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Abstract

People infected by the HIV virus do not just have their immune system impaired; their gastrointestinal
tract has been recognized as one of the most damaged sites by the infection, and treatment for it can
enhance these patients’ quality of life. Therefore, this study aims to address the influence of probiotic
supplementation on the health of HIV serum positive patients through a literature review using articles
published between 2015 and 2020 that are available in the virtual libraries Scielo, PubMed, and CAPES.
This research shows that using probiotics can have beneficial results for HIV serum positive patients.
Improvement of dysbiosis with the restoration of the intestinal microbiota, decreases in systemic
inflammation, microbial translocation, and improvement in immunological and neurocognitive functions
are among the benefits reported in this review, suggesting probiotics may be a low cost and effective
support therapy to delay the onset and aggravation of morbidities related to HIV infection.

Keywords: Probiotics; Acquired human immunodeficiency syndrome; Infectious diseases;
Immunomodulation; Inflammation

Introduction

The Human Immunodeficiency Virus (HIV) is an infectious agent belonging to the
Retroviridae family, genus Lentivirus, inserted in group VI of the Baltimore classification
system because it has a genome composed of single-stranded positive sense, which produces
intermediate double-stranded DNA produced by the reverse transcriptase enzyme, and then
this genetic material is inserted into the host genome to produce viral particles [1]. This virus
infects lymphocytes T CD4 +, which are important cells in the presentation of antigens for
the subsequent production of antibodies by lymphocytes B, which generate immunity against
various infectious agents; in addition, at advanced stages, HIV can also infect microglia, which
are cells responsible for the central nervous system’s immune defense [2].

Thus, by reducing important cells populations of immune system, HIV infection alters
immune function by causing damage in the gastrointestinal epithelium, which releases
endogenous inflammatory mediators, as well as allowing the translocation of enteric
microorganisms and their metabolites [such as lipopolysaccharides] for the systemic
circulation, where they can activate chronic low-intensity inflammatory responses, which
beside interfere in the cellular signal transduction, also act as risk/aggravating factors for
metabolic and cardiovascular diseases [3].

In this sense, there is evidence that changes in the composition of enteric microbiota play
an important role in regulating and maintaining homeostasis, not only in the gastrointestinal
system but also in the homeostasis of other organ systems, primarily influencing immune
function, in which high levels of bacterial translocation are linked to endotoxemia and low-
intensity inflammation, whereas normalization of microbiota is linked to health status [4].
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Thus, this study examines the impact of probiotic consumption
[live bacteria that, when consumed in appropriate amounts, have
favorable impacts on an individual’s health [5] on the health of HIV/
AIDS patients.

Material and Methods

This literature study was conducted using papers available in
Scielo, PubMed, and CAPES that reported the findings of clinical
investigations on the effects of probiotics on the health of HIV
patients. The bibliographic search was conducted using the
descriptors HIV and probiotics, considering publications from 2015
to 2020, where the descriptors appeared in the title and abstract.
Articles presenting clinical research in humans, published between
2015 and 2020, with full text available in electronic format, were
considered for inclusion. Non-pertinence to the theme, thesis,
chapters of thesis, books, book chapters, material published in
annals of event, conferences, technical reports, case reports, review
articles, institutional publications, and in vitro investigations were
excluded.

Following the bibliographic search, the articles that met the
inclusion criteria were manually analyzed, taking into account
the clinical study design, the size of the cohorts in each study,
morbidities [if present], and impacts on clinical and laboratory
parameters that indicate attenuation or worsening of HIV infection,
in order to provide information that can improve clinical research
and the prescription of probiotic to patients with HIV infection.

Results and Discussion
Bibliographic survey

The search strategy used in the survey of articles with the
descriptors HIV and Probiotics yielded 122 papers in the PubMed
directory, 1754 papers in the CAPES database, and 0 papers in
Scielo, for a total of 1876 papers, which were then analyzed for
inclusion and exclusion and duplicate detection, yielding the
selection of 12 works and the exclusion of 10. In terms of the number

of publications across the period chosen, 2017 had the most (5
articles), followed by 2015 (3 articles), and 2016 (2 articles), while
the years 2018, 2019, and 2020 each had only one publication in
the survey. These findings imply that the scientific community is
interested in the topic; nonetheless, few human clinical research
have been undertaken between 2015 and 2020.

In this context, the low number of clinical studies on the effects
of probiotics on the health of HIV/AIDS patients can be attributed
to a variety of factors, including high costs for conducting clinical
trials [6], ethical and legal aspects that regulate the conduct of
human research in different countries [7], and technical difficulties
in maintaining cohorts and administering treatments [8], as
well as the COVID-19 pandemics that initiated as an outbreak in
December 2019 at Chine and then was declared a pandemics
by the world health organization on Mach 11, 2020, causing
more than 350,00 death worldwide by the end of May 2020 [9].
Moreover, The COVID-19 pandemics have also caused economic,
social, and political disruptions, with implications for education
and research development. That may interfere in the conduction
of clinical research outside the scope of COVID-19 prevention and
therapeutics for the next years [10].

Methodological aspects of the selected studies

In the bulk of the articles evaluated 6 featured a randomized
double-blind methodological design, 3 were longitudinal studies,
2 presented prospective approaches, and 3 were pilot studies.
Table 1 shows the methodological characteristics of each selected
study. In this sense, it's worth mentioning that each type of clinical
investigation has benefits and drawbacks, both in terms of logistics
and the inferences and conclusions that can be drawn from the
findings [11]. A randomized clinical trial is a gold standard for
establishing the effectiveness of a therapy in this setting. When
there is uncertainty about the effect of an exposure or treatment,
and the exposure may be changed in the study, this form of study is
chosen [12]. However, this type of study has possible limits in terms
of generalizations about the study population and environment.

Table 1: Methodological aspects of the selected clinical works.

Type of study Patients Features

Probiotic Used in Research

Author

Probiotics presentation form (Ano)

Clinical trial longitudinal

pilot study with 20 HIV-

infected and 11 healthy
patients

Men and women aged 18 to 80
years with persistent undetectable
levels of HIV-RNA with no current
diagnosis of acute infection

Streptococcus salivarius ssp

Bifidobacterium breve
Lactobacillus acidophilus
Lactobacillus casei

Lactobacillus delbrueckii ssp.

Streptococcus faecium

Thermophilus

One packet of dietary probiotic
supplement with 1g for use -17
twice daily for 48 weeks

Bulgaricus

Prospective single center
study with 30 patients

Caucasian male subjects HIV serum
positive on antiretroviral therapy

Lactobacillus casei Shirota

Fermented milk drink (Yakult
Light®) one bottle 2 times a day -26
for 4 weeks

Patients on antiretroviral therapy
with viral suppression and
subnormal CD4 count.

Randomized double-blind
trial with 32 patients

Lactobacillus rhamnosus GG

Bifidobacterium Animalis subsp.

Lactobacillus acidophilus La-5

Skimmed milk fermented
with probiotics and Heat-
treated fermented skimmed
milk without the addition of
probiotics served as a placebo.
250mL daily for 8 weeks

lactis B-12 27
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Pilot study with 10 HIV

HIV positive Caucasian men with a
median age of 42

Lactobacillus plantarum
Streptococcus thermophilus
Bifidobacterium breve

Lactobacillus paracasei

Powder supplement with a high
concentration of lyophilized

seropositive patients Successfully treated with Lactobacillus ll)ell.)rueckii subsp. | probiotic consumed twice daily -20
antiretroviral therapy Bulgaricus for 6 months.
Lactobacillus acidophilus
Bifidobacterium longum
Bifidobacterium infantis
Double-blind, randomized, Capsules with 56.5mg of live
placebo-controlled trial Patients with undetectable viral Saccharomvees boulardii yeast, 2 capsules 3 times a day, 18
with 44 HIV-infected load in the plasma Y n = 22) or placebo (2 capsules 3
patients times a day, n = 22) for 12 weeks
Lactobacillus plantarum
Streptococcus thermophilus
) o Women or men at least 18 Bifidob . b
Pilot Study l(.)ngltu?lmal, years of age, on highly effective ifidobacterium breve . .
non-randomized, single- antiretroviral therapy. Lactobacillus paracasei Supplement with high
arm with 10 HIV-positive . B concentration of lyophilized 21
patients treated with They unde.:rwent Lactobacillus delt?ruecku subsp. probiotic 2 times a day for 6
successful antiretroviral neuropsychological tests and Bulgaricus months
therapy lumbar [.)urllcture before anfi after Lactobacillus acidophilus
probiotic supplementation
Bifidobacterium longum
Bifidobacterium infantis
Men and women, at least 18 years
of age Lactobacillus plantarum
In antiretroviral therapy with HIV-1 Streptococcus thermophilus
RNA <37 copies / mL and C2D4 T Bifidobacterium short
Longitudinal, non- count > 400 cells / mm* Lactobacillus paracasei Supplement with high
randomized, single-arm 14 women and 17 men did not . B concentration of lyophilized 23
pilot study with 10 HIV- receive antiretroviral therapy Lactobaallgsldelt.)ruecku subsp. probiotic 2 times a day for 6
- ; ulgaricus
positive patients 12 women and 17 men had already ) 8 ) . months
had antiretroviral therapy for 3.5 Lactobacillus acidophilus
years Bifidobacterium longum
Control group with 8 women and Bifidobacterium infantis
12 men HIV serum negative
Prospective non-
randomized study with
60 HIV-infected children
_alnntfll};?;:‘ifall :;’11‘:?:;; HIV-positive children with and
and 29 who had received without ant.lretro.mral the'rapy Lactobacillus casei Shirota Fermented milk, 65 mL daily for -24
. ) compared with children without 8 weeks
antiretroviral therapy for . -
HIV infection
an average of 3.5 years.
Study also included 20
children without HIV
infection
Lactobacillus plantarum
Streptococcus thermophilus
Bifidobacterium breve . .
Individuals over 18, undergoing a ; ; Supplementation with oral
Double-blind clinical stable and effective combifrgl ati gn Lactobacillus paracasei probiotics (2 sachets, each
study with 35 HIV-infected containing 450 x 107 billion -28

patients

of antiretroviral therapy 94% men
with a median age of 48

Lactobacillus delbrueckiisubsp.
Bulgaricus

Lactobacillus acidophilus
Bifidobacterium longum,

Bifidobacterium infantis

bacteria), twice a day for 6
months.
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Pilot clinical study, single
arm non-randomized with

Men, with a median age of 53 years,

Lactobacillus plantarum
Streptococcus thermophilus
Bifidobacterium breve

Lactobacillus paracasei

Lactobacillus delbrueckii subsp.

Supplement with high
concentration of lyophilized

using probiotics and 12 as
control group

months and CD4 + cell count below
500 cells / pl

Lactis

Lactobacillus acidophilus La-5

8 weeks

. - . N )
.10 HIV patients posmye CD4 + T cell cou.nt. 82.4 cells/mm Bulgaricus probiotic 2 times a day for 6 25
in long-term suppressive HIV-1 infection th
ART Lactobacillus acidophilus months
Bifidobacterium longum
Bifidobacterium infantis
. - HIV-infected patients over 18 years Lactobacillus rhamnosus
Stggus\iiﬁ)g;d Zgnizallo of age with HIV-RNA below 50 Bifidobacterium animalis subs 250 ml of skim fermented milk
Y people, copies per milliliter for at least 6 P | enriched with probiotic daily for -19

Children and adolescents
aged 6 to 18 years on stable
antiretroviral therapy with at least
3 antiretroviral drugs

Pilot, double-blind,
randomized, placebo-
controlled study

Saccharomyces boulardii

Powder formulation. 1 sachet
per day for 4 weeks. Skimmed -22
milk powder as a placebo.

A pilot study is a “small version of the whole study” that allows
you to test the applicability of all of the method’s instruments and
methods, as well as make any necessary adjustments for definitive
data collection [13]. Conducting a pilot study is important because
it allows you to test, evaluate, examine, and improve research tools
and techniques. This type of study is conducted to identify potential
flaws and difficulties so that they can be addressed before to the
research’s adoption. It is crucial for research since it might disclose
minor faults in the project’s design or implementation that would
otherwise go unnoticed in the research plan [14]. Moreover, the
clinical research can be of the type single-center study, when they

are all affiliated with the same research institution, or a multicenter
study when there is an integration of different institutions while
conducting the research. In this sense, when neither the patients,
team members nor the personnel who deal with patient’s knowns
whether they are using a placebo or the experimental drug, the
research is classified as a double-blind study, only one team
member is aware of who belongs to which group. This person, on
the other hand, will not be dealing with patients or evaluating the
results. Each group is exposed only after the conclusion of the study.
To eliminate bias, the treatment and placebo controls in this sort of
trial should have the same physical appearance [15].

Impacts of probiotics on the health of patients infected with HIV

Hnr

Compromisasthe production of antibodias
| TCD4+ lymphocytes

* Decreasedinnate defenses
| Immuneglobulins \I/
| Gastrointestinal mucus

Microbiota changes
t Pathogens
(=%

Apoptosis of enterocytes %,
t Loss of cell junctions = 1
t Bacterial and endotoxin
tramslocation into blood circulation
1 Systemic inflammation

» Dysfunctionof the gut-associated lymphoid
tissues

| Tlymphocyte ¢

t Nonspecific cellular defenses
Persistentinflammatory response

Figure 1: Dysbiosis at the gastrointestinal tract promoted by HIV infection.
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The selected clinical studies were generally concerned with
the effects of dysbiosis, which is defined as an imbalance of the
gastrointestinal microbiota that causes the epithelium to become
permeable to microorganisms and their metabolites, resulting in
changes in various physiological processes related to the endocrine,
neurological, and immunological axes, as well as persistent
inflammatory conditions induced by the accumulation of damage to
the gastrointestinal epithelium, and changes in the transduction of
signals involved in the body’s endogenous regulation [16]. In figure
1, the features of dysbiosis at the gastrointestinal tract promoted by
HIV infection are illustrated to improve text comprehension.

In the longitudinal pilot clinical research with 20 HIV-infected
patients and 11 healthy patients, D’ettore et al. [17] showed that
probiotics had a favorable effect on HIV-infected patients during
antiretroviral treatment, enhancing the microbiota and lowering
mucosal and systemic inflammation. However, more research
on the effects of probiotics on lymphoid tissue associated with
the intestine is needed to better understand the link between
immunological activation and the maintenance of plasma viremia
suppression in patients with totally suppressed plasma viremia.

Villar-Garca et al. [18] conducted a randomized, double-blind,
placebo-controlled study in 44 chronic HIV-infected patients with
an undetectable plasma viral load to see if the beneficial effect of
Saccharomyces boulardii is due to a change in the composition
of these patients’ intestinal microbiota, with a decrease in some
species associated with higher systemic levels of microbial
translocation and inflammation. This was the first clinical
investigation to use 16S rDNA sequencing to examine changes in
the intestinal microbiota following therapy with Saccharomyces
boulardii, as well as how these changes are linked to microbial
translocation and inflammation in HIV patients.

As a result, Villar-Garca et al. [18] found alterations in the
makeup of the intestinal microbiota after treatment with the
probiotic [S. boulardii], with a decrease in particular species that
are directly linked to systemic levels of microbial translocation and
inflammation. Suggesting the introduction of probiotics as a novel
therapeutic approach for HIV patients should be considered in the
clinical practice.

Furthermore, Storm Larsen et al. [19] conducted a double-
blind clinical trial with 22 people (10 using probiotics and 12 as
controls) to investigate if bacterial lipopolysaccharides from the
gastrointestinal tract are related to the chronic inflammation
seen in HIV-infected individuals by addressing with metagenome
analysis the degree of acylation of lipopolysaccharides from
the guts in the plasma using the PiCRUSt software to predict
the overall functionality of the microbiota of HIV-infected
individuals and distinguish those bacteria producing the hexa-
acylated polysaccharides and those producing the penta-acylated
polysaccharides, and then evaluate the effect of these metabolites in
pathways related to inflammation as the catabolism of tryptophan
by correlating it with the inflammation biomarker neopterin, and
the effect of a probiotic intervention.

In the conclusion of the study, Storm LC et al. [19] had as a
result high levels of inflammation [neopterin] associated with high
levels of tryptophan catabolism, suggesting a link between systemic
inflammation and the catabolism of this amino acid, and it was also
found a higher rate of hexa-acylated lipopolysaccharide bacteria
producers over those hexa-acylated lipopolysaccharide producers
in HIV-infected individuals. And concerning the treatment with
probiotics, the researchers concluded that it contributed to a
decrease in gram-negative bacteria associated with the overall
biosynthesis of lipopolysaccharides which was primarily related
to the noninflammatory penta-acylated lipopolysaccharides-
producing gram-negative bacteria.

Scagnolari et al. [20] conducted a longitudinal pilot study
in HIV-1-serum positive male patients treated with combined
antiretroviral therapy with long-term viral suppression to assess the
effects of a high concentration of probiotic on the levels of neopterin
in Cerebrospinal Fluid (CSF) and the expression of Indoleamine 2,3
Dioxygenase (IDO) mRNA in the intestinal Lamina Lymphocytes
(LPLs). therapy
supplementation dramatically lower IDO mRNA expression in Gut-
Associated Lymphoid Tissue (GALT), and according to the findings,
before probiotic administration, there was a positive connection
between GALT IDO mRNA and CSF neopterin (inflammation)
levels. Thus, this study shows that probiotic products can lower the

Probiotics and combined antiretroviral

activation of the IDO pathway, potentially breaking the gut-brain
vicious circle and preventing the neurocognitive damage reported
in HIV-1 patients.

In this regard, Ceccarelli et al. [21] conducted a pilot study and
analyzed the effect of supplementation with high concentration
probiotics on various neurocognitive abilities as well as the safety
of this supplementation in HIV-positive patients on antiretroviral
therapy with long-term viral suppression. As a result, they found
that HIV-positive patients who took a probiotic formulation twice
a day for six months improved significantly in some neurological
cognitive functions [short and long memory, abstract reasoning],
proving that changes in the intestinal microbiota can provide
specific neurological benefits in HIV patients without significant
side effects.

And in a pilot, double blinded study conducted by Sainz et al.
[22] examined the gut microbiota of children infected vertically
by HIV and assessed the possibility of modifying it through a
dietary intervention utilizing pre and probiotics. This was the
first study to examine the impact of a brief dietary intervention
on the microbiome of HIV-infected children who were vertically
infected. As a result, they observed that the microbiota of HIV-
infected children presented lower alpha diversity when compared
to controls, also presenting distinct beta diversity, with increase
of the genus Prevotella, Akkermansia, Escherichia and abundance
of Faecalibacterium, and the intervention with probiotic led the
microbiota composition of HIV-infected children to parameters
close to the uninfected control group.

Ettorre et al. [23] conducted a sub-study of a longitudinal pilot
study with patients infected with HIV who received a probiotic
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supplement twice daily for 6 months to assess the safety and
efficacy of probiotic supplementation, choosing a mixture of high
concentration multi-strain probiotics widely used in inflammatory
bowel disease for supplementation of patients on antiretroviral
therapy. Their findings suggested that supplementing antiretroviral
therapy with a probiotic mixture in HIV-1 infected individuals
may favor the restoration of commensal intestinal microbiota
composition, triggering a series of immunological and intestinal
physiology repair processes.

T cell activation was found to be significantly reduced in both
peripheral blood and GALT, the probiotic improved the integrity
of the intestinal epithelial barrier, and the probiotic improved
mitochondrial morphology by relocating the mitochondrial
chaperonin, HPS60, from the cytosol to the mitochondrial
compartment. Finally, treatment with probiotics resulted in a
clear and significant reduction in levels of systemic immunological
activation in CD4 + or CD8 + T cell subsets, as indicated by the CD38
+and HLA-DR + markers.

In a prospective study involving 60 HIV-infected children,
31 of whom did not use antiretroviral therapy and 29 of whom
received antiretroviral therapy for a median of 3.5 years, Ishizaki
et al. [24] investigated the short-term effects of the probiotic strain
Lactobacillus casei Shirota (LcS) on the immunological profiles and
intestinal microbial translocation among children infected with
the human immunodeficiency virus. The study also included 20
children with no HIV infection as control; and the findings revealed
that LcS use was safe for HIV-positive children. Furthermore,
infected children demonstrated considerable increases in CD4 +
cells, particularly the Th17 subset, as well as significant decreases
in activated CD8 + cell percentages after ingestion. Moreover, after
ingesting LcS, the number of peripheral CD4 + T cells in children
with HIV grew considerably. Indicating the ingestion of LcS may be
a useful supportive therapy for HIV-infected youngsters.

And in different research aiming to assess the effects of a high-
concentration lyophilized probiotic supplement on the Type I and II
Interferon (IFN) response in HIV-1 infected patients, Pinacchio et al.
[25] conducted a pilot, single-arm, non-randomized clinical study
with 10 HIV-infected patients who received a high-concentration
lyophilized probiotic supplement. The study found that probiotic
supplementation modified the levels of IFN, IFN subtypes, and IFN
transcription, as well as the expression profile of the IFN subtype. In
both the GALT and the Peripheral Blood Mononuclear Cells (PBMC)
of HIV-1-positive individuals, IFN 6, IFN 10, IFN 14, IFN 17, and IFN
21 increased considerably following treatment with probiotics.

In this sense, Falaska et al. [26] also evaluated the anti-
inflammatory features of probiotics strains in a four-week
prospective trial including 30 HIV-positive men who were on
continuous antiretroviral medication and were given a bottle
of fermented milk Yakult Light® containing Lactobacillus Casei
Shirota (LcS) twice daily. As a result, they observed significant
decrease in the expression of the cytokine TGF-beta, IL-10, IL-
12 and IL-1beta, and increase in the expression of IL-23 and

T lymphocytes, particularly CD56+, along with decrease on
cardiovascular risk demonstrated by lowered levels of cystatin C.
Thus, this study provides preliminary evidence of a modulatory
effect of probiotics over the immune system that may be a low-cost
and practical therapeutic approach to support the immune function
of HIV-infected individuals.

With a different methodological approach, Stiksrud et al. [27]
showed that probiotics had no significant effect over microbial
translocation, however, they found that probiotics could lower the
levels of inflammation and coagulation in HIV-infected patients
who had had antiretroviral therapy with viral suppression but no
normalized CD4. After 8 weeks of probiotic supplementation, the
levels of D-dimer and inflammatory markers including IL-6 and
C-reactive protein in HIV-infected people on stable antiretroviral
therapy decreased. These results are relevant because despite the
persistent state of inflammation in HIV-infected individuals, their
clotting systems remain more active than HIV serum negative
people, becoming these individuals prone to pathological clotting.

Concerning the effects of probiotics as a neuroprotective
approach for late-stage HIV infection, Ceccarelli et al. [28]
investigated the effects of high-dose multiple strain probiotic
supplementation on CSF immunological
neurocognitive performance in HIV-1-infected people taking
combination antiretroviral therapy over a 6-month period. The
study comprised 35 HIV serum positive people who were enrolled
in the HIV clinic at the University of Rome Sapienza’s Department
of Public Health and Infectious Diseases, and as a result, the
intervention group presented a decrease in CNS immune activation
and an improvement in cognitive performance, suggesting that
probiotics could be used to treat intrathecal immune activation and
cognitive impairment in HIV-infected people.

activation and

Moreover, the study also found that giving probiotics to correct
dysbiosis reduces microbial translocation, systemic inflammation,
and, possibly, blood-brain barrier permeability. Thus, probiotic
supplementation could be a novel therapeutic option for improving
the direct and indirect effects of the intestinal environment on the
CNS by rebalancing the microbiota composition, and consequently
the neurocognitive functions of individuals in the late stage of HIV
infection. In general, the findings of the articles analyzed present
consensus concerning beneficial effect on lowering inflammation
and improving immunological markers in HIV serum positive
individuals. The effects of probiotics on microbial translocation,
on the other hand, are inconclusive, and more research is needed
to enhance the state of the art of this phenomenon and how to
approach it therapeutically to improve the quality of life and
longevity of people living with HIV.

Conclusion

This review combines clinical evidence that supports the use
of probiotics in HIV/AIDS patients due to better immune system
function and decreased inflammation, which is a determinant
factor in a variety of morbidities linked to HIV infection’s chronic
inflammatory state. Furthermore, none of the studies included in
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this review reported any adverse effects from probiotics alone or
in combination with antiretroviral therapy, demonstrating that
probiotics are safe and antiretroviral drug interactions possibly are
extremely rare events.

However, the findings on microbial translocation are unclear
and may represent a major research axis for a better understanding
of this phenomenon and how to address it therapeutically.
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