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Abstract: Despite effective antiretroviral therapy (ART), no clear guidelines exist on microbiome-targeted 
adjuncts for people living with HIV (PLWH). Human immunodeficiency virus (HIV-1) infection damages 
the gastrointestinal tract by altering the mucosal surface and prompting dysbiosis. Gut microbial imbalance, 
characterized by the predominance of opportunistic bacteria, leads to increased microbial translocation, 
which, in turn, results in chronic inflammation, digestive tract symptoms, and reduced quality of life. PLWH 
have substantial dysbiosis compared to healthy controls. In addition, gastrointestinal complications occur 
as a side effect of ART treatment. Gut-associated lymphoid tissue (GALT) harbors the majority of CD4+ 
lymphocytes, and this population is significantly depleted during HIV-1 infection. Antiretroviral therapy 
does not facilitate CD4+ lymphocyte restoration in GALT tissue. Even if the general CD4+ lymphocyte count 
increases, the GALT CD4+ count, despite therapy, remains stable and low due to unknown causes. Research 
assessing probiotics in PLWH on ART has yielded mixed results. Some studies report that probiotics may 
increase CD4+ T cell counts, improve gut barrier integrity, and reduce the incidence of diarrhea in HIV-pos-
itive patients. These benefits may be linked to specific probiotic strains that possibly enhance immune func-
tion by promoting regulatory T cell populations, thus decreasing microbial translocation. On the other 
hand, multiple studies did not show any consistent or significant benefits from probiotic supplementation 
for PLWH. This article assesses critical clinical trials and systematic reviews on this topic, based on limited 
existing research data. More data from large clinical trials on this topic is needed to assess whether this is or 
is not a justified new clinical approach for HIV-1-positive patients.
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Introduction

According to the World Health Organization, there are 40 million People Living with HIV 
(PLWH). In Poland, up to the end of 2024, thirty-five thousand patients have been diagnosed 
as HIV positive. Gut-associated lymphoid tissues (GALT) contain multifollicular Peyer’s patches 
of the ileum, the vermiform appendix, and the isolated lymphoid follicles (ILF). [1] CD4+ cells, 
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including different types of T-helper cells, [2] are the population pivotal for adaptive immune 
response [3] and make up a significant percentage of GALT lymphocytes.

Human Immunodeficiency Virus (HIV) is associated with systemic immunological changes, 
resulting in a decrease in CD4+ lymphocyte count and enteropathy. [4] The gut is an HIV reser-
voir and is a major virus replication site. [5] Infection leads to inflammatory and immuno-met-
abolic consequences in the gastrointestinal tract. [6] Weakened gastrointestinal mucosal surface 
and bacterial translocation play a part in HIV induced immunological activation. [7] The GALT 
CD4+ cell population is significantly depleted in the HIV-1 positive population. Due to poorly 
understood reasons, CD4+ GALT compartment reconstruction remains incomplete despite the 
use of combined antiretroviral therapy (cART). [8, 9] Analysis of gut microbiota in PLWH from 
multiple studies revealed substantial dysbiosis. [10] Highly active antiretroviral therapy (HAART) 
has been a major advancement in the treatment of HIV-1 infection; however, knowledge is scarce 
concerning complementary interventions that restore intestinal structural and functional integ-
rity. Noninfectious diarrhea occurs in 25% of patients on HAART, [11] making it a current and 
important issue. Individual probiotics, co-infections, and patient age may contribute to the re-
sponse to treatment and the quality of life of PLWH. Herein, we would like to present data from 
worldwide scientific research with various endpoints, including gut barrier integrity, CD4+ count, 
stool consistency, and the effect on diarrhea occurrence. Specific probiotics are not recommended 
for people with HIV in current guidelines; [12] more data from large clinical trials are needed, and 
specific strains should be recommended. Zhen Wu et al. state that there is a justified recommenda-
tion for researchers to explore the potential of probiotics as an adjunctive treatment for HIV. [13]

Graphical abstract. Illustration was made with ChatGPT.

https://pubmed.ncbi.nlm.nih.gov/?term=%22Wu%20Z%22%5BAuthor%5D
http://et.al


135Positive effects of probiotics in people living with HIV: a narrative review

Current status of knowledge: There is not a single HIV guideline that currently recommends 
routine prebiotic supplementation as part of the standard HIV positive adult and pediatric pa-
tient care protocols. The guidelines are primarily focused on early and sustained ART, prevention 
(PrEP/PEP), and reduction of comorbidity. Probiotic therapies are considered investigational, and 
more evidence is needed from large clinical trials. Besides general good tolerance and safety of 
probiotics, practitioners must exercise caution in severely immunocompromised patient groups, 
as theoretical risks of bloodstream infection have been reported in case reports, clinical trials, and 
experimental models. [14, 15]

Materials and Methods

A comprehensive narrative review was conducted to analyze evidence from the existing liter-
ature on general outcomes of people living with HIV (PLWH) and probiotic therapy, utilizing 
a PubMed search (probiotics AND HIV). Prospective and experimental studies involving human 
participants were prioritized for inclusion. The search for reputable publications focused on gen-
eral probiotic therapy outcomes in PLWH, with various restrictions such as age, ethnicity, clinical 
status, or other characteristics. Clinical trials were considered essential for evaluating the effects 
of probiotics. Clinical trial databases were searched; however, many trials were discontinued. The 
objective is to compare medical studies examining the impact of probiotic use on antiretroviral 
therapy (ART) and CD4 lymphocyte counts. This review evaluates whether probiotic supplemen-
tation benefits HIV-1-positive patients and clarifies the current evidence.

The effect of probiotics supplementation on the gastrointestinal tract of PLWH, 
immunology, and gut permeability

Research on probiotics demonstrated a reduction in inflammation in antiretroviral-treated 
individuals. Supplementing combined Antiretroviral Therapy (cART) with probiotics may im-
prove gastrointestinal tract immunity, [16] enhance gut barrier function, and even improve im-
munity in HIV-infected subjects. [17] Gabriella d’Ettorre et al. [18] found benefits from probiotic 
administration in PLWH on the gut barrier at both gut and immune system levels. Ten patients 
on ART, aged 18 years or older, with CD4+ T-cell counts above 400 cells/mm³ and low viral count 
were included. These patients received probiotics twice daily for 6 months. These probiotics con-
tained: Lactobacillus plantarum DSM24730, Streptococcus thermophilus DSM24731, Bifidobac-
terium breve DSM24732, L. paracasei DSM24733, L. delbrueckii subsp. bulgaricus DSM24734, 
L. acidophilus DSM24735, B. longum DSM24736, B. infantis DSM24737. The team assessed 
immune cell activity and T-cell immunophenotype. Following probiotic administration, there 
was reduced immune activity as indicated by fewer activated T-cells and a higher proportion 
of Th17 cells in both blood and gut tissues. Tc1 and Tc17 cell levels were not significantly af-
fected, while Th1 cell levels increased in the gut tissue. Stool samples were collected after two 
and six months. Histopathological assessment of colon samples linked probiotic administration 
to a healthier gut lining, characterized by fewer immune cells in the lining, a more robust cell 
structure, and reduced cell death. HIV infection increases gut permeability in PLWH. Schunter 
et al. [19] examined the effect of synbiotics on gut permeability in PLWH in a randomized, pla-
cebo-controlled trial with 38 HIV infected women on ART. These patients received a synbiotic 
product with fibers or fibers alone (placebo). Probiotics were detected in the stool, indicating 
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bacterial colonization and proliferation. However, there were no changes in inflammation, bac-
terial invasion into the bloodstream, or immune system activity. Rodney K. Rousseau et al. [20] 
also achieved similar results in their randomized, double-blind, placebo-controlled study using 
the De Simone Formulation Probiotic (DSFP; Visbiome, with eight bacterial strains). Thirty-six 
patients with CD4+ T-cell counts under 350/mm³, despite therapy, were randomly assigned to 
the probiotic or placebo group in a 2: 1 ratio. CD4+ T-cell activation increased in the probiotic 
group, while inflammation and immune activation markers remained unchanged. Gut leakage 
and bacterial migration also remained unchanged. To summarize, studies by Schunter et al. and 
Rodney K. Rousseau et al. found successful probiotic colonization but did not observe significant 
improvements in inflammation, immune activation, or gut permeability markers. On the other 
hand, Gabriella d’Ettorre et al. demonstrated improvement in the gut barrier and immune sys-
tem. These variations indicate that while some studies report positive effects on gut health and 
immune activation, others show no consistent or significant benefits for immune or gut perme-
ability markers (Fig. 1).

Fig. 1. Immune activation on T-lymphocytes Gabriella d’Ettorre [16]. Assessment of activation markers 
(CD38+HLA-DR+) was performed on CD4+ cells and on CD8+ cells before (T0) and after (T1) probiotic 
supplementation. Compared with T0, the percentage of activated lymphocytes was significantly lower after 
probiotic supplementation (T1) in both groups (CD4+CD38+HLA-DR+ T) and (CD8+CD38+HLA-DR+ T).  
P values <0.05 were considered statistically significant (Fig. 2).
Illustration was made with ChatGPT.
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Fig. 2. Summary of Gabriella d’Ettorre’s [16] findings.
Illustration was made with ChatGPT.

Clinical evidence on the use of probiotics for HIV-related diarrhea

Non-infectious diarrhea remains a relevant symptom in PLWH, often impairing the quality of life 
despite highly active antiretroviral therapy (HAART) administration.

While opportunistic diarrhea has become less common in the era of antiviral regimens, 
functional and treatment-associated gastrointestinal symptoms persist and continue to repre-
sent a therapeutic challenge for both patients and clinicians, Rodger D MacArthur. [21] Several 
interventional studies have investigated the role of probiotics and synbiotics in the treatment 
of HIV associated diarrhea. Heiser et al. [22] presented significant evidence of reduction of 
diarrhea or complete resolution among HIV positive patients on antiretroviral agents. Enrolled 
patients were HIV positive males experiencing chronic diarrhea while receiving either lopina-
vir/ritonavir (8 patients) or nelfinavir (27 patients). The study group consisted of 28 participants 
randomized to receive dietary supplementation consisting of probiotics and soluble fiber, while 
the control group consisted of 7 participants who received standard care. Study results showed 
that supplementation significantly reduced diarrhea. Resolution was found in 36% of patients 
(10 of 28 participants) in both antiretroviral drug groups. There was no significant change in 
HIV RNA levels, CD4+ T-cell counts, or weight. Anukam et al. [23] have observed diarrhea, 
flatulence, and nausea resolution within two days after the initiation of probiotic supplementa-
tion among HIV patients without antiretroviral therapy. In this study, 24 HIV-positive women 
were enrolled with moderate diarrhea, CD4+ counts >200 cells/µL without ART. This study 

https://pubmed.ncbi.nlm.nih.gov/?term=MacArthur+RD&cauthor_id=22700829
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was conducted in Nigeria, where only a select group of patients are receiving ART during the 
AIDS sub-Saharan epidemic. The investigated probiotics were either 100 mL/day of conven-
tional yogurt (fermented with Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus 
thermophilus) supplemented with Lactobacillus rhamnosus GR-1 and L. reuteri RC-14 or un-
supplemented yogurt. Hematologic parameters remained unchanged in both groups. Among 
the participants treated with probiotics, 11 of 12 demonstrated either increased or stable CD4+ 
counts, compared with 3 of 12 in the control arm. In contrast, S. Guinane [24] stated in her 
review article that current evidence remains insufficient to recommend or contraindicate the 
use of probiotics for diarrhea. However, safety and the lack of drug-drug interactions make it 
a valid option for some patients. Possible evidence of probiotics may improve the immune re-
construction among HIV patients.

Probiotic supplementation and its influence on CD4+ T-cell recovery  
in HIV-infected adult patients

Several studies have demonstrated that probiotic supplementation may increase CD4+ T-cell lev-
els in the PLVH population. Contrary to these findings, multiple studies have shown no change in 
CD4+ T-cell counts. Here, we would like to discuss the available findings from clinical trials and 
secondary studies focused on this issue. Research demonstrating positive outcomes of probiotic 
intervention on CD4 T cell levels include a notable investigation by Masoud Mortezazadeh et al., 
[25] a randomized double-blind clinical trial that enrolled 30 patients receiving antiretroviral 
therapy who exhibited immunologic failure despite sustained viral suppression. The study showed 
a statistically significant increase in CD4+ T-cell counts in the probiotic group compared with the 
control group after a seven-month follow-up. However, discontinuation of probiotic supplemen-
tation nevertheless showed a subsequent decline in symptoms, and CD4+ T-cell counts at the end 
of the study remained significantly higher than baseline values. Another study, the ‘RECOVER’ 
clinical trial conducted by Blázquez-Bondia et al., [26] investigated the novel probiotic formula-
tion ‘i3.1’, consisting of two strains of L. plantarum and one of P. acidilactici. HIV positive indi-
viduals on combination antiretroviral therapy (cART) with CD4+ T-cell counts below 500 cells/
mm³ were enrolled. Subjects were randomized 1: 2: 2 to receive a placebo, a probiotic, or a probi-
otic plus prebiotic (synbiotic). Only symbiotic (probiotic + prebiotic) supplementation resulted in 
moderate increases in the CD4/CD8 ratio, as well as minor reductions in soluble CD14 (sCD14). 
However, the clinical significance of these changes remains unclear. Probiotic supplementation 
alone did not affect immune parameters or fecal microbiome composition. 

The HIV/AIDS epidemic still remains a global health challenge. In 2023, an estimated 25.6 
million individuals in sub-Saharan Africa were living with HIV/AIDS and its complications. To 
address this issue, Jaimie Caitlin Hemsworth [27] and colleagues developed an affordable and 
tasty nutritional supplement containing probiotics for HIV positive patients. Twenty-one PLWH 
on HAART were enrolled in a randomized, double-blind, three-period, crossover-controlled 
trial. The tested formulations were Formulation A (micronutrient plus probiotic), Formulation 
B (micronutrient alone), and Formulation C (probiotic alone). All the participants received each 
formulation for 30 days, separated by a 14-day elimination phase. Micronutrient alone (B) was 
linked to the greatest increase of CD4 lymphocyte count by 41 cells/µL (SD 221). Additionally, 
micronutrient plus probiotic (A) was associated with a 19 cell/µL increase in CD4 lymphocyte 
count (SD 142). Unexpectedly exclusive probiotic (C) was linked with a decrease in the CD4 
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lymphocyte count of 7 cells/µL (SD 154). This study presents the superiority of a combination of 
micronutrients and probiotics over probiotics alone.

Consistent with these findings González-Hernández et al. [28] demonstrated in a randomized, 
double-blind controlled study a positive effect of probiotic supplementation in the HIV positive 
AR naive study group. Twenty enrolled patients were divided into three subgroups and assigned to 
receive a probiotic, a prebiotic, a symbiotic (a combination of probiotics and prebiotics), or a pla-
cebo for 16 weeks. In the symbiotic study arm, the CD4+ lymphocyte population increased signifi-
cantly (median: +102 cells/μL; p = 0.05) with a decrease of interleukin-6, the studied inflammation 
marker. Probiotic supplementation led to a positive bacterial shift in the feces characterized by an 
increase in Bifidobacterium and a decrease in Clostridium populations. Serrano-Villar et al. took 
a complementary approach [29] when in 2016 they researched the efficiency of a synbiotic-based 
formulation in a pilot multicenter, randomized, double-blind, placebo-controlled trial. Seventy 
eight HIV positive, ART-naive patients with a CD4+T count below 350/uL or acquired immuno-
deficiency syndrome (AIDS) were enrolled. Patients received either PMT25341 (a combination of 
synbiotics, amino acids, and omega-3/6 fatty acids) or a placebo daily for 48 weeks, either with or 
without first-line antiretroviral therapy. The mean change in CD4+ T-cell count and the change 
in CD4/CD8 ratio between treatment groups were not statistically significant. Immunological 
benefits of ART were not improved by this nutritional intervention targeting the GALT and mi-
crobiota. In a subsequent study, Hummelen et al. (2011) [30] did not observe any differences in 
immune markers or diarrhea incidence as a result of supplementing with a probiotic containing 
Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri for 25 weeks, twice daily, in the study 
group, with no adverse effects observed. Similarly, Hummelen et al. [31] reported in 2014 a good 
tolerance of probiotics, but without improvement in CD4+ counts. After one month, an average 
decline in CD4+ count of 70 cells/µL (95% CI: –154 to –15) was observed in the probiotic group 
compared with a decline of 63 cells/µL (95% CI: –157 to –30) in the control group (P = 0.9). One 
hundred and twelve ART-naive HIV patients were enrolled in this randomized, double-blind, 
controlled trial. Patients were randomized to receive either micronutrient-fortified yogurt alone 
or micronutrient-fortified yogurt supplemented with Lactobacillus rhamnosus GR-1 for 4 weeks. 
We need to emphasize the fact that there are some safety concerns regarding the use of probiotics 
in the PLWH population, such as blood infiltration by a probiotic. [32]

Wolf et al. [33] investigated the safety of Lactobacillus reuteri, demonstrating no adverse side 
effects. Supplementation did not affect the safety markers measured and was well-tolerated.

Table 1. Summary of secondary research on the effect of probiotic intervention on CD4+ lymphocyte pop-
ulation.

Author Type of research Outcome
Fu et al. 2020 
[34]

systematic review 
and meta-analysis

Evidence of a positive outcome on the CD4 count is  
insufficient.

Zhang et al. 2021 
[35]

systematic review 
and meta-analysis

Probiotics had no effect on CD4 cell counts in HIV/AIDS 
patients.

Kazemi et al. 2018 
[36]

systematic review 
and meta-analysis 

Supplementation with probiotics may not change CD4 
counts. A significant increase in CD4 counts was observed 
in females following synbiotic treatment compared with 
pro- or prebiotic treatment alone.

https://pubmed.ncbi.nlm.nih.gov/?term=Wolf+BW&cauthor_id=9862651
http://et.al/
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+XL&cauthor_id=34349637
https://pubmed.ncbi.nlm.nih.gov/?term=Kazemi+A&cauthor_id=29185825
http://et.al/
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Taken together, evidence from randomized trials and systematic reviews suggests that probi-
otic supplementation in PLWH is generally safe and well-tolerated, although its effects on CD4+ 
T-cell counts remain inconsistent. Synbiotic formulations may show greater potential in specific 
subgroups, such as women, though further large-scale and long-term studies are required to es-
tablish their clinical significance.

Studies on pediatric HIV-1 positive population

Every year, around 120,000 new cases of pediatric HIV-1 infection are reported. Vertical infection 
and infant infection result in the initiation of antiretroviral therapy from the first days of life. 
We lack data on the influence of HIV-1-related dysbiosis and enteropathy on the development 
and maturation of the microbiota. [39] Infection in children living with HIV (CLWH) results in 
bacterial translocation, loss of gut epithelial integrity, CD4+ T lymphocyte cell depletion, systemic 
immune activation, and viral reservoir establishment; these are identical consequences as in the 
adult population. Herein, we would like to present a few clinical trials that have been conducted 
on the effect of probiotics in the pediatric population.

Firstly, we would like to mention the Sachdeva et al. [40] systematic review and meta-analysis of 
randomized control trials (RCTs) of the HIV positive pediatric population. Data from those RCTs 
showed that in children, probiotic use is associated with improved CD4+ cell counts with no adverse 
side effects. The study emphasizes the need for future research on this topic on a large scale as well as 
through international clinical trials. Patients had increased CD4 cell counts in both the ART-treat-
ed population and the ART-naive arm, as observed in the subgroup population analysis. A mean 
difference of 123.92 CD4+ T-cell counts (95% CI: 104.36-143.48) was shown in the pooled analysis 
of the included trials, p < 0.0001, with no heterogeneity (I2 = 0). The Cochrane risk of bias tool and 
Egger’s test for publication bias were used for evaluation. In 2014, Gautam et al. [41] conducted an 
open-label randomized control study in Agra (India). Enrollment criteria included HIV infection 
and age below 15 years. One hundred and twenty-seven pediatric patients were randomized to re-
ceive either probiotics for 3 months or micronutrients for 6 months. In children aged 5 years or older 
receiving probiotic supplementation, CD4 counts increased significantly compared with the control 
group (p = 0.0022). After 6 months in the micronutrient supplementation group (without ART), 
a statistically significant improvement in WHO clinical staging (p = 0.049) was observed. To sum-
marize, this study suggests that probiotic supplementation can be beneficial in the pediatric pop-
ulation, and micronutrient supplementation (including vitamins B, C, E, and folic acid) may slow 
the progression of disease. However, according to the author, because of the lack of objective data 
on HIV mortality or progression, these data must be expanded with a larger randomized controlled 

Author Type of research Outcome
Oyadiran et al. 
2024 
[37]

Systematic review 
and meta-analysis

Meta-analysis reported no consistent effect on CD4;  
evidence for other outcomes was also inconsistent.

Wen et al. 2025 
[38]

Meta-analysis The results of this meta-analysis suggested that probiotics 
supplementation may have no effect on CD4+ T cell counts. 
The adverse events reported appeared to have no correla-
tion with the probiotic treatment.

Table 1. Cont.
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trial. New combinations of probiotic strains are an interesting topic. [42] Lívia Trois Trois et al. in-
vestigated whether the formula containing Bifidobacterium bifidum and Streptococcus thermophilus 
(2.5 × 10¹⁰ CFU) would be beneficial in comparison with the standard formula (control group). 
A randomized, double-blind, controlled trial was conducted, enrolling 77 pediatric patients aged 
2–12 years. Children were randomized to receive either a studied probiotic formula or a standard 
formula (control group) for 2 months. The study group demonstrated a significant increase in mean 
CD4+ T-cell counts (+118 cells/mm³), whereas the control group exhibited a decline (−42 cells/
mm³; p = 0.049) at the end of intervention. Both groups showed a significant improvement in stool 
consistency (p < 0.01), and the occurrence of loose or soft stools decreased slightly in both groups 
(p = 0.955). Similarly, Ishizaki et al. [43] assessed the beneficial properties of probiotic strain Lac-
tobacillus casei Shirota (LcS) in a 2017 study conducted in Vietnam. Sixty HIV-1 positive children 
were enrolled, 29 receiving ART for a median of 3.5 years, and 31 without antiretroviral therapy. 
Twenty HIV-1-negative children were in the control group. Participants consumed fermented milk 
containing probiotics for 8 weeks. After intervention, there were significant increases in peripheral 
CD4+ lymphocyte counts and in the Th2 (CXCR3–CCR6–CD4+) subset in both HIV-positive arms. 
Notably, Th17 lymphocyte (CXCR3–CCR6+CD4+) rates increased across all groups. On the contrary, 
regulatory T-cell (CD25highCD4+) counts decreased in the HIV positive ART group and the control 
group. Bacterial translocation was not detected, and no significant differences in bacterial 16S/23S 
rRNA were found in patient plasma. The intervention did not lead to any serious adverse events, 
confirming the safety of LcS supplementation. On the other hand, in Iran, Alpha Fardah Athiyyah 
et al. [44] studied the effect of L. plantarum IS-10506 supplementation, and the intervention did not 
show any beneficial effect on lymphocyte count. Twenty-one pediatric patients aged from 2 to 18 
years treated with ART for more than 6 months were enrolled and completed the study. Participants 
were randomly assigned to two groups: a study group and a placebo group. The study group received 
2.86 × 10^10 cfu/day of probiotic L. plantarum IS-10506 for 6 weeks. Results revealed no difference 
in the absolute CD4+ T cell count, percent CD4+ cells, absolute CD8+ T cell count, CD4+/CD8+ T cell 
ratio, and faecal sIgA. However, the bacterial translocation marker, blood lipopolysaccharide (LPS) 
level, was statistically significantly decreased in the study group (p = 0.001).Together, these find-
ings demonstrate that probiotic supplementation in HIV-infected children is well tolerated and may 
enhance CD4+ T-cell recovery, exert an immunostimulatory effect, and improve stool consistency. 
While clinical outcomes varied between studies, the evidence supports a potential adjunctive role 
for probiotics in pediatric HIV care. Larger, long-term randomized trials are needed to validate these 
findings and determine their clinical relevance in relation to disease progression and quality of life.

On the other hand, some studies emphasize that antiretroviral therapy alone can mildly improve 
Inflammation and Gut Permeability and microbial translocation induced by HIV infection. [45, 46]

Conclusions

In summary, collectively, these studies suggest that probiotic interventions are safe and may al-
leviate gastrointestinal symptoms, particularly diarrhea, in HIV-positive populations. While 
improvements in immune activation and CD4+ T-cell counts have been inconsistent, evidence 
supports symptomatic relief and enhanced quality of life, highlighting the potential of probiot-
ic-based nutritional therapies as adjunctive strategies in HIV guidelines. Larger, longer-term, and 
international randomized controlled trials are needed to confirm these benefits and clarify their 
immunological and clinical significance.

https://pubmed.ncbi.nlm.nih.gov/?term=Trois+L&cauthor_id=17878180
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