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Abstract 

Introduction Infants who are born from mothers with HIV (infants who are HIV exposed but uninfected; iHEU) are 
at higher risk of morbidity and display multiple immune alterations compared to infants who are HIV‑unexposed 
(iHU). Easily implementable strategies to improve immunity of iHEU, and possibly subsequent clinical health out‑
comes, are needed. iHEU have altered gut microbiome composition and bifidobacterial depletion, and relative abun‑
dance of Bifidobacterium infantis has been associated with immune ontogeny, including humoral and cellular vaccine 
responses. Therefore, we will assess microbiological and immunological phenotypes and clinical outcomes in a ran‑
domized, double‑blinded trial of B. infantis Rosell®‑33 versus placebo given during the first month of life in South 
African iHEU.

Methods This is a parallel, randomised, controlled trial. Two‑hundred breastfed iHEU will be enrolled 
from the Khayelitsha Site B Midwife Obstetric Unit in Cape Town, South Africa and 1:1 randomised to receive 
8 ×  109 CFU B. infantis Rosell®‑33 daily or placebo for the first 4 weeks of life, starting on day 1–3 of life. Infants will be 
followed over 36 weeks with extensive collection of meta‑data and samples. Primary outcomes include gut microbi‑
ome composition and diversity, intestinal inflammation and microbial translocation and cellular vaccine responses. 
Additional outcomes include biological (e.g. gut metabolome and T cell phenotypes) and clinical (e.g. growth 
and morbidity) outcome measures.

Discussion The results of this trial will provide evidence whether B. infantis supplementation during early life could 
improve health outcomes for iHEU.

Ethics and dissemination Approval for this study has been obtained from the ethics committees at the University 
of Cape Town (HREC Ref 697/2022) and Seattle Children’s Research Institute (STUDY00003679).

Trial registration Pan African Clinical Trials Registry Identifier: PACTR202301748714019. Clinical.trials.gov: 
NCT05923333.

Protocol Version: Version 1.8, dated 18 July 2023.

Keywords HIV exposure, South Africa, Live biotherapeutic, Randomised controlled trial, Bifidobacterium

*Correspondence:
Anna‑Ursula Happel
anna.happel@uct.ac.za
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12906-023-04208-0&domain=pdf


Page 2 of 10Happel et al. BMC Complementary Medicine and Therapies          (2023) 23:367 

Background
Globally, it is estimated that 1.6 million infants are born 
annually to mothers living with HIV. While implemen-
tation of successful prevention programs has reduced 
rates of perinatal HIV acquisition to as low as 1% [1], 
risk of morbidity and mortality in sub-Saharan African 
infants who are exposed to HIV but uninfected (iHEU) 
is still higher compared to infants who are HIV-unex-
posed (iHU) [2–4], even when accounting for mater-
nal health and socioeconomic factors [3]. Skin, mucous 
membrane, and respiratory tract infections are more 
common in iHEU [2, 4], suggesting a more vulnerable 
immunological state contributing to increased morbid-
ity. We and others have shown that iHEU display multiple 
immune alterations compared to iHU [5–10]. Humoral 
vaccine responses are different from iHU [7, 9], and 
cellular immunity may also be altered in iHEU, includ-
ing responses to Bacille Calmette Guerin (BCG), a live, 
attenuated Mycobacterium bovis vaccine [5, 8]. iHEU 
have elevated immune activation, including heightened T 
cell and monocyte activation [6] and elevated inflamma-
tory cytokine responses [10]. In addition, in multiple set-
tings iHEU have demonstrated impaired growth [11, 12], 
even after adjusting for gestational age at birth [11], and 
poorer neurodevelopment [13, 14]. Since iHEU make up 
over 15% of infants in some parts of the world [15], eas-
ily implementable strategies, ideally using readily avail-
able interventions, to improve immunity of iHEU and 
subsequent short-and longer-term health outcomes, are 
urgently needed.

Early-life colonization of the infant’s mucosal surfaces 
plays a pivotal role in maturation of the immune system 
[16, 17]. The infant gut is colonized with bacteria during 
and after delivery [18–20], and the community compo-
sition of iHEU gut microbiota is altered longitudinally 
compared to iHU [21–24], with iHEU having lower abun-
dances of Bifidobacteria during early life [23]. This is not 
surprising as women with HIV have decreased Bifidobac-
teria in their gut [25], and maternal gut microbiota is a 
strong determinant of infant gut microbiota [26–28].

Emerging data suggest that the gut microbiota is 
related to mucosal vaccine responsiveness in infants 
[29–31]. Furthermore, Huda et  al. found that CD4 + T 
cell stimulation index in response to intradermal BCG 
vaccine at 15  weeks of age positively correlated with B. 
infantis abundance at 6 weeks of age, and an earlier stud-
ies showed that breastfeeding at time of vaccination was 
correlated with better cell-mediated immune response 
to BCG vaccine [32–34]. These observational studies 
suggest that Bifidobacterium abundance, and possibly 
specifically B. infantis, around the time of vaccination 
may improve cellular vaccine responses; however, the 
observed correlations do not establish causality.

Several interventional trials have tested the effect of B. 
infantis on infant health, including for diarrhoea treat-
ment and necrotizing enterocolitis prevention [35–37]. 
B. infantis supplementation has shown beneficial effects 
on enteric inflammation, mucin degradation, and anti-
biotic resistance gene carriage [38–40]. Few studies 
have examined the effect of B. infantis supplementation 
on adaptive immunity and so far, none of these studies 
included iHEU. Deficient Bifidobacteriaceae in the gut 
has been associated with expanded populations of neu-
trophils, basophils, plasmablasts, and memory CD8 + T 
cells in infant blood, indicating both innate and adaptive 
immune activation [41]. Conversely, infants with abun-
dant gut Bifidobacteriaceae had higher frequency of anti-
inflammatory non-classical monocytes and CD39 + Tregs 
[41], a highly suppressive Treg subset [42]. B. infantis 
supplementation was shown to silence intestinal Th2 
(allergenic) and Th17 (autoimmune) responses in Scan-
dinavian infants [41]. Importantly, 3  weeks of daily B. 
infantis supplementation from postnatal day 7 to 28 was 
sufficient to alter the gut microbiota up to one year of age 
in iHU [43]. This was true even in infants who received 
antibiotics after B. infantis supplementation was com-
pleted, which is important because the World Health 
Organization (WHO) currently recommends iHEU 
receive co-trimoxazole prophylaxis, commencing at 
6 weeks of age and continued until 6 weeks post-breast-
feeding cessation.

Collectively, these data form the basis of our hypothesis 
that supplementation with B. infantis in early life will lead 
to beneficial changes in gut microbiome composition and 
function, improved gut mucosal integrity and a more sta-
ble immune homeostasis, resulting in decreased immune 
activation and improved antigen-specific T cell immunity 
in iHEU. We will conduct a randomized, placebo-con-
trolled, quadruple-blinded trial of B. infantis Rosell®-33 
given during the first month of life in 200 breastfed iHEU 
with regular follow-up over nine months and biological 
and clinical outcomes.

Methods and design
Objectives
The primary objectives of this study are to evaluate the 
effect of early-life B. infantis Rosell®-33 supplementa-
tion in iHEU on gut microbiome composition and diver-
sity (objective 1), and markers of intestinal inflammation 
and microbial translocation (objective 2) at 4  weeks of 
life, and the effect on Th1 cytokine responses to BCG at 
7 weeks of life (objective 3).

The secondary objectives of this study are to evalu-
ate the effect of B. infantis Rosell®-33 supplementa-
tion on longitudinal succession of the gut microbiota 
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composition, diversity and function, stool metabolome 
and T cell subset ontogeny during the first 9 months of 
life.

Exploratory objectives are to evaluate whether B. infan-
tis Rosell®-33 supplementation improves infant growth, 
vaccine responses (including antibody titres) to other 
early childhood vaccines, all-cause morbidity or neu-
rodevelopment during the first 9 months of life.

Trial design
This is a two-arm, randomized, double-blinded, pla-
cebo-controlled trial of B. infantis Rosell®-33 supple-
mentation in the first 4  weeks of life in 200 breastfed 
iHEU. iHEU will be block-randomized in a 1:1 ratio to 
receive ~ 8 ×  109  CFU of B. infantis Rosell®-33 versus 
placebo daily from postpartum day 3 to 28. Participants 
will be followed over 9 months. Assessment of infant out-
comes and sample collection will be done at birth, day 
10–14 and weeks 4, 7, 15, 24 and 36 of life (Table 1).

Sample size
We propose to enrol 200 iHEU based on sample size 
calculation conducted for each of the three primary 
objectives.

• Objective 1: Sample size calculations were based on 
metagenomic data from D’Souza et  al. (2020) [44], 
and on B. infantis copies in the stool collected at day 
4–7 of life from infants in our current observational 
cohort from the same clinical site, where the mean 
B. infantis copy number was 3000 per 2.5 ng gDNA. 
The power analysis was based on a generalized lin-
ear regression approach, with a betabinomial error 
model for the dependent variable where varying 
effect sizes were injected to calculate effective power. 
The sample size of 100 iHEU per group is adequately 
powered to detect a difference of at least twofold for 
differential abundance testing and  R2 values of 0.01 
or higher in PERMANOVA analyses between iHEU 
administering B. infantis Rosell®-33 versus those 
administering placebo, even after accounting for a 
lost-to-follow-up rate of 9% at week 36 (based on our 
observational cohort).

• Objective 2: Based on data from our observational 
cohort where the mean log intestinal fatty-acid binding 
protein (iFABP) plasma concentration in iHEU at day 
4–7 was 0.454 ng/ml with a standard deviation of 0.164, 
we will have 80% power to detect a 20% difference in 
iFABP with n = 51 per group. Therefore, our proposed 
sample size of n = 100 per group will be ample to detect 
what we think is a meaningful difference.

• Objective 3: A sample size of 78 per group (total 
n = 156) will provide 80% power to detect a 45% 
increase in total net Th1 cytokine responses to 
BCG based on preliminary data in iHEU where the 
mean response was 0.78 and standard deviation 0.8, 
and the proposed sample size of 100 iHEU per arm 
accounts for a predicted loss-to-follow-up rate of 
2.5% to 7 weeks, resulting in an expected sample size 
of n = 195 at week 7.

Participants, intervention and outcomes
Study setting and recruitment
Mothers and infants will be recruited from the Khayelit-
sha (Site B) Midwife Obstetrics Unit in Cape Town, 
South Africa. Study staff will present information about 
the trial to all mothers in the waiting room of the ante-
natal clinic to sensitize women about the study prior to 
delivery. Identification of potential study participants 
will occur in the delivery ward. Routine Midwife Obstet-
rics Unit staff will alert study staff of an potential par-
ticipant to approach. Those who could be eligible for the 
study and are interested will provide informed consent. 
Women will then be screened to confirm eligibility, and 
eligible participants will be enrolled in the study.

Eligibility criteria mother and infant
Maternal eligibility criteria are:

• Willing and able to provide signed and dated 
informed consent form

• 18 years of age or older
• Documented HIV seropositive and antiretroviral ther-

apy initiated before the third trimester of pregnancy
• Planning on exclusively breastfeeding
• Planning on remaining in Cape Town until 9 months 

postpartum
• No severe illnesses, e.g. current tuberculosis (TB) or 

known household TB contact
• No eclampsia, or chronic disorder or medications 

(other than antiretrovirals and cotrimoxazole proph-
ylaxis) that in the opinion of the investigator could 
alter immunity

Infant eligibility criteria are:

• Documented HIV seronegative at birth
• Born at term (completed at least 37 weeks of gesta-

tion), without pregnancy or delivery complications 
including birth asphyxia, seizures, sepsis, major con-
genital anomalies or congenital infections

• Birth weight > 2.4kgs
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• No known contraindications to components of the 
interventional products

• Not taking additional probiotics or prebiotics

• Any condition that in the opinion of the investigator 
would make participation in the trial unsafe or other-
wise interfere with the aims of the trial.

Table 1 Schedule of enrolment, interventions and assessments
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Informed consent
Consent is performed by a trained study nurse or coun-
sellor. Per South African Good Clinical Practice (GCP) 
guidelines, the mother’s literacy will be assessed, and 
study staff will assess basic understanding of the trial by 
asking her to  repeat some of the information about the 
study. The mother will be consented in whichever lan-
guage she feels most comfortable, isiXhosa or English, 
and consent forms will be available in either language. 
For illiterate participants, an impartial witness will sign 
to testify that the participant understood the consent.

Intervention
The investigational product is B. infantis Rosell®-33, one 
of the three bacterial strains composing the commercial 
infant formula Probiokid®. The Food and Drug Admin-
istration (FDA) has classified these three strains, includ-
ing B. infantis Rosell®-33, individually or as a blend, with 
the Generally Recognized as Safe status (GRAS notice 
758, 2018), and clinical studies have shown the safety for 
use in infants younger than six months [45–47]. The for-
mula has shown beneficial effects in children on immune 
maturation, anaemia, and reduction of common infec-
tions like diarrhoea and respiratory tract infections, 
as reviewed elsewhere [48]. Beneficial effects include 
long-term restructuring of the infant gut microbiota, an 
increased fecal anti-inflammatory signature, and signifi-
cantly higher levels of stool and salivary sIgA [45–47]. As 
such, the strain alone has been already studied in a rand-
omized, double-blind, placebo-controlled study, where B. 
infantis  Rosell®-33 was deemed safe and well tolerated 
in 221 healthy, three- to twelve-months-old infants [46]. 
A post-hoc analysis based on a sample of infants from 
the Manzano 2017 study showed  B. infantis  Rosell®-33 
maintained a infant-like microbiome profile rich in bac-
teria able to digest lactose such as Bifidobacteria, regard-
less of any influencing factors such as diet and birth 
mode [45]. In contrast, in the placebo group, there was 
significant increase in common constituents of healthy 
adult gut microbiota, and fewer Bifidobacteria (most spe-
cifically  Bifidobacterium bifidum  and  Bifidobacterium 
breve).

Health Canada has recognized  that Bifidobacterium 
infantis Rosell®-33 can help formula-fed babies develop a 
similar microbiota as to breast-fed infants.

For this trial, Lallemand Health Solutions will manufac-
ture the investigational product containing 8 ×  109  CFU 
B. infantis Rosell®-33 per dose (single microbial active 
ingredient) and carrier material (maltodextrin), as well 
as the placebo (containing all materials besides B. infan-
tis Rosell®-33). Mothers will be provided with two 14-day 
supplies of identical looking 1 g sachets containing either 
B. infantis Rosell®-33 or the placebo powder at enrolment 

and the first follow-up visit, both of which can be stored 
at room temperature. Mothers will be requested to pour 
one sachet (containing the investigational product or 
placebo) into a provided sterile cup daily, add 2  mL of 
expressed breastmilk, mix the powder and breastmilk, 
and then cup-feed her infant immediately. If, for any rea-
son, the mother is unable to produce any/enough breast-
milk during the intervention phase and is therefore using 
infant formula, she will be advised to mix the sachet with 
formula.

Assignment of interventions and unblinding
Enrolled iHEU will be block-randomized in a 1:1 ratio to 
receive 8 ×  109  CFU of B. infantis Rosell®-33 or placebo 
daily from postpartum day 1–3 to 28–30. Randomiza-
tion will be done by a statistician and the confidential 
randomization list will be provided to the pharmacist. 
The intervention and placebo products will be packaged 
in identical sachets with identical labelling. Participants, 
care providers, investigators and outcome assessors will 
be blinded to the participant’s allocated intervention.

Unblinding will occur if there is concern raised by the 
investigators or other clinical care providers, and they 
believe that unblinding would change the care provided. 
Unblinding might be requested from the human ethics 
committees, Data Safety and Monitoring Board (DSMB) 
or the sponsor. Unintentional unblinding will be recorded 
as study deviation.

Adherence monitoring
Adherence will be encouraged and assessed using three 
measures: (i) self-report with daily record of adminis-
tration using diaries and 1-day, 7-day and 2- or 4-week 
recall at the Day 10–14 and week 4 visits, respectively, (ii) 
return of empty sachets, (iii) and B. infantis Rosell®-33 
Real-Time qPCR to assess absolute abundance in infant 
stool. We will triangulate self-report, sachet count and 
absolute B. infantis Rosell®-33 abundance in infant stool 
to assess adherence.

Use of concomitant medication during the trial
Concomitant medications can be prescribed to infants 
as per the standard of care as necessary and will be 
recorded. However, mothers will be asked to not give 
their infants non-study probiotics or prebiotics during 
the study period.

Participant timeline, data and sample collection
Participants will be followed from birth to 9  months 
of life, as outlined in the schedule of events (Table  1). 
Data and sample collection will be done by clinical staff. 
Upon enrolment, infants will be randomized to receive 
B. infantis Rosell®-33 or placebo for the first 4  weeks 
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of life, starting on day 1–3 of life. Follow-up visits will 
be conducted at 10–14  days (for safety assessment and 
adherence monitoring and support), week 4 (end of the 
intervention), and weeks 7, 15, 24 and 36 of life, with 
adverse event solicitation, extensive questionnaires, 
anthropometrics, examinations, and sample collection 
performed (Table  1). Participant retention will be pro-
moted through regular phone calls and messages. Mater-
nal CD4 count and HIV viral load and infant HIV PCR 
test results will be accessed by the study coordinator 
from the National Health Laboratory Service password-
protected web-based interface. An additional HIV DNA 
PCR will be performed at the Day 10–14 visit to ensure 
no missed HIV transmissions during labour. Any infant 
with a positive HIV DNA PCR will discontinue prod-
uct. Maternal physical examination will include height, 
weight, and blood pressure. Infant physical exam will 
include an assessment of birth defects, anterior fon-
tanelle, palette, heart sounds, abdominal masses, hip 
click, external genitalia, and sacral dimple at enrolment. 
Thereafter, length, weight and head circumference will 
be measured at each visit and a targeted exam for any 
symptoms. Infant health status will be assessed at each 
visit by interview and medical folder review using stand-
ardized forms. Detailed feeding questionnaires are used 
that have been validated in our and other similar settings 
[49]. At each visit, infant stool is collected taking care to 
avoid the diaper, placed at -20 °C, and transferred to the 
laboratory within 6 h to be stored at -80 °C. Infant blood 
will be collected at enrolment, week 4, 7, 15 and 36 and 
used for whole blood assay or PBMC will be extracted 
and stored on  LN2 and plasma stored at -80  °C. Mater-
nal blood, stool, vaginal swabs and breastmilk will be 
collected at week 4, 15 and 36 and biobanked for future 
studies (Table 1).

Outcomes and statistical methods
Primary outcomes
Analyses will follow intention-to-treat (ITT) principles 
comparing the two randomised groups.

1. We will compare Alpha (Shannon) and Beta (Bray 
Curtis and UniFrac) diversity metrics, calculated 
from shotgun metagenomic sequencing data for 
each infant stool sample, between treatment arms 
at 4  weeks. Cross-sectional abundance differences 
for taxa and functional genes will be assessed using 
DeSeq2 (negative-binomial) [50] or Corncob (beta-
binomial) [51] regression models, with the Ben-
jamini–Hochberg multiple-test correction on the 
resulting p-values (to control the false-discovery-rate 
(FDR)) [52]. Regressions will be adjusted for con-
founders, like sex, weight, and feeding mode.

2. Markers of intestinal inflammation and microbial 
translocation at baseline, weeks 4, 7 and 36: We will 
compare markers of intestinal inflammation and 
microbial translocation (Lipocalin-2 (Lcn-2), solu-
ble CD163 (sCD163), iFABP and lipopolysaccharide 
binding protein (LBP) measured by ELISA in infant 
plasma) cross-sectionally at each time point between 
groups using Mann–Whitney U tests. We will cor-
relate absolute concentrations of B. infantis in the 
fecal microbiome with these markers. We will use a 
mixed-effects regression (MER) modeling approach 
to account for repeated measurements and for rel-
evant covariates like feeding status and sex.

3. BCG-specific total net Th1 cytokine producing cells 
at 7  weeks of life: We will compare frequencies of 
total net cytokine producing cells in response to 
stimulation with BCG between arms at weeks 7 using 
linear regression after adjusting for confounders, like 
sex, weight, and feeding mode. Additionally, T cell 
response data will be analyzed by COMPASS [53] to 
compute a ‘functionality score’ or ‘polyfunctionality 
score’. This analysis will be a regression model test-
ing the association between functionality or poly-
functionality scores and iHEU (B. infantis versus pla-
cebo). We will perform two-sided hypothesis testing 
with alpha = 0.05. If the model shows a significant 
result (p < 0.05), we will perform a series of univariate 
analyses in which we test for an association between 
a particular functional profile and arm. Those profiles 
identified as significantly associated will be incor-
porated into a multivariate linear regression model, 
which will include two-way interaction terms. This 
will allow us to create a model that includes the 
cytokine-producing profiles that are most associ-
ated with the intervention. We will test the classifica-
tion accuracy of this model using receiver-operative 
curve (ROC) analysis. In all models, we will include 
sex, birth weight, and feeding mode as possible con-
founders.

Secondary outcomes

1. Longitudinal succession in gut microbiota composi-
tion, diversity and function during the first 9 months 
of life by randomisation arm: Longitudinal multi-
omic variation will be visualized using PCoA and 
tSNE plots [54]. Significant cross-sectional differ-
ences in multi-omic profiles will be assessed using 
PERMANOVA. To integrate longitudinal data and 
control for confounders, we will build MER models 
that incorporate repeated measures (random effects) 
and time-invariant covariates (fixed effects).
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2. Stool metabolome at 4 weeks of age life by randomi-
sation arm: We will generate semi-targeted stool 
metabolomics data, which will be used to validate 
metagenome-constrained community-scale meta-
bolic modelling of the gut microbiota, using the 
MICOM platform [55], which will be used to esti-
mate metabolomic fluxes for other time points that 
lack direct metabolomic measurements. For cross-
sectional metabolite differential abundance analyses, 
we will use generalized linear regression (continuous 
dependent variable) and logistic regression (Boolean 
dependent variable), with an FDR correction on the 
p-values, adjusting for confounders, like sex, weight, 
and feeding mode.

3. T cell subsets at baseline, weeks 4 and 36  weeks of 
life by randomisation arm: We will compare T cell 
subsets frequencies cross-sectionally between iHEU 
administering B. infantis Rosell®-33 versus placebo 
using Mann–Whitney U tests, and correlate these 
data with absolute concentrations of B. infantis in 
the gut microbiota. We will utilize multidimensional 
scaling of markers expressed on both CD4 + and 
CD8 + T cells using the metaMDS function and PER-
MANOVA from the vegan R package [56] to identify 
multivariate statistical differences in immune mark-
ers between treatment groups, using the “adonis” 
function from the vegan R package [56]. Unsuper-
vised cell population identification will be performed 
using self-organizing maps and hierarchical cluster-
ing as implemented in the FlowSOM and metaclus-
tering R packages [57]. Finally, we will use a MER 
modeling approach mentioned above to account for 
repeated measurements and for relevant covariates 
like feeding status, sex, and gestational age at birth.

Exploratory outcomes

1. Presence of B. infantis Rosell®-33 in iHEU stool: We 
will use Mann–Whitney U tests for analyzing abso-
lute abundances of B. infantis Rosell®-33, assessed by 
qPCR, across treatment groups at each time point, 
with an FDR correction for multiple comparisons.

2. Infant growth—length for age Z scores (LAZ) at 
36 weeks of age: LAZ scores will be generated using 
Intergrowth-21st software, which adjust for infant 
gestational age at birth and infant sex [58]. LAZ will 
be binarized into adequate (LAZ ≥ -1) and inade-
quate (LAZ < -1) and compared between arms. LAZ 
as a continuous variable will additionally be used 
in penalized linear regression models between B. 
infantis abundance will while adjusting for feeding. 

Finally, we will compare the prevalence of stunting at 
36  weeks of age between groups using Chi-squared 
tests.

3. All-cause infectious morbidity: We will abstract 
outcome data related to infectious morbidity from 
participant’s health records throughout the study 
period and quantify and compare occurrence of 
infectious morbidity outcomes between randomi-
sation arms. The proportion of infants with at least 
one all-cause infectious morbidity event will be cal-
culated and compared by randomisation group using 
a Fisher’s exact test. Univariate logistic regression 
models will be used to compare risk of infectious 
morbidity by randomisation group, and multivariate 
logistic regression models will be used to adjust for 
confounders including infant birth weight and gesta-
tional age at birth.

4. Neurodevelopment: Neurodevelopment will be 
assessed comprehensively at weeks 24 and 36 of 
life, e.g. using the Bayley Scales of Infant and Tod-
dler Development, and developmental scores will be 
compared by randomisation group.

Additional analyses
In addition to the ITT analyses outlined above, we will 
conduct modified ITT (mITT) analyses, including only 
participants who took at least one week of study drug 
and per protocol analyses (including only participants 
who took all doses of study drug and reached the primary 
endpoint time points).

Interim analyses
No interim analysis is planned. An interim analysis 
will only be conducted if determined necessary by the 
Data Safety Monitoring Committee (DSMB) to assess 
safety concerns or study futility based upon accumu-
lating data.

Data management
All participants will be assigned a unique number. The 
electronic REDCap database will be used to document 
consent electronically, and to directly record information 
about participant demographics, questionnaire-based 
information, clinical procedures, and laboratory tests 
that are conducted locally. Only de-identified data will be 
shared with collaborators via the final dataset.

Protection of participant confidentiality
All study staff members will sign a pledge of confidenti-
ality. All data will be kept confidential, coded, and kept 
under lock and key. Databases will be password protected 
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and will remain as such. Results of microbiological and 
immunological testing will not be made available to the 
participants.

Ethics, oversight, monitoring and dissemination
Ethics
This protocol has been reviewed and approved by 
Research Ethics Committee from the University of 
Cape Town (HREC ref 697/ 2022) and Seattle Children’s 
Research Institute (STUDY00003679). If required, pro-
tocol amendments will be submitted to the regulatory 
bodies in line with intuitional and regulatory guidelines 
and participants will be informed. No fault compensa-
tion for participants will be provided by the University 
of Cape Town if necessary.

Composition of the data monitoring committee, its role 
and reporting structure
The DSMB consists of a public health/paediatric clini-
cal epidemiologist, and paediatricians and clinical 
researchers from Africa and the United States. Mem-
bership of the DSMB is independent from the spon-
sor and none of the members declared any conflict 
of interest. In addition, an external monitor has been 
appointed to monitor the trial conduct.

Adverse event (AE) reporting and harm
For the purposes of this study, AEs include any new 
events absent at baseline, or events that were present 
during the baseline visit which increased in severity. 
Examples of AEs include but are not limited to the fol-
lowing: a clinical event such as bloody stools, vomiting, 
constipation, colic or irritability, fever. Adverse effects 
and the severity of clinical symptoms will be scored 
using the DAIDS Table for Grading the Severity of 
Adult and Pediatric AEs [59]. All related and unrelated 
AEs will be collected and reported in the pre-specified 
timelines to the DSMB, ethical and regulatory bodies.

Dissemination
Throughout the study, we will engage in tailored commu-
nity-engagement activities, including consultation with the 
long-standing Khayelitsha Health Forum. We will dissemi-
nate study results first to study participants, stakeholders 
including the Khayelitsha Health Forum and community 
representatives, then the communities at large. The results 
will be made freely available to the greater scientific com-
munity through publications in peer-reviewed interna-
tional journals. Alongside, the full protocol, statistical code 
and data will be made publicly available. Authorship will 
be determined in line with ICMJE guidelines.

Trial status
Recruitment started in August 2023.

Discussion
In this manuscript we describe the protocol for a rand-
omized trial of B. infantis supplementation versus pla-
cebo in early life to improve immunity in infants exposed 
to HIV.

Determining whether B. infantis Rosell®-33, a read-
ily available intervention, is effective in improving gut 
health, inflammation, and immunity in iHEU, a grow-
ing and vulnerable pediatric population, could result 
in improved clinical management and health outcomes 
of iHEU. This is highly relevant for sub-Saharan Africa, 
where up to 30% of infants are exposed to HIV, as the 
knowledge gained by this project has the potential to lead 
to interventions to mitigate poor immunity and associ-
ated morbidity and mortality of iHEU.

Abbreviations
AE  Adverse event
BCG  Bacille Calmette Guerin
DSMB  Data Safety and Monitoring Board
GCP  Good Clinical Practice
GRAS  Generally Recognized as Safe status
FDA  Food and Drug Administration
FDR  False‑discovery‑rate
HREC  Human Research Ethics Committee
iFABP   Intestinal fatty‑acid binding protein
iHEU  Infants who are HIV exposed but uninfected
iHU   Infants who are HIV‑unexposed
ITT  Intention‑to‑treat
LAZ  Length for age Z scores
LBP  Lipopolysaccharide binding protein
Lcn‑2  Lipocalin‑2
MER  Mixed‑effects regression
mITT  Modified ITT
ROC  Receiver‑operative curve
sCD163  Soluble CD163
TB  Tuberculosis
WHO  World Health Organization

Acknowledgements
We thank Lallemand Health Solutions for donation of the study product.

Sponsor
University of Cape Town, Lovers Walk, Rondebosch, 7700 Cape Town.

Disclaimer
The intervention and placebo used in this study were donated by Lallemand 
Health Solutions, the manufacturer of these products. Lallemand Health 
Solutions provided logistical support related to product production, including 
packaging and labelling. Other than that, Lallemand Health Solutions had and 
will have no role in the study design, data collection, management, analysis, 
and interpretation of data; or writing of manuscripts. The funding body and 
sponsor also has no role in the study design, data collection, management, 
analysis, and interpretation of data and writing of manuscript.

Authors’ contributions
HB and AUH led the conceptual design, and are leading the implementation, 
analysis and interpretation of the study. LR and BP are providing support 
for the clinical trial implementation. SG contributed to study design and is 



Page 9 of 10Happel et al. BMC Complementary Medicine and Therapies          (2023) 23:367  

leading laboratory assessments related to stool microbiome and metabolome, 
and the statistical analyses for this study, alongside CD. DN and CG are lead‑
ing laboratory assessments related to inflammation and T cell phenotyping, 
respectively. KD is advising on the neurodevelopmental analysis. All authors 
contributed to manuscript writing and have approved the final manuscript 
and agreed to publication.

Funding
This work is funded by NIH/NICHD grant number R01HD109089.

Availability of data and materials
Data sharing is not applicable to this article as no datasets have yet been 
generated or analysed.

Declarations

Ethics approval and consent to participate
This protocol has been reviewed and approved by Research Ethics Committee 
from the University of Cape Town (HREC ref 697/ 2022) and Seattle Children’s 
Research Institute (STUDY00003679). All participants will provide written 
informed consent prior to study participation, as described above.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Pathology, University of Cape Town, Anzio Road, Observatory, 
Cape Town 7925, South Africa. 2 Institute of Infectious Disease and Molecular 
Medicine, University of Cape Town, Anzio Road, Observatory, Cape Town 7925, 
South Africa. 3 Institute for Systems Biology, Seattle, WA 98109, USA. 4 Depart‑
ment of Bioengineering, University of Washington, Seattle, WA 98195, USA. 
5 Department of Genome Sciences, University of Washington, Seattle, WA 
98195, USA. 6 eScience Institute, University of Washington, Seattle, WA 98195, 
USA. 7 Seattle Children’s Research Institute, 307 Westlake Ave. N, Seattle, WA 
98109, USA. 8 Division of Developmental Paediatrics, Department of Paediat‑
rics and Child Health, Red Cross War Memorial Children’s Hospital, Univer‑
sity of Cape Town, Klipfontein Road Rondebosch, Cape Town 7700, South 
Africa. 9 The Neuroscience Institute, University of Cape Town, Anzio Road, 
Observatory, Cape Town 7925, South Africa. 10 Division of Molecular Biology 
and Human Genetics, Stellenbosch University, Francie Van Zijl Drive, Tyger‑
berg 7505, South Africa. 11 Department of Pediatrics, University of Washington, 
1959 NE Pacific St, Seattle, WA 98195, USA. 12 Department of Global Health, 
University of Washington, 1510 San Juan Road NE, Seattle, WA 98195, USA. 

Received: 2 October 2023   Accepted: 8 October 2023

References
 1. Chi BH, Stringer JSA, Moodley D. Antiretroviral drug regimens to prevent 

mother‑to‑child transmission of HIV: a review of scientific, program, 
and policy advances for Sub‑Saharan Africa. Curr HIV/AIDS Rep. 
2013;10(2):124–33. https:// doi. org/ 10. 1007/ s11904‑ 013‑ 0154‑z.

 2. Slogrove AL, Esser MM, Cotton MF, et al. A Prospective Cohort Study of 
Common Childhood Infections in South African HIV‑exposed Uninfected 
and HIV‑unexposed Infants. Pediatr Infect Dis J. 2017;36(2). https:// journ 
als. lww. com/ pidj/ Fullt ext/ 2017/ 02000/A_ Prosp ective_ Cohort_ Study_ of_ 
Common_ Child hood. 14. aspx.

 3. Kuhn L, Kasonde P, Sinkala M, et al. Does severity of HIV disease in HIV‑
infected mothers affect mortality and morbidity among their uninfected 
infants? Clin Infect Dis. 2005;41(11):1654–61. https:// doi. org/ 10. 1086/ 
498029.

 4. Epalza C, Goetghebuer T, Hainaut M, et al. High Incidence of Invasive 
Group B Streptococcal Infections in HIV‑Exposed Uninfected Infants. 
Pediatrics. 2010;126(3):e631–8. https:// doi. org/ 10. 1542/ peds. 2010‑ 0183.

 5. Kidzeru EB, Hesseling AC, Passmore JAS, et al. In‑utero exposure to 
maternal HIV infection alters T‑cell immune responses to vaccination in 
HIV‑uninfected infants. AIDS. 2014;28(10):1421–30. https:// doi. org/ 10. 
1097/ QAD. 00000 00000 000292.

 6. Dirajlal‑Fargo S, Mussi‑Pinhata MM, Weinberg A, et al. HIV‑exposed‑
uninfected infants have increased inflammation and monocyte activa‑
tion. AIDS. 2019;33(5):845–53. https:// doi. org/ 10. 1097/ QAD. 00000 00000 
002128.

 7. Jones CE, Naidoo S, De Beer C, Esser M, Kampmann B, Hesseling AC. 
Maternal HIV infection and antibody responses against vaccine‑preventa‑
ble diseases in uninfected infants. JAMA. 2011;305(6):576–84. https:// doi. 
org/ 10. 1001/ jama. 2011. 100.

 8. Mazzola TN, da Silva MTN, Abramczuk BM, et al. Impaired Bacillus 
Calmette‑Guérin cellular immune response in HIV‑exposed, uninfected 
infants. AIDS. 2011;25(17):2079–87. https:// doi. org/ 10. 1097/ QAD. 0b013 
e3283 4bba0a.

 9. Sanz‑Ramos M, Manno D, Kapambwe M, et al. Reduced Poliovirus vaccine 
neutralising‑antibody titres in infants with maternal HIV‑exposure. Vac‑
cine. 2013;31(16):2042–9. https:// doi. org/ 10. 1016/j. vacci ne. 2013. 02. 044.

 10. Lohman‑Payne B, Gabriel B, Park S, et al. HIV‑exposed uninfected infants: 
elevated cord blood Interleukin 8 (IL‑8) is significantly associated with 
maternal HIV infection and systemic IL‑8 in a Kenyan cohort. Clin Transl 
Med. 2018;7(1):26. https:// doi. org/ 10. 1186/ s40169‑ 018‑ 0206‑5.

 11. Nyemba DC, Kalk E, Madlala HP, et al. Lower birth weight‑for‑age and 
length‑for‑age z‑scores in infants with in‑utero HIV and ART exposure: a 
prospective study in Cape Town, South Africa. BMC Pregnancy Childbirth. 
2021;21(1):354. https:// doi. org/ 10. 1186/ s12884‑ 021‑ 03836‑z.

 12. Aizire J, Sikorskii A, Ogwang LW, et al. Decreased growth among antiret‑
roviral drug and HIV‑exposed uninfected versus unexposed children in 
Malawi and Uganda. AIDS. 2020;34(2). https:// journ als. lww. com/ aidso 
nline/ Fullt ext/ 2020/ 02010/ Decre ased_ growth_ among_ antir etrov iral_ 
drug_ and.7. aspx.

 13. le Roux SM, Donald KA, Brittain K, et al. Neurodevelopment of breastfed 
HIV‑exposed uninfected and HIV‑unexposed children in South Africa. 
AIDS. 2018;32(13):1781–91. https:// doi. org/ 10. 1097/ QAD. 00000 00000 
001872.

 14. McHenry MS, McAteer CI, Oyungu E, et al. Neurodevelopment in Young 
Children Born to HIV‑Infected Mothers: a Meta‑analysis. Pediatrics. 
2018;141(2). https:// doi. org/ 10. 1542/ peds. 2017‑ 2888.

 15. Slogrove A, Powis K, Johnson L, Stover J, Mahy M. Estimates of the global 
population of children who are HIV‑exposed and uninfected, 2000–18: 
a modelling study. Lancet Glob Health. 2019;8. https:// doi. org/ 10. 1016/ 
S2214‑ 109X(19) 30448‑6.

 16. Sanidad KZ, Zeng MY. Neonatal gut microbiome and immunity. Curr Opin 
Microbiol. 2020;56:30–7. https:// doi. org/ 10. 1016/j. mib. 2020. 05. 011.

 17. Gensollen T, Iyer SS, Kasper DL, Blumberg RS. How colonization 
by microbiota in early life shapes the immune system. Science. 
2016;352(6285):539–44. https:// doi. org/ 10. 1126/ scien ce. aad93 78.

 18. Turroni F, Milani C, Duranti S, et al. Bifidobacteria and the infant gut: 
an example of co‑evolution and natural selection. Cell Mol Life Sci. 
2018;75(1):103–18. https:// doi. org/ 10. 1007/ s00018‑ 017‑ 2672‑0.

 19. Terrazzan Nutricionist AC, Procianoy RS, Roesch LFW, Corso AL, Dobbler 
PT, Silveira RC. Meconium microbiome and its relation to neonatal 
growth and head circumference catch‑up in preterm infants. PLoS One. 
2020;15(9):e0238632.

 20. He Q, Kwok LY, Xi X, et al. The meconium microbiota shares more features 
with the amniotic fluid microbiota than the maternal fecal and vaginal 
microbiota. Gut Microbes. 2020;12(1):1794266. https:// doi. org/ 10. 1080/ 
19490 976. 2020. 17942 66.

 21. Bender JM, Li F, Martelly S, et al. Maternal HIV infection influ‑
ences the microbiome of HIV‑uninfected infants. Sci Transl Med. 
2016;8(349):349ra100‑349ra100. https:// doi. org/ 10. 1126/ scitr anslm ed. 
aaf51 03.

 22 Machiavelli A, Duarte RTD, de Pires MMS, Zárate‑Bladés CR, Pinto AR. The 
impact of in utero HIV exposure on gut microbiota, inflammation, and 
microbial translocation. Gut Microbes. 2019;10(5):599–614. https:// doi. 
org/ 10. 1080/ 19490 976. 2018. 15607 68.

 23. Grant‑Beurmann S, Jumare J, Ndembi N, et al. Dynamics of the infant 
gut microbiota in the first 18 months of life: the impact of maternal HIV 
infection and breastfeeding. Microbiome. 2022;10(1):61. https:// doi. org/ 
10. 1186/ s40168‑ 022‑ 01230‑1.

https://doi.org/10.1007/s11904-013-0154-z
https://journals.lww.com/pidj/Fulltext/2017/02000/A_Prospective_Cohort_Study_of_Common_Childhood.14.aspx
https://journals.lww.com/pidj/Fulltext/2017/02000/A_Prospective_Cohort_Study_of_Common_Childhood.14.aspx
https://journals.lww.com/pidj/Fulltext/2017/02000/A_Prospective_Cohort_Study_of_Common_Childhood.14.aspx
https://doi.org/10.1086/498029
https://doi.org/10.1086/498029
https://doi.org/10.1542/peds.2010-0183
https://doi.org/10.1097/QAD.0000000000000292
https://doi.org/10.1097/QAD.0000000000000292
https://doi.org/10.1097/QAD.0000000000002128
https://doi.org/10.1097/QAD.0000000000002128
https://doi.org/10.1001/jama.2011.100
https://doi.org/10.1001/jama.2011.100
https://doi.org/10.1097/QAD.0b013e32834bba0a
https://doi.org/10.1097/QAD.0b013e32834bba0a
https://doi.org/10.1016/j.vaccine.2013.02.044
https://doi.org/10.1186/s40169-018-0206-5
https://doi.org/10.1186/s12884-021-03836-z
https://journals.lww.com/aidsonline/Fulltext/2020/02010/Decreased_growth_among_antiretroviral_drug_and.7.aspx
https://journals.lww.com/aidsonline/Fulltext/2020/02010/Decreased_growth_among_antiretroviral_drug_and.7.aspx
https://journals.lww.com/aidsonline/Fulltext/2020/02010/Decreased_growth_among_antiretroviral_drug_and.7.aspx
https://doi.org/10.1097/QAD.0000000000001872
https://doi.org/10.1097/QAD.0000000000001872
https://doi.org/10.1542/peds.2017-2888
https://doi.org/10.1016/S2214-109X(19)30448-6
https://doi.org/10.1016/S2214-109X(19)30448-6
https://doi.org/10.1016/j.mib.2020.05.011
https://doi.org/10.1126/science.aad9378
https://doi.org/10.1007/s00018-017-2672-0
https://doi.org/10.1080/19490976.2020.1794266
https://doi.org/10.1080/19490976.2020.1794266
https://doi.org/10.1126/scitranslmed.aaf5103
https://doi.org/10.1126/scitranslmed.aaf5103
https://doi.org/10.1080/19490976.2018.1560768
https://doi.org/10.1080/19490976.2018.1560768
https://doi.org/10.1186/s40168-022-01230-1
https://doi.org/10.1186/s40168-022-01230-1


Page 10 of 10Happel et al. BMC Complementary Medicine and Therapies          (2023) 23:367 

 24. Jc L, Fd N, Rc E, et al. Evolution of the gut microbiome in HIV‑exposed 
uninfected and unexposed infants during the first year of life. mBio. 
2022;13(5):e01229‑22. https:// doi. org/ 10. 1128/ mbio. 01229‑ 22.

 25. Wang Z, Usyk M, Sollecito CC, et al. Altered Gut Microbiota and Host 
Metabolite Profiles in Women With Human Immunodeficiency Virus. Clin 
Infect Dis. 2020;71(9):2345–53. https:// doi. org/ 10. 1093/ cid/ ciz11 17.

 26. Nyangahu DD, Lennard KS, Brown BP, et al. Disruption of maternal gut 
microbiota during gestation alters offspring microbiota and immunity. 
Microbiome. 2018;6(1):124. https:// doi. org/ 10. 1186/ s40168‑ 018‑ 0511‑7.

 27. Gonzalez‑Perez G, Hicks AL, Tekieli TM, Radens CM, Williams BL, Lamousé‑
Smith ESN. Maternal Antibiotic Treatment Impacts Development of the 
Neonatal Intestinal Microbiome and Antiviral Immunity. J Immunol. 
2016;196(9):3768–79. https:// doi. org/ 10. 4049/ jimmu nol. 15023 22.

 28. Nyangahu DD, Jaspan HB. Influence of maternal microbiota during preg‑
nancy on infant immunity. Clin Exp Immunol. 2019;198(1):47–56. https:// 
doi. org/ 10. 1111/ cei. 13331.

 29. Harris V, Ali A, Fuentes S, et al. Rotavirus vaccine response correlates 
with the infant gut microbiota composition in Pakistan. Gut Microbes. 
2018;9(2):93–101. https:// doi. org/ 10. 1080/ 19490 976. 2017. 13761 62.

 30. Parker EPK, Praharaj I, Zekavati A, et al. Influence of the intestinal micro‑
biota on the immunogenicity of oral rotavirus vaccine given to infants in 
south India. Vaccine. 2018;36(2):264–72. https:// doi. org/ 10. 1016/j. vacci ne. 
2017. 11. 031.

 31. Praharaj I, Parker EPK, Giri S, et al. Influence of Nonpolio Enteroviruses and 
the bacterial gut microbiota on oral poliovirus vaccine response: a study 
from South India. J Infect Dis. 2019;219(8):1178–86. https:// doi. org/ 10. 
1093/ infdis/ jiy568.

 32. Huda MN, Ahmad SM, Alam MJ, et al. Bifidobacterium abundance 
in early infancy and vaccine response at 2 years of age. Pediatrics. 
2019;143(2):e20181489. https:// doi. org/ 10. 1542/ peds. 2018‑ 1489.

 33. Huda MN, Lewis Z, Kalanetra KM, et al. Stool microbiota and vaccine 
responses of infants. Pediatrics. 2014;134(2):e362–72. https:// doi. org/ 10. 
1542/ peds. 2013‑ 3937.

 34. Pabst H, Grace M, Godel J, Cho H, Spady D. Effect of breast‑feeding on 
immune response to bcg vaccination. Lancet. 1989;333(8633):295–7. 
https:// doi. org/ 10. 1016/ S0140‑ 6736(89) 91307‑X.

 35. Bin‑Nun A, Bromiker R, Wilschanski M, et al. Oral probiotics prevent 
necrotizing enterocolitis in very low birth weight neonates. J Pediatr. 
2005;147:192–6.

 36. Lin HC, Su BH, Chen AC, et al. Oral Probiotics Reduce the Incidence and 
Severity of Necrotizing Enterocolitis in Very Low Birth Weight Infants. 
Pediatrics. 2005;115(1):1–4. https:// doi. org/ 10. 1542/ peds. 2004‑ 1463.

 37. Escribano J, Ferré N, Gispert‑Llaurado M, et al. Bifidobacterium longum 
subsp infantis CECT7210‑supplemented formula reduces diar‑
rhea in healthy infants: a randomized controlled trial. Pediatr Res. 
2018;83(6):1120–8. https:// doi. org/ 10. 1038/ pr. 2018. 34.

 38. Nguyen M, Holdbrooks H, Mishra P, et al. Impact of Probiotic B. infantis 
EVC001 Feeding in Premature Infants on the Gut Microbiome, Nosocomi‑
ally Acquired Antibiotic Resistance, and Enteric Inflammation . Front 
Pediatr. 2021;9:24. https:// www. front iersin. org/ artic le/ 10. 3389/ fped. 2021. 
618009.

 39 Henrick BM, Chew S, Casaburi G, et al. Colonization by B. infantis EVC001 
modulates enteric inflammation in exclusively breastfed infants. Pediatr 
Res. 2019;86(6):749–57. https:// doi. org/ 10. 1038/ s41390‑ 019‑ 0533‑2.

 40. Groeger D, O’Mahony L, Murphy EF, et al. Bifidobacterium infantis 35624 
modulates host inflammatory processes beyond the gut. Gut Microbes. 
2013;4(4):325–39. https:// doi. org/ 10. 4161/ gmic. 25487.

 41. Henrick BM, Rodriguez L, Lakshmikanth T, et al. Bifidobacteria‑mediated 
immune system imprinting early in life. Cell. 2021;184(15):3884‑3898.e11. 
https:// doi. org/ 10. 1016/j. cell. 2021. 05. 030.

 42. Gu J, Ni X, Pan X, et al. Human CD39hi regulatory T cells present stronger 
stability and function under inflammatory conditions. Cell Mol Immunol. 
2017;14(6):521–8. https:// doi. org/ 10. 1038/ cmi. 2016. 30.

 43. O’Brien CE, Meier AK, Cernioglo K, et al. Early probiotic supplementa‑
tion with B. infantis in breastfed infants leads to persistent colonization 
at 1 year. Pediatr Res. Published online 2021. https:// doi. org/ 10. 1038/ 
s41390‑ 020‑ 01350‑0.

 44. D’Souza AW, Moodley‑Govender E, Berla B, et al. Cotrimoxazole Prophy‑
laxis Increases Resistance Gene Prevalence and α‑Diversity but Decreases 
β‑Diversity in the Gut Microbiome of Human Immunodeficiency 

Virus‑Exposed, Uninfected Infants. Clin Infect Dis. 2020;71(11):2858–68. 
https:// doi. org/ 10. 1093/ cid/ ciz11 86.

 45. De Andrés J, Manzano S, García C, Rodríguez JM, Espinosa‑Martos 
I, Jiménez E. Modulatory effect of three probiotic strains on infants’ 
gut microbial composition and immunological parameters on a 
placebo‑controlled, double‑blind, randomised study. Benef Microbes. 
2018;9(4):573–84. https:// doi. org/ 10. 3920/ BM2017. 0132.

 46. Manzano S, De Andrés J, Castro I, Rodríguez JM, Jiménez E, Espinosa‑
Martos I. Safety and tolerance of three probiotic strains in healthy infants: 
a multi‑centre randomized, double‑blind, placebo‑controlled trial. Benef 
Microbes. 2017;8(4):569–78. https:// doi. org/ 10. 3920/ BM2017. 0009.

 47. Xiao L, Gong C, Ding Y, et al. Probiotics maintain intestinal secretory 
immunoglobulin A levels in healthy formula‑fed infants: a randomised, 
double‑blind, placebo‑controlled study. Benef Microbes. 2019;10(7):729–
39. https:// doi. org/ 10. 3920/ BM2019. 0025.

 48. Tremblay A, Xu X, Colee J, Tompkins TA. Efficacy of a Multi‑Strain Probiotic 
Formulation in Pediatric Populations: A Comprehensive Review of Clinical 
Studies. Nutrients. 2021;13(6). https:// doi. org/ 10. 3390/ nu130 61908

 49. Tchakoute CT, Sainani KL, Osawe S, et al. Breastfeeding mitigates the 
effects of maternal HIV on infant infectious morbidity in the Option B+ 
era. AIDS. 2018;32(16):2383–91. https:// doi. org/ 10. 1097/ QAD. 00000 00000 
001974.

 50. Love MI, Huber W, Anders S. Moderated estimation of fold change and 
dispersion for RNA‑seq data with DESeq2. Genome Biol. 2014;15(12):550. 
https:// doi. org/ 10. 1186/ s13059‑ 014‑ 0550‑8.

 51. Martin BD, Witten D, Willis AD. Modeling microbial abundances and dys‑
biosis with beta‑binomial regression. Ann Appl Stat. 2020;14(1):94–115. 
https:// doi. org/ 10. 1214/ 19‑ AOAS1 283.

 52. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical 
and powerful approach to multiple testing. J Roy Stat Soc Ser B (Meth‑
odol). 1995;57(1):289–300. https:// doi. org/ 10. 1111/j. 2517‑ 6161. 1995. 
tb020 31.x.

 53. Lin L, Finak G, Ushey K, et al. COMPASS identifies T‑cell subsets correlated 
with clinical outcomes. Nat Biotechnol. 2015;33(6):610–6. https:// doi. org/ 
10. 1038/ nbt. 3187.

 54. Van der Maaten L, Hinton G. Visualizing data using t‑SNE. J Mach Learn 
Res. 2008;9(11):2579–605.

 55 Christian D, Gibbons SM, Osbaldo RA. MICOM: Metagenome‑Scale Mod‑
eling To Infer Metabolic Interactions in the Gut Microbiota. mSystems. 
2020;5(1):e00606‑19. https:// doi. org/ 10. 1128/ mSyst ems. 00606‑ 19.

 56. Oksanen J, Blanchet GF, Friendly M, et al. vegan: Community Ecology 
Package. Published online 2019.

 57. Quintelier K, Couckuyt A, Emmaneel A, Aerts J, Saeys Y, Van Gassen S. 
Analyzing high‑dimensional cytometry data using FlowSOM. Nat Protoc. 
2021;16(8):3775–801. https:// doi. org/ 10. 1038/ s41596‑ 021‑ 00550‑0.

 58. Villar J, Cheikh Ismail L, Victora CG, et al. International standards for new‑
born weight, length, and head circumference by gestational age and sex: 
the Newborn Cross‑Sectional Study of the INTERGROWTH‑21st Project. 
Lancet. 2014;384(9946):857–68. https:// doi. org/ 10. 1016/ S0140‑ 6736(14) 
60932‑6.

 59. U.S. Department of Health and Human Services, National Institutes of 
Health, National Institute of Allergy and Infectious Diseases, Division of 
AIDS. Division of AIDS (DAIDS) Table for Grading the Severity of Adult 
and Pediatric Adverse Events, Corrected Version 2.1. Published 2017. 
https:// rsc. niaid. nih. gov/ sites/ defau lt/ files/ daids gradi ngcor recte dv21. pdf. 
Accessed 18 Apr 2023.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1128/mbio.01229-22
https://doi.org/10.1093/cid/ciz1117
https://doi.org/10.1186/s40168-018-0511-7
https://doi.org/10.4049/jimmunol.1502322
https://doi.org/10.1111/cei.13331
https://doi.org/10.1111/cei.13331
https://doi.org/10.1080/19490976.2017.1376162
https://doi.org/10.1016/j.vaccine.2017.11.031
https://doi.org/10.1016/j.vaccine.2017.11.031
https://doi.org/10.1093/infdis/jiy568
https://doi.org/10.1093/infdis/jiy568
https://doi.org/10.1542/peds.2018-1489
https://doi.org/10.1542/peds.2013-3937
https://doi.org/10.1542/peds.2013-3937
https://doi.org/10.1016/S0140-6736(89)91307-X
https://doi.org/10.1542/peds.2004-1463
https://doi.org/10.1038/pr.2018.34
https://www.frontiersin.org/article/10.3389/fped.2021.618009
https://www.frontiersin.org/article/10.3389/fped.2021.618009
https://doi.org/10.1038/s41390-019-0533-2
https://doi.org/10.4161/gmic.25487
https://doi.org/10.1016/j.cell.2021.05.030
https://doi.org/10.1038/cmi.2016.30
https://doi.org/10.1038/s41390-020-01350-0
https://doi.org/10.1038/s41390-020-01350-0
https://doi.org/10.1093/cid/ciz1186
https://doi.org/10.3920/BM2017.0132
https://doi.org/10.3920/BM2017.0009
https://doi.org/10.3920/BM2019.0025
https://doi.org/10.3390/nu13061908
https://doi.org/10.1097/QAD.0000000000001974
https://doi.org/10.1097/QAD.0000000000001974
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1214/19-AOAS1283
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1038/nbt.3187
https://doi.org/10.1038/nbt.3187
https://doi.org/10.1128/mSystems.00606-19
https://doi.org/10.1038/s41596-021-00550-0
https://doi.org/10.1016/S0140-6736(14)60932-6
https://doi.org/10.1016/S0140-6736(14)60932-6
https://rsc.niaid.nih.gov/sites/default/files/daidsgradingcorrectedv21.pdf

	Bifidobacterium infantis supplementation versus placebo in early life to improve immunity in infants exposed to HIV: a protocol for a randomized trial
	Abstract 
	Introduction 
	Methods 
	Discussion 
	Ethics and dissemination 
	Trial registration 

	Background
	Methods and design
	Objectives
	Trial design
	Sample size
	Participants, intervention and outcomes
	Study setting and recruitment
	Eligibility criteria mother and infant

	Informed consent
	Intervention
	Assignment of interventions and unblinding
	Adherence monitoring
	Use of concomitant medication during the trial
	Participant timeline, data and sample collection
	Outcomes and statistical methods
	Primary outcomes
	Secondary outcomes
	Exploratory outcomes

	Additional analyses
	Interim analyses
	Data management
	Protection of participant confidentiality

	Ethics, oversight, monitoring and dissemination
	Ethics
	Composition of the data monitoring committee, its role and reporting structure
	Adverse event (AE) reporting and harm
	Dissemination
	Trial status

	Discussion
	Acknowledgements
	References


