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Background. In Vietnam, there has been an increase in efforts to monitor and prevent mother-to-child transmission of HIV
since 2013. However, data on HIV drug resistance among HIV-1 infected children younger than 18 months of age remain lim-
ited. The study fills a critical knowledge gap by providing important insights into the prevalence of resistance among this pop-
ulation in the Southern and Central Highland provinces of Vietnam.

Objective. This study aimed to determine the prevalence of HIV drug resistance and patterns of mutation among treatment-
naive children under the age of 18 months who had been recently diagnosed with HIV.

Material and methods. Between May 2017 and May 2021, stored remnant DBS samples were collected from children under
the age of 18 months who had been diagnosed with HIV through routine Early Infant Diagnosis testing in Central Highland
and Southern Vietnam. HIV drug resistance tests were performed, and interpretation was done using the Stanford algorithm.
Results and discussion. Overall, 111 samples with eligible viremia for sequencing (ct value <31) were collected for genotyping,
in which 110 protease sequences and 106 complete reverse transcriptase regions were generated. Males were 61.3%, 52.3%
were aged from 6 weeks to <9 months and 37.0% were breastfed. Access to mother-to-child intervention was reported in 60.3 %.
The accumulation of major drug resistance mutations was found in 43.8% of infants and most of them were resistant to Non-
nucleoside Reverse Transcriptase Inhibitors (NNRTI) (37.7 % ). High-level resistance to Nevirapine was present in 40 % of cases.
The risk factors associated with NNRTI resistance were antiretroviral prophylaxis (aOR: 3.68, 95% CI: 1.83—7.45) and breast-
feeding history (aOR: 2.16, 95% CI: 1.03-4.53). CRFO1-AE was the predominant subtype.

Conclusion. The study identified a high prevalence of resistance to NNRTIs among HIV-1 infected infants less than 18 months
of age in the Southern and Central Highland provinces of Vietnam. This highlights the need for further investigation and a
potentially larger national survey to confirm the extent of this issue in Vietnam. Our findings support the current actions of the
Vietnam Ministry of Health, which prioritize integrase inhibitor-based regimens as the preferred first line of ART for children
to achieve durable viral suppression and minimize treatment failure. This approach aligns with the recommendations of the
World Health Organization.
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PACITPOCTPAHEHHOCTD JIEKAPCTBEHHOM YCTOMYUBOCTH BUU-1 CPEJIU
JETEH, BKJIIKOYEHHbIX B HAUMOHAJIbHYIO ITPOIr'PAMMY INMPO®UJIAKTUKHU
INNEPEJAYHU UHPEKLUHUHU OT MATEPU PEBEHKY, B IPOBUHLUSX
LEHTPAJIbHOI'O HATOPbS U FO)KHOI'O BbETHAMA B 2017-2021 rr.
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Bsedenue. Bo Boetname ¢ 2013 1. Bo3poc MOHHTOPHHT NPoduIakTHKH nepenaur BUY ot marepu k peGenky. Onnako naHHble 06
YCTOHYHBOCTH K aHTHPETPOBUPYCHLIM Npenapatam cpead BUY-uHdumpoBaHHbIX 1eTeil B Bo3pacTe 10 18 MecsilieB no-npe:kHemy
OTCYTCTBYIOT.

Lleas. McenenoBanue Oblo HANPaBJ/IeHO HA OMpee/eHHe PacpoCTpaHeHHOCTH pedrucTeHTHoCcTH BMY K siekapeTBeHHbIM npe-
napatam M BHIOB MyTalMil Cpeiu AeTell B Bo3pacte 10 18 MecsileB, paHee He MOJyYaBIIMX aHTHPETPOBUPYCHBIE TpenapaTsl,
y KOTOPBIX HeJlaBHO Obl quarHoctuposan BUY.

Mamepuaaol u memodsl. B nepuon ¢ mast 2017 no mait 2021 r. B Lenrpanbuom naropbe u IOxkHom BbetHame 6buin coGpaHbl
ocTaTouHble 06pa3Lbl CyXUX MSITEH KPOBH y eTell B BodpacTe 10 18 MecsiLeB, y KOTOpbIX Obli auarHoctuposad BUY B pesy.ib-
Tare MJaHOBOTO TECTHPOBAHHUS B X0/1€ paHHel IHarHOCTHKH y MJaajeHLeB. [IpoBenenbl TecTsbl Ha yertoitunBocTs BUY K siekapet-
BCHHBIM [1penaparam ¢ MoMOLIbI0 CEKBEHUPOBAHUS C HHTEPIIPETALMEH MOMyYEHHbBIX PE3YJIbTaTOB B COOTBETCTBHH ¢ 6a30i 1aH-
HbIX CT9HPOPACKOr0 YHHBEPCHTETA.

Pesyavmamor u ux obcyncderue. Beero nist renorunuposanus 6bwio cobpano 111 06pasnos ¢ noaxosiiell BUPyCHOH HAarpys-
KOI JI/1s1 CeKBeHHpoBaHus (3HaueHue ct<31), u3 kotopbix Gbiio nogydeHo 110 nocnenoaresnbHocted nporeasbl 1 106 dpparmen-
TOB 00paTHOI TpaHCKpHNTa3bl. [lalMeHThl My»KcKoro moJa coctabsin 61,3%, 52,3% Oblin B BozpacTe oT 6 Helelb
10 <9 mecsues u 37,0% naxomuaunch Ha rpyaHom Bekapmaupanud. O joctyne K npoduaaktike nepegadn BUY ot matepu K
pedenky coobiman 60,3%. OcHoBHbIE MyTalMH JeKaAPCTBEHHOH YCTOHUHBOCTH Oblin o6HapyKenbl y 43,8% aeteli pannero
BO3pacta, W OOJIbIIMHCTBO M3 HUX ObLIH YCTOHYHBBI K HEHYKJICO3WIHbIM HHrHOUTOpam o6paTtHo# TpaHckpunTasdbl (HHKMOT)
(37,7%). Pe3ncTeHTHOCTL BLICOKOTO YPOBHS K HeBHpanuuy npucytersobana B 40% caydaes. Ddakropamu pUCKa, CBA3AHHLIMU
¢ yeroitunoctbio K HHHUOT, 6buin antuperposupycnas npodunaxktuka (OR: 3,68, 95% JU: 1,83—7,45) u rpyaHoe BcKapM-
suanue B anamuese (OR: 2,16, 95% JI: 1,03—4,53). CRFO1-AE 6bli1 npeo6aiaiolnm reneTHiecknm sapuantom BHY.
3akaouenue. VlcenenoBanue BbISIBUJIO BBICOKYIO pacripoctpanenHocTb pesuctentHoctd K HHUOT cpenn BUY-nnduumnposan-
HbIX MJIajieHLeB B Bo3pacte 1o 18 mecsiues B npoBuHumsx LleHTpasnbHoro Haropbst v fOxHoro BoetHama. 9to noauepkubaet
HeOOXOIMMOCTb JAJIbHEHLIETr0 HCC/IEI0BAHUS U ITOTEHLIMAIBbHO GoJlee MaCIITAOHOr0 HALMOHAJIBHOTO HCCIICI0BAHUS IS TIOATBEP-
XKIEHHs MacLITaboB 9Tl npobseMbl Bo BoetHame. Hatuu pesy/ibTatbl NOATBEPIKAAIOT TeKyllue JeilcTBUs MUHMCTEpCTBa 3/1pa-
BOOXpaHeHHst BeeTHaMa, KOTOpoe OTaeT MPHOPUTET CXeMaM Ha OCHOBE HHTMOHTOPOB HHTErPa3bl B KAUECTBE MPEANOUTHTENLHON
nepsoii muuun APT y netedi st JoCTHKEHUST CTOMKOTO MOJaBJeH s BUPyca U MHHUMH3aLKMK HeaddeKkTHBHOCTH JieueHust. Takoit
MOJIXOJl COOTBETCTBYET PeKOMeHAalUsIM BeeMupHoit opraHusaiym 3iipaBooxpaHeHus.

Katouesble cnosa: BUY-1, netu, npodunakrika nepenaun BUY ot matepu peGeHKy, paHHsis AMarHOCTHKA Y HOBOPOZKIEHHBIX,
JIeKapCTBEHHAs yCTOHUHBOCTD
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Introduction. Prevention of Mother-to-child
transmission (PMTCT) of HIV has achieved signifi-
cant success since the large roll-out of the «Global
Plan towards the Elimination of New HIV Infections
among Children and Keeping their Mothers Alive» in
2011, in which the provision of antiretroviral treat-
ment (ART) to both HIV-infected pregnant/postpar-
tum women and prophylaxis treatment to exposed
babies has been implemented. According to
UNAIDS, the number of new HIV infections among
children aged under five strongly declined from
320,000 [220,000-480,000] in 2010 to 160,000
[110,000-230,000] in 2021, representing a 50%
decline all over the world [ 1]. However, high ART cov-
erage in mothers together with prophylaxis in new-
borns for PMTCT, particularly for regimens contain-
ing nonnucleoside reverse transcriptase inhibitor
(NNRTI) can lead to the selection of drug-resistant
mutations. These mutations can be transmitted from
the mother or can arise de novo after transmission
among children, and can potentially affect both
PMTCT prophylaxis and future treatment [2—-4].

In Vietnam, the PMTCT of HIV program has been
introduced since 2005. To meet the target of reducing
the proportion of MTCT, the Vietnam Ministry of
Health has taken significant steps to expand and
improve services related to PMTCT. This has been
done through both maternal and neonatal health pro-
grams, including strengthening PMTCT infrastruc-
ture, improving PMTCT guidelines which are now
based on the latest World Health Organization
(WHO) recommendations, increasing access to
PMTCT services, and strengthening PMTCT moni-
toring and evaluation. The strategies have led to an
increase in PMTCT coverage from 44% in 2010 to
73% in 2017, and up to 90% in 2020. However, the
COVID-19 pandemic has had a significant impact on
access to PMTCT services, resulting in a decline in
coverage to 75% in 2021. The access to early infant
diagnosis (EID) tests, which is an important compo-
nent of PMTCT, has also shown a similar trend. The
percentage of access to EID tests increased from
31% in 2017 to 54.6% in 2020, but dropped to
27.9% in 2021, again due to the impact of the
COVID-19 pandemic. As a result of this intervention,

the final vertical HIV transmission rate also declined
from 18.6% in 2010 to0 9.7 % in 2020 but was still rel-
atively high at 18.5% in 2021 [5-7].

During the study period of 2017-2021, Vietnam’s
national guidelines for PMTCT intervention adopted
Option B+ per WHO recommendations, which pro-
vides lifelong ART to all HIV-infected pregnant and
breastieeding women, irrespective of CD4 cell count
or clinical WHO stages. All guidelines recommended
a triple regimen of tenofovir disoproxil fumarate
(TDF), lamivudine (3TC), and efavirenz (EFV) for
HIV-infected pregnant women to prevent transmis-
sion of the virus to their neonates. This regimen is
consistent with the WHO’s recommendation of a sim-
plified and standardized ART regimen for pregnant
and breastieeding women living with HIV [8, 9]. By
the end of 2017, women detected HIV positive later
than the 24! week of pregnancy were advised to take
a regimen of TDF+3TC+RAL (raltegravir). Since
2020, a fixed-dose combination of TDF+3TC+DTG
(Dolutegravir) has been recommended as the pre-
ferred regimen for all pregnant women living with
HIV. In practice, however, EFV was continually used
due to the shortage of regimens containing DTG or
RAL in Vietnam. For infant prophylaxis, a single dose
of nevirapine (sdNVP) within 6 to 12 weeks of birth
was recommended for HIV-exposed infants. Since
2018, sdNVP for 6 weeks postpartum has been
applied for cases with a low risk of vertical transmis-
sion, and a combination of AZT (Zidovudine) plus
NVP has been used for 6 weeks among infants with a
high-risk transmission or 12 weeks if high-risk trans-
mitted and being breastfed [ 10—-12].

The impact of HIV drug resistance (HIVDR) on
treatment failure in adults has been extensively stud-
ied worldwide. However, limited information is avail-
able about HIVDR among children and adolescents,
especially in resource-limited settings. Furthermore,
data on the role of PMTCT drug exposure in the
occurrence of resistance are primarily restricted to
HIV-infected newborns and infants. To address this
gap, the WHO published a generic concept note out-
lining methods for assessing the prevalence of
HIVDR in children under 18 months of age who are
newly diagnosed with HIV and have been exposed to
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PMTCT. The note recommends the use of remnant
dried blood spot (DBS) specimens from EID for this
purpose. Analysis of such data could provide essential
information to support the choice of appropriate ART
for children [13]. Despite these guidelines, data on
pre-treatment drug resistance (PDR) among young
children in resource-limited countries, particularly in
Asia, remain scarce.

Vietnam boasts one of the lowest rates of HIV drug
resistance before treatment, acquired drug resist-
ance, and the highest rate of viral suppression in peo-
ple on ART in the world. As of 2022, the country has
conducted five national surveillances on HIV drug
resistance among adults followed the WHO technical
guidance [14]. These surveys found that the preva-
lence of PDR of ART was 2.7% in 2009-10 and
5.8% in 2017 [15, 17]. Regarding acquired drug
resistance (ADR), 4.6 % of people on ART for at least
36 months in 2013, 2.5% and 3% of people already
on ART for 12 months, and 2.7 % and 3.4 % of people
who had been on ART for at least 48 months in 2017
and 2019, respectively, showed any drug resistance
[16—18]. However, contrary to studies in adults,
there is limited information available on HIV drug
resistance among children in Vietnam, particularly as
it relates to PMTCT interventions. A prospective
cohort of children younger than 15 years old initiating
ART in Ho Chi Minh City, Vietnam (2011-2014)
showed the prevalence of PDR was 5.15%, and ADR
at 12 months of ART was 7.0% [19]. Unfortunately,
there is no published literature about HIV drug
resistance on infants younger than 18 months of age.

The purpose of our study was to determine the
prevalence of PDR and patterns of mutation among
treatment-naive children under the age of 18 months
who had been recently diagnosed with HIV. This
study, conducted in Central Highland and South
Vietnam, is the first of its kind. By analyzing stored
remnant DBS samples from routine EID activities,
we sought to understand the current status of drug
resistance due to PMTCT intervention among young
children in Vietnam. Our findings will be vital in help-
ing the Ministry of Health (MOH) to consider plan-
ning and implementing representative national sur-
veillance in the context of large-scale PMTCT pro-
grams in Vietnam.

Material and methods

Ethical consideration. The study protocol received
approval from two ethics committees: The
Independent Ethics Committee of Saint Petersburg
Pasteur Institute and The Institutional Ethics

Committee of Pasteur Institute in Ho Chi Minh City.
The authorization numbers for the approval were
54/29.10.2019 and 19/CN_HDDD, dated October
10, 2019, and December 12, 2019, respectively.

Study design and sampling. The methodology is
the retrospective study leveraging the stored remnant
DBS samples enrolled from Central Highland and
Southern Vietnam which were positive by routine
EID test of HIV among children less than 18 months
of age between May 2017 and May 2021.
Demographic data were abstracted from Appendix 1C
about the laboratory requisition form for EID of the
national guideline for HIV testing [20].

Specimen handling and genotyping. DBS sam-
ples were collected, handled, and transported per the
Vietnam national guideline for EID testing [20].
Specimens were sent to the national reference labora-
tory of HIV at Pasteur Institute in Ho Chi Minh City.
All DBS with positive HIV confirmation (by COBAS®
AmpliPrep/COBAS® TagMan® HIV-1 Qualitative
Test v2.0) were stored at —20° C until used for this
study. All tests were performed at the HIV laborato-
ry — Pasteur Institute in Saint Petersburg — Russia.
The total nucleic acid samples were extracted and puri-
fied using the AmpliSens® RIBO-prep (Moscow,
Russia) and performed real-time PCR by AmpliSens®
HCV/HBV/HIV-FL  (For  HIV:  Sensitivity
=200 cps/mL, Specificity =100%). Samples with
Real-time PCR ct value less than 31 were genotyped
on pol gene for determining HIVDR using
AmpliSens® HIV-Resist-Seq. Analyzed sequences
were interpreted for drug-resistant mutations (DRMs)
using the Stanford HIVdb version 9.1 updated on June
2, 2022 (https://hivdb.stanford.edu/hivdb/).

Data analyses. Data were entered using EpiData
V3.1 and analyzed using Stata software V16.0
(StataCorp LP, College Station, Texas). HIVDR
prevalence was defined as low-level, intermediate,
and high-level resistance according to the Stanford
HIVdb. Sequences classified as susceptible and
potential low-level resistance were considered to have
no HIVDR. A logistic regression model was used for
both univariate and multivariate analysis. Factors
associated with the HIVDR situation were statistical-
ly significant if the p-values were less than 0.05. The
phylogenetic tree was created by Geneious Prime
software (V2022.2.2) to determine the distribution of
subtypes among the study population.

Results

Study population and antiretroviral exposure.
Out of 111 stored remnant DBS samples confirmed
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HIV positive from EID testing with eligible viremia for
sequencing (ct value <31), 106 complete reverse
transcriptase sequences and 110 protease sequences
were generated and included as study participants in
the final dataset for analysis. Sixty-eight (61.3%)
were female, and fifty-eight (52.3%) were 6 weeks to
less than 9 months of age at the time of specimen col-
lection. The mean age of the study population was
13.2 weeks. A large number of children were late
detected HIV, including 37.0% of infants whose
mothers knew HIV positive situations in labor and
36.9% of children found their HIV infection until
being hospitalized with HIV symptoms or being
adopted in orphanages. Thirty- seven (37.0%) of the
cases reported having been raised by breastieeding,
among whom 20.4% were still breastfed at the time
of sample collection (Table 1). A total of 67 (60.3%)
had reported access to PMTCT, among whom 46
cases received both maternal and neonatal antiretro-
viral therapy, 14 cases only had neonatal prophylaxis
only, and 7 were only given maternal therapy (Table
2). There were 75.9% of infants treated with a single
dose of NVP syrup and 15.5% given with daily
received daily NVP+AZT for 6 weeks in the postpar-
tum period (Table 1).

HIV Drug Resistance. The development of any
major drug-resistance mutations was found in 43.8%
(95% CI: 34.1-53.8%) of infants and the overall
prevalence of HIVDR was largely driven by NNRTI

1.0-9.4%). High-level resistance to NVP was found
in 40% of cases. Most of the study participants har-
bored the virus with a single mutation, in which the
frequency of mutation at position 181 on the reverse
transcriptase region was the highest (26.4%). Other
major mutations were KIO3N, G190A, V106 resist-
ant to NNRTI, and M1841/V resistant to NRTI.
Resistant mutations harboring among recently
infected infants are shown in Figure 1.

Q58QE 0.9

T215A @ L9
E MI1841/V [ 3s

PI

~ >=2 mutations
Single mutation

V179D

0
10,4

0 4.7

V1oel /113
P225H o9
GI90A 38
Y188C/LA19
YI81C ™24
KI103N /3 9.4
>=2 mutations 5.7
Single mutation

NNRTI

] 50,9

0 10 50 30 40 50
Fig. 1. Frequency of resistant mutations observed in children
aged <18 months and diagnosed with HIV through EID testing
(n=106 for NNRTI and NRTI, n=110 for PI). Mutations are
defined per Stanford HIVdb algorithm version 9.1
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Further analysis of the HIVDR situation among
infants with and without antiretroviral drug (ARV)

Table 1
History of breastfeeding and antiretroviral prophylaxis among recently HIV-infected infants younger than 18 months of age
Characteristics Total (N) n %
Babies were raised by 111
Breastfeeding only 24 21.6
Formula milk only 81 73.0
Both breastfeeding & Formular milk 3 2.7
Unknown 3 2.7
Current mother’s ART regimen 53
TDF/3TC/EFV 40 75.4
AZT/3TC/EFV 2 3.8
TDF/3TC/LPVr 11 20.8
Children’s prophylaxis regimens 58
sdNVP 44 75.9
NVP/AZT 9 15.5
AZT/3TC/NVP 5 8.6
Duration of antiretroviral prophylaxis for children 58
4 weeks 3 5.2
6 weeks 52 89.6
12 weeks 3 5.2

resistance, which was presented in 37.7 % (95% CI:
28.5-47.7%). In contrast, the percentage of NRTI
resistance was substantially lower (3.8%; 95% CI:

exposure is presented in Table 2. Among 46 cases
who reported receiving both maternal and neonatal
ART, 58.7% developed mutations related to resist-
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ance to any drug, and most of them were resistant to
NNRTI, while all children with only neonatal prophy-
laxis were resistant to just NNRTI.

there is limited data on children, especially infants
below 18 months old. This is the first study that has
investigated the drug-resistant situation among early

Table 2
History of PMTCT exposure among recently HIV-infected infants aged <18 months and the proportion of HIVDR situation
History of antiretroviral exposure Drug resistance Prevalence 95% CI
Without PMTCT exposure or unknown (n=44) Any drug 22.7 11.5-37.8
NNRTI only 20.5 9.8-35.3
With PMTCT exposure (n=67) Any drug 55.2 42.6-67 .4
NNRTI only 50.7 38.2-63.2
Maternal + neonatal PMTCT (n=46) Any drug 58.7 43.2-73.0
NNRTI only 52.2 36.9-67.1
NRTI only 2.2 0.1-11.5
NRTI+NNRTI 2.2 0.1-11.5
NRTI+NNRTI+PI 2.2 0.1-11.5
Neonatal PMTCT only (n=14) Any drug 50.0 23.0-77.0
NNRTI 50.0 23.0-77.0
Maternal PMTCT only (n=7) Any drug 42.9 9.9-81.6
NNRTI only 14.3 0.4-57.9
NRTI only 28.6 3.7-71.0
NRTI+NNRTI 0.0

Data from the multivariate analysis showed the two
factors associated with NNRTI resistance among
HIV-infected infants aged <18 months. Among the
children who had received antiretroviral prophylaxis,
the risk of NNRTI resistance increased with any
exposure (adjusted odds ratio [aOR] 3.68, 95% CI
1.83-7.45, p-value <0.001). Babies that were histor-
ically raised by breastieeding were also associated
with a higher risk of resistance (aOR 2.16, 95% CI
1.03-4.53, p-value =0.041).

The phylogenetic tree was created by Geneious
Prime software (Version V2022.2.2) using Tamura-
Nei genetic distance model, Neighbor-Joining
method and bootstrap value =1000 replicates.
Nucleotide sequences of HIV-1 consensus subtypes
Al,A2,B, C,D,F, G, H, BC, and some recombinant
subtypes downloaded from the international
GenBank database [21] were used as the references
to generate the phylogenetic tree and determine the
distribution of subtypes among our study population.
HIV-1 CRFO1_AE was the predominant subtype and
was identified in 99.1% of samples, subtype C pre-
sented in 0.9% (Fig. 2).

Discussion. The HIVDR Report 2021 by WHO
reveals that only 10 countries reported data from their
surveys of pretreatment HIVDR among ART-naive
infants younger than 18 months between 2012 and
2020, all from Africa and South Africa [18]. In
Vietnam, although national surveillance and research
about HIVDR are well documented among adults,

HIV-diagnosed infants. The HIV laboratory at the
Pasteur Institute in Ho Chi Minh City is the primary
entity responsible for conducting all EID tests from
Central Highland to Southern Vietnam. Thus,
despite it did not involve national surveillance efforts
in Vietnam, the DBS samples collected in the study
represent two out of three regions of the country.
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Fig. 2. The circulation of HIV-1 subtypes among HIV-infected
children younger than 18 months of age (Tamura-Nei genetic
distance model, Neighbor-Joining tree-build method, Bootstrap
value =1000 replicates)

The results of this study indicated a high prevalence
of HIVDR among HIV-infected children aged less
than 18 months, of whom 43.5% presented any-drug
resistance. This resistance was mainly caused by
mutations associated with NVP contained in ARV
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prophylaxis in all cases. Common major mutations
positions 103, 181, and 190 on the reverse transcrip-
tase region could be attributed to the wide use of
option B+ PMTCT intervention in Vietnam. These
mutation positions were also reported in other studies
featuring NNRTI-based regimens in the PMTCT pro-
gram [2, 22, 23]. The most prevalent mutation,
Y181C, detected in this study, confers high-level
resistance to NVP, again consistent with findings
from previous surveillances in Zambia (2014) [23],
South Africa (2010, 2011-12, 2012-13) [22],
Cameroon (2014), Mozambique (2012), Togo, and
Zimbabwe (2012) [18]. The results emphasize the
rationality of choosing the preferred integrase
inhibitor-based regimens that avoid regimen compo-
nents with NNRTI for the first line of ART for children
in Vietnam’s current national guideline. However,
DRMs may threaten the effectiveness of HIV treat-
ment for children who are coinfected with tuberculosis
and HIV receiving NNRTI-based regimens. The high
level of resistance to NVP or EFV among infants living
with HIV was unexpected and our study’s results fur-
ther emphasize the need for a pretreatment HIVDR
national survey among newly diagnosed infants in
Vietnam. This would help to generate a nationally rep-
resentative estimation of drug resistance prevalence
and provide influential data to support the country’s
recommendation on optimal evidence-based guide-
lines for HIV prevention and treatment.

Mutations associated with drug resistance were
more commonly detected among those with exposure
to maternal ARV treatment and/or neonatal PMTCT
prophylaxis. In these cases, 55.2% of infants presented
resistance to any antiretroviral drug, whereas the per-
centage of resistant mutations in infants with unknown
or no documented ARV exposure was 22.7%. These
findings suggest that previous PMTCT interventions
may be underreported. The results were consistent with
a multi-country analysis conducted in five sub-Saharan
African countries (Mozambique, Swaziland, South
Africa, Uganda, and Zimbabwe) between 2011 and
2014, which also showed that exposure to ARV led to a
higher prevalence of HIVDR resistance (56.2%) com-
pared to non-exposure (23.5%) [2]. The prevalence of
HIVDR found in our study was lower than those from
pooled analyzed data of the three nationally representa-
tive surveys conducted in 2010, 2011-12, and 2012—
13 among South African infants aged 4-8 weeks.
NNRTI resistance was detected in 68 out of 97 (70%)
cases with maternal plus neonatal PMTCT and in 17
out of 26 (65%) cases with neonatal ARV intervention

only [22], compared to the findings of our own study,
which revealed NNRTI resistance in 52.2 % and 50 % of
the same groups respectively. The difference in NNRTI
resistance among these research may be attributed to
non-similar ages, as the proportion of NNRTI resist-
ance might be underestimated as children became
older due to possible reversion to wild type from NNRTI
mutation or discontinuation of postnatal prophylaxis or
breastfeeding [2]. In general, after stopping antiretrovi-
ral therapy, mutations are likely to be archived in latent-
ly infected cells, making them seem to disappear in a
matter of weeks and then proliferate again under
NNRTI selective pressure, thus impacting long-term
treatment [24—26]. In the Africa surveys, DBS samples
were collected early after PMTCT exposure, within 4—
8 weeks, while the mean age of specimens in our study
was 13.2 weeks, with 60.4% of those aged 6 weeks to
18 months. As up to 89.6% of infants received ARV
prophylaxis for 6 weeks in our study, the absence of
selective pressure from ARV at the time of DBS collec-
tion, a few weeks after prophylaxis cessation, may have
influenced the disappearance of mutations from the
dominant detectable quasi-species. The data from HIV-
infected children included in this study also revealed a
high proportion who accessed EID tests late and did not
receive ARV prophylaxis, which could negatively impact
mortality rates and disease progression among infants.
Previous studies have shown that initiating treatment in
infants immediately after diagnosis, particularly during
the first few weeks of life, can help restrict the formation
of viral reservoirs [27-29]. However, in our study, a sig-
nificant proportion of individuals were diagnosed with
HIV at a later stage, which could potentially increase
the size of viral reservoirs, and may also include quasi-
species that could have drug-resistant mutations. The
Ministry of Health in Vietnam, therefore, should under-
take a critical review of the early diagnosis program’s
current performance and explore opportunities for
strengthening it to maximize the potential benefits of
birth testing.

We did not find any correlation between PMTCT
access and any-drug resistance; however, as expect-
ed, infants with maternal ARV exposure and/or
neonatal prophylaxis had a significantly higher preva-
lence of NNRTI resistance than those without,
matching the data reported in the 5 sub-Saharan
African countries’ surveillances mentioned earlier [2].
Other studies found strongly high resistance to any
drugs in infants with documented PMTCT exposure
[22][23]. Our study also found a correlation between
NNRTI resistance and a history of breastfeeding
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among infants, which was previously reported in
some studies [30-32].

The results from our study may be interpreted in
light of some limitations. Our report only reflects the
remnant DBS samples collected from Central
Highland and Southern Viet Nam, therefore, it may
not be fully representative of the entire population of
children under 18 months infected with HIV in the
country. Additionally, at the time of the study, early
infant diagnosis (EID) coverage was intermediate
(around 60% according to UNAIDS)[5], resulting in
the potential underdiagnosis of HIV in many children.
Although previous studies have shown a strong corre-
lation between mutation detection using Sanger
sequencing and Next Generation Sequencing
(NGS), it should be noted that low-abundance muta-
tions may only be detectable through NGS [33]. We
assumed that the Sanger sequencing technique
applied in our study was unable to detect some major
and minor drug-resistant mutations, thus the preva-
lence reported in this study may be underestimated.
An additional limitation of our study was unable to
determine the situations of HIV drug resistance
among the mothers because its methodology relying
on the stored remnant DBS samples and their data
used in the EID routine national activity for children
less than 18 months of age. The drug-resistant muta-
tion may occur either through the development of de
novo resistance during the prophylaxis period or via
transmission virus harbor drug-resistant mutations
from the mothers. Given these limitations, we pro-
pose conducting further studies in Vietnam to deter-
mine whether HIV mutations develop in children or
are transmitted from mothers. Additionally, it would
be valuable to investigate the persistence of these
mutations using Sanger and/or NGS techniques.
Greater understanding from such future studies
would improve treatment and prevention strategies,
which could in turn minimize the occurrences of
mother-to-child HIV transmission and the accumu-
lation of drug resistance.

Author contributions:

Despite these limitations, the findings of the study
provide valuable insights into the prevalence of drug
resistance in HIV-exposed infants and highlight the
potential role of maternal ARV exposure, neonatal
prophylaxis, and breastfeeding in the development of
drug resistance. By identifying these factors, the
study contributes to our understanding of mother-to-
child HIV transmission and the accumulation of drug
resistance and provides a foundation for future
research aimed at improving treatment and preven-
tion strategies. Overall, while the limitations of the
study should be taken into consideration when inter-
preting the results, the study’s findings remain
important and informative for advancing our under-
standing of HIV transmission and drug resistance.

Conclusion. In conclusion, our study demon-
strates a high prevalence of HIV drug resistance to
NNRTIs among HIV-positive infants less than 18
months of age in the Southern and Central Highland
provinces of Vietnam as a result of the PMTCT pro-
gram. It highlights the necessary to conduct nation-
ally representative surveys to confirm this phenome-
non. Future investigations should explore the pat-
terns of drug resistance among not only children but
also their mothers to better understand the impact of
de novo or transmitted resistant mutations. The cor-
relation of HIVDR with a number of factors such as
maternal ART history, feeding options, and duration
of breastfeeding should also be investigated to pro-
vide support for the current national guidelines. Since
integrase inhibitor-based regimens are widely used
for both PMTCT among mothers and ART treatment
for children, resistance to integrase inhibitors should
also be investigated. Next-generation sequencing
may be useful for evaluating the presence of muta-
tions with a low threshold. Our study’s results
strongly confirm the rationality of the Vietnam
Ministry of Health’s current guideline on switching to
integrase inhibitor-based regimens as the preferred
optimal first-line ART for children to prevent drug
resistance to NNRTIs.
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