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exposed to antiretroviral therapy:

Scoping review

") Check for updates

Background: Antiretroviral (ARV) exposure influences the early-life gut microbiota in
regions with high human immunodeficiency virus (HIV) burdens. Understanding how ARV
drugs affect the infant gut microbiota is important for optimising short-term and long-term
health outcomes.

Aim: This scoping review synthesises current evidence on the gut microbiota of infants born
to mothers with HIV (MWH) in sub-Saharan Africa, focusing on the effects of in utero and
postnatal ARV exposure. By examining emerging data in this context, we highlight potential
implications for infant health and identify key areas for future research.

Method: Online databases were systematically searched using comprehensive search
strategies. In addition, grey literature was explored. Three authors independently screened
titles and abstracts for relevance, evaluated full-text articles for eligibility and performed data
extraction.

Results: The scoping review highlights differences in gut microbiota because of
HIV exposure and ARV drugs in infants born to sub-Saharan African MWH. Of interest
is a disturbance in the gut bacterial balance in infants with HIV, who harboured
enriched with more diverse and potentially harmful bacteria relative to HIV-exposed
uninfected infants. There was agreement from some countries, that is Nigeria
and Zimbabwe, that their gut microbiota genomes comprise Bifidobacterium longum
subspecies infantis and Enterococcus.

Conclusion: Both antiretroviral therapy and HIV influence the gut microbiota in infants born
to MWH. Pathogenic overgrowth within the infant gut microbiota for individuals with HIV
may impair immune maturation during early-life, with lasting consequences for host health.

Contribution: This highlights the need for further research into probiotic interventions for
infants in high HIV-burden settings.

Keywords: antiretroviral drugs; gut microbiota; human immunodeficiency virus; infants;
sub-Saharan Africa.

Introduction

In the sub-Saharan African region, the gut microbiota of more than 1.5 million infants is exposed
to antiretroviral (ARV) drugs because of the high prevalence of human immunodeficiency virus
(HIV).}? The use of ARV drugs has been a game-changer in preventing mother-to-child
transmission of HIV infection (PMTCT) since the early 2000s.'? This strategy has significantly
reduced the risk of HIV transmission from mother-to-child during pregnancy, childbirth and
breastfeeding.® The ground-breaking Paediatric AIDS Clinical Trial Group (PACTG) Study 076,
conducted in 1994, marked a significant milestone in PMTCT.? This pivotal study demonstrated
the efficacy of zidovudine (ZDV) monotherapy in reducing the risk of HIV transmission from
mother to child.® Building on this success, subsequent trials explored more comprehensive
regimens, combining ZDV with other ARV agents such as lamivudine (3TC), nevirapine (NVP)
and protease inhibitors (PIs).? These studies investigated various antepartum, intrapartum and
postpartum treatment strategies, ultimately shaping the evolution of PMTCT guidelines and
paving the way for more effective, multi-drug approaches to prevent HIV transmission and
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improve maternal and infant health outcomes.* The most
recent PMTCT programme, the Option B+, initiates all
pregnant or breastfeeding women with HIV onto lifelong
triple antiretroviral therapy (ART), regardless of their CD4
count or clinical stage, promoting better adherence and
health outcomes.'”® Since the introduction of PMTCT
worldwide, HIV transmission rates from mothers to their
children have declined from more than 25% to less than 2%.?

Recommendations by the World Health
Organization for infant prophylaxis

According to current World Health Organization (WHO)
guidelines, postnatal prophylaxis for infants born to mothers
with HIV (MWH) typically involves administering either
NVP or ZDV for 4 to 6 weeks.* In cases where breastfeeding
infants are at high risk of HIV transmission, the prophylaxis
may be extended to 12 weeks.* In the PMTCT context,
ARV prophylaxis is the administration of ARV drugs to
infants born to MWH.? Despite being used by over 1.5 million
infants in sub-Saharan Africa (SSA), the impact of ARVs on
the body and the microbial communities within them — the
microbiota — remains incompletely understood, highlighting
the need for further research.®

Potential effect of different antiretroviral drugs
on the human gut microbiota

The potential effect of different ARV drugs on the gut
microbiota of HIV-exposed infected (HEI) and HIV-exposed
uninfected (HEU) individuals has been described from in
vitro experiments (Table 1)® but largely overlooked in
human microbiome studies. It is plausible that either HIV
exposure, HIV infection or ARV drugs impact the early
microbiota of infants born to MWH at an early age.'?'
Furthermore, in utero-HEU individuals have a higher
incidence of hospitalisation and 2 to 4-fold higher mortality
rate than HIV-unexposed uninfected (HUU) infants in

TABLE 1: Antiretroviral effects of relevant drugs from recent in vitro studies.
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low- and middle-income countries (LMICs).!*'>13 However,
there are inconsistencies in the few published reports on
infant gut microbiota from SSA. Therefore, this review will
synthesise current key findings from SSA on the gut
microbiota of HIV-exposed (HE) infants (born to MWH) on
prolonged and short-term ART.

Recommendations by the World Health
Organization for preventing human
immunodeficiency virus mother-to-child
transmission

The WHO outlines four key stages of the PMTCT of HIV
cascade. These include pre-pregnancy, prenatal, intrapartum
and postnatal interventions (Table 2)."* These stages are
crucial for a comprehensive approach to preventing HIV
transmission from mother to child. According to the current
WHO guidelines, high-risk infants born to MWH should
receive dual prophylaxis with daily ZDV and NVP for the
first 6 weeks of life, regardless of whether they are breastfed
or formula-fed." For breastfed infants at high-risk, including
those first identified as HE during the postpartum period,
prophylaxis should be continued for an additional 6 weeks,
using either dual therapy (ZDV and NVP) or NVP alone.>™
High-risk infants are defined as those born to mothers with
documented HIV infection who received less than 4 weeks of
ART at delivery, viral load > 1000 copies/mL in the 4 weeks
before delivery (if viral load is available),” incident HIV
infection during pregnancy or breastfeeding or newly
diagnosed HIV during the postpartum period, with or
without a prior negative test." These high-risk infants require
extended prophylaxis. In addition, breastfeeding infants of
mothers on ART typically receive 6 weeks of daily NVP
prophylaxis, while formula-fed infants usually receive
4 weeks to 6 weeks of daily NVP or twice-daily ZDV
prophylaxis.’*® Since the introduction of the ‘treat all’
approach, ART is initiated urgently among all pregnant and
breastfeeding MWH, even if they are identified late in

ARV drug Abbreviation

Tested bacterial cultures

Escherichia coli

Bacteroides sp.

Segatella (formerly Prevotella)  Enterococcus faecalis

sp.
NNRTI
Nevirapinet NVP 0% susceptible 70% susceptible 100% susceptible 100% susceptible
NRTI
Zidovudinet DV 100% susceptible 75% susceptible 70% susceptible 0% susceptible
Tenofovirf TFV 0% susceptible 0% susceptible 0% susceptible 0% susceptible
Tenofovir disoproxilf  TDF 0% susceptible 0% susceptible 0% susceptible 0% susceptible
fumarate
INSTI
Dolutegravirf DTG 0% susceptible Not applicable Not applicable 0% susceptible
Protease Inhibitorsf
Lopinavirf LPV 0% susceptible 0% susceptible 0% susceptible 0% susceptible
Ritonavirf RTV 0% susceptible 0% susceptible 0% susceptible 0% susceptible
Combinations
TDF/FTC/EFVT 0% susceptible Susceptible (level not specified)  Susceptible (level not specified) ~ Susceptible (level not specified)
3TC/ZDV/EFVT susceptible (level not specified) Susceptible (level not specified)  Susceptible (level not specified)  Susceptible (level not specified)

Source: T, Ray S, Narayanan A, Giske CG, Neogi U, Sénnerborg A, Nowak P. Altered gut microbiome under antiretroviral therapy: Impact of efavirenz and zidovudine. ACS Infect Dis. 2020;7(5):
1104-1115. https://doi.org/10.1021/acsinfecdis.0c00536; §, Rubio-Garcia E, Ferrando N, Martin N, et al. In vitro antibacterial activity of antiretroviral drugs on key commensal bacteria from the
human microbiota. Front Cell Infect Microbiol. 2024;13:1306430. https://doi.org/10.3389/fcimb.2023.1306430

ARV, antiretroviral; NNRTI, non-nucleoside reverse transcriptase inhibitors; NRTI, nucleoside reverse transcriptase inhibitors; INSTI, integrase strand transfer inhibitor; FTC, emtricitabine;

EFV, efavirenz; 3TC, lamivudine.
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TABLE 2: Four main aspects of preventing mother-to-child transmission of human immunodeficiency virus cascade outlined by the World Health Organization.

Maternal HIV status

Antiretroviral drug intervention status for PMTCT

Negative low-risk Negative high-risk

MWH high-risk MWH low-risk

Before pregnancy No ART exposure  Adult PrEP containing TDF

Adult PEP comprising TDF + 3TC + DTG

Prenatal infant exposure No ART exposure  in utero exposure
Intrapartum infant exposure  No ART exposure  in utero exposure

Postnatal infant exposure No ART exposure ~ NVP or ZDV

No ART exposure First or second-line ART
HIV status known at delivery or MWH not taking ART
No ART exposure In utero ART exposure
No ART exposure

NVP +ZDV and NVP or ZDV

In utero ART exposure
NVP or ZDV during breastfeeding

Source: World Health Organisation. Consolidated guidelines on HIV prevention, testing, treatment, service delivery and monitoring: Recommendations for a public health approach. 2021.

ART, antiretroviral therapy; MWH, mothers with HIV; NVP, nevirapine; PMTCT, prevention of mother-to-child transmission of HIV; PEP, post-exposure prophylaxis; PrEP, pre-exposure prophylaxis; WHO,
World Health Organization; ZDV, zidovudine; TDF, tenofovir disoproxil fumarate; 3TC, lamivudine; DTG, dolutegravir; HIV, human immunodeficiency virus; MWH, mothers with HIV; 3TC, lamivudine.

pregnancy or postpartum.'*!® For mothers who initiate ART
around the time of labour and delivery (intrapartum), earlier
WHO guidelines suggested administering a single
dose of NVP along with tenofovir disoproxil fumarate
(TDF)/emtricitabine (FTC), in conjunction with 3-hourly
administration of ZDV during labour.'°

The gut microbiota of infants exposed to
antiretroviral drugs from sub-Saharan Africa

Some studies suggest that prolonged ART may help
restore the gut microbiota of children with HIV (CWH) to
a composition more similar to that of HUU children.”” A
study of children and adolescents (6 years to 16 years) in
Zimbabwe found that HUU participants had significantly
higher species richness in their gut microbiota compared
to HEI individuals.” Notably, prolonged ART was
associated with increased gut microbiota richness.
However, the duration of ART did not impact beta
diversity.”” The study’s findings suggest that while
prolonged ART may have a positive effect on gut
microbiota richness, the microbiota of HEI children on
ART remains less diverse compared to HUU children."”
In contrast, other studies report a decrease in bacterial
diversity after long-term ARV exposure.”’® The impact of
ARV drugs on the gut microbiota of infants in SSA is a
significant area of interest, given the high prevalence of
HIV in the region.? Antiretroviral drugs are believed to
disrupt the gut microbiota through their broad-spectrum
antibacterial activity, which can affect the balance of gut
microorganisms.”® In previous in vitro studies, ARV drugs
such as NVP, TFV and ZDV exhibited antibacterial
effects.”® The disruption is thought to occur through
mechanisms such as deoxyribonucleic acid (DNA) chain
termination, inhibition of bacterial polymerases and
induction of the ‘SOS” DNA damage response.”® The
study’s findings highlight that certain ARV drugs can
impact the composition of the human microbiota.

The current first-line treatment regimen for
pregnant women with human
immunodeficiency virus

The current first-line treatment regimen recommended
for pregnant women with HIV is a fixed-dose combination
of TDF, 3TC and dolutegravir (DTG)'*!° (Table 2). In several
LMICs and SSA countries, current guidelines stipulate
that all pregnant women previously exposed to ART, such

http://www.phcfm.org . Open Access

as through PMTCT programmes or previous interruptions
in ART, should take DTG-based ARV drug regimens.'*"
All newly-born infants born to MWH receive ART,
postpartum if they are diagnosed with HIV, while those
who are not infected but are exposed to HIV in utero, for
example, the HEU infants, receive prophylaxis of either
ZDV or NVP.415

The gut microbiota of human immunodeficiency
virus-unexposed, uninfected infants at birth

In HUU infants, gut microbiota colonisation begins at
birth or potentially even in utero, and continues to develop
and mature over the first 3 years of life.”” The development
of the early-life microbiome is influenced by various
factors, including birth mode, maternal microbiota, diet
(breast milk or formula), antibiotic exposure, medications,
geographical location and environmental factors.”® The
maturing microbiome plays a vital role in shaping a child’s
immune system.? Perturbations in the microbiome have
been linked to various diseases,?! including infectious
diseases, highlighting the importance of a balanced
microbiome in overall health.”»? The intestinal microbiota
of neonates is characterised by low diversity and a
relative dominance of the phyla®* Actinomycetota
(formerly Actinobacteria) and Pseudomonadota (formerly
Proteobacteria) ®* The most abundant classes in infant
stool are Bifidobacterium, Lactobacillus and Clostridia in that
order.”®* In healthy breastfed infants, the gut microbiota
during the first 1000 days of life is typically dominated by
‘infant-type” Dbifidobacteria, including: Bifidobacterium
breve, B. bifidum, B. longum subsp. infantis, B. longum subsp.
longum and B. pseudocatenulatum.*

Infant gut microbiota perturbations in human
immunodeficiency virus-exposed infants

During the first 2 years of life, children are vulnerable to HIV
exposure through perinatal transmission (in utero and
during delivery) and postnatal transmission (through
breastfeeding).? Paediatric HIV infection can disrupt the
normal balance of gut microbiota, leading to changes in its
composition.?? Research suggests that exposure to HIV in
utero can affect the gut microbiota of HEU infants, indicating
a possible connection between the mother’s HIV status and
the infant’s gut microbiota.! Previous studies found that
Bifidobacterium species were significantly less abundant in
the gut microbiota of HEU infants during the first 6 months
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of life.! Metabolites of ART drugs in breast milk have been
linked to reduced levels of Bifidobacterium in infants.! In HEI
infants receiving long-term ART, the disruption to the gut
microbiota may persist even when the virus is suppressed.”*
Children with HIV tend to have a gut microbiome with lower
bacterial richness, reduced diversity and altered bacterial
composition compared to children without HIV.* Differences
in study findings on specific taxa altered by HIV infection
may be because of variations in geographical location, age,
route of HIV exposure and methodological approaches
(sequencing and bioinformatics).*® Despite these differences,
research consistently shows an increased abundance of
bacteria linked to immune inflammation and decreased
abundance of bacteria that support gut health and integrity.®
A study of perinatally infected CWH in India found an
increased abundance of Segatella (formerly Prevotella), a
bacterial taxon linked to increased microbial translocation
(sCD14) and immune inflammation (IP-10).%

Methods
Review strategy

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)-2020 updated guidelines for
reporting scoping reviews were used to guide the search,
select relevant studies and report study findings (Figure 1).*°
The PRISMA-2020 checklist was used to ensure the inclusion

Identification of studies via databases and registers
Databases (n = 7642) Records removed before
- Cochrane (n = 487) screening:
=) EMBASE (7 = 1687) Duplicate records removed
‘5 ProQfiles(n = 162) (n=3489)
i::: CsvPubmed-csv (1 = 1531) » Records marked as ineligible
c PsycINFO (n = 269) by automation tools (n = 0)
2 CINAHL (1 = 895)
= . _ Records removed for other
Medline complete (n = 2631) (n=0)
Opendissertation (n = 53) reasons {n =
Records excluded for titles not
Records screened manually o R .
(n=4153) »| focusing on HIV-exposed infants
- (n=4099)
8o
£
5 Reports sought for retrieval | Reports not retrieved could
g (n=54) not access the papers (n = 8)
]
Reports assessed for eligibility N Reports exc?uded a&er
(= 46) P! full-text review: Ineligible
- (n=32)
- Studies included in the review
S| | (n=12)
5
< Reports included based on
= reference list (n = 2)
)

Source: Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: An updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71. https://doi.org/10.1136/
bmj.n71. For more information, visit: http://www.prisma-statement.org/

FIGURE 1: Results from the scoping review search.
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of relevant information in the review. The Population,
Intervention, Comparison, Outcome and Context (PICOC)
mode — Table 3 was used to develop a research question
regarding the association between ART exposure and
HIV exposure with the gut microbiota of infants from SSA.

Data sources and search strategy

The following databases, CINHAL (Cumulative Index to
Nursing and Allied Health Literature), Cochrane Library,
PubMed CSV, Embase, MEDLINE, Open Dissertation,
PsycINFO, ProQuest and PubMed were systematically searched
for relevant articles without any restrictions (Figure 1). The
databases were searched from inception until May 2024 using
variations and combinations of the following keywords: Africa,
ART, HIV, infants, microbio*, NVP, SSA and ZDV. The search
strategy is in Appendix 1. Open Dissertations, ProQuest
Dissertations and Theses Global were searched to identify grey
literature. Lastly, a manual search of the reference lists and
citations of relevant publications and reviews was conducted to
identify additional studies.

Eligibility criteria and ethics
Inclusion criteria

Studies that meet the PICOC(S) framework (Table 3) were
included.

Exclusion criteria

Studies were excluded if the:

e The study population were HE at an older age than
36 months.

e Full-text and abstract were both unavailable or only the
abstract was available, but did not convey the needed
data.

* Thestudies were narrative, scoping or systematic reviews.

Study selection and data extraction

The Rayyan Systematic Review Management Software
combined and de-duplicated articles retrieved from the
searches. Two authors T.E.M. and D.T.Z. independently
screened the titles and abstracts to identify articles that
meet the inclusion criteria (see search strategy in Appendix
1). T.E.M. obtained full-texts of the articles that passed
the first screening. D.T.Z. assessed full-text papers that

TABLE 3: Showing the eligibility criteria as guided by the PICOC(S).
Abbreviation Full term

Criteria for this scoping review

Infants who were either HIV-exposed, infected or
HIV-exposed, uninfected or on ART prophylaxis;

Intervention HIV or ART

P Population

|

C Comparison Neither HIV nor ART

(o] Outcomes Gut microbiota

C Context SSA

S Study All study designs including non-peer-reviewed
designs literature (grey literature)

ART, antiretroviral therapy; SSA, sub-Saharan Africa; HIV, human immunodeficiency virus;
PICOC(s), Population, Intervention, Comparison, Outcome and Context Study.
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were identified as potentially relevant for inclusion or
exclusion. Discrepancies were resolved through discussion
with a third author R.M.-M. and by consensus. Studies that
met the inclusion criteria were retained for data extraction.
Quality assessment was not conducted in this scoping
review.

Data extraction

. and ... independently extracted data from each article
retained in the full-text screening using a pretested data
extraction form developed by the reviewers. Any
uncertainties regarding the inclusion of studies were resolved
through discussion with a third author (R.M.-M.) and by
consensus. The following data were extracted from each
article included: (1) bibliographic information, (2) study
design, year of study and location, (3) study aims or
objectives, (4) study population, (5) sample size, (6)
intervention, (7) comparison group, (8) outcome (diversity
of gut microbiota).

Ethical considerations

This was previously published data and did not require
ethical clearance. This article followed all ethical standards
for research without direct contact with human or animal
subjects.

Review findings

This scoping review shares findings from multiple contexts
across the sub-Saharan African region (Table 4).

Antiretroviral drugs used in sub-Saharan Africa

Recommendations of ARV drugs in many SSA countries
align with WHO guidelines. Though the region is
multi-contextual, SSA constituted 60% of global HIV
infections in 2020.* Over two million children are thought
to be living with HIV worldwide, of whom over 80% live
in the SSA region.”® No wonder, over one million infants
from SSA are born to MWH and are potentially exposed
to ARV drugs during antepartum, intrapartum and
postpartum stages.®> There is, however scarcity of
published studies on the gut microbiome of infants
exposed to HIV and ARV drugs from SSA. There are even
fewer studies from regions outside SSA, though findings
are somewhat similar.*

Original research focusing on the gut microbiota
of sub-Saharan African infants exposed to
antepartum, intrapartum and postpartum
antiretroviral drugs

Cameroon findings

In Cameroon, in addition to NVP and azidothymidine
(AZT) also known as ZDV, 3TC, abacavir (ABC) and
lopinavir and ritonavir (LPV and r) are given to infants
infected with HIV.” One Cameroonian study found that
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children on ritonavir-boosted protease inhibitor (PI and r)-
based ART had lower alpha diversity and altered gut
microbiota composition compared to children on NVP and
those uninfected with HIV.? The gut microbiome of children
born with HIV was largely characterised by a depletion of
Segatelln and Clostridia.* Since the CWH were receiving
both ART and prophylactic co-trimoxazole, it’s challenging
to determine the individual impact of each medication on
gutmicrobial diversity.?” A decrease in Segatella may indicate
reduced fibre fermentation capacity, which can result in
poorer gut health and lower production of short-chain fatty
acids (SCFAs). The SCFAs - acetate, propionate and
butyrate — are key mediators of gut microbiome benefits.*
They maintain gut integrity, support immune function and
regulate host metabolism.** While increased SCFA
production is associated with health benefits, most evidence
comes from animal studies, with limited data from well-
controlled human trials.** In addition, a reduction in
Clostridia may suggest an imbalance in the microbiome,
potentially increasing susceptibility to infections or
inflammatory conditions.”

In another Cameroon study conducted among 80 infants
(41%) were HEI, 15 (18.8%) were HEU and 32 (40%) were
HUU.3 Of the 33 HEI infants, 32 (97%) were on ARV
treatment. A statistically significant difference was observed
between the number of HEI versus HEU infants harbouring
Clostridium, Enterococcus, Klebsiella, Shigella, Staphylococcus
aureus (S. aureus) and Streptococcus.® The gut bacteria of HEI
infants showed an imbalance, with a higher presence of
opportunistic and pathogenic bacteria compared to HEU
infants. The most common bacteria found in HEI infants
were Lactobacillus, Streptococcus and Bifidobacterium. In HUU
infants, E. coli, Lactobacillus and Bifidobacterium were most
common. Some bacteria were notably absent in each group,
for example, Actinomycetes, and Enterobacter were missing in
HEI infants, as were Acinetobacter, Proteus and S. aureus in
HUU infants.

Mozambican findings

One study from Mozambique reported on the faecal
microbiota of apparently healthy African infants from a
community with a high HIV prevalence.*” A total of 120 faecal
samples were collected. Four mothers reported taking
medications at the time of the study, including amoxicillin,
paracetamol, co-trimoxazole and antihypertensive drugs.
Approximately 38% of infants aged <6 months were
exclusively breastfed.” Twenty-nine MWH had detectable
virus. Streptococci, Enterococci and Bifidobacteria were detected
in all samples analysed, while Staphylococcus was the bacterial
group least detected. The study found commonly detected
bacteria such as Streptococcus, Enterococcus and Bifidobacterium,
and the least detected Staphylococcus. Bacterial counts
changed with infant age. Bifidobacterium, Bacteroides,
Enterococcus, Clostridium leptum and Clostridium coccoides
counts increased with infant’s age® whereas Staphylococcus
aureus and Streptococcus epidermidis counts were significantly
reduced in older infants.*



http://www.phcfm.org�

Review article

Page 6 of 13

‘i uoi8au a|qerensadAy ‘v ‘g uoiSau ajqerieasadAy ‘g ‘snuia Adusipyspounwiwi uewny ‘AlH ‘Bupuanbas swouss sjoym ‘SO ‘sinbup.iod sna2030jAydols
‘sinbup.od °s ‘siuowoy sn3302ojAydpls ‘siuowoy S ‘snainp sn22020jAydois ‘snanp s ‘uondeas uleyd asesawAjod Ydd ‘Spioe Aney uleyd-Hoys ‘Sy4dS ‘YNY [BWOSOGL ‘YNYJ ‘AIH YHUM SIaylow ‘HAIA ‘PRIdaajuIiun-AlH ‘NNH ‘padajuiun pasodxa-AlH ‘NIH ‘paidasul
pasodxa-AlH ‘|3H ‘p1ae d1e|anuoquAXoap ‘YNQ ‘wnbuoj sa1dadsqns wnbuo| wniia1apqoptfig ‘wnbuoj dsqns wnbuoy *g ‘snupful sanadsqns wnbuoj wnlia1opqoplfig ‘suupful dsgns wnbuoj °g ‘analq wnliajopqoplflg ‘anaiq ‘g {[edinoiainue ‘Agy ‘Adessyy |edinoaiainue ‘1 yy
"uoLeWIOJUl BI0W 104 6E6Y TILTA WIYd/Z0TH 0T/810
‘lop//:sdny "6€6ve (T)LT/ST0T "PAIN We4 34D Yi|esH wid [ 1)y ‘Malaad Suidods :Adelsy) [edinosiaiiiue 01 pasodxa Sjuejul eaLJY UeJeyeS-gns JO B101GoJdIW N9 “[e 13 ‘| ISHYD ‘Y OUBA-9ZpleSulySeiA ‘3L IINJYPNIA :3]20.. SIY1 JO 1SI| 32USJ3JaJ ||} 935 Ises|d 910N

sa|desayy |elqosdiw pue
131p 341|-Al4ea Joy |erualod oy} Suliayo ‘sale|os| ueamgequilz
ulyuMm sutesls onoiqouad Suisiwolad paynuapl Apnis sy

NNH pue NIH usamiaq
Jay1p 10U pip uonisodwod e3oiqoJdiw NS Y| ‘AlH |eulaiew
0} 21nsodxa Juejul Aq S321pu| [003S JUBJUI Ul SIIUIBPIP ON

NNH PUe |3H uaamiaq ejolqoJdiw Ing ul
saouaJsaylp asiwiulw Aew | Yy pasuojoid 1eyl 15988ns synsay

AIH YHm sjuejul

ul 3jyoud B101qoIdIW YdLI-D1Ia300qopLlg 10w e Sujulejuiew uj
14V Alea yam uondunfuod ul Sulpsspiseslq Yiim pajeldosse
S1yauag 'Sawo0231n0 aroidwi 0] suonuaAllul Alejuswa|dwod
10} pa3u ay3 1oddns ‘syuejul pajisealq Suowe usaAd

19V Ajaea aydsap ajyoud e1o1qosdiw sy ul sYIys Sunsisiad

exe} Supnpoud-y4)s paonpaJ pue uonisodwod
10UnlSIP PAMOYS NIH UeIpRUER) ‘BWOIqoIdIW pue Sulwy
AYYV ‘Buipasy ‘solydesSowap ul seauasayip dyldads-1oyo)

UOLIBI0|SUB.} |BIGOJIIW PUB
uoLBWWE[JUI YHM PIIBIDOSSE SJ8 SUOLIBIS}|E BIOIGOIDIW IND

(1ng) xapul ssew Apoq pue 1a1p ‘Aud1uy3e ‘sonauad

Aq pasuanjjul sapliey22esoSI|o ¥|IW UBWNY PUe B}01qoJdIw
3|lwisealq pue NS |eusalew 4o sa|yoad ul adUIYIPp

ay3 aq Aew suopeue|dxa 3|qishe|d ‘e301qoloiw Ing siuejul

3U3 Ul J030B} [BLIUSN|JUI ISOW Y3 Sem ulS110 Jo AJaunod 3y

suonIpuod Alojewwelul Jo suonIdul

03 Ajjiqudassns aseauoul Ajlaandadsal ‘syeam g9 pue

9 1e syuejul N3H ul wnjAyd pjoppUOWOPNISH pue ‘saljiwe)
$9139p10.310eg ‘an3dD113390G0LI0) JO dUBPUNE JOMO]

28e Jo Ssyjuow 9 punoJe 1e PadNPO.JIUI

Spoo} pIj0s &winedisod syluow 8T pue SYUoW ST ‘Syuow 6
1€ PaAJISFO J28U0| Ou dUBLRYIP SIY | “JuawdojaAap Jueyul Suiple
‘saseas|p 21uoJyd Sunpuanaid ‘syuaiiinu jenuassa Supnpoad
‘uolaUNy dUNWIWI SBYSIUIWIP ‘YI|esy aAnSaBIp jo Joddns
$90NPaJ |JH PUB NIH ‘S9ILUOSU Ul WNLISIIDGOPLIG J9MOT

Suipaspisealq Jo
S}29M 1514 3] Ul B1OIGOJDIW 3] UO UoLISOdWOd 3|1 uewny
40 sonsiIoRIRYD 2Y193ds Jo 1oedwi ay3 3ySiysiy sSuipuld

e14330eq d13siuniioddo jo uonessyijold sy
sajowoud AIH Ym Sjuejul Ul 91e1s pasiwoldwod-aunwiwi ay |

SY4JS O uononNpoid JaMo| pue yijeay Ing 4a1ood

SI|D23bf $N22020433U7

pue wnianf sn220204a3u3 ‘wnipinuaipaopnasd ‘g

‘anauq g ‘wnbuoy "dsqns wnbuoj *g ‘suupfur *dsqns wnbuoy
wnla300qopyfig 40 anneuasaldal sawouas paydalag

59p1042120qD.ID]
pue pjjasuljjo) ‘sapl04alang ‘sn220201da.ls ‘Winiia1pqopLfig
40 Ajppueuiwopaud pasiudwod ejoiqosdiw 1nS ay |

Aisianip
eyd|e Aq e10100J21W N3 JaYILI B Y}IM paje1dosse Ajjuedyiudis
sem (sieaA QT<) Juswieall-1 Yy pasduojoid ‘NNH 03 pasedwod

Avisianip e39q JaySiy pue Ansianip eydie samoj pey |IH

SWOIgOJIIW JUBJUI BY) Ul UOLIBLIBA JO JSALIP SUO

SI Sn1e1s AIH "bIpjobauly pue wniiajdngqosn ‘saplolaong ul
SaseaJoul Suipnjaul ‘exel ul SYIYs JUedLIUSIS Y3M pale1dosse
SeM UO[I3JUI AIH "NNH 03 paledwod sjuejul pajdaul

AIH U1 paisisiad ejoiqosdiw 1ng ul seouequnisig ‘(siulod
Swil} J91e| 1 SIdUBPUNQE J319DG0J3]UT PUB WNII3120qosn

Ul 9SB2JOUI UB PUE ‘SY29M {7 1B 9dUBpUNge Wnlia3angopLfig ul
95E2J03p B) PI1RgI0EXD 2J9M UOLISJUI AJH YHM PaIeIdoSse
exe} Ul SYIys ay3 ‘@8e Jo sAep T ueyl Jaie| palJels Sem |YY J|

epeue) ul Ajuo Juedyiusis sem ainsodxs
AIH ‘9Wo1qo.djW 3y uo 12949 1s98u0.41s ay) pey Aluno)
sdnoug ssoJde (xapul uouueys) AJISISAIP D Ul 2dUJIBHIP ON

N3H 03 pasedwod NNH

ul payd1ua Appuesyiusis sem a4a.q ‘g ‘NNH O3 paJedwod NIH
0 S|003S 33 Ul PIYDIIUS I0W UM ‘apjuownaud pjjaIsqajy
pue ‘ipfoq pjjabiys 11auxayf pjjab1ys Suipndul ‘spuoiqoyied

AJ3unod Jayia ul sniels aunsodxa

AIH Aq ‘Aisianip-g ‘AISIaAIp-0 Ul S90UBIBYIP JULIYIUSIS ON
‘a8e Aq pipli1so[D 4O aseasdul

ue pue ‘a8e Aq aseadap njopouoWopnasd padunouo.d ssa
*SJUBJUI UBDLIJY YINOS SUOoWEe PaAIasgo 10U Ing ‘syaam GT 1e
panIasqo auam ‘spupful sadadsqns wnbuoj wniiajoogqopLfig
Aq pajeulwop ‘syuejul uelIRSIN pajisealq AjpAISn|IX]

Ayisian1p e39q Jo eyd|e ul Jou Ing ‘e301qoIdIw
N8 Juejul NNH PUB NIH USIMISQ exXe) |enpiAlpul 3jdujnw
4O S9dUBPUNQE SALE|D] 3] Ul SIOUDIYIP 2J9M Iy

NNH 03 paedwod el1a1deqOPYIq JOMO| PRY NIH pue
13H "13390q0.133u3 PUe SN20203daJ1S ‘WniIaldLqopLlg &
Suipasyisealg wnkanqauAiod jjaIsqaly 49100Goaazug

‘Sbuowopnasd < Suipa9jIsealq 19A J0u sjueju|

Sjueyul Jap|o
ul ueyy (p ouad (uonelde| 1siy) pjo sAep 4T s pasde syuejul
ul Jusnbaly siow sinbupspiod-s pue siuIwoy S ‘snainp’s

AIH Yum sjueyul
UM pa3e1dosse (snaino sna202ojAydpis pue souowopnasd
‘snajo.d ‘pjjaisqaly ‘vjjabiys) es1deq onsiuniioddo

NNH 01 paiedwod [IH Ul BIPLIISO[D PUE b}j23063as J1dMOT

|001S WOJ) PaIL|OS| $N22020491UT
pue wna1apqopyig Suliojdxa Apnis e ul ‘palels
10U SN1eIS AH ‘SIUBjUl P|O-}99M-g WOJ SUBWIIACS [001S 07

‘pajisealq AjaAISN|oxa 9,9'y8 “Sulpaajiseald Sulinp pue
0431N Ul pasodxa-A[H J9M %6°GE SYIaM g pasde ‘syuejul g/

uaipjiyd NNH €0T PUe |3H LLT

‘Sjuejul N3H TL pue
P103)ul AIH 6/ WO} 35€ JO SY29M g PUB SY29M T ‘SY99M
1B SJUBJUI OST WO} Pa1I3[|0d d4aMm sa|dwes gems B30y

epeue) U UaJp|iyd NIH 9T
pUB NNH €€ ‘WniS[ag Ul UaJp|IYd NIH TZ PUe NNH TZ 0}
paJedwiod eaLly YINOS Wod UaIpjiyd NIH 9T PUe NNH 0T

paJedwod
NNH SE€ PUe NIH 7€ ‘(69 = N) S91eUOBU P|O-3}BaM-1;

‘(NNH §§ pue
N3H THT) ueLBSIN 96T PUe (NNH T PuUe NIH T9) uedyy
UInos 78 "eldaSIN pue edlyy Yinos wodj syuejul pasedwo)

(pauidads 1ou
sJaquinu) e pUe eaLYY YINOS WOJ) SIUBLU| "S)I9M g9
01 5%29M 9 wouy dn pamoj|o} siuejul NNH 88 PuUe NIH 86

syjuow gT 03 Yiq wody dn pamoj|oy
‘(1I3H 40 NIH) HMIA 03 uloq THT ‘NNH TET "3°I SIUBUI ZLT

“(syauow z1-9
‘syjuow 9—¢ ‘syjeam ¢ >) dnoud ade Jad syuejul og uddy
"NNH %6Z ‘NIH %TT ‘(TZT = N) siuejul Ayyjeay Ajpusieddy

‘3lew a49M % T9 ‘NNH

%0 PUB N3H %6T ‘13H %Tv (08 = N) SIUBJUI SyluOW yZ—¢
‘sixe|Aydo.d ajozexow11-0d pue |4y uo |3H ||V ‘(Ajlereuriad
pa103ul |3H) s4edA 6T 01 T pase ‘Ualp|iyd NNH Z8 Pue |3H £8

(ve0?)
geoMgequiiz

(vzoe)
eoMgequiiz

(0z02)
aoMgequiiz

(43350d Z207)
5£BILIJY YINOS

(0z0?)
5BV YyInos

(veoe)
»£BILJY YINOS

(veo?)
IV YInos

(zeo)
BV YInos

(zz07) 21a3IN

(€102)
onbiquiezolp|

(6102)
euoosawe)

(Teoe)
sUooIaWe)

$91€|0S| PaJN3|ND JO SHM

VA-EN
/8uipuanbas uodidwe yYNYJ S9T

A
/8uipuanbas uodidwe yNYJ S9T

A
/8uiduanbas uodidwe yNYJ S9T

uoi8aJ gA Supuanbas
uodljdwe auald YNYJ S9T

Bupuanbas
swouadelaw ungioys

suol8aJ pA-EN
/8uipuanbas uodidwe yNYJ S9T

uoi8al yA
/3upuanbas uodijdwe yNY4 S9T

suol8al yA — EA
/3uipuanbas uodidwe YNYJ S9T

131pAd SO!

ue uo yNQ |001S JO uold1ap
¥Dd pue eipaw ymous
ay1aads Suisn paunind |001S

51591 |E2IWaYdoIq Suisn
payhuapl els1oeq pue sioqiyul
Jpolquue eipaw ymods

oy1dads 3uisn paunyjnd [001S

uoi8al yA /
Bupuanbas uooldwe yNYJI S9T

uonesidwi yijeaH

sjuejul ul AYisIanlp Ino

snjeis A[H/siuejul jo asy

(1e3A) Asauno)

uoi8ai s9T/poyIa N

‘uoi8aJ UBdLY UBJBYES -gNS WOJ4 SIIPNIS dWOIqoJdiw InS Jueyu| iy 319VL

Open Access

//www.phcfm.org

http



http://www.phcfm.org�
https://doi.org/10.4102/phcfm.v17i1.4939
https://doi.org/10.4102/phcfm.v17i1.4939

Nigerian findings

A 2022 study in Nigeria showed marked differences in
nutritional and microbiota diversity between HEU and HUU
infants.! In the study, HEU infants consistently exhibited
lower weight-for-age z-score (WAZ) compared to HUU
infants across all measured time points.! At 6 months
postpartum, a significant observation was made regarding
the relative abundance of Bifidobacterium in HEU infants,’
which was found to be lower than that in HUU infants.! It
was noted that NVP and 3TC were present in the breast milk
of MWH.! Bifidobacterium provides numerous health benefits,
including supporting digestive health, enhancing immune
function, producing essential nutrients, preventing chronic
diseases, aiding infant development and influencing mental
he alth X 40,42,43,44 45

Another study compared the gut microbiota of HEU and
HUU infants born to 278 mothers with or without HIV, from
Nigeria and South Africa.® All 212 MWH received ART
according to local guidelines, and their infants received NVP
post-exposure prophylaxis after birth.*® The gut microbiota
of Nigerian infants was primarily dominated by
Bifidobacterium longum subspecies infantis and the Firmicutes,
including both Staphylococcus species® (e.g. S. haemolyticus,
S. saprophyticus) and Enterococcus species (e.g. E. faecalis,
E. faecium).® In South African infants, certain bacterial taxa
were linked to HIV exposure. Notably, several Enterococcus
species were more abundant in HEU infants compared to
HUU infants at week 1.% In South African infants, the gut
microbiota typically consisted of Bifidobacterium species*
(B. longum, B. catenulatum, B. breve), Firmicutes (Streptococcus
species: S. salivarius, S. caprae, S. lutetiensis) and
Pseudomonadota (mainly Escherichia coli).*® Pathobionts
were more abundant in HEU infants during the first 15 weeks
of life in the South African cohort.*® In contrast, no bacterial
taxa were differentially abundant by HIV exposure in the
Nigerian cohort.®

South African findings

One other South Africa-based study focused on the oral
microbiome of school-aged CWH on ART."" A few other
studies in South Africa indicated great discrepancies in the
interplay of the gut microbiota in HE infants.*

Another South African study analysing meconium and
tracking infant faecal bacteria over time (birth to 20-28
weeks) found that in HIV-unexposed infants,
Pseudomonadota (formerly Proteobacteria) decreased with
age, and Clostridia increased with age.! The impact of
infant age on faecal bacterial profiles was less pronounced
in HE infants.! Higher levels of Pseudomonadota during
infancy may correlate with slower growth trajectories and
could predispose infants to metabolic disorders, such as
obesity and insulin resistance later.* Clostridia are known
to be involved in the fermentation of dietary fibres and the
production of SCFAs, such as butyrate.”” Short-chain fatty
acids benefit gut health by providing energy to colon cells,
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maintaining intestinal barrier function and reducing
inflammation.*” An increase in Clostridia may lead to higher
SCFA levels, contributing to improved gut health and
potentially reducing the risk of gastro-intestinal diseases.*
Therefore, the effect of infant age on stool microbiota
among HE infants was less pronounced. This may imply
that exposure to HIV or ART alters the typical
developmental trajectory of the gut microbiome, leading
to different patterns in bacterial composition as these
infants age, which has implications for growth, metabolic
disorders and gut health.

A South African study found that at 6 weeks, HEU infants
had a higher abundance of Firmicutes, Carnobacteriaceae and
Enterococcaceae compared to HUU infants."! Conversely, it
showed a lower abundance of the Coriobacteriaceae, and
Bacteroidetes families, and a reduced abundance of the
Pseudomonadota  phylum,’ suggesting that the gut
microbiome of HEU infants may be adapting differently
compared to their HUU counterparts. Firmicutes are often
associated with beneficial metabolic functions, including
energy harvest from dietary fibres*4® The lower
abundance of Coriobacteriaceae and Bacteroidetes in HEU
infants could imply a potential disruption in the diversity
and functionality of the gut microbiome.*** Bacteroidetes are
generally linked to a healthy gut environment and play
roles in breaking down complex carbohydrates.>*?

A 2016 South African study used shotgun metagenomic
sequencing to analyse the gut microbiota of 4-week-old
infants, comparing HUU neonates and HEU neonates
before starting co-trimoxazole prophylaxis in the HEU
group.’* There was no difference in microbial alpha
diversity between HUU and HEU neonates.* Forty-
three bacterial taxa were found to be significantly
differentially abundant between HUU and HEU.*
Compared to HUU neonates, HEU neonates had higher
levels of pathobionts** (Shigella flexneri, Shigella boydii
and Klebsiella pneumonia) and other taxa, that is, Blautia
liquoris, Coprococcus eutactus and Roseburia hominis.** In
contrast, HUU neonates had higher levels of
Bifidobacterium breve, Actinomyces fecalis, Eggertella lenta
and Phascolarctobacterium spp.>*

Random forest analysis identified key metabolic pathways
that distinguished HEU infants, with elevated levels of
glycogen degradation, L-arginine degradation, L-methionine
and L-rhamnose biosynthesis.** Other pathways associated
with HEU status were inosine-5-phosphate biosynthesis,
lactose and galactose degradation and mixed acid
fermentation.* In HUU infants, the following pathways were
elevated: pentose phosphate pathway, phospholipid
biosynthesis and nitrate reduction pathway.* The study
found no significant impact of in utero HIV exposure on
microbial diversity in infants at 4 weeks of age.** However,
after birth, HIV exposure alters gut bacterial microbiota
composition, with HEU neonates displaying a higher
abundance of pathobionts compared to HUU neonates.*
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Human immunodeficiency virus exposure also seems to
impact the functional metagenome in these neonates.*

A 2020 study compared the innate response and the stool
microbiome of 2-year-old HEU and HUU children from
Belgium, Canada and South Africa.® The study reported
no universal immune or microbiome signature underlying
differences between HEU versus HUU that was applicable
to all children.®® However, population-specific differences
in stool microbiomes were readily detected. South African
HEU and HUU children differed for WAZ,* and differences
in height-for-age z-scores (HAZ) approached significance.?
In this study, MWH formula-fed their infants to prevent
transmission, while HUU infants were breastfed.®
According to the study findings, HIV exposure had a
minimal impact on gut microbiota in South African
children. However, differential abundance was observed
for Rikenellaceae, more abundant in HEU and Succinivibrio,
more abundant in HUU children.*® The authors hypothesise
that breast versus formula feeding may have contributed
to microbiome differences between HEU and HUU
children in their study.*

A 2022 poster presentation reported findings from South
Africa.*® The South African study compared 79 infants
with intrauterine HIV infection (49% female), starting ART
within 48 h or around 6 days of birth and 71 uninfected
infants (52% female), born to MWH, receiving standard
prophylaxis.®* The study collected rectal swabs at 4 weeks,
12 weeks and 24 weeks, analysing the microbiome through
16S ribosomal ribonucleic acid (rRNA) gene sequencing
(V4 region).** Human immunodeficiency virus infection was
linked to notable changes in gut microbiota, with increased
abundance of Bacteroides, Fusobacterium and Finegoldia, after
accounting for other influencing factors.*® Other key factors
influencing infant microbiome development were HIV status,
age at sampling, mode of delivery, breastfeeding and sex.*
The study found that breastfeeding, combined with early
ART, helped maintain a Bifidobacterium-rich microbiota
profile in infants with HIV .

Zimbabwe findings

Human immunodeficiency virus-exposed infants in
Zimbabwe are exposed to one or more of the following ARV
drugs: DTG, NVP, FIC, 3TC, TDF and AZT. A study
described the composition of gut microbiota of children and
adolescents, aged 6 to 16 years,"” with perinatal HIV infection
taking ART in Zimbabwe."” The study reported findings from
177 HEI and 106 HUU participants."”

Key findings showed that 89% of HEIs were on co-trimoxazole
prophylaxis and that recent antibiotic use did not alter the
impact of HIV status on species richness.”” Compared to
HUU, HEI had a lower abundance of Epsilonbacteraeota and
Bacteroidetes (phylum level)"” and enrichment of Corynebacterium,
Lawsonella, Collinsella (Actinomycetota phylum), Finegoldia,
Anaerococcus, Erysipelotrichaceae, Lachnoclostridium (Firmicutes
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phylum).”” Human immunodeficiency virus-unexposed
uninfected participants, compared to HEI were enriched in
Campylobacter,”” phylum Epsilonbacteraeota; Porphyromonas
and Prevotella, phylum Bacteroidetes.” There was also
enrichment in the Fastidiosipila, Fournierella, Eubacterium
coprostanoligenes_group, Ruminococcaceae, Coprococcus and
Murdochiella (Firmicutes).”” Long-term ART (= 10 years)
was associated with a more diverse gut microbiota in
children, similar to that of HUU children, potentially
minimising microbiota differences between HEI and HUU
children.””

Another Zimbabwean study found no significant differences
in gut microbiota diversity between HEU and HUU infants,
as measured by alpha diversity indices (Shannon and
Simpson) and stool microbial composition.”

A 2024 study reported on the infant gut microbiota members
isolated from the stool of 6-week-old neonates from
Zimbabwe.” The study provided preliminary insights into
the genomic makeup of specific strains of Bifidobacterium and
Enterococcus recovered from an infant cohort from
Zimbabwe,” and explored some of the properties that allow
these organisms to thrive in the infant gut environment.®
The final dataset comprised 6 type strain genomes
representative of infant-associated Bifidobacterium and
Enterococcus species™ — Bifidobacterium longum subsp. infantis,
Bifidobacterium longum subsp. longum, Bifidobacterium breve,
Bifidobacterium pseudocatenulatum, Enterococcus faecium and
Enterococcus faecalis.™

Common Metagenomics techniques in
sub-Saharan African studies

Several metagenomics techniques can be employed to
investigate the gut microbiota of HE infants in Africa.* These
include the 165 rRNA gene sequencing, shotgun sequencing
and whole genome sequencing of cultured isolates.® Most of
the sub-Saharan African studies utilised 16S rRNA
amplification, which has limited ability to discriminate
species or strain level information, nor to predict microbial
function.! The reason for selecting the 16S rRNA gene
amplicon sequencing method could be mainly because of its
low cost, although none of the authors specified this. Several
Sub-Saharan African studies assessed the gut microbiota in
infants with variable results, likely because of different HIV
exposure status,’ antibiotic usage, different age groups, a
range of sample sizes, different modes of feeding (exclusive
breastfeeding vs. formula)! or cohorts from different
geographical areas, all of which may impact results.

Overall summary of findings

There is still controversy amid the scarcity of data in the context
of HIV or ART from the sub-region: 12 articles studied the
effects of HIV and different ARV prophylaxis drugs on the gut
microbiome of less than 1800 infants of varying age groups,
from SSA.” The 12 studies reported here focused mainly on
breastfed infants (with some exclusively breastfed and some on
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mixed feeds). A few (less than 50%) of the studies followed up
infants from birth to over 12 months. Using rRNA gene amplicon
sequencing methods, the studies seem to disagree about
whether there are differences in alpha and beta diversity of gut
microbiota between the HE and HU infants from SSA. Those
studies that delved deeper using shotgun metagenomics report
differences in certain phyla, genus and even strains of important
bacteria such as Bifidobacterium. The heterogeneity of age
groups, feeding methods and maternal HIV status makes it
difficult to make definitive conclusions. What we found clear is
that more in-depth studies, using shotgun sequencing, whole
genome sequencing in larger cohorts, followed by randomised
clinical trials, are more appropriate in this context.

Limitations and strengths of the study

Though this multi-context study has limitations inherent
in such studies, this scoping review facilitates
understanding of how the impact of HIV and/or ART on
infant microbiota differ across different Sub-Saharan
African contexts.® The scoping review also helped us
identify gaps in several contexts. Its findings will benefit
from further preliminary studies or primary research in
local contexts. Single-context research in different Sub-
Saharan African countries will be necessary to corroborate
findings from this multi-context review. Most studies
reported in this scoping review used 165 rRNA gene
amplification methods, despite their limitations in species
or strain level resolution and prediction of microbial
function. The reasons for the choice of methods are not
specified, though low cost could be a contributing factor.
The low resolution of the bacterial phylum and genus may
contribute to the variability in findings.

Implications and recommendations

Though findings are still controversial, the reviewed studies
demonstrate that ART exposure can significantly alter the
gut microbiota composition and diversity in HE infants and
infants with HIV.® The reported alterations, including
decreased bacterial diversity and increased Proteobacteria,
particularly  Enterobacteriaceae  abundance, may have
implications for immune system development and long-term
health outcomes.®##52% The microbial imbalance is likely
shaped by multiple early-life exposures, including maternal
HIV infection, ART, altered breastfeeding practices, increased
antibiotic use and heightened perinatal immune activation.
From a pathophysiological standpoint, reduced bacterial
diversity limits the spectrum of microbial-associated
molecular patterns available to prime and regulate the
infant’s developing immune system. This impairs the
balanced maturation of gut-associated lymphoid tissue,
skewing immune development toward a pro-inflammatory
state and reducing the induction of immune tolerance
via regulatory T cells (Tregs). Biochemically, the over-
representation of Pseudomonadota (formerly Proteobacteria)
contributes to a more inflammatory gut environment. Many
Pseudomonadota, such as Escherichia coli and other
Enterobacteriaceae, possess highly immunostimulatory

Page 9 of 13 . Review article

http://www.phcfm.org . Open Access

lipopolysaccharide structures that potently activate Toll-like
receptor 4 (TLR4) on intestinal epithelial cells* and innate
immune cells.®**" This results in upregulation of pro-
inflammatory cytokines such as interleukin 6 (IL-6), tumor
necrosis factor (TNF)-o and interleukin-1 beta (IL-1p)*
perpetuating mucosal inflammation and compromising
epithelial barrier integrity. In addition, HIV-associated
immune activation, in infants with HIV, may enhance gut
epithelial oxygenation and nitrate production, favouring
Pseudomonadota expansion through anaerobic-to-aerobic
metabolic shifts.*”##5? According to some of the studies in this
scoping review, the gut environment of HE infants is likely to
experience a decrease in obligate anaerobes, such as
Bifidobacterium and Faecalibacterium, which are critical for
producing SCFAs such as butyrate and acetate. Short-chain
fatty acids are key epigenetic and immunomodulatory
metabolites that promote Treg differentiation, support
intestinal barrier function and suppress excessive
inflammatory signalling.?##832% Their depletion in infants
on ART impairs these protective mechanisms and may
predispose them to long-term health consequences, including
increased susceptibility to infections, allergic disorders,
growth faltering and potentially metabolic or autoimmune
diseases later in life.?4748525

Thus, the combination of microbial immaturity, low diversity
and  Pseudomonadota-dominant microbial disturbances
in infants on ART represents a biologically significant
disruption of early-life gut-immune cross-talk with potential
lifelong health implications. These observations must be
explored in well-defined and comprehensive cohort studies
with comparative groups of similar age and feeding
characteristics. 247485255

Conclusion

There is a high burden of HIV in women of childbearing
age, hence it is crucial to carry out studies focusing on the
composition of both gut bacteria and non-bacterial
components of the microbiota, such as fungi, viruses or
bacteriophages. An interrogation of whether ARV drugs
have a more pronounced impact on non-bacterial microbiota
is worth exploring. Future studies are also required to
screen antibiotics for their impact on the various gut bacteria
in the Sub-Saharan African setting. Such research will
inform the design of next-generation interventions,
including prebiotics and probiotics tailored for infants
from SSA.

A clinical trial in adults living with HIV, reported that the
Bacteroidales : Clostridiales ratio was inversely correlated
with HIV reservoir size and viral control post-analytical
ART interruption,® highlighting the potential contribution
of the microbiome of an individual on their HIV
persistence  status.*® Whether this HIV-induced
modulation of the gut microbiome creates an immune
environment that provides a competitive advantage for
reduction of a stable HIV reservoir needs further
investigation, in light of HIV cure efforts.?®
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Appendix 1

BOX 1: Supplementary document showing some of the search strategies.

Al.1 Cochrane Library Search Terms for Title/Abstract/Keywords

Infant or neonate or children or child or baby or babies or newborn or new-born or ‘new born’ or ‘early childhood” AND HIV or AIDS or ‘Human immune deficiency virus’ or
‘Acquired immunodeficiency syndrome’ or ‘maternal syndrome’ AND nevirapine or viramune or nevimune or ‘non-nucleoside reverse transcriptase inhibitors’ or NNRTI or
‘antiretroviral therapy’ or ART or ‘ARV prophylaxis’ or ‘sub-Saharan Africa’ or SSA

Al1.2.1 PUBMED Search Terms for Title/Abstract

((((((((((‘Sub-Saharan Africa’[Title/Abstract]) OR SSA[Title/Abstract]) OR Africa[Title/Abstract]) OR (((Infant[Title/Abstract]) OR (Neonate[Title/Abstract])) OR (children[Title/
Abstract])) OR (baby[Title/Abstract])) OR (babies[Title/Abstract])) OR (newborn[Title/Abstract])) OR (new-born[Title/Abstract])) OR (‘new born’[Title/Abstract])) OR (‘early
childhood’[Title/Abstract])) AND (((((((HIV[Title/Abstract]) OR (AIDs[Title/Abstract])) OR (Human immune deficiency virus[Title/Abstract])) OR (Human immunodeficiency virus[Title/
Abstract])) OR (Acquired immune deficiency syndrome|[Title/Abstract])) OR (‘Acquired immunodeficiency syndrome’[Title/Abstract])) OR (maternal virus[Title/Abstract]))) AND
(((((nevirapine[Title/Abstract]) OR (ART[Title/Abstract])) OR (‘Antiretroviral Therapy’[Title/Abstract])) OR (‘Antiretroviral prophylaxis’[Title/Abstract])) OR (NVP[Title/Abstract])) OR
(‘Non-nucleoside reverse transcriptase inhibitor’[Title/Abstract])) OR (NNRTI[Title/Abstract]))))

Al1.2.2 Alternative PUBMED Search Terms for Title/Abstract/Keywords
((((SSA[Title/Abstract]) OR ((‘Sub-Saharan Africa’[Title/Abstract]) AND (((nevirapine[Title/Abstract]) OR (viramune|[Title/Abstract])) OR (NVP[Title/Abstract])) OR (‘Non-nucleoside
reverse transcriptase inhibitor’[Title/Abstract])) OR (NNRTI[Title/Abstract]) OR (ART[Title/Abstract]) OR ‘Aniretroviral therapy’[Title/Abstract]))))

A1.3 Ovid Search Terms for Abstract
‘acquired immune deficiency syndrome’, immunodeficiency, aids, babies, baby, children, ‘early childhood’, hiv, human virus, infant, neonate, nevimune, nevirapine, ‘new borr’,
new-born, newborn, nnrti, ‘non-nucleoside reverse transcriptase inhibitor’, nvp, viramune, ‘prophylaxis ARV’, ART, ‘antiretroviral therapy’, SSA, ‘sub-Saharan Africa’

Al1.4 ProQuest Theses and Dissertations Global Search
Combined Search 2, 4, 6 and 8 below:
Al.4.1 Search 2 terms: abstract(Infant) OR abstract(neonate) OR abstract(baby) OR abstract(babies) OR abstract(newborn) OR abstract(new born) OR abstract(early
childhood)
Al1.4.2  Search 4 terms: abstract(HIV) OR abstract(AIDs) OR abstract(‘Human immune deficiency virus’) OR abstract(‘human immunodeficiency virus’) OR abstract(‘acquired
immunodeficiency syndrome’) OR abstract(‘acquired immune deficiency syndrome’) OR abstract(‘maternal virus’)
Al1.4.3 Search 6 terms: abstract(nevirapine) OR abstract(viramune) OR abstract(nevimune) OR abstract(NVP) OR abstract(‘non-nucleoside reverse transcription inhibitors’)
OR abstract(NNRTI) OR abstract (Antiretroviral)
Al1.4.3.4 Search 8 terms: abstract(‘Sub-Saharan Africa’) OR abstract(SSA) OR abstract(Africa)
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