated patients represented roughly 22%

of new HIV patients admitted in Calmette Hospital. The reason

for seeking treatment at Calmette Hospital was not documented in

the patient’s files. However, it may be related to a well known

ART failure or ART breakthrough in the previous center

explaining the high VF rate. Another possible reason is that

patients previously treated in the private sector returned to the

Calmette center in order to benefit with free drugs provided by the

national program. This raises the concern of patients’ nomadism

and the absolute need of a network between ART care units. The

need for patient-unique identifiers is also required because it will

help in avoiding misreporting and in increasing the proper

allocation of treatment for patients. This issue is currently under

consideration within the national Cambodian program.

In pre-treated patients, the high frequency of TAM mutations

may be explained by the extensive use of thymidine analogues in

resource limited settings. The accumulation of TAMs might

reduce the effectiveness of second-line TDF-containing combina-

tions which are recommended in Cambodia [17]. However,

among ART second-line regimen VF patients, all were sensitive to

LPV/r, ATV/r and TDF. This is consistent with evidence that

suggests that adherence support is critical for these patients [34]. A

recent study conducted among ART second-line VF in Cambodia

report that two-thirds of patients present no resistance mutation

for protease and need only adherence support [35]. A national

evaluation is currently being conducted for patients treated with

second-line regimen in Cambodia.

Finally, it must be pointed out that three pre-treated patients

showed VF but carried HIV strains that had no mutation at all. In

our setting, we think that early transient viremia may be associated

with a reversion to wild type viruses. As a consequence, among

pre-treated patients, it is likely that some of them experienced

unstructured treatment interruptions, thus resistance would not be

identified as frequently.

Figure 2. RTI-RAMs in ART naive and ART pre-treated patients with virological failure.
doi:10.1371/journal.pone.0105736.g002
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Study limitations
Our survey has some limitations. First, it is a retrospective study

suffering from the usual limitations of retrospective approaches.

Also, the interpretation of data must be cautious due to small

sample size. Second, blood samples prior to ART initiation were

not available. Thus, the potential occurrence of transmitted drug

resistance (TDR) could not be investigated [1,36]. The rate of

transmitted drug resistance is around 7.6% in Asia [17,37]. Third,

it was not possible to document the impact of adherence and the

duration of viral failure among pre-treated patients. A previous

study in the same facility estimated the adherence at 88% and

81% among naive and pre-treated patients, respectively [38].

Fourth, around twenty percent of the new patients had no VL

during the first year and were excluded from the study. This may

have led to underestimation of treatment failure.

Conclusion

The emergence of drug resistance mutations seems to occur

relatively quickly, notably to NNRTI, in naive patients. Also,

specific attention should be paid to ART pre-treated patients in

whom resistance mutations to NRTI were relatively common. VL

must be provided early in the follow up of ART treated patients.

HIV genotypic assays before ART initiation and for ART pre-

treated patients infection should be considered as well. This will

avoid increasing treatment failures, morbidity and mortality and

unnecessary switching to expensive second or even third-line

therapies.

Acknowledgments

We are very grateful to the physicians, nurses and patients who

participated in this study. We are also grateful for the staff of ESTHER

Program and the National Center for HIV/AIDS and STD (NCHADS).

We are grateful to Dr. Francois Rouet for his critical review of the

manuscript. We thank S Goyet, S Li and A Tarantola for kind advices.

Author Contributions

Conceived and designed the experiments: OS SG HB. Performed the

experiments: SG HB SL CH VO SH. Analyzed the data: SG HB OS SH

CS. Wrote the paper: HB SG OS. Enrolled and monitored patients: SL

CH VO. Wrote the revised manuscript: HB. Commented on the revised

manuscript: HB SG SL SH JN CH CS GV VO JFD OS.

References

1. Gupta RK, Jordan MR, Sultan BJ, Hill A, Davis DH, et al. (2012) Global trends
in antiretroviral resistance in treatment-naive individuals with HIV after rollout

of antiretroviral treatment in resource-limited settings: a global collaborative
study and meta-regression analysis. Lancet 380: 1250–1258. S0140-

6736(12)61038-1 [pii];10.1016/S0140-6736(12)61038-1 [doi].

2. WHO (2009) Rapid advice: antiretroviral therapy for HIV infection in adults
and adolescents. WHO. Available: http://www.who.int/hiv/pub/arv/advice/

en/.

3. WHO (2010) Antiretroviral therapy for HIV infection in children: towards
universal access-recommendations for a public health approach, 2010 revision.

4. van Oosterhout JJ, Brown L, Weigel R, Kumwenda JJ, Mzinganjira D, et al.

(2009) Diagnosis of antiretroviral therapy failure in Malawi: poor performance of
clinical and immunological WHO criteria. Trop Med Int Health 14: 856–861.

TMI2309 [pii];10.1111/j.1365-3156.2009.02309.x [doi].

5. Westley BP, DeLong AK, Tray CS, Sophearin D, Dufort EM, et al. (2012)
Prediction of treatment failure using 2010 World Health Organization

Guidelines is associated with high misclassification rates and drug resistance
among HIV-infected Cambodian children. Clin Infect Dis 55: 432–440. cis433

[pii];10.1093/cid/cis433 [doi].

6. Coetzer M, Westley B, Delong A, Tray C, Sophearin D, et al. (2013) Extensive
drug resistance in HIV-infected Cambodian children who are undetected as

failing first-line antiretroviral therapy by WHO 2010 guidelines. AIDS Res Hum
Retroviruses 29: 985–992. 10.1089/AID.2013.0025 [doi].

7. Zolfo M, Schapiro JM, Phan V, Koole O, Thai S, et al. (2011) Genotypic impact

of prolonged detectable HIV type 1 RNA viral load after HAART failure in a
CRF01_AE-infected cohort. AIDS Res Hum Retroviruses 27: 727–735.

10.1089/AID.2010.0037 [doi].

8. Arnedo M, Alonso E, Eisenberg N, Ibanez L, Ferreyra C, J et al. (2012)
Monitoring HIV viral load in resource limited settings: still a matter of debate?

PLoS One 7: e47391. 10.1371/journal.pone.0047391 [doi];PONE-D-12-15685

[pii].

9. WHO (2013) Consolidated guidelines on the use of antiretroviral drugs for

treating and preventing HIV infection. http://www.who.int/hiv/pub/
guidelines/arv2013/download/en/.

10. Ruel TD, Kamya MR, Li P, Pasutti W, Charlebois ED, et al. (2011) Early

virologic failure and the development of antiretroviral drug resistance mutations
in HIV-infected Ugandan children. J Acquir Immune Defic Syndr 56: 44–50.

10.1097/QAI.0b013e3181fbcbf7 [doi].

11. Stricker SM, Fox KA, Baggaley R, Negussie E, de PS, et al. (2013) Retention in
Care and Adherence to ART are Critical Elements of HIV Care Interventions.

AIDS Behav. 10.1007/s10461-013-0598-6 [doi].

12. WHO, United Nations Children’s Fund (2011) Joint United Nations Programme
on HIV/AIDS (UNAIDS). Global HIV/AIDS Response: Epidemic Update and

Health Sectors Progress Towards Universal Access. Progress Report 2011.

13. NCHADS, Chhea Chhorvann, Saphonn Vonthanak (2011) Estimations and
Projections of HIV/AIDS in Cambodia 2010–2015. 1–58.

14. NCHADS (2012) Conceptual Framework for Elimination of New HIV

infections in Cambodia by 2020. 1–22.

15. NCHADS (2013) NCHADS 3Quaterly report 2013. 1–8.

16. NCHADS (2013) Fourth quaterly report 2012.

17. NCHADS (2012) National guidelines for the use of antiretroviral therapy for

HIV infection in adults and adolescents.

18. Chetchotisakd P, Anunnatsiri S, Kiertiburanakul S, Sutthent R, Anekthananon

T, et al. (2006) High rate multiple drug resistances in HIV-infected patients

failing nonnucleoside reverse transcriptase inhibitor regimens in Thailand,

where subtype A/E is predominant. J Int Assoc Physicians AIDS Care (Chic) 5:

152-156. 5/4/152 [pii];10.1177/1545109706294288 [doi].

19. Ngo-Giang-Huong N, Jourdain G, Amzal B, Gad P, Lertkoonalak R, et al.

(2011) Resistance patterns selected by nevirapine vs. efavirenz in HIV-infected

patients failing first-line antiretroviral treatment: a bayesian analysis. PLoS One

6: e27427. 10.1371/journal.pone.0027427 [doi];PONE-D-10-04651 [pii].

20. Sungkanuparph S, Sukasem C, Kiertiburanakul S, Pasomsub E, Chantratita W

(2012) Emergence of HIV-1 drug resistance mutations among antiretroviral-

naive HIV-1-infected patients after rapid scaling up of antiretroviral therapy in

Thailand. J Int AIDS Soc 15: 12. 1758-2652-15-12 [pii];10.1186/1758-2652-

15-12 [doi].

21. Cambodia Ethical Comitee (2011) Cambodian Ethical Guidelines for Health

Research Involving Human Subjects. Part III, article 1.

22. Nouhin J, Ngin S, Martin PR, Marcy O, Kruy L, et al. (2009) Low prevalence of

drug resistance transmitted virus in HIV Type 1-infected ARV-naive patients in

Cambodia. AIDS Res Hum Retroviruses 25: 543–545. 10.1089/aid.2008.0305

[doi].

23. WHO (2010) Antiretroviral therapy for HIV infection in adults and adolescents.

WHO. Available: http://www.who.int/hiv/pub/guidelines/artadultguidelines.

pdf.

24. ANRS-AC 11 Resistance Group (2007) ANRS - AC 11 Genotype interpretation:

nucleoside and nucleotide reverse transcriptase inhibitors.

25. WHO (2010) Antiretroviral therapy for HIV infection in children: towards

universal access-recommendations for a public health approach, 2010 revision.

26. Nouhin J, Madec Y, Ngo-Giang-Huong N, Ferradini L, Nerrienet E (2013)

Increased risk of Q151M and K65R mutations in patients failing stavudine-

containing first-line antiretroviral therapy in Cambodia. PLoS One 8: e73744.

10.1371/journal.pone.0073744 [doi];PONE-D-13-18830 [pii].

27. Ferradini L, Laureillard D, Prak N, Ngeth C, Fernandez M, et al. (2007) Positive

outcomes of HAART at 24 months in HIV-infected patients in Cambodia.

AIDS 21: 2293–2301. 10.1097/QAD.0b013e32828cc8b7 [doi];00002030-

200711120-00005 [pii].

28. Isaakidis P, Raguenaud ME, Te V, Tray CS, Akao K, et al. (2010) High survival

and treatment success sustained after two and three years of first-line ART for

children in Cambodia. J Int AIDS Soc 13: 11. 1758-2652-13-11 [pii];10.1186/

1758-2652-13-11 [doi].

29. Janssens B, Raleigh B, Soeung S, Akao K, Te V, et al. (2007) Effectiveness of

highly active antiretroviral therapy in HIV-positive children: evaluation at 12

months in a routine program in Cambodia. Pediatrics 120: e1134-e1140.

peds.2006-3503 [pii];10.1542/peds.2006-3503 [doi].

30. Pujades-Rodriguez M, Schramm B, Som L, Nerrienet E, Narom P, et al. (2011)

Immunovirological outcomes and resistance patterns at 4 years of antiretroviral

therapy use in HIV-infected patients in Cambodia. Trop Med Int Health 16:

205–213. 10.1111/j.1365-3156.2010.02689.x [doi].

31. Segeral O, Limsreng S, Nouhin J, Hak C, Ngin S, et al. (2011) Short

communication: three years follow-up of first-line antiretroviral therapy in

cambodia: negative impact of prior antiretroviral treatment. AIDS Res Hum

Retroviruses 27: 597–603. 10.1089/AID.2010.0125 [doi].

Viral Failure and Resistance Mutations in Naive and Pre-Treated PLHIV

PLOS ONE | www.plosone.org 8 August 2014 | Volume 9 | Issue 8 | e105736

http://www.who.int/hiv/pub/arv/advice/en/
http://www.who.int/hiv/pub/arv/advice/en/
http://www.who.int/hiv/pub/guidelines/arv2013/download/en/
http://www.who.int/hiv/pub/guidelines/arv2013/download/en/
http://www.who.int/hiv/pub/guidelines/artadultguidelines.pdf
http://www.who.int/hiv/pub/guidelines/artadultguidelines.pdf


32. Barth RE, van der Loeff MF, Schuurman R, Hoepelman AI, Wensing AM

(2010) Virological follow-up of adult patients in antiretroviral treatment

programmes in sub-Saharan Africa: a systematic review. Lancet Infect Dis 10:

155–166. S1473-3099(09)70328-7 [pii];10.1016/S1473-3099(09)70328-7 [doi].

33. Aghokeng AF, Monleau M, Eymard-Duvernay S, Dagnra A, Kania D, et al.

(2014) Extraordinary heterogeneity of virological outcomes in patients receiving

highly antiretroviral therapy and monitored with the world health organization

public health approach in sub-saharan Africa and southeast Asia. Clin Infect Dis

58: 99–109. cit627 [pii];10.1093/cid/cit627 [doi].

34. Ferradini L, Ouk V, Segeral O, Nouhin J, Dulioust A, et al. (2011) High efficacy

of lopinavir/r-based second-line antiretroviral treatment after 24 months of

follow up at ESTHER/Calmette Hospital in Phnom Penh, Cambodia. J Int

AIDS Soc 14: 14. 1758-2652-14-14 [pii];10.1186/1758-2652-14-14 [doi].

35. Nerrienet E, Nouhin J, Ngin S, Segeral O, Ken S, et al. (2012) HIV-1 protease

inhibitors resistance profiles in patients with virological failure on LPV/r-based
2nd line regimen in Cambodia. J AIDS Clinic Res.

36. Wittkop L, Gunthard HF, de WF, Dunn D, Cozzi-Lepri A, et al. (2011) Effect of

transmitted drug resistance on virological and immunological response to initial
combination antiretroviral therapy for HIV (EuroCoord-CHAIN joint project):

a European multicohort study. Lancet Infect Dis 11: 363–371. S1473-
3099(11)70032-9 [pii];10.1016/S1473-3099(11)70032-9 [doi].

37. Stadeli KM, Richman DD (2013) Rates of emergence of HIV drug resistance in

resource-limited settings: a systematic review. Antivir Ther 18: 115–123.
10.3851/IMP2437 [doi].

38. Segeral O, Madec Y, Ban B, Ouk V, Hak CR, et al. (2010) Simplified
Assessment of Antiretroviral Adherence and Prediction of Virological Efficacy in

HIV-Infected Patients in Cambodia. AIDS Res Treat 2010: 142076. 10.1155/
2010/142076 [doi].

Viral Failure and Resistance Mutations in Naive and Pre-Treated PLHIV

PLOS ONE | www.plosone.org 9 August 2014 | Volume 9 | Issue 8 | e105736


