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Introduction
The burden of paediatric HIV is in Sub-Saharan Africa where 

more than 90% of the world’s HIV-infected children reside and almost 
400,000 children are receiving highly active antiretroviral therapy 
(ART) [1]. Despite high rates of favourable virological outcomes in 
HIV-infected paediatric cohorts, including those from resource limited 
settings, 4 - 20% of children fail therapy (viral loads >400 copies/ml 
after one year on ART) [2-4].

Paediatric patients are at higher risk than adults of developing 
virological failure [3]. Contributing factors include problems associated 
with caregiver-dependent medication measuring, psychosocial factors 
like stigma and non-disclosure [5,6], sub-adequate dosing due to failure 
to adjust doses for weight gain [3] and pill fatigue or resistance to taking 
medication particularly in older children and adolescents [7].

Limited drug options exist for HIV-infected children failing therapy. 
In the United States of America, eighteen drugs are registered for 
paediatric ART use compared to 25 drugs registered for adults [8], and 
in South Africa only 10 antiretroviral drugs are currently registered for 
use in children [9]. Many newer drugs lack paediatric formulations and 
dose finding studies are still ongoing; some are registered for use only 
in older children. Newer therapies are often prohibitively expensive or 
take time to be approved by local government medicine safety agencies. 
For example it took more than two years for the United States Food and 
Drug Administration (FDA) to approve darunavir, a new generation 
protease inhibitor, for use in children over 12 years of age and a further 

three years for approval for use in children over 3 years of age. Some 
resistance mutations, alone or in combination, result in cross resistance 
with other drugs within the same drug class, occasionally eliminating 
entire drug classes for use in future regimens [10].

Therefore for such cases, there exists a need for a holding strategy 
to delay deterioration of immune function without selecting for drug 
resistance mutations until a suitable second line/salvage regimen 
becomes available and appropriate.

Lamivudine is a well-tolerated nucleoside reverse transcriptase 
inhibitor (NRTI) and is one of the recommended first line drugs for the 
treatment of HIV in children in most paediatric guidelines including 
the World Health Organisation [11,12]. However, in the face of sub-
adequate adherence to therapy, resistance to lamivudine occurs rapidly 
(within weeks) as a result of a single point mutation at codon 184 in the 
viral genome [13]. Whilst this mutation renders the drug ineffective, it 
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limited. We describe lamivudine monotherapy (LM) as a holding strategy for ART-experienced virologically-failing 
children where a definitive suppressive regimen was not possible.

Methods: A retrospective review of data collected until the end of July 2010 from four sites in Johannesburg, 
South Africa was performed. Inclusion criteria were age ≤16 years with documented HIV-1 infection and use of LM for 
at least three months. 

Results: Twenty three patients (52% female) were identified. Median age at LM was 8.02 years (IQR: 4.07–11.80). 
LM was initiated for intractable adherence issues in 20/23 children (87%) and for multi-drug resistance precluding 
construction of an active new regimen in 3/23 (13%). The median duration of LM was 6.13 months (IQR: 3.93–9.31). 
At six months post LM initiation, CD4 count decreased by 23% but did not reach pre-ART levels. Neither nadir CD4 
(p=0.35) nor pre-LM ART regimen (p=0.50) predicted CD4 count decline. LM was stopped in nine children, seven of 
whom restarted combination ART. Reasons to restart ART were: immunological progression n=3, disease progression 
n=1 and adherence issues resolved n=3. The other 14 (60.9%) children were continuing LM at time of data collection. 
No deaths occurred during follow-up.

Conclusion: LM should be investigated through clinical trial as a short-term holding strategy in paediatric patients, 
where suppressive ART is challenging due to adherence or drug availability problems. 
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also reduces viral replication capacity and makes the virus itself less fit 
[14,15]. A few adult studies have sought to exploit this reduction inviral 
fitness by using lamivudine or its structural relative, emtricitibine(FTC), 
as monotherapy in a so-called holding strategy, with bettermaintenance 
of clinical and immunological well-being compared to those who 
interrupted treatment completely [16-18]. 

To our knowledge, there is no published literature on lamivudine 
monotherapy (LM) in children but, as a result of the few observational 
studies in adults, paediatric HIV clinicians have been utilizing LM as a 
holding strategy in children where a definitive suppressive regimen is 
difficult for various reasons. We present our experience with LM at four 
South African institutions.

Methods
Study design

This retrospective longitudinal study was conducted at four 
paediatric HIV treatment sites in Johannesburg, South Africa: Phatsima 
Khanya Clinic (PKC), Alexandra; Benoni Paediatric HIV Clinic 
(BPHC), Benoni; Perinatal HIV Research Unit (PHRU) and Harriet 
Shezi Clinic (WRHI), Soweto. In total these four clinics serviced around 
5500 HIV-infected children at the time of study: PKC 674; BPHC 391, 
PHRU 1119 and WRHI 3328. Patients were followed up 3-6 monthly 
at all four sites. 

The review was performed with data collected up until the end of 
July 2010. 

Inclusion criteria were documented HIV-infection and use of LM 
for at least 3 months while below 16 years of age. Approval for the 
collection of data during time in care was obtained for each of the four 
sites from the Wits Human Research Ethics Committee.

Investigators at each site collected data on background 
characteristics, prior antiretroviral therapy, reasons for requiring a 
holding regimen, clinical and immunological condition at entry into 
care, at LM initiation and during LM from patient records. These were 
entered into standardised electronic spread sheets which were merged.

Statistical analysis
All analyses were done using SAS version 9.2 at a 5% significance 

level where applicable. Descriptive statistics (medians and inter-quartile 
ranges) were determined for age, immunological and anthropometric 
measures. The anthropometric measures of WAZ, HAZ, WHZ and 
BMIZ were determined using the CDC Growth Charts. Multiple linear 
regressions were done to determine whether nadir CD4 and pre-
LM ART regimen were predictive of CD4 declines. The trajectory of 
immunological and anthropometric measures from enrolment up to 15 
months is presented graphically. The graphical plots were generated by 
STATA 11.

Results
Demographics

Twenty three patients (52% female) were eligible for study inclusion. 
All patients were failing antiretroviral therapy at initiation of LM with 
median viral load 16,437 copies/ml (IQR 4,850 - 40,800 copies/ml). 

In Table 1 the demographic, immunological and anthropometric 
characteristics of the patients at ART initiation and LM initiation 
respectively are shown. Children had received a median of 24.33 
months (IQR: 19.49 - 32.03) of ART prior to LM initiation. Median 
duration of LM was 6.13 months (IQR: 3.93-9.31). 

The failing antiretroviral regimen at initiation of LM was non-
nucleoside reverse transcriptase inhibitor- (NNRTI) based in 13 (57%) 
children (efavirenz n=10; nevirapine n=3) and protease inhibitor- (PI) 
based in 10 (43%; all boosted lopinavir). Only five children had been 
receiving second line therapy at time of LM initiation. All second line 
regimens were PI-based. All patients had received lamivudine as part of 
the nucleoside backbone of their first line regimen.

Of seventeen children with genotyping results prior to LM, 15 
(88%) had documented M184V mutation, ten (59%) had high level 
NNRTI resistance mutations; three (18%) had ≥3 thymidine analogue 
mutations (TAMs); one child had the 69 insertion complex and one 
had mutations conferring high level PI resistance. Seven children (41%) 
had high level resistance mutations to drugs from 2 or more classes, 
excluding lamivudine. Of the two patients who started LM without 
documented M184V, one was not on lamivudine at the time of testing 
but had failed a lamivudine-containing regimen previously. The other 
was started on LM more than six months after the genotyping result 
with ongoing non-adherence to a lamivudine containing regimen and 
insufficient funding to repeat genotyping.

Reasons for LM
Twenty of the 23 patients had been switched to LM due to 

ongoing adherence problems. These were mostly related to poor social 
circumstances where caregivers were unable or unwilling to give 
medication correctly, or to increased pill burden due to concomitant 
treatment for tuberculosis (TB).

The remaining three patients were apparently adherent to their 
ART regimen at the time of LM initiation but prior adherence history 
was questionable. LM was initiated as the clinicians were unable to 
construct a new regimen containing more than one active drug due 
to extensive nucleoside reverse transcriptase inhibitor (NRTI) and 
NNRTI resistance mutations following an extended period of time on 
failing NNRTI based therapy. 

Clinical outcomes
During 279 patient-months of follow up, one child defaulted follow 

up; one was transferred out; seven (30.4%) had LM stopped by their 
treating clinician in order to restart ART (immunological progression 
n=3, clinical disease progression [suspected disseminated tuberculosis] 
n=1; underlying adherence issue resolved n=3). The median time to stop 
LM was 5.75 months (IQR: 3.95 - 7.40).The other 14 (60.9%) children 
were continuing LM at the time of data collection having experienced 
no indication to restart ART according to clinician assessment; that is, 
no immunological or clinical disease progression and no improvement 
in adherence challenges or access to active drugs for construction 
of a new regimen. Of these children continuing LM, 6/14 had been 
receiving LM for more than 12 months and one child had been on LM 
for 30 months at time of data collection.

There were no deaths during time of follow up, though the outcome 
of the child who defaulted care is unknown.

Variable ART Initiation LM Initiation
Median age in years (IQR) 6.20 (1.10–7.52) 8.02 (4.07–11.80)
Median CD4+ cells/mm3 (IQR) 560 (214-1052) 671 (520-1239)
Median CD4+  % (IQR) 12.6 (7.0-15.0) 25.4 (18.0-32.1)
Weight-for-age z-score (IQR) -0.92 (-1.9,0.16) 3.3 (-0.3,5.2)
Height-for-age z-score (IQR) -1.5 (-2.2,-1.2) -1.4 (-1.7,-0.8)
Weight-for-height z-score (IQR) -0.3 (-1.3,0.7) 4.9 (0.9,8.5)

Table 1: Characteristics at ART and LM initiation respectively.
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Figure 1 illustrates median weight-for-age z-scores (WAZ), height-
for-age z-scores (HAZ) and weight-for-height z –scores (WHZ) at ART 
initiation and during LM. WAZ remained stable during LM. None of 
the changes were statistically significant. 

Immunological outcomes

The CD4 counts and percentages (CD4%) of all 23 children during 
the first 6 months of LM are shown in Table 2. Figure 2A and 2B represent 
the trajectory of median CD4% and CD4 cell count respectively 
during LM, and in comparison to levels at ART initiation. CD4% was 
maintained during LM at statistically higher levels compared to levels 
at ART initiation, however, there was a decline in both CD4 % and CD4 
cell count 6 months after LM initiation. 

Compared to LM initiation, CD4 count decreased by a fifth at 3 
and 6 months respectively (22% (p=0.13) and 23% (p=0.29)). CD4% 
declined by around one tenth at 3 and 6 months respectively (11% 
(p=0.52) and 13% (p=0.55)).

Nadir CD4 did not predict CD4 count nor CD4% decline at 6 
months (CD4 count p=0.35/CD4% p=0.72). Similarly ART regimen at 
the time of LM initiation did not predict CD4 count or CD4 % decline 
at 6 months (p=0.5/ p=0.49). 

Discussion
To our knowledge, this is the first description of LM in children. 

This is a small group of patients with limited follow up time, and as 
there is no comparison group, we do not know whether these children 
would have done better on a non-suppressive ART regimen or a brief 
treatment interruption period. 

Holding regimens are by definition “last resort” options and as such 
are not intended to provide all the benefits of suppressive ART, but 
rather to slow the inevitable clinical and immunological deterioration 
when triple therapy cannot be used. Without triple therapy, virological 
suppression is highly unlikely. In our resource constrained setting, 
viral load monitoring is not recommended in guidelines for children 
not on ART [9]. Hence viral loads were not monitored in our cohort. 
On LM, the children in this study did not deteriorate to their pre-
ART immunological condition. Our results suggest that children’s 

CD4 counts and CD4 percentages, as well as their growth parameters, 
may not decrease significantly when initiated on LM. LM maintained 
clinical and immunological status in the majority of these children who 
were unable to take suppressive ART due to non-adherence or drug 
option limitations. Since current antiretroviral drug options in children 
are limited, to preserve the available second and third line options, a 
holding strategy may be a useful bridge whilst addressing adherence 
problems. 

Adherence issues in children can be particularly difficult to resolve. 
For example concomitant ART and TB therapy has been shown to 
be linked with poor virological outcomes [19]. In our study, three of 
the patients’ adherence problems stemmed from their concomitant 
TB therapy. All three were receiving PI-based ART at the time of 
TB diagnosis. This necessitated them to take four antiretroviral 
medications, including poorly palatable boosted lopinavir and 
additional ritonavir, to counteract rifampicin enzyme induction, as 
well as four anti-tuberculosis medications, routine multivitamin and 
vitamin B6 supplementation [9,20].

Furthermore, this paper is in keeping with preliminary findings 
of viral resistance in the South African context in children [21,22], 
which may be related to non-adherence, nevirapine use in prevention 
of mother to child transmission (PMTCT) strategies, or drug-drug 
interactions affecting therapeutic levels. The finding of high level 
resistance patterns in these children may indicate a need for paediatric 
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Figure 1: Growth parameters at antiretroviral therapy (ART) initiation and 
during lamivudine monotherapy (LM): medians with 95% confidence interval.

LM initiation 3 months† 
N=23

6 months‡
N=20

CD4 count CD4% CD4 count CD4 % CD4 count CD4 %

1 520 18 347 14.2

2 1512 35.4 1540 36.8 1355 30.4

3 627 19.65 610 22.3

4 534 26.2 476 19.3 358 15.6
5 1984 32.1 1648 31.3 1462 33.6
6 527 25.4 569 24.6 549 22.5
7 578 29.4 380 24 447 23.2
8 500 30.6 546 29.7 755 30.4

9 84 3.4 8 0.58 Stopped LM after 5 
months

10 475 11.2 244 10 123 3.8
11 994 41.5 759 30.2 761 30.4

12 341 10.8 316 13.6 Stopped LM after 4 
months

13 547 16.3 425 14.7 478 15.3
14 895 21.53 1188 13.09 748 17.43

15 1745 14.69 1066 16.35

16 1730 25.36 1101 30 1166 29.94
17 1005 34.35 371 28.54 186 13.52
18 752 28.96 752 28.9 540 23.89

19 1239 19.8 Defaulted follow-up after 
3 months

20 982 17.9 872 19.41

21 285 18.4 285 19.8

22 1632 33.7 478 16.6 1136 22.7
23 715 34.8 477 29.2 649 31.6

* LM = Lamivudine monotherapy
† 4/23 did not have a CD4 measure performed at 3 months of follow-up. 
‡  2/20 who remained on LM at 6 months did not have a CD4 measure performed.
Table 2: CD4 count and CD4 percentage at LM* initiation and at 3 and 6 months 
of LM.
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dosing and formulations of newer drug classes for third line regimens. 
To date, newer class antiretrovirals (ARVs) – second generation 
protease inhibitors and intergrase inhibitors – remain unregistered 
for paediatric use in South Africa and, even once registered, cannot be 
accessed in the public sector due to financial constraints. For children 
where currently approved and accessible ARVs were no longer options 
for suppressive treatment due to resistance, LM proved useful as a 
holding strategy until active drugs become available.

Because resistance to lamivudine by M184V mutation occurs 
within weeks in the context of monotherapy [23], the use of LM without 
confirmation of the mutation is not recommended. Resistance testing 
is not the standard of care in South Africa but can be requested and 
accessed at certain sites at the discretion of the senior clinician when 
funding is available. However, proving lamivudine resistance is not 
always possible: withdrawal of drug pressure at the time of specimen 
sampling, failure to amplify the virus (laboratory infrastructure) or 
lack of funding for testing may be possible contributors. Although one 
cannot always demonstrate M184V, where long-term poor adherence 
and virological non-suppression on a lamivudine-containing regimen 
is confirmed, LM may be considered under expert guidance and with 
close clinical and immunological monitoring.

In our study, time to LM initiation was relatively short: 2 – 3 years 
indicating fairly rapid development of resistance mutations particularly 

in children on NNRTI-based regimens. Whilst NNRTI mutations tend 
to be fairly predictable, children who are failing regimens containing 
thymidine analogues or protease inhibitors would benefit from greater 
access to genotyping in order to plan a future suppressive regimen.

There have been at least three previous studies describing LM in 
adults. In the original pilot study of LM, Castagna et al reported a slight 
but significantly better outcome for adults on LM versus treatment 
interruption with nadir CD4 counts >200cells/mm [3,16]. In our 
study, however, neither nadir CD4 count nor percentage predicted 
rate of CD4 decline. Opravil et al aimed at characterizing virological 
and immunological changes in adults on LM. The authors noted that 
patients on PI-based ART prior to LM experienced more rapid CD4 
decline than those without PIs in their pre-LM regimens [18]. In 
contrast, our study showed no correlation of pre-LM ART regimen on 
CD4 count or percentage decline. This is in keeping with the Soria et al. 
study which compared LM to daily or weekly FTC [17]. 

The main limitation of this study is the lack of control group. We 
are thus unable to assess how LM would compare to continuing non-
suppressive ART or treatment interruption in children. Adult studies 
have shown good immunological outcomes in patients continuing 
failing PI regimens [24] and, although adult studies have shown poor 
outcomes with structured treatment interruption [25], both the PENTA 
11 study and the CHER study have shown that interruption of ART 
appears to be safe in older and younger children respectively in a 
controlled trial environment [26,27]. Another limitation was an obvious 
selection bias – not all non-adherent patients failing virologically were 
started on LM, and this limits our ability to generalize these findings. 
Lastly as there is no data from randomised control or large observational 
cohort studies in either children or adults, the use of LM is restricted 
to the limited experts in the field and thus the sample size of this study 
is small.

Whilst we do not know whether those who continue on failing ART 
or those who interrupt treatment fare better in terms of a successful 
next regimen, more data is needed on the use of LM in children. These 
preliminary findings demonstrate that LM could be used as a holding 
strategy in paediatric clinical trials assessing options available when 
suppressive ART is challenging to achieve. As holding strategies by 
definition are for short-term use only, there is an urgent need for new 
drugs and formulations for paediatric patients.

Acknowledgments

The authors would like to acknowledge Glenda Gray for valuable insight into 
data interpretation and presentation of results, Harry Moultrie for commentary and 
input on manuscript content. 

Conflicts of Interest and Source of Funding

The Perinatal HIV Research Unit received funding for their paediatric HIV 
observational cohort “Paediatric Wellness Programme” from the South Africa 
Mission of the US Agency for International Development (USAID) under the 
terms of Cooperative Agreement Number 674-A-00-08-00009-00 (Erica Lazarus, 
AvyViolari, Fatima Laher). The funders had no role in study design, data collection 
and analysis, decision to publish, or preparation of the manuscript.

Wits Reproductive Health Institute (WRHI) receive funding for their paediatric 
HIV observational cohort at Harriet Shezi Clinic from the Gauteng Provincial 
Government and USAID grant number: 674-CA-674-A-00-08-0000 (Lee Fairlie). 
The funders had no role in study design, data collection and analysis, decision to 
publish, or preparation of the manuscript.

Right to Care receive funding for their paediatric HIV observational cohorts at 
Phatsima Khanya Clinic, Alexandra and Benoni Paediatric HIV Clinic , Benoni from 
USAID under the terms of Agreement No. 674-A-00-08-0007-00 (SanlieUnitiedt, 
Denise Evans, Leon Levin). The funders had no role in study design, data collection 
and analysis, decision to publish, or preparation of the manuscript.

5
10

15
20

25
30

35

C
D

4%

-1 0 3 6 9 12 15

n=21

ART

n=23

LM

n=19

LM

n=18

LM

n=11

LM

n=8

LM

n=6

LM

Months

CD4 Percent

30
0

40
0

50
0

60
0

70
0

80
0

90
0

10
00

11
00

C
D

4 
C

ou
nt

-1 0 3 6 9 12 15

n=21

ART

n=23

LM

n=19

LM

n=18

LM

n=11

LM

n=8

LM

n=6

LM

Months

CD4 Count

A

B

Figure 2: CD4 percentage (Figure 2A) and CD4 cells/mm3 count (Figure 2B) 
from antiretroviral therapy (ART) initiation and during lamivudine monotherapy 
(LM): medians with 95% confidence intervals.



Citation: Lazarus EM, Otwombe K, Fairlie L, Untiedt S, Violari A, et al (2013) Lamivudine Monotherapy as a Holding Strategy in HIV-Infected Children 
inSouth Africa. J AIDS Clin Res 4: 246. doi: 10.4172/2155-6113.1000246

Page 5 of 5

Volume 4 • Issue 10 • 1000246
J AIDS Clin Res
ISSN:2155-6113 JAR an open access journal 

For the remaining authors no conflicts of interest/ sources of funding were 
declared.

There was no funding received from National Institutes of Health (NIH), 
Wellcome Trust, Howard Hughes Medical Institute (HHMI) nor any other 
organisation for the work reported in this manuscript.

References

1. World Health Organisation (2011) Progress Report 2011: Global HIV/AIDS
Response.

2. Moultrie H, Yotebieng M, Kuhn L, Meyers T (2009) Mortality and Virological
Outcomes of 2105 HIV infected Children Receiving ART in Soweto, South
Africa. 16th Conference on Retroviruses and Opportunistic Infections. Montreal, 
Canada Paper 97.

3. Kamya MR, Mayanja-Kizza H, Kambugu A, Bakeera-Kitaka S, Semitala F, et al. 
(2007) Predictors of long-term viral failure among ugandan children and adults 
treated with antiretroviral therapy. J Acquir Immune Defic Syndr 46: 187-193.

4. Davies M, Wood R, Van Cutsem G, Giddy J, Eley B, et al. (2009) Virologic
failure and second-line antiretroviral therapy (ART) in children in South Africa:
the international epidemiologic databases to evaluate AIDS (IeDEA) Southern
Africa collaboration. 5th International AIDS Society Conference. Cape Town,
Oral presentation MOAB104.

5. Haberer J, Mellins C (2009) Pediatric adherence to HIV antiretroviral therapy.
Curr HIV/AIDS Rep 6: 194-200.

6. Meyers T, Moultrie H, Naidoo K, Cotton M, Eley B, et al. (2007) Challenges
to pediatric HIV care and treatment in South Africa. J Infect Dis 196 Suppl 3:
S474-481.

7. Merzel C, Van Devanter N, Irvine M (2008) Adherence to antiretroviral
therapy among older children and adolescents with HIV: a qualitative study of
psychosocial contexts. AIDS Patient Care STDS 22: 977-987.

8. United States Food Food and Drug Administration (2012) What's New at FDA 
in HIV/AIDS. 

9. South African National AIDS Council (2010) Guidelines for the Management of 
HIV in Children. 2nd ed: National Department of Health, South Africa.

10.	Johnson VA, Calvez V, Gunthard HF, Paredes R, Pillay D, et al. (2011) 2011
update of the drug resistance mutations in HIV-1. Top Antivir Med 19: 156-164.

11. World Health Organisation (2006) Antiretroviral therapy of HIV infection in
infants and children: Towards Universal Access. Recommendations for a public 
health approach. World Health Organisation. pp. 22.

12.	Green H, Gibb DM, Walker AS, Pillay D, Butler K, et al. (2007) Lamivudine/
abacavir maintains virological superiority over zidovudine/lamivudine and
zidovudine/abacavir beyond 5 years in children. AIDS 21: 947-955.

13.	Kuritzkes DR, Quinn JB, Benoit SL, Shugarts DL, Griffin A, et al. (1996) 
Drug resistance and virologic response in NUCA 3001, a randomized trial of
lamivudine (3TC) versus zidovudine (ZDV) versus ZDV plus 3TC in previously
untreated patients. AIDS 10: 975-981.

14.	Devereux HL, Emery VC, Johnson MA, Loveday C (2001) Replicative fitness 
in vivo of HIV-1 variants with multiple drug resistance-associated mutations. J
Med Virol 65: 218-224.

15.	Ward D (2003) Maintenance of "less fit" virus with 3TC monotherapy after 
discontinuation of antiretroviral therapy. Antivir Ther 8: 352-353.

16.	Castagna A, Danise A, Menzo S, Galli L, Gianotti N, et al. (2006) Lamivudine
monotherapy in HIV-1-infected patients harbouring a lamivudine-resistant
virus: a randomized pilot study (E-184V study). AIDS 20: 795-803.

17.	Soria A, Danise A, Galli L, Tiberi S, Seminari E, et al. (2010) Viro-immunological 
dynamics in HIV-1-infected subjects receiving once-a-week emtricitabine to
delay treatment change after failure: a pilot randomised trial. J Clin Virol 47:
253-257.

18.	Opravil M, Klimkait T, Louvel S, Wolf E, Battegay M, et al. (2010) Prior therapy 
influences the efficacy of lamivudine monotherapy in patients with lamivudine-
resistant HIV-1 infection. J Acquir Immune Defic Syndr 54: 51-58.

19.	El-Khatib Z, Ekstrom AM, Ledwaba J, Mohapi L, Laher F, et al. (2010) Viremia
and drug resistance among HIV-1 patients on antiretroviral treatment: a cross-
sectional study in Soweto, South Africa. AIDS 24: 1679-1687.

20.	Moore DP, Schaaf HS, Nutall J, Marais BJ (2009) Childhood tuberculosis
guidelines of the Southern African Society for Paediatric Infectious Diseases.
South Afr J Epidemiol Infect 24: 57-68.

21.	Taylor BS, Hunt G, Abrams EJ, Coovadia A, Meyers T, et al. (2011) Rapid
development of antiretroviral drug resistance mutations in HIV-infected children 
less than two years of age initiating protease inhibitor-based therapy in South
Africa. AIDS Res Hum Retroviruses 27: 945-956.

22.	Zyl GU, Rabie H, Nuttall JJ, Cotton MF (2011) It is time to consider third-line
options in antiretroviral-experienced paediatric patients? J Int AIDS Soc 14: 55.

23.	Mayers DL (1997) Prevalence and incidence of resistance to zidovudine and
other antiretroviral drugs. Am J Med 102: 70-75.

24.	24. Deeks SG, Barbour JD, Martin JN, Swanson MS, Grant RM (2000)
Sustained CD4+ T cell response after virologic failure of protease inhibitor-
based regimens in patients with human immunodeficiency virus infection. J 
Infect Dis 181: 946-953.

25.	Lundgren JD, Babiker A, El-Sadr W, Emery S, Grund B, et al. (2008) Inferior
clinical outcome of the CD4+ cell count-guided antiretroviral treatment
interruption strategy in the SMART study: role of CD4+ Cell counts and HIV
RNA levels during follow-up. J Infect Dis 197: 1145-1155.

26.	Paediatric European Network for Treatment of AIDS (2010) Response to
planned treatment interruptions in HIV infection varies across childhood. AIDS
24: 231-241.

27.	Cotton M, Violari A, Gibb D, Otwombe K, Josipovic D, et al. (2012) Early ART
followed by Interruption Is Safe and Is Associated with Better Outcomes than
Deferred ART in HIV+ Infants: Final Results from the 6-Year Randomized
CHER Trial, South Africa. 19th Conference on Retroviruses and Opportunistic
Infections. Washington DC, Paper 28LB.

http://www.who.int/hiv/pub/progress_report2011/en/
http://www.who.int/hiv/pub/progress_report2011/en/
http://www.ncbi.nlm.nih.gov/pubmed/17693883
http://www.ncbi.nlm.nih.gov/pubmed/17693883
http://www.ncbi.nlm.nih.gov/pubmed/17693883
http://www.ncbi.nlm.nih.gov/pubmed/19849962
http://www.ncbi.nlm.nih.gov/pubmed/19849962
http://www.ncbi.nlm.nih.gov/pubmed/18181697
http://www.ncbi.nlm.nih.gov/pubmed/18181697
http://www.ncbi.nlm.nih.gov/pubmed/18181697
http://www.ncbi.nlm.nih.gov/pubmed/19072104
http://www.ncbi.nlm.nih.gov/pubmed/19072104
http://www.ncbi.nlm.nih.gov/pubmed/19072104
http://www.fda.gov/ForConsumers/ByAudience/ForPatientAdvocates/HIVandAIDSActivities/ucm122951.htm
http://www.fda.gov/ForConsumers/ByAudience/ForPatientAdvocates/HIVandAIDSActivities/ucm122951.htm
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCoQFjAA&url=http%3A%2F%2Ffamilymedicine.ukzn.ac.za%2FLibraries%2FGuidelines_Protocols%2F2010_Paediatric_Guidelines.sflb.ashx&ei=VDRBUv3tOYnZrQfQx4HwBQ&usg=AFQjCNHBgnsnboPT0_Tc2sW7GzzGRq1_
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCoQFjAA&url=http%3A%2F%2Ffamilymedicine.ukzn.ac.za%2FLibraries%2FGuidelines_Protocols%2F2010_Paediatric_Guidelines.sflb.ashx&ei=VDRBUv3tOYnZrQfQx4HwBQ&usg=AFQjCNHBgnsnboPT0_Tc2sW7GzzGRq1_
http://www.ncbi.nlm.nih.gov/pubmed/22156218
http://www.ncbi.nlm.nih.gov/pubmed/22156218
http://www.who.int/hiv/pub/guidelines/paediatric020907.pdf
http://www.who.int/hiv/pub/guidelines/paediatric020907.pdf
http://www.who.int/hiv/pub/guidelines/paediatric020907.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17457088
http://www.ncbi.nlm.nih.gov/pubmed/17457088
http://www.ncbi.nlm.nih.gov/pubmed/17457088
http://www.ncbi.nlm.nih.gov/pubmed/8853730
http://www.ncbi.nlm.nih.gov/pubmed/8853730
http://www.ncbi.nlm.nih.gov/pubmed/8853730
http://www.ncbi.nlm.nih.gov/pubmed/8853730
http://www.ncbi.nlm.nih.gov/pubmed/11536226
http://www.ncbi.nlm.nih.gov/pubmed/11536226
http://www.ncbi.nlm.nih.gov/pubmed/11536226
http://www.ncbi.nlm.nih.gov/pubmed/16549962
http://www.ncbi.nlm.nih.gov/pubmed/16549962
http://www.ncbi.nlm.nih.gov/pubmed/16549962
http://www.ncbi.nlm.nih.gov/pubmed/20056480
http://www.ncbi.nlm.nih.gov/pubmed/20056480
http://www.ncbi.nlm.nih.gov/pubmed/20056480
http://www.ncbi.nlm.nih.gov/pubmed/20056480
http://www.ncbi.nlm.nih.gov/pubmed/19838125
http://www.ncbi.nlm.nih.gov/pubmed/19838125
http://www.ncbi.nlm.nih.gov/pubmed/19838125
http://www.ncbi.nlm.nih.gov/pubmed/20453629
http://www.ncbi.nlm.nih.gov/pubmed/20453629
http://www.ncbi.nlm.nih.gov/pubmed/20453629
http://www.sajei.co.za/index.php/SAJEI/article/view/160
http://www.sajei.co.za/index.php/SAJEI/article/view/160
http://www.sajei.co.za/index.php/SAJEI/article/view/160
http://www.ncbi.nlm.nih.gov/pubmed/21345162
http://www.ncbi.nlm.nih.gov/pubmed/21345162
http://www.ncbi.nlm.nih.gov/pubmed/21345162
http://www.ncbi.nlm.nih.gov/pubmed/21345162
http://www.ncbi.nlm.nih.gov/pubmed/22085598
http://www.ncbi.nlm.nih.gov/pubmed/22085598
http://www.ncbi.nlm.nih.gov/pubmed/9845501
http://www.ncbi.nlm.nih.gov/pubmed/9845501
http://www.ncbi.nlm.nih.gov/pubmed/10720517
http://www.ncbi.nlm.nih.gov/pubmed/10720517
http://www.ncbi.nlm.nih.gov/pubmed/10720517
http://www.ncbi.nlm.nih.gov/pubmed/10720517
http://www.ncbi.nlm.nih.gov/pubmed/18476293
http://www.ncbi.nlm.nih.gov/pubmed/18476293
http://www.ncbi.nlm.nih.gov/pubmed/18476293
http://www.ncbi.nlm.nih.gov/pubmed/18476293
http://www.ncbi.nlm.nih.gov/pubmed/20010073
http://www.ncbi.nlm.nih.gov/pubmed/20010073
http://www.ncbi.nlm.nih.gov/pubmed/20010073

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Methods
	Study design 
	Statistical analysis 

	Results
	Demographics 
	Reasons for LM 
	Clinical outcomes 
	Immunological outcomes 

	Discussion
	Acknowledgments
	Conflicts of Interest and Source of Funding 
	Table 1
	Table 2
	Figure 1
	Figure 2
	References



