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Abstract

Background: Analysis of potentially different impact of Lopinavir/Ritonavir (LPV/r) on non-B subtypes is confounded by
dissimilarities in the conditions existing in different countries. We retrospectively compared its impact on populations
infected with subtypes B and C in Israel, where patients infected with different subtypes receive the same treatment.

Methods: Clinical and demographic data were reported by physicians. Resistance was tested after treatment failure.
Statistical analyses were conducted using SPSS.

Results: 607 LPV/r treated patients (365 male) were included. 139 had HIV subtype B, 391 C, and 77 other subtypes. At study
end 429 (71%) were receiving LPV/r. No significant differences in PI treatment history and in median viral-load (VL) at
treatment initiation and termination existed between subtypes. MSM discontinued LPV/r more often than others even when
the virologic outcome was good (p = 0.001). VL was below detection level in 81% of patients for whom LPV/r was first PI and
in 67% when it was second (P = 0.001). Median VL decrease from baseline was 1.960.1 logs and was not significantly
associated with subtype. Median CD4 increase was: 162 and 92cells/ml, respectively, for patients receiving LPV/r as first and
second PI (P = 0.001), and 175 and 98, respectively, for subtypes B and C (P,0.001). Only 52 (22%) of 237 patients
genotyped while under LPV/r were fully resistant to the drug; 12(5%) were partially resistant. In48%, population sequencing
did not reveal resistance to any drug notwithstanding the virologic failure. No difference was found in the rates of resistance
development between B and C (p = 0.16).

Conclusions: Treatment with LPV/r appeared efficient and tolerable in both subtypes, B and C, but CD4 recovery was
significantly better in virologically suppressed subtype-B patients. In both subtypes, LPV/r was more beneficial when given
as first PI. Mostly, reasons other than resistance development caused discontinuation of treatment.
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Introduction

Subtype B is the predominant HIV-1 subtype in the resource

rich countries, but most of those infected worldwide carry non-B

virus [1,2]. HIV subtypes show characteristic patterns of amino

acids expressed at specific positions throughout the viral genome

[3–7]. Differences between subtypes in the protease and reverse

transcriptase genes have the potential to alter responses to

combination antiretroviral treatment (cART). Mutations at 12

amino-acid positions in the protease can be designated primary or

major resistance mutations (D30N, V32I, M46I/L, I47A, G48V,

I50V/L, I54L/M/V, L76V, V82A/F/S/T, I84A/V, N88S, and
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L90M [8–10]. Several other mutations are considered secondary

or minor, although definitions can vary. Although no major

mutations occur as polymorphisms in wild-type subtype-C HIV-1,

several secondary mutations associated with drug failure are found

at high frequency in viruses from drug-naive subtype-C patients

(e.g., M36I and I93L) [11,12]. These differences in baseline

sequence between subtypes may result in the evolution of drug

resistance along distinct mutational pathways, or in the incidence

of different pathways [13–18]. Thus subtle genetic differences may

have clinical relevance when considering long-term treatment

strategies for patients infected with different subtypes.

Lopinavir co-formulated with ritonavir, (LPV/r, KaletraH) is a

widely used protease inhibitor (PI). WHO latest guidelines [19]

recommended LPV/r-based regimen as first-line cART for all

HIV-infected children under the age of three in developing

countries and as the PI of choice in second-line treatment [19–21].

In Africa, a particular advantage of this drug over NNRTIs is that

some Africans have slower clearance of NNRTIs than Caucasians

rendering them more susceptible to resistance development during

treatment interruptions [22–25] and it may also reduce the

incidence of malaria among children receiving it [26]. Several

studies reported treatment outcome in developing countries (e.g.,

[27–32]) typically with only limited genotypic information

regarding patients failing LPV/r (e.g., [31,32]). The first larger-

scale study, by van Zyl et al., who provided and analyzed such

genotypic data from 490 LPV/r-failing patients in South-Africa,

has just appeared [33].

Mutations conferring reduced susceptibility of the virus to LPV/

r are well documented (amino acids at positions 10, 16, 20, 24, 32,

33, 34, 36, 43, 46, 47, 48, 50, 53, 54, 58, 71, 73, 74, 76, 82, 84, 89,

and 90) [34,35]. Four genotypic resistance-evaluation algorithms

were developed for interpretation of genotypic data for this drug

[36–39] and used in clinical practice. Both the number of

mutations that contribute to resistance and the combinations in

which they appear have been studied [40–45], but a broad

comparison of accumulation of mutations and long-term treat-

ment outcome in the different subtypes is still limited

[32,33,46,47]. Analysis of potential differences is confounded by

dissimilarities in the conditions existing in different countries. To

the best of our knowledge, only one study [48], by Barber et al.,

compared LPV/r treatment outcome of B and C patients where

both groups were treated under equal conditions in a developed

country.

In Israel, subtypes B, C and A/AE, are prevalent [49–53].

cART is available to all citizens, and genotypic resistance testing is

performed to guide treatment decisions [9]. This provides an

opportunity to compare the impact of any given drug regimen

over the long-term on patients infected with the different subtypes

while treated under relatively similar conditions, unlike differences

in the conditions of treatment which often exist between B and

non-B infected patients. Very few patients were treated with LPV/

r in Israel before 2001, when the drug was approved by Health

authorities and became part of standard care regimens. Since

atazanavir and darunavir were not available in Israel during the

study period, LPV/r was the main PI given to drug naive patients.

In this study we retrospectively followed a cohort of 607 LPV/r

treated patients. The aim was to evaluate potential differences in

the clinical outcome and resistance pathways between patients

infected with different subtypes, mainly C versus B, following the

introduction of LPV/r.

Because of the heterogeneity of the patient population and the

retrospective nature of the study, a subtype-based comparison of

treatment outcomes, particularly in terms of viral-load suppression

and CD4 gains, might be confounded by several other factors that

potentially influence the results. The median value of several

parameters, including age, follow-up period, and time on LPV/r

were similar in subtype B and C, and thus not confounding. The

outcome of treatment significantly depended, in addition to

subtype, on whether the patients had previous PI treatment

experience or not, but here too, the proportion of patients for

whom LPV/r was first PI was similar in the three subtype groups.

Materials and Methods

Patients
Six of the seven AIDS-treating centers in Israel participated in

this retrospective study. All patients (607) who received LPV/r for

at least 3 months before August 2007 with documented treatment

dates and known HIV RNA viral load (VL) levels and CD4+ T-

cell counts (CD4 Counts) at starting and stopping/end dates were

included. Patients were stratified according to subtype, gender, PI

experience prior to LPV/r, and to whether they were on LPV/r

treatment or had stopped it during the study. As subtype B patients

were mainly MSM, this group of patients was also compared to

subtype-C males. The study was approved by the local Ethics

committees of the different institutions.

Clinical specimens and database
Plasma VL levels and CD4 counts were determined by the local

hospital laboratories at the different clinical centers as part of

routine follow-up. The VL levels and CD4 counts at the beginning

and the end of LPV/r treatment, as well as demographic data and

adverse events were reported by the treating physicians using

standard forms. HIV drug resistance genotypic testing was

performed centrally at the National HIV Reference Laboratory

as part of the standard of care for patients failing treatment. Data

were stored in an anonymous database. HIV genotypes were

determined by comparing the sequences to those in Stanford

University HIV Drug Resistance Database (Stanford database)

Sierra Webservice (http://hivdb.stanford.edu/pages/webservices,

version 6.3.1 (last updated 09/20/13 [54]), directed by Robert

Shafer [55]). Subtyping was performed using the Rega Subtyping

Tool, version 2.0; revised 10/03/2006 [56].

HIV-1 RNA extraction, viral load measurement and
sequencing

Three commercial HIV-1 viral load assays were used by the

different AIDS centers: Cobas Amplicor human immunodeficien-

cy virus type 1 (HIV-1) Monitor test, version 1.5 (Roche Molecular

Systems, Inc., Branchburg, NJ); the Cobas AmpliPrep/Cobas

TaqMan HIV-1 test (Roche Molecular Systems, Inc.); and real-

time nucleic acid sequence-based amplification (NASBA) HIV-1

assay (NucliSensEasyQ; bioMerieux, Boxtel, The Netherlands).

The assays were performed according to the manufacturer’s

instructions. The detection level of the least sensitive test was 400

copies/ml and therefore results below this value were considered

lower than detection level (LDL). The genotyping tests were all

performed at the National HIV Reference Laboratory (NHRL).

Viral RNA was isolated from patient blood plasma using the

BioMerieux automatic extractor (Easy MAG) according to

manufacturer’s instructions. The Protease gene (codons 4–99)

and RT gene (codons 38–247) were sequenced using Siemens’

True-GeneTM kit as described before [12]. Profiles of resistance to

the different drugs were determined according to the Stanford

database (http://hivdb.stanford.edu/; version 6.3.1; last updated

09/20/13 [54]).

LPV/r Treatment Outcomes in HIV-1 Subtypes B and C
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Statistical analysis
Chi-square test and Fisher’s two-tailed exact test were used for

analysis of discrete data (e.g., mutation frequencies) and

Bonferroni’s correction was applied to multiple comparisons of

mutations frequency. T-test and one way Anova test were used in

comparing continuous clinical data (e.g., viral load and CD4

counts). A square root transformation was applied to the CD4

counts to approach a normal distribution for this variable and the

t-test and Anova test were performed on the transformed

values.Logistic regression analysis was implemented to predict

viral load below detection level at the end of the study. All

statistical analyses were performed using SPSSH (version 21.0).

Data are presented as median [range] unless otherwise stated.

Results are considered statistically significant when p,0.05.

Ethics statement
The retrospective analysis of clinical and laboratory data, which

were obtained from the medical charts of HIV-1 patients

attending the different Medical Centers, was approved by the

respective ethical committees. Specifically, permission was granted

by the Kaplan Ethical Committee to analyze such data without the

need of a signed informed consent by the patients. The samples

obtained at the Sheba Medical Center that were used in this study

belonged to patients who had signed an informed consent agreeing

to participate in a range of studies.

Gb-accession numbers of used sequences:
AY529598, KC184165, KC184166, KC184169, KC184185,

KC184186, KC184219, KC184325, KC184345, KC184354,

KC184392, KC213492, KC213521, KC213541, KC213556,

KC213581, KC21358, KC213589, KC213607, KC213609,

KC213612, KC213656, KC213662, KC213664, KC213665,

KC213666, KC213683, KC213684 and KF134929 - KF135178.

Results

Patients
Six hundred and seven patients (365 males and 242 females)

from six AIDS clinics in northern, central and southern Israel were

included. A summary of patient characteristics can be found in

Table 1. One hundred and thirty nine were infected with HIV

subtype B, 391 with subtype C, and 77 with other (non-BC)

subtypes. Transmission routes, gender and countries of origin

differed for the three subtype groups (p,0.001). Other parameters,

including median age (38.160.5 years), median time from

diagnosis to starting LPV/r treatment (5.260.2 years), median

time on LPV/r (23.760.8 months) and the fraction of patients for

whom LPV/r was first PI were similar in the B and C groups

(p = 0.1 to p = 1) but the median time from diagnosis to LPV/r

treatment initiation for the non-BC group was shorter (2.560.5

years; p,0.001) and a larger fraction of these patients received

LPV/r as first PI (p = 0.006).

Drug-combination treatment, treatment interruption and
side effects

Median LPV/r treatment time was 23.760.8 months (range 3

to 95). For 305 patients (50.2%) LPV/r was the first administrated

PI; 140 (46%) of those were naive to prior cART. The most

common backbone regimens were ZDV+3TC (65.4%), 3TC plus

either ddI or d4T or ABC (13.4%), and ddI plus d4T (9.8%). At

the end of the study 429 patients (71%) were receiving LPV/r

(‘‘ongoing’’ group) and 177 had discontinued; of those, 13 died.

There was no statistical difference between the subtype B and C or

non-BC populations in number of former PIs (zero or more), and

number of past regimens, but for a significantly larger fraction of

non-BC patients (74%) LPV/r was first PI (p = 0.006). Among

patients who were treated with other PIs about 30% received

nelfinavir, 30% received indinavir, 30% received both and 10%

were treated with other PIs (mainly saquinavir). The distribution of

treatment regimens was similar in all subtypes groups.

The various side effects reported by clinicians are shown in

Table 2. Sixty patients (10%) had reported side effects. The

predominant side effects reported were gastrointestinal (4%) and

dyslipidemia (3%). Two hundred and fifty two (47%) reported no

side effects and for the rest data were lacking. Only 165 (56%) of

the latter were in the ‘‘Ongoing’’ group at the end of the study, as

compared to an overall patient representation of 71% in that

group. Less than half of the patients with side effects (28 of 60)

stopped LPV/r because of those effects as reported by the clinician

(Table 2), comprising only about 16% of all the 177 who

discontinued treatment. The other known reasons for stopping

LPV/r were death (7%, 13 patients); non-adherence (14%); drug

resistance to LPV/r – 31 patients (17%) developed resistance to

the drug but only 14 (8%) reportedly stopped solely because of this;

end of pregnancy (6%, 10 women); several technical/logistical

reasons (e.g., refrigeration problems); and loss to follow-up (11%,

19 patients). Nine patients (5%) refused to continue taking the

drug, despite good clinical results, for none of the above reasons.

Forty six percent of MSM stopped the treatment with LPV/r,

significantly more than in the other groups (26%–30%; p = 0.008).

Viral load and CD4
Viral load and CD4 results are described in Tables 3 and 4.

Patients were stratified according to subtype (B, C and Non-BC),

gender (Female or Male), PI experience prior to LPV/r (first PI or

second or higher), and to whether they were on LPV/r treatment

(Ongoing group) or had stopped it during the study. As most

subtype B patients were MSM, this patient population was also

compared to subtype-C males (M_C). For the whole cohort

median VL was 64,200647,036 copies/ml (4.81 logs, range ,25

to 19,000,000) at the initiation of treatment with LPV/r and

399616,845 copies/ml (2.60 logs, range ,25 to 9,000,000) at the

end of the study. The median decrease in VL was 1.960.1 logs

(range 21.8 to +5.1), and 74.1% of patients were below detection

level at the end of the study. Median CD4 count was 18668.9 (1

to 1,421) cells/ml at treatment initiation and 341611.3 [2 to

2,193] cells/ml at the end, with a median increase of 12168.4 [26

to 1,693] cells/ml.

After stratification in terms of different groups as described we

found, in particular, that the fraction of patients ending up below

detection level did not differ significantly between subtypes B and

C, despite the fact that treatment was interrupted significantly

more frequently by B-group patients than by C (P = 0.001), and

treatment interruption was strongly associated with a poorer

virologic outcome (p,0.001; Table 3). Treatment parameters

other than treatment interruption were unlikely to confound the

subtype-based comparison because they did not significantly differ

for the two subtypes. Importantly, there were no significant

differences in the fraction of those receiving LPV/r as first PI or in

LPV/r treatment duration (Table 1). Also, no statistical differences

were found between the subtypes in the median levels at the

starting and ending points or in the log decrease of viral load, as

well as in the median CD4 count at starting and ending (Table 4).

Yet, when we calculated the median of the individual increases in

absolute CD4 counts, we found that it was significantly larger for B

patients compared to C, despite the strong association of the rate

of treatment interruption with DCD4 (p,0.0001; Table 4). This

LPV/r Treatment Outcomes in HIV-1 Subtypes B and C
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discrepancy was found also between C and non-BC patients

(p,0.0001), but not between B and non-BC (p = 0.5; Table 4).

Consistent with this finding, the increase in CD4 counts among

patients who did not stop treatment and who ended up below

detection level averaged 238 cells/ml in the B-subtype group, 262

in the non-BC and only 179 cells/ml in the C group (p = 0.08 and

Table 1. Patient classification.

Total B C Non-BC p

Female (%) 242 (40) 20 (14) 199(51) 23 (30) ,0.001

Male (%) 365 (60) 119 (86) 192 (49) 54 (70) ,0.001

Age (years); median 6 SEM 38.260.5 38.560.9 38.160.7 37.761.3 0.2

MSM (%) 75 (12) 72 (52) 1 (0.3) 2 (3) ,0.001

Hetero (%) 422 (70) 37 (27) 362 (93) 23 (30) ,0.001

IVDU (%) 61 (10) 14 (10) 4 (1) 43 (56) ,0.001

Others (%) 49 (8) 16 (11) 24 (6) 9 (11) 0.06

Principal Birth place (%) Ethiopia (61) Israel (78) Ethiopia (94) FSU (51) ,0.001

Follow up (years); median 6 SEM 5.260.2 6.360.5 5.660.3 2.560. 5 0.001– 0.6

Time on LPV/r (months); median 6 SEM 23.760.8 24.461.6 23.161.0 27.062.1 0.9

Patients on LPV/r as first PI (%) 49 49 46 68 0.006–1

FSU – Former Soviet Union; IVDU – Intravenous drug users; MSM – Men who have sex with men; SEM – standard error of mean.
doi:10.1371/journal.pone.0086239.t001

Table 2. Side effects and other reasons for stopping LPV/r treatment.

A Main Reasons for stopping LPV/r treatment

No %

Side effects 28 16

Non adherence 25 14

Technical reasons and lost to follow up 19 12

Death 13 7

Resistance 14 8

PMTCT 10 6

Patient refusal 9 5

Immunological failure 1 1

Not reported 58 29

Total number of patients stopping LPV/r treatment 177 100

B Side effects

No %

Gastrointestinal 23 4

Dislypidemia 17 3

Lipodystrophy 9 1

Dermatological 4 0.5

CNS 1 0.2

Others 5 1

Total number of patients with side effects 60 10

No Side effects 252 42

ND regarding side effects – Ongoing treatment 165 27

ND regarding side effects – Stopped treatment 130 21

Total number of LPV/r treated patients 607 100

(A) Reasons for stopping LPV/r treatment as reported by physicians. Although samples from 31 patients were resistant to LPV/r, only for 14 it was the only reason for
stopping the treatment. Technical reasons include refrigeration problems, inability to increase volume of syrup, travel, unavailability for follow-up, etc. (B). Side effects
reported by physicians.
Abbreviations: CNS –Central Nervous System; ND – no data; PMTCT – treatment during pregnancy only, to Prevent Mother to Child Transmission.
doi:10.1371/journal.pone.0086239.t002
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0.03, respectively). Additional DCD4 differences seen between

MSM and C-infected males and between males and females reflect

the predominance of MSM among B-patients.

Overall, the best outcome of LPV/r was observed when it was

first PI (median VL decrease 2.3 logs, in 81% of patients VL below

detection level, and CD4 increase of 162 cells/ml). We also

stratified patients by baseline VL and CD4 counts and compared

clinical outcomes of the different groups. Patients were divided

into three groups according to VL, and each VL group was

subdivided according to the CD4 counts, creating altogether nine

groups. The VL ranges were .100,000, 10,000–100,000 and

,10,000 cp/ml, and for CD4 counts ,200, 200–500 and .500

cells/ml (Table 5). No significant differences in the outcome were

observed between the groups. In most cases, the viral load

dropped below detection level and there was a similar increase in

CD4 independently of initial viremia and CD4 depletion levels.

The patients in Group 9, with VL initially already below detection

level and median CD4 count .700 cells/ml (Table 5), remained

within these ranges.

Resistance to LPV/r
Three hundred samples from 237 patients on LPV/r with VL

$1,000 copies/ml were genotyped. The latest sample from each

patient while on LPV/r was used in the analysis. Mutations and

common polymorphisms are depicted in Table 6. The most

common resistance mutation for all subtypes was I54V (in 70% of

samples with mutations) followed by V82A (61%) and M46I

(47%). The frequencies of I13V, I62V, L63P/A, V77I and I84V

were significantly higher in B than in C and those of I15V, L19I,

K20R, M36I, R41K, H69Q/D/R, T74S, and I93L higher in C as

compared to B (p,0.01 to p,0.0001). After Bonferroni correction

for multiple comparisons the difference in the prevalence of

V82A/C between subtypes was insignificant. In addition, signif-

icantly higher frequencies of modifications I15V, L19I, and R41K

were found in C (p = 0.03 to ,0.0001; Table 6). Notably, in 114

(48%) of those failing LPV/r containing regimens, no resistance

mutations were detected including mutations of the NRTI

backbone (Table 7).

We evaluated the clinical significance of the resistance

sequences using the Stanford University HIV Drug Resistance

Database. Out of the 237 patients tested, only 52 (22%) were fully

resistant to LPV/r, 11 (5%) were partially resistant and 174 (73%)

were sensitive, half of those to all available PIs. Of the 63 samples

with resistance to LPV/r, 1 (2%), 23 (36%) and 10 (16%) samples,

respectively, were fully sensitive to the newer PIs atazanavir/r,

darunavir/r or tipranavir/r. The major factor influencing

accumulation of mutations was the history of PI usage. When

LPV/r was the first PI administrated resistance was found in 8.7%

of samples, similar to Barber et al. [48] and van Zyl et al. (p = 0.5)

[33]. On the other hand, when LPV/r was the second or later PI

in the sequence of treatment regimens 46% of the samples showed

drug resistance. No difference between B and C patients was found

in the percentage of LPV/r-resistant samples (p = 0.1–0.7)

although significantly more subtype B samples were sensitive to

all drugs (p = 0.009; Table 7).

Discussion

LPV/r was incorporated into cART regimens in Israel in 2001.

Here we retrospectively evaluated our experience with this drug

gained over the following several years, involving 607 patients

treated with LPV/r for an average of two years (range 3 to 95

months). We compared the rates of achieving suppression of viral

replication (VL,400 copies/ml) and median CD4 increases, as

well as drug resistance pathways, in those infected with different

HIV-1 subtypes, mainly C and B.

We did not find significant differences between the major

subtypes, B and C, in the rate of viral suppression, but there were

such differences in the median increase in CD4-cell count, in

particular in those who achieved undetectable viral load (Tables 3

& 4). Several factors could have contributed to these differences in

the treatment efficacy: structural differences between the subtypes

affecting their interaction with the drugs; different levels of

adherence; different time on LPV/r treatment; different treatment

history; differences in baseline VL and/or CD4-counts values, or

genetic differences between the populations. Similar results were

found by De Wit et al. comparing CD4 recovery of subtype A- and

subtype B-infected patients [57]. It is of note that, also in that

study, almost all of the non-B infected persons were heterosexuals

of African origin while most B patients were MSM and

Caucasians. It is beyond the scope of the present study to further

investigate this interesting point. As revealed by stratification of the

total population into subgroups, LPV/r treatment interruption

and previous PI-treatment experience were strongly correlated to

worse virologic and clinical results. But subtype-groups did not

differ significantly in terms of previous PI experience. Median

treatment time and baseline values were also similar for the

different subtypes.

The different subtypes appear to have selected somewhat

different pathways to replicate in the presence of the drug

(Table 6). Samples from 237 patients who had viral load $1,000

copies/ml while on LPV/r were sequenced and analyzed. B

patients had significantly higher prevalence, in comparison to non-

B, of mutations I84V (p = 0.02), L63P and A71V (p = 0.04–0.001).

T74S/A appeared in 28% of C samples and none of B (p,0.001).

Almost all subtype-C patients had M36I and L89M which are in

the consensus wild-type sequence of subtype C [12]. A significantly

higher prevalence of modifications that are not known to confer

resistance were found in treated C-virus in positions I15V, L19I,

and R41K and in treated A1-virus in position E35D (p = 0.03

to,0.001; Table 6). There was a striking difference in the

accumulation of mutations when LPV/r was used as first PI

compared to when it was used as a second or higher PI. Moreover,

failing treatment without mutations was most frequently observed

when the LPV/r was used as first PI (Table 6). Using the

TrueGeneTM algorithm, 65% of the virologically failing patients

who were tested were found to be sensitive to all drugs including

RT inhibitors, and additional 11% were resistant to NRTI and/or

NNRTI but sensitive to LPV/r. Only 17% of virologically failing

patients were fully resistant and 6% partially resistant to LPV/r.

No statistically significant difference was found in the percentage

of resistant samples between B and C patients (p = 0.2–1; Table 7).

In-vitro pharmacokinetic and pharmacodynamic data [58–61]

showed that antiviral activity falls quickly as drug concentration is

reduced for drugs with sharp dose-response curves and short half-

lives, such as boosted protease inhibitors, limiting the time during

which resistance can be selected for, enabling failure via growth of

virus susceptible to the drug when adherence is poor. These

studies, however, and the possibility that mutations may occur

outside the protease-encoding gene [62–64], cannot satisfactorily

explain virologic failure in the apparent absence of any mutations

[53,58,65–68], including those related to NRTIs and NNRTIs.

This phenomenon remains a conundrum.

We stratified samples according to viral load and presence of

resistance mutations. As reported briefly earlier, we found that

both groups, those who failed with mutations and those who failed

without them, could each be divided into two subgroups according

to their viral-load levels (Fig. 1). Thus, there were patients failing
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with relatively low viral loads in the range of a few thousand

copies/ml and others distinctively segregated within the hundred-

thousand range. We had speculated [53] that in the higher range,

a frequent cause of failure-without-mutations was that the patient’s

adherence was very poor indeed, while in the low VL range,

though adherence may be far from optimal, drug concentrations

were sufficient to partially suppress wild-type virus replication

while the development of overt drug resistance under such

conditions of partially suppressed replication could be delayed

for weeks or months, due to existing genetic barriers and poor

fitness of variants [69]. Alternatively, resistance in some cases

might have existed but escaped detection, due to the limitation of

the method of population sequencing, if several resistant species of

the virus coexisted, each contributing below 15% of the total VL.

The ‘‘high’’ and ‘‘low’’ dichotomy is found also in the VL of those

failing with observable resistance mutations, but it had already

been observed that maintaining the failing drug regimen often

results in lower VL as compared to pretreatment levels [70].

Similar proportions of patients with different subtypes reported

side effects (10.9%, 12.2% and 17.6% for B, C and non-BC,

respectively; p = 0.4–0.8). It appears that the degree of success of

the treatment in terms of viral load decrease and CD4 count

increase as well as the actual presence or absence of side effects are

not the only factors that influence the decision of patients to

continue or discontinue treatment. For example, concerns

regarding the risk of such side effects, especially in a more

‘‘educated’’ group, may be a factor that needs to be considered.

One earlier study [48] performed a comparison of a significant

number (59) of genotyped subtype-C patients failing LPV/r-

containing treatment with similar cohort of subtype-B patients at

failure, where both groups were treated under equal conditions.

No association of drug-resistance pattern with viral subtype was

evident in that study. The larger number of genotyped subtype-C

patients in our study (157) facilitated a more detailed comparison

and the conclusion that the different subtypes select subtly

different pathways to replicate in the presence of the drug (see

Table 7. Resistance status of patients failing LPV/r.

B C non-BC Total p

n = 43 (18%) n = 156 (66%) n = 38 (16%) n = 237 (%) B vs.C B vs.non-BC C vs.non-BC

Sensitive to all drugs (%) 28 (65) 65 (42) 21 (55) 114 (48) 0.009 0.5 0.1

LPV/r sensitive but resistant to
backbone (%)

5 (12) 46 (29) 8 (21) 59 (28) 0.02 0.4 0.4

LPV/r sensitive (%) 34 (79) 111 (71) 29 (76) 174 (73) 0.3 0.4 0.7

LPV/r partially resistant (%) 2 (4) 8 (5) 1 (4) 11 (5) 1 0.9 0.9

LPV/r resistant (%) 7 (16) 37 (24) 8 (21) 52 (22) 0.4 0.8 0.8

Total 43 156 38 237

Clinical resistance status of 237 patients failing cART including LPV/r was determined according to the True-geneTM software (version 10). The last available sample
under LPV/r from each patient was used.
doi:10.1371/journal.pone.0086239.t007

Figure 1. Partition of the viral-loads of treatment-failing patients into ‘‘high’’ and ‘‘low’’ categories. Shown are box-plots indicating
partition of the viral-load distributions at treatment failure for those who failed either with or without mutations. Each plot shows median, quartiles
and range. Viral load is expressed in copies/ml plasma. Dashed line – viral load cutoff, at 6,000 copies/ml. Mut – resistance conferring mutations; n –
number; No-mut – No resistance conferring mutations; PI – Protease Inhibitor.
doi:10.1371/journal.pone.0086239.g001
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above). Nevertheless, both studies support each other in showing

an overall similarity in the patterns of resistance-conferring

mutations. Importantly, we could estimate the total number of

subtype-C infected persons in our cohort to a high precision, not

just those who failed treatment, because of the almost perfect

coincidence of subtype-C infection with an Ethiopian origin in the

relevant period. Therefore, we could compare virological as well

as immunological treatment outcomes for the two subtypes.

Interpretation of the differences is confounded by the issue of

adherence. In this regard, while the phenomenon of patients

failing LPV/r-containing treatment in the apparent absence of

resistance to the drug is well-recognized, we have documented also

a surprisingly high frequency of failure with no evidence of

resistance to the other simultaneously given drugs. Thus our study

extends the work Barber et al. in terms of magnitude and scope.

With 157 C-subtype patients genotyped upon failure of LPV/r-

including regimens, our study is now second only to van Zyl et al.

in terms of information on drug-resistance mutations associated

with such failure in subtype-C infected patients. These researchers

studied trends in genotypic HIV-1 antiretroviral resistance in

South Africa [33]. Their study included genotypic results from 486

subtype-C patients receiving cART who failed LPV/r given as first

PI; LPV/r has now replaced previous PIs in cART regimens. At

first sight, the fact that about half of the patients in our study

received LPV/r as second PI may seem to diminish the relevance

of our analysis of resistance mutations. However, although the

frequency of virologic failures was higher in our study, there was a

striking similarity between the two studies in the identity of the

resistance-conferring mutations in treatment failing patients, in the

relative overall frequencies in which they appeared, and in the

frequencies of viruses harboring different numbers of mutations

(between two and seven mutations). Moreover, as can be seen

from Table 8, both studies suggest over-representation of variants

possessing certain combinations of resistance mutations. While

such associations did not reach statistical significance in each of the

studies alone, pairwise-association analysis of all 101 C genotypes

from LPV/r treatment-failing patients in the two studies together

revealed a strong positive association trend between M46I and

I54V (p = 0.06, Fisher’s two-tailed Exact Test) and between I54V

and V82A (p = 0.09). Consistent with these trends, the triplet

M46I, I54V and V82A was very significantly over-represented

(p = 0.007). On the other hand, L24I and L33F tend to appear

mostly in conjunction with multiple other resistance mutations, as

they do not confer strong resistance to LPV/r on their own but

strengthen the effect of other mutations or the interaction between

them once the latter have been selected.

Study limitations
The retrospective nature of our study is a major limitation

inherent to its design. We have attempted to provide subgroup

analysis where possible. Another limitation is our inability to

discern the effects of baseline structural differences between the

subtypes on LPV/r impact from the effects of differences in

adherence to, and persistence in, drug taking schedules prescribed

by physicians. This difficulty exists because, although all patients

are similarly treated by the same physicians, C patients largely

belong to a group of immigrants from Ethiopia so that social and

cultural factors may have affected adherence in ways that are hard

to evaluate. Six out of seven AIDS treating centers in Israel

participated in the study. Differences between the centers in

keeping the patients on the drugs cannot be excluded, and since

the ratio between B and C patients in each center varied, a bias

could result. We believe, however, that such differences are

Table 8. Mutation patterns in LPV/r failing C patients from Israel and South Africa.

Mut/Seq Mutation Patterns
Number
found Origin (No.)

1 M46I 2 SA(1), IL(1) Most common patterns

1 I47A/V 2 SA(1), IL(1)

1 V82A 2 SA(1), IL(1)

1 L90M 7 SA(1), IL(7) Patterns Actual
frequency

Calculated
frequency

p

2 L10F, V82A 5 SA(4), IL(1)

2 M46I, L76V 2 SA(2)

2 I54V, V82A 7 SA(6), IL(1) M46I+L76V 0.19 0.12 0.2

3 L10F, I54V, V82A 2 IL(2) M46I+V82A 0.47 0.37 0.2

3 M46I, I54V, V82A 6 SA(3), IL(3) I54V+V82A 0.6 0.47 0.09

3 I54V, L76V, V82A 2 SA(2) M46I+I54V+V82A 0.44 0.25 0.01

4 L10F, L33F, I54V, V82A 2 SA(1), IL(1) M46I+I54V+L76V 0.17 0.08 0.09

4 L10F, M46I, I54V, V82A 4 SA(2), IL(2) M46I+L76V+V82A 0.16 0.09 0.2

4 M46I, I50V, I54V, V82A 2 SA(2) I54V+L76V+V82A 0.19 0.11 0.2

4 M46I, I54V, L76V, V82A 4 SA(3), IL(1) M46I+I54V+L76V+V82A 0.16 0.06 0.04

5 L10F, M46I, I54V, L76V, V82A 7 SA(4), IL(3)

6 L10F, L24I, L33F, M46I, I54V, V82A 3 SA(2), IL(1)

Total 16 59

The table lists all mutation patterns that appeared more than once in the combined dataset of 101 samples, 55 from South Africa (van Zyl et al. [33]) and 46 from Israel
(this study). Fifty nine samples (58% of total) included 16 patterns. The actual frequency (number of times a pattern appeared in the dataset) and the calculated
frequency (based on the overall frequencies of each mutation included in that pattern, assuming independence) for the most prevalent patterns are compared. p-values
were calculated using Fisher’s two- tailed Exact Test. IL – Israel; SA – South Africa.
doi:10.1371/journal.pone.0086239.t008
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secondary to the potential difference in adherence between

subtype-B and subtype-C patients as groups. Assessing to what

degree low-level residual viral replication contributed to differ-

ences in DCD4 was limited by the detection level of 400 copies/ml

that we had to impose in the analysis as more sensitive tests were

performed for only a fraction of the study population. Finally, as

mentioned above, drug resistance might have escaped detection in

some patients due to the limitations of the method of population

sequencing. Ultra-deep sequencing would be required to assess this

possibility.

In summary, our data highlight the long-term efficacy and

safety of lopinavir/ritonavir among patients with both subtypes B

and C. Despite the great variety in these populations in ethnic,

educational and other socio-economic parameters, the differences

in clinical outcome between the subtype groups appeared to have

limited clinical relevance. These findings strongly support the

expanding use of LPV/r in resource limited settings with high

prevalence of subtype C infection.
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