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Abstract

initiating ART, and the treatment outcome after six months of ART.

ABBREVIATIONS

HIV: Human Immunodeficiency Virus; ART: Antiretroviral
Therapy; WHO: World Health Organization; AIDS: Acquired
Immunodeficiency Syndrome; DRM: Drug-Resistance Mutations

INTRODUCTION

Globally, 2.1million children (<15 years of age) were infected
with HIV by the end of 2016, and most (98%-99%) of them were
from resource-limited settings [1]. An estimated coverage of
antiretroviral therapy (ART) among children in need of ART was

Introduction: Antiretroviral therapy (ART) was scaled up in HIV-infected Vietnamese children and adults as well. Few studies documented the association
between drug-naive resistant HIV-1 with treatment outcome, especially in children. This study aimed to determine the rate of drug-resistance mutations before

Methods: During 2010 - 2011, 140 HIV-1 infected children were admitted at National Children Hospital Viet Nam. Of them, 116 were initiated first-line
ART, their clinical profile, CD4+ T-cell counts, and HIV load after six months of ART were retrospectively collected. Their plasma before initiating ART was stored
for analysis by 2012. Of 116 samples, 52 had the HIV-1 pol gene successfully sequenced to detect drug- resistance mutations.

Results: 18 children (29.0 = 28.8 months) died, within an average of 1.6 * 1.4 months of ART. Baseline WHO clinical stage 3-4 (p<0.001), and lower
CD4+ T-cell counts (p=0.03) was associated with fatality. Stored plasma samples of 52 were sufficiently analyzed, six carried drug-resistance HIV-1. One
of six was exposed to ART through prevention of mother-to-child transmission. Of RT-inhibition resistance, three had single mutant; one had K65R/Q151M /
K101E/Y181C with six-month virological failure. Among PR-inhibition resistance, two had either M46L or M46L/L9OM.

Conclusion: Transmitted drug - resistance mutations were found in 9.6% of 52 children. Six-month treatment outcome was induced by baseline clinical and
immunological stage. Pre-treatment drug-resistance mutations might not associate with six-month mortality but induce risk of virological failure.

43% [2]. The aim of ART is to suppress HIV to an undetectable
level; this is the main approach in managing the clinical course of
HIV infection [3]. Reports from low- and middle-income countries
have demonstrated the benefits of pediatric ART [4-7]. ART has
been proven to effectively reduce mortality, and change in causes
of death in HIV-1-infected infants and children [8,9].

Since the first detection of HIV infection in Viet Nam in 1990
[10], estimated number of HIV-1 infected people increased to
254,000. By the end 2013, estimated number of children who
were living with HIV was 7,200 [11]. From 2005 to the end of
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2013, ART has been scaled up to 31 times, with 78,438 (66%)
HIV-infected adults in need of ART, receiving therapy. Since 2006,
ART has been used to treat HIV-1-infected children, as of the
end of 2013; over 4,200 children were on ART [11]. As ART was
scaled up rapidly, surveillance of transmitted drug-resistance
mutations is necessary [12]. For past few years, several studies
in HIV-infected adults revealed low rate of circulating resistant
strains, and documented drug-resistance profile [13-17].
However, fewer studies about drug-resistance in HIV-infected
Vietnamese children are available [18,19], and none of them
reported the association of drug resistance with ART outcome. In
Southeast Asia, other cohorts did establish treatment outcome,
but limited concerning the impact of baseline drug-resistance
mutation [20,21], or report from adult subjects [22].

Therefore, we conducted this study to describe transmitted
drug-resistance mutations (DRM) proportion, and assess
treatment outcome in HIV-infected Vietnamese children, after six
months of first-line ART.

MATERIAL AND METHODS

This is an observational study; clinical data were collected
retrospectively from database of routine care at Viet Nam
National Children’s Hospital.

Inclusion criteria

Children who were hospitalized and diagnosed HIV infection,
from January 2010 to October 2011. For the purpose of drug-
resistance description, baseline specimens those remained after
complete blood count and/or CD4* T-cell counts would be stored
at - 80°C upon analysis, by Oct. 2011. Totally, 140 children were
admitted to the hospital, with 116 were initiated first-line ART
during study period. Of 116 children, 52 blood samples were
retrieved before initiating ART and successfully analyzed drug-
resistance mutations. Other 64 blood samples which remained
inadequate volume after routine hematology were unable to
perform drug-resistance testing, and then were excluded from
reporting result.

First-line ART was initiated in accordance with Viet Nam
Ministry of Health’s guideline version 2009. The regimen for
HIV-1 infected children consisted of Zidovudine (AZT) and
Lamivudine (3TC) in combination with Nevirapine (NVP). AZT
was replaced by Stavudine (d4T) for children with a hemoglobin
< 8 g/dl while NVP was replaced by Efavirenz (EFV) for children
over 3 years of age (or >10 kg) who were receiving concurrent
treatment for tuberculosis. Daily cotrimoxazole prophylaxis was
given to all children, as recommended by the guideline. ART
prophylaxis was given at the beginning of labour, the mothers got
NVP 200mg + AZT 600mg + 3TC 150mg then AZT 300mg + 3TC
150mg every 12 hours until delivery; postpartum AZT 300mg
+ 3TC 150mg every 12 hours for 7 days. The infants got single
dose NVP 6mg, immediately after birth + AZT 4mg/kg b.i.d. for 4
weeks [20]. The history of ART usage among the mothers was not
recorded at the time of conducting study.

Percentages and absolute counts of CD4* T-cell were
determined on a FACS Calibur (Becton Dickinson, US) using BD
Multi Test reagents and Multi Set software (BD Immunocytometry
Systems). Six-month immunological failure was defined as CD4*

T-cell percentage <10% for children <5 years or absolute CD4*
T-cell counts <100 cells/ml for children 5 to 12 years [20].

Plasma viral load (VL) was measured by using the Generic
HIV Charge Virale test kit version 5.2 (Biocentric, France), with
a detection limit of 300 copies/ml. Six-month virological failure
was defined as having plasma VL above 1000 copies/ml [21].

Children who had stabilized clinical conditions without
severe symptoms would be discharged, and visited the hospital
every a month for drug distribution and clinical assessment.
Children who required long time hospital care, and/or mortal
case would be adjusted 6-month clinical assessment at latest
record as possible.

Genotyping and resistant determination

HIV-1RNAwas extracted from 140ul plasma using the QlAamp
Viral RNA mini kit according to the manufacturer’s instruction.
The HIV-1 pol protease (PR) and reverse transcriptase (RT)
genes were amplified by nested RT- PCR. The primers used for
RT region: DRRT1L and RTout in the first round and DRRT7L and
DRRT6L in the second round. The primers using for PR region
were DRPRO5 and DRPRO2L in the first round and DRPRO1L and
DRPRO6Lin the second round [13]. Sequencing reaction was done
using the Big Dye Terminator v3.1 Cycle Sequencing Kit. Products
from the sequencing PCR were purified using Sodium acetate
and ethanol precipitation. Purified products were sequenced
directly using an automatic ABI Prism 310 Genetic Analyzer
(Applied Biosystems). The HIV-1 nucleotide sequences obtained
from each child were analyzed for previously reported drug-
resistance mutations using web resources forHIV-1 genotypic-
resistance test interpretation [22], and the mutation panel from
the International AIDS Society USA (IAS-USA), July 2014.

Statistical analysis

Pair wise comparisons were made in demographic, clinical
features, virological, and immunological parameters between by-
six-month survivors and fatal cases using Student’s t-test, the chi-
squared test or Fisher’s exact test.

Ethics approval was obtained from Ethical committee of Viet
Nam National Children’s Hospital.

RESULTS

During January 2010 to October 2011, 116 children (57
males: 59 females) who fulfilled criteria were enrolled. Their age
at ART start was 51.5 + 35.8 months, 46.6% of them presented
with WHO clinical stage 3-4. Baseline plasma of 52 children was
available and successfully analyzed for DRM; six of them (11.5%)
carried drug-resistant HIV-1 strains (Table 1).

By 6 months after initiating ART, of the 116 children, 18
(15.5%) had died. As described in Table 1, baseline WHO clinical
stage 3-4 (p<0.001), was significantly associated with fatality.
Among baseline opportunistic infections, Candida (p=0.005) and
Pneumocystis (p<0.001) showed more association with death
than other etiologies. In concordance with clinical condition,
baseline CD4* T-cell counts of fatal cases were lower than
survivors (p=0.03). Additionally, age of fatal cases were lower
than average of those survivors (29.0 + 28.8 vs 55.7 + 35.6
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Table 1: Baseline characteristics of HIV- infected children on antiretroviral therapy.
Characteristics Total (n=116) Alive (n=98) Dead (n=18)
Gender, n (%)
Male 57 (49.1) 50 (51) 7 (39.9)
Female 59 (50.9) 48 (49) 11 (61.1)
Age (months), mean * SD 51.5+358 55.7+35.6 29.0 £ 28.8°
Parent status, n (%)
At least one alive 106 (91.4) 88 (89.8) 18 (100)
Both dead 10 (8.6) 10 (10.2) 0(0)
ART prophylaxis, prevention of mother to child
transmission, n (%)
No 107 (92.2) 91 (92.9) 16 (88.9)
Yes 9(7.8) 7 (7.1) 2 (11.1)
WHO clinical stage, n (%)
lor2 62 (53.4) 62 (63.3) 0(0)
3or4 54 (46.6) 36 (36.7) 18 (100)°
Common clinical episodes, n (%)
Oral Candidiadis 55 (47.4) 41 (41.8) 14 (77.8)
Hives rash 41 (35.3) 39 (39.8) 2 (11.2)°
Herpes zoster 8(6.9) 8(8.2) 0(0)
Recurrent pneumonia 24 (20.7) 19 (19.4) 5(27.8)
Pneumocytis pneumonia 12 (10.3) 3(3.1) 9 (50)°
Pulmonary tuberculosis 8(6.9) 6 (6.1) 2(11.1)
Penicilliummarneffei infection 5(4.3) 5(5.1) 0(0)
HIV encephalopathy 2(1.7) 1(1.0) 1(5.6)
CD4* percent, mean * SD 14,6 £ 14,1 14,8 £ 13,9 13,4+ 15,3
CD4* counts (cells/pl), mean + SD 414 +379 449 + 388 221+ 2572
Log,, viral load (n=84), mean + SD 3,9+2,3 3,9+2,3 not available
Drug-resistance carriers (n=52) 6/52 5/38 1/14
ap<0.05;°p<0.001: Dead vs Alive
Table 2: Clinical endpoint in fatal cases (n=18) and six-month survivors (n=98).
Clinical episodes Death, n (%) Survivor, n (%)
Pneumonia ® 13(72.2) 3(3.1)
Septicemia ® 3(16.7) 0
Pulmonary tuberculosis 1(5.6) 4(4.1)
HIV encephalopathy 1(5.6) 0
Oral Candidiadis 0 1(1.0)
Hives rash 0 2 (2.0)
ap<107;° p<0.001

months, p=0.002). Of the 98 survivors, eight were in WHO clinical
stage 3-4 at six months of ART, which showed an improvement,
while 36/98 had severe baseline condition (Table 1). As detalil,
three had pneumonia, four presented pulmonary tuberculosis,
and a child with oral candidiasis. Of 18 fatal cases, at end point,
13 children presented recurrent pneumonia, eight of 13 had
unexplained wasting/malnutrition. Fatal cases were on ART for
average 1.6 + 1.4 months before developed lethal episode. Clinical
presentation by six month of ART was described detail in Table
2. Paired CD4* T-cell counts were available in 92 children, which
increased from 449 to 731 cells/ul (p<0.001). Of 92 children,
nine (9.8%) still remained their CD4* T-cell counts as baseline.

Six-month plasma VL was available in 45 children, of them
30 (67%) had VL<1000 copies/ml. Fully virologic suppression
was achieved in 24 children (55%) with viral load below limit of

detection. As repeated plasma VL is needed to confirm treatment
failure [20, 21], and viral suppressing could take 12 to 24 months
to differentiate outcome [23]. Therefore, we combined plasma
VL = 1000 copies/ml and CD4* T-cell counts to confer early sign
of treatment failure. There were 4/45 (8.9%) children whose
plasma VL>1000 copies/ml and low CD4* T-cell counts, although
they were still in WHO clinical stage 1-2.

Of 52 sequenced samples, RT inhibitors (RTI) associated
mutations were found in four children (7.7%) and other two
children had protease inhibitors (PI) associated mutations
(3.8%), no child carried both RTI and PI resistant mutation. One
DRM carrier (ID: DR84, Y181C mutation) exposed RTI drugs
through PTMTC. In detail, the mother received AZT/3TC/NVP at
labor and 3TC/AZT twice per day for seven days, the child got
single dose of NVP at birth and two months of AZT. This child
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Table 3: Characteristics of six drug-resistance carriers before and after six months of antiretroviral therapy.
Age Drug resistance Before/after
- (years) ART
at start WHO CD4* counts Viral load
+ 0
PI NRTI NNRTI clinical stage CITEE (cells/pl) (copies/ml)
DR 84* 2 No No Y181C AZT/3TCNVP 3/2 3/5.8 89/104 187108/474
DR 154 4 No No M230L AZT/3TCNVP 2/1 16.5/49.7 215/1018 480301/NA
K65R K101E d4T/3TC
DR 172 3 No Q151M vi8ic NVP 2/1 3.1/3.2 63/63 208193/1202
DR 190 3 No L210W No d4£\//3;TC 3/2 15.3/NA 158/NA NA
DR 92 2 M46L No No AZT/3TCNVP 3/2 17/36.8 729/699 NA/386
M46L d4T/3TC
DR 01 2 LOOM No No NVP 4/Dead 7.1/NA 57/NA NA
d4T: stavudine; 3TC: lamivudine; AZT: zidovudine; NPV: nevirapine; NA: not available; PI: protease inhibitor; NRTI: nucleoside reverse-transcriptase
inhibitor; NNRTI: non-nucleoside RTI; *exposed to antiretroviral therapy through prevention of mother to child transmission

was excluded from calculating of transmitted rate. Therefore,
transmitted Pl-resistance and RTI-resistance rate was 2/52
(3.8%) and 3/52 (5.7%), overall transmitted rate was 5/52
(9.6%).

Of four children with RTI resistance, two had non-nucleoside
RTI (NNRTI) and one had nucleoside RTI (NRTI) resistant
mutations, remain child had both NNRTI and NRTI resistance.
Among the NNRTI resistance, Y181C was found in two children,
and one remained child had M230L. Of two children with NRTI
resistance, one had only L201W, one had multiple RTI resistance
(K65R/Q151M-NRTI, and K101E/Y181C). Among PI resistance
mutations, one child had M46L, one had M46L/L90M. Of all HIV
strains, CRFO1_AE were dominant subtype. By six months of
ART, the child with M46L/L90M died, with WHO clinical stage
4.The child with multi RTI-resistance (ID: DR 172) had six-month
VL = 1202 copies/ml, and CD4* T-cell percentage= 3.2%, who
was certainly in treatment failure. Detail of DRM profile and
baseline characteristics of children who harbored resistant HIV-
1 strains were shown in Table 3. All analyzed DNA sequences
were submitted to Gene bank with accession number KJ541962
- KJ542063.

DISCUSSION

Current treatment guideline recommends ART initiation
immediately in HIV-infected children, while children with
severe HIV/AIDS symptoms would less observed nowadays.
Here we described children were admitted to the hospital with
requirement of clinical care, which might present nature course
of HIV/AIDS. Thus, we could add more experiences about the
disease for clinicians, researchers who needed.

A common feature of vertical HIV progression was obsessed
in this study while average ages of 18 fatal cases were lower than
those 98 survivors(p= 0.002). Other study also described vertical
HIV infection progressed rapid in first year of life and less rapid in
2-5 years of age [24]. With availability of ART, this phenomenon
would be less seen, but it would be helpful for clinical diagnostics
of HIV-infected children who were not detected soon after birth.

As limitation of further VL testing at the time of study,
combination of plasma VL = 1000 copies/ml and CD4* T-cell

counts was used to suggest treatment failure. Although CD4*
T-cell counts were not routinely recommended [21], in such
condition without sufficient VL testing, our method might
alternatively define outcome. Relatively, this “combined failure”
rate was lower than similar findings in Africa [25-28], Thailand
[29, 30], and Vietnamese adult [31-38].

In this study, rate of 9.6% DRM was slightly higher than 7.6%
children samples in 2004-2005 by other study from Southern
Viet Nam [19]. Also, our RTI-resistance rate was higher than
6.2% of high-risk adults who tested in 2008, at same geographic
regions [14]. As a weakness of the study with only 52 samples
were analyzed DRM, sample size might not sufficient to predict
trending of mutant rate in the HIV-infected population. We were
also unable to define different outcome among children without
drug-resistance testing, as the comparison was not made up at
the time of conducting study.

Among detected mutants, Q151M was associated with long-
term RTI failure [23]. Unfortunately, history of ART usage of the
mother was not available; such remaining of mutant HIV strain
was unusual to explain. As six DRM carriers were sampled at/
after two years old, detected resistant HIV strains might gain
virological fitness and remained several years. Also, NNRTI-
resistance mutations were more dominant, that suggest a
persistence of these mutants among carriers.

CONCLUSION

In this study, transmitted drug-resistance mutations were
found 9.6% of 52 HIV-infected children, by 2011. Children clinical
stage 3-4 at ART start was mostly associated with the six-month
mortality. Pre-treatment DRM might not associate with six-
month mortality but induced risk of treatment failure.

REFERENCES
1. UNAIDS. UNAIDS Core epidemiology slides-July 2015. Data 2017.
2. UNAIDS. Fact sheet - World AIDS day 2017.

3. O’Brien WA, Hartigan PM, Martin D, Esinhart J, Hill A, Benoit S, et al.
Changes in plasma HIV-1 RNA and CD4 T lymphocyte counts and the
risk of progression to AIDS. Veterans Affairs Cooperative Study Group
on AIDS. N Engl ] Med. 1996; 334: 426-431.

Clin Res HIV/AIDS 5(1): 1045 (2018)

4/6


https://www.ncbi.nlm.nih.gov/pubmed/8552144
https://www.ncbi.nlm.nih.gov/pubmed/8552144
https://www.ncbi.nlm.nih.gov/pubmed/8552144
https://www.ncbi.nlm.nih.gov/pubmed/8552144

Pham et al. (2018)
Email: vinhi44@gmail.com

@SCiMedCentra]

4. O’'Brien DP, Sauvageot D, Zachariah R, Humblet P, Medecins Sans
Frontieres. In resource-limited settings good early outcomes can be
achieved in children using adult fixed-dose combination antiretroviral
therapy. AIDS. 2006; 20: 1955-1960.

5. Sutcliffe CG, van Dijk JH, Bolton C, Persaud D, Moss W]J. Effectiveness
of antiretroviral therapy among HIV-infected children in sub-Sahara
Africa. Lancet Infect Dis. 2008; 8: 477-489.

6. Collins IJ, Jourdain G, Hansudewechakul R, Kanjanavanit §,
Hongsiriwon S, Ngampiyasakul C, et al; Program for HIV Prevention
and Treatment Study Team. Long-term survival of HIV-infected
children receiving antiretroviral therapy in Thailand: a 5-year
observational cohort study. Clin Infect Dis. 2010; 51: 1449-1457.

7. Hansudewechakul R, Sirisanthana V, Kurniati N, Puthanakit
T, Lumbiganon P, Saphonn V, et al; TREAT Asia Pediatric HIV
Observational Database. Antiretroviral therapy outcome of HIV-
infected children in the TREAT Asia pediatric HIV observational
datatabase. JAccquir Immune Defic Syndr. 2010; 55: 503-509.

8. Violari A, Cotton MF, Gibb DM, Babiker AG, Steyn ], Madhi SA, et al;
CHER Study Team. Early antiretroviral therapy and mortality among
HIV-infected infants. N Engl ] Med. 2008; 359: 2233-2244.

9. Brady MT, Oleske JM, Williams PL, Elgie C, Mofenson LM, Dankner WM,
et al; Pediatric AIDS Clinical Trials Group219/219C Team. Declines
in mortality rates and changes in causes of death in HIV-1- infected
children during the HAART era. JAccquir Immune Defic Syndr. 2010;
53:86-94.

10.Lindan CP, Lieu TX, Giang LT, Lap VD, Thuc NV, Thinh T, et al. Rising
HIV infection rates in Ho Chi Minh City herald emerging AIDS epidemic
in Viet Nam. AIDS. 1997; 11: S5-13

11.Viet Nam national committee for AIDS, drugs, and prostitution
prevention and control. Viet Nam AIDS response progress report
2014.

12.WHO. WHO global stategy for the surveillance and monitoring of HIV
drug resistance. 2012.

13.Ishizaki A, Cuong NH, Thuc PV, Trung NV, Saijoh K, Kageyama S, et
al. Profile of HIV type 1 infection and genomic resistance mutations
to antiretroviral drugs in treatment-naive HIV type 1-infected
individuals in HaiPhong, Viet Nam. AIDS Res Hum Retroviruses. 2009;
25:175-182.

14.Phan TT, Ishizaki A, Phung DC, Bi X, Oka S, Ichimura H. Characterization
of HIV type 1 genotypes and drug resistance mutations among drug-
naive HIV type 1-infected patients in Northern Viet Nam. AIDS Res
Hum Retroviruses. 2010; 26: 233-235.

15.Dean ], Ta Thi TH, Dunford L, Carr MJ, Nguyen LT, Coughlan S, et al.
Prevalence of HIV type 1 antiretroviral drug resistance mutations in
Viet Nam: a multicenter study. AIDS Res Hum Retroviruses. 2011; 27:
797-801.

16.Duc NB, Hien BT, Wagar N, Tram TH, Giang le T, Yang C, et al.
Surveillance of transmitted HIV drug resistance using matched
plasma and dried blood spot specimens from voluntary counseling
and testing sites in Ho Chi MinhCity, Viet Nam, 2007-2008. Clin Infect
Dis. 2012; 54: 343-347.

17.Tran VT, Ishizaki A, Nguyen CH, Hoang HT, Pham HV, Bi X, et al. No
increase of drug-resistant HIV type 1 prevalence among drug-naive
individuals in Northern Viet Nam. AIDS Res Hum Retroviruses. 2012;
28:1349-1351.

18.VTT Nhung, D Colby, TH Khanh, TT Viet, D Lu, HT Thuy, et al. HIV drug
resistance in children with treatment failure to first-line regimens in
Ho Chi Minh City, Viet Nam. ] Int AIDS Soc. 2010; 13: 140.

19.Trinh QD, Pham NT, Le Nguyen NT, Lam BQ, Le Phan KT, Truong KH,

et al. Drug resistance mutations in the HIV-1 protease and reverse
transcriptase genes in antiretroviral-naive Vietnamese children. AIDS
Res Hum Retroviruses. 2012; 28: 1305-1307.

20.Viet Nam Ministry of Health. Guidelines for HIV/AIDS diagnosis
and treatment, published with decision No. 3003/QD-BYT dated
19/8/2009 of the Minister of Health. Ha Noi. 2009.

21.WHO. Consolidated guidelines on the use of antiretroviral drugs for
treating and preventing HIV infection. What’s new. 2015.

22.Liu TF, Shafer RW. Web Resources for HIV type 1 Genotypic-Resistance
Test Interpretation. Clin Infect Dis. 2006; 42: 1608-1618.

23.Zaccarelli M, Perno CF, Forbici F, Soldani F, Bonfigli S, Gori C, et al.
Q151M-mediated multinucleoside resistance: prevalence, risk factors,
and response to salvage therapy. Clin Infect Dis. 2004; 38: 433-437.

24.Little K, Thorne C, Luo C, Bunders M, Ngongo N, McDermott P, et al.
Disease progression in children with vertically-accquired HIV in Sub-
Saharan Africa: reviewing the need for HIV treatment. Curr HIV Res.
2007; 5: 139-153.

25.Lihana RW, Lwembe RM, Bi X, Ochieng W, Panikulam A, Palakudy T, et
al. Efficient monitoring of HIV-1 vertically infected children in Kenya
on first-line antiretroviral therapy. J ClinVirol. 2011; 52: 123-128.

26.Phillips AN, Pillay D, Miners AH, Bennett DE, Gilks CF, Lundgren ]D.
Outcomes from monitoring of patients on antiretroviral therapy in
resource-limited settings with viral load, CD4 cell count, or clinical
observation alone: a computer simulation model. Lancet. 2008; 371:
1443-1451.

27.Moore DM, Mermin ], Awor A, Yip B, Hogg RS, Montaner JS. Performance
of Immunologic Responses in Predicting Viral Load Suppression:
Implications for Monitoring Patients in Resource-Limited Settings. ]
Acquir Immune DeficSyndr. 2006; 43: 436-439.

28.Bisson GP, Gross R, Strom B, Rollins C, Bellamy S, Weinstein R, et al.
Diagnostic accuracy of CD4 cell count increase for virologic response
after initiating highly active antiretroviral therapy. AIDS. 2006; 20:
1613-1619.

29.Judd A, The European pregnancy and pediatric HIV cohort
collaboration (EPPICC) study group in EuroCoord. Early antiretroviral
therapy in HIV-1-infected infants, 1996-2008: treatment response
and duration of first-line regimens. AIDS. 2011; 25: 2279-2287.

30.Ciaranello AL, Chang Y, Margulis AV, Bernstein A, Bassett IV, Losina
E, et al. Effectiveness of pediatric antiretroviral therapy in resource-
limited settings: a systematic review and meta-analysis. Clin Infect
Dis. 2009; 49: 1915-1927.

31.Kamya MR, Mayanja-Kizza H, Kambugu A, Bakeera-Kitaka S, Semitala
F, Mwebaze-Songa P, et al; Academic Alliance for AIDS Care and
Prevention in Africa. Predictors of long-term viral failure among
Ugandan children and adults treated with antiretroviral therapy. ]
Acquir Immune DeficSyndr. 2007; 46: 187-193.

32.Gupta RK, Ford D, Mulenga V, Walker AS, Kabamba D, Kalumbi M, et al.
Drug resistance in human deficieciency virus type-1 infected Zambian
children using adult fixed dose combination stavudine, lamivudine,
and nevirapine. Pediatr Infect Dis J. 2010; 29: 57-62.

33.Barth RE, Tempelman HA, Smelt E, Wensing AM, Hoepelman Al,
Geelen SP. Long-term outcome of children receiving antiretroviral
treatment in rural South Africa: substantial virologic failure on first-
line treatment. Pediatr Infect Dis J. 2011; 30: 52-56.

34.Jittamala P, Puthanakit T, Chaiinseeard S, Sirisanthana V. Predictors
of virologic failure and genotypic resistance mutation patterns in Thai
children receiving non-nucleoside reverse transcriptase inhibitor-
based antiretroviral therapy. Pediatr Infect Dis J. 2009; 28: 826-830.

Clin Res HIV/AIDS 5(1): 1045 (2018)

5/6


https://www.ncbi.nlm.nih.gov/pubmed/16988517
https://www.ncbi.nlm.nih.gov/pubmed/16988517
https://www.ncbi.nlm.nih.gov/pubmed/16988517
https://www.ncbi.nlm.nih.gov/pubmed/16988517
https://www.ncbi.nlm.nih.gov/pubmed/18652994
https://www.ncbi.nlm.nih.gov/pubmed/18652994
https://www.ncbi.nlm.nih.gov/pubmed/18652994
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long-Term+Survival+of+HIV-Infected+Children+Receiving+Antiretroviral+Therapy+in+Thailand%3A+A+5-Year+Observational+Cohort+Study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long-Term+Survival+of+HIV-Infected+Children+Receiving+Antiretroviral+Therapy+in+Thailand%3A+A+5-Year+Observational+Cohort+Study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long-Term+Survival+of+HIV-Infected+Children+Receiving+Antiretroviral+Therapy+in+Thailand%3A+A+5-Year+Observational+Cohort+Study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long-Term+Survival+of+HIV-Infected+Children+Receiving+Antiretroviral+Therapy+in+Thailand%3A+A+5-Year+Observational+Cohort+Study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long-Term+Survival+of+HIV-Infected+Children+Receiving+Antiretroviral+Therapy+in+Thailand%3A+A+5-Year+Observational+Cohort+Study
https://www.ncbi.nlm.nih.gov/pubmed/20842043
https://www.ncbi.nlm.nih.gov/pubmed/20842043
https://www.ncbi.nlm.nih.gov/pubmed/20842043
https://www.ncbi.nlm.nih.gov/pubmed/20842043
https://www.ncbi.nlm.nih.gov/pubmed/20842043
https://www.ncbi.nlm.nih.gov/pubmed/19020325
https://www.ncbi.nlm.nih.gov/pubmed/19020325
https://www.ncbi.nlm.nih.gov/pubmed/19020325
https://www.ncbi.nlm.nih.gov/pubmed/20035164/
https://www.ncbi.nlm.nih.gov/pubmed/20035164/
https://www.ncbi.nlm.nih.gov/pubmed/20035164/
https://www.ncbi.nlm.nih.gov/pubmed/20035164/
https://www.ncbi.nlm.nih.gov/pubmed/20035164/
https://www.ncbi.nlm.nih.gov/pubmed/9376101
https://www.ncbi.nlm.nih.gov/pubmed/9376101
https://www.ncbi.nlm.nih.gov/pubmed/9376101
http://www.aidsdatahub.org/Vietnam-Global-AIDS-Response-Progress-Report-2014
http://www.aidsdatahub.org/Vietnam-Global-AIDS-Response-Progress-Report-2014
http://www.aidsdatahub.org/Vietnam-Global-AIDS-Response-Progress-Report-2014
http://www.who.int/hiv/pub/drugresistance/drug_resistance_strategy/en/
http://www.who.int/hiv/pub/drugresistance/drug_resistance_strategy/en/
http://www.academia.edu/20725798/Profile_of_HIV_Type_1_Infection_and_Genotypic_Resistance_Mutations_to_Antiretroviral_Drugs_in_Treatment-Naive_HIV_Type_1-Infected_Individuals_in_Hai_Phong_Viet_Nam
http://www.academia.edu/20725798/Profile_of_HIV_Type_1_Infection_and_Genotypic_Resistance_Mutations_to_Antiretroviral_Drugs_in_Treatment-Naive_HIV_Type_1-Infected_Individuals_in_Hai_Phong_Viet_Nam
http://www.academia.edu/20725798/Profile_of_HIV_Type_1_Infection_and_Genotypic_Resistance_Mutations_to_Antiretroviral_Drugs_in_Treatment-Naive_HIV_Type_1-Infected_Individuals_in_Hai_Phong_Viet_Nam
http://www.academia.edu/20725798/Profile_of_HIV_Type_1_Infection_and_Genotypic_Resistance_Mutations_to_Antiretroviral_Drugs_in_Treatment-Naive_HIV_Type_1-Infected_Individuals_in_Hai_Phong_Viet_Nam
http://www.academia.edu/20725798/Profile_of_HIV_Type_1_Infection_and_Genotypic_Resistance_Mutations_to_Antiretroviral_Drugs_in_Treatment-Naive_HIV_Type_1-Infected_Individuals_in_Hai_Phong_Viet_Nam
https://www.ncbi.nlm.nih.gov/pubmed/20156106
https://www.ncbi.nlm.nih.gov/pubmed/20156106
https://www.ncbi.nlm.nih.gov/pubmed/20156106
https://www.ncbi.nlm.nih.gov/pubmed/20156106
https://www.ncbi.nlm.nih.gov/pubmed/21366425
https://www.ncbi.nlm.nih.gov/pubmed/21366425
https://www.ncbi.nlm.nih.gov/pubmed/21366425
https://www.ncbi.nlm.nih.gov/pubmed/21366425
https://www.ncbi.nlm.nih.gov/pubmed/22544201
https://www.ncbi.nlm.nih.gov/pubmed/22544201
https://www.ncbi.nlm.nih.gov/pubmed/22544201
https://www.ncbi.nlm.nih.gov/pubmed/22544201
https://www.ncbi.nlm.nih.gov/pubmed/22544201
https://www.ncbi.nlm.nih.gov/pubmed/22264087
https://www.ncbi.nlm.nih.gov/pubmed/22264087
https://www.ncbi.nlm.nih.gov/pubmed/22264087
https://www.ncbi.nlm.nih.gov/pubmed/22264087
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3112917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3112917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3112917/
https://www.ncbi.nlm.nih.gov/pubmed/22260721
https://www.ncbi.nlm.nih.gov/pubmed/22260721
https://www.ncbi.nlm.nih.gov/pubmed/22260721
https://www.ncbi.nlm.nih.gov/pubmed/22260721
http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---ilo_aids/documents/legaldocument/wcms_177880.pdf
http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---ilo_aids/documents/legaldocument/wcms_177880.pdf
http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---ilo_aids/documents/legaldocument/wcms_177880.pdf
http://www.who.int/hiv/pub/arv/policy-brief-arv-2015/en/
http://www.who.int/hiv/pub/arv/policy-brief-arv-2015/en/
https://www.ncbi.nlm.nih.gov/pubmed/16652319
https://www.ncbi.nlm.nih.gov/pubmed/16652319
https://academic.oup.com/cid/article/38/3/433/292054
https://academic.oup.com/cid/article/38/3/433/292054
https://academic.oup.com/cid/article/38/3/433/292054
https://www.ncbi.nlm.nih.gov/pubmed/17346131
https://www.ncbi.nlm.nih.gov/pubmed/17346131
https://www.ncbi.nlm.nih.gov/pubmed/17346131
https://www.ncbi.nlm.nih.gov/pubmed/17346131
https://www.ncbi.nlm.nih.gov/pubmed/21798798
https://www.ncbi.nlm.nih.gov/pubmed/21798798
https://www.ncbi.nlm.nih.gov/pubmed/21798798
https://www.ncbi.nlm.nih.gov/pubmed/18440426
https://www.ncbi.nlm.nih.gov/pubmed/18440426
https://www.ncbi.nlm.nih.gov/pubmed/18440426
https://www.ncbi.nlm.nih.gov/pubmed/18440426
https://www.ncbi.nlm.nih.gov/pubmed/18440426
https://www.ncbi.nlm.nih.gov/pubmed/17019367
https://www.ncbi.nlm.nih.gov/pubmed/17019367
https://www.ncbi.nlm.nih.gov/pubmed/17019367
https://www.ncbi.nlm.nih.gov/pubmed/17019367
https://www.ncbi.nlm.nih.gov/pubmed/16868442
https://www.ncbi.nlm.nih.gov/pubmed/16868442
https://www.ncbi.nlm.nih.gov/pubmed/16868442
https://www.ncbi.nlm.nih.gov/pubmed/16868442
https://www.ncbi.nlm.nih.gov/pubmed/21971357
https://www.ncbi.nlm.nih.gov/pubmed/21971357
https://www.ncbi.nlm.nih.gov/pubmed/21971357
https://www.ncbi.nlm.nih.gov/pubmed/21971357
https://academic.oup.com/cid/article/49/12/1915/439546
https://academic.oup.com/cid/article/49/12/1915/439546
https://academic.oup.com/cid/article/49/12/1915/439546
https://academic.oup.com/cid/article/49/12/1915/439546
https://www.ncbi.nlm.nih.gov/pubmed/17693883
https://www.ncbi.nlm.nih.gov/pubmed/17693883
https://www.ncbi.nlm.nih.gov/pubmed/17693883
https://www.ncbi.nlm.nih.gov/pubmed/17693883
https://www.ncbi.nlm.nih.gov/pubmed/17693883
https://www.researchgate.net/publication/44636092_Drug_Resistance_in_Human_Immunodeficiency_Virus_Type-1_Infected_Zambian_Children_Using_Adult_Fixed_Dose_Combination_Stavudine_Lamivudine_and_Nevirapine
https://www.researchgate.net/publication/44636092_Drug_Resistance_in_Human_Immunodeficiency_Virus_Type-1_Infected_Zambian_Children_Using_Adult_Fixed_Dose_Combination_Stavudine_Lamivudine_and_Nevirapine
https://www.researchgate.net/publication/44636092_Drug_Resistance_in_Human_Immunodeficiency_Virus_Type-1_Infected_Zambian_Children_Using_Adult_Fixed_Dose_Combination_Stavudine_Lamivudine_and_Nevirapine
https://www.researchgate.net/publication/44636092_Drug_Resistance_in_Human_Immunodeficiency_Virus_Type-1_Infected_Zambian_Children_Using_Adult_Fixed_Dose_Combination_Stavudine_Lamivudine_and_Nevirapine
https://www.ncbi.nlm.nih.gov/pubmed/20631647
https://www.ncbi.nlm.nih.gov/pubmed/20631647
https://www.ncbi.nlm.nih.gov/pubmed/20631647
https://www.ncbi.nlm.nih.gov/pubmed/20631647
https://www.ncbi.nlm.nih.gov/pubmed/19654564
https://www.ncbi.nlm.nih.gov/pubmed/19654564
https://www.ncbi.nlm.nih.gov/pubmed/19654564
https://www.ncbi.nlm.nih.gov/pubmed/19654564

@SCiMedCentra]

Pham et al. (2018)
Email: vinhi44@gmail.com

35.Bunupuradah T, Puthanakit T, Kosalaraksa P, Kerr S, Boonrak P,
Prasitsuebsai W, et al. Immunologic and virologic failure after first-
line NNRTI-based antiretroviral therapy in Thai HIV-infected children.
AIDSRes Ther. 2011; 8: 40.

36.Trinh TT, Montague BT, Flanigan TP, Gerard HM. HIV suppression
among patients on treatment in Viet Nam: a review of HIV viral load
testing in a public urban clinic in Ho Chi Minh City. AIDS Res Treat.
2011; 2011: 230953.

Cite this article

37.Wanatpreeya P, Rawiwan H, Torsak B, Virat K, Sirinya T, Wisit P,
Stephen J. Kerr, et al. Long-term outcomes of HIV-infected children
in Thailand: the Thailand Pediatric HIV Observational Database.
International Journal of Infectious Diseases. 2014; 22: 19-24.

38.Sasisopin K, Subencha P, Wasun C, EkawatP, Manoon L, Wilawan T, et
al. Prevalence of Primary HIV Drug Resistance in Thailand Detected by
Short Reverse Transcriptase Genotypic Resistance Assay. PLOS ONE.
2016.

Pham HV, Nguyen LV, Le YT, Thi Mai HH, Thi Phan CT, et al. (2018) Transmitted Drug-Resistance Mutations and Early Clinical, Virologic, and Immunologic Out-
come of Pediatric Antiretroviral Therapy in Northern Viet Nam, during 2010-2011. Clin Res HIV/AIDS 5(1): 1045.

Clin Res HIV/AIDS 5(1): 1045 (2018)

6/6


https://www.ncbi.nlm.nih.gov/pubmed/22026962
https://www.ncbi.nlm.nih.gov/pubmed/22026962
https://www.ncbi.nlm.nih.gov/pubmed/22026962
https://www.ncbi.nlm.nih.gov/pubmed/22026962
https://www.ncbi.nlm.nih.gov/pubmed/21490776
https://www.ncbi.nlm.nih.gov/pubmed/21490776
https://www.ncbi.nlm.nih.gov/pubmed/21490776
https://www.ncbi.nlm.nih.gov/pubmed/21490776
https://www.sciencedirect.com/science/article/pii/S1201971214000253
https://www.sciencedirect.com/science/article/pii/S1201971214000253
https://www.sciencedirect.com/science/article/pii/S1201971214000253
https://www.sciencedirect.com/science/article/pii/S1201971214000253
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0147945
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0147945
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0147945
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0147945

	Transmitted Drug-Resistance Mutations and Early Clinical, Virologic, and Immunologic Outcome of Pedi
	Abstract
	Abbreviations
	Introduction
	Material and Methods 
	Inclusion criteria 
	Genotyping and resistant determination  
	Statistical analysis 

	Results
	Discussion
	Conclusion
	References
	Table 1
	Table 2
	Table 3

