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Abstract

:

Background: In people living with HIV, combination antiretroviral therapy (cART) reduces the risk of death, but the persistent immune-deficient state predisposes them to pneumococcal infections. Current guidelines encourage administering pneumococcal vaccine Prevenar 13 to patients living with HIV. Since probiotic supplementation could act as adjuvants and improve vaccine immunogenicity by modulating gut microbiota, the present study aimed to assess whether the effect of a formulation containing a combination of specific probiotics (Vivomixx®) could improve the immune response to 13-valent pneumococcal conjugate vaccine (PCV13) in adult people living with HIV. Methods: Thirty patients who were clinically stable and virologically suppressed, without opportunistic infections during this time and no ART changes in the 12 months before the study started were enrolled. Patients were divided into two groups: (1) received a placebo dose and (2) received Vivomixx® (1800 billion CFU) for four weeks before and after the vaccination with a single dose of PCV13. Results: Vivomixx® supplementation induced a better response to PCV13 immunization, as shown by greater change in anti-Pn CPS13 IgG and increase in salivary IgA, IL-10 and IL-8. Conclusions: Additional investigations will help to clearly and fully elucidate the optimal strains, doses, and timing of administration of probiotics to improve protection upon vaccination in immunocompromised individuals and the elderly.
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1. Introduction


HIV-infected people continue to have increased morbidity and mortality due to non-AIDS-related events compared to the general population, although combination antiretroviral therapy (cART) reduces the risk of death [1]. HIV-positive (HIV+) patients are a high-risk group for pneumococcal infection due to behavioral and demographic factors. Exposure to infectious agents in the hospital environment, smoking, injection drug use (IDU), alcohol abuse, and immune abnormalities (including the decreased bactericidal activity of neutrophils, reduced phagocytic function of granulocyte and macrophage, CD4+ depletion, altered distribution of T cell subsets, B cell dysfunction, loss of memory B cell subsets, suboptimal humoral immune responses and impaired function of antigen-presenting cells population) increase the risk for invasive pneumococcal disease (IPD) [2,3]. Streptococcus pneumoniae is a Gram-positive encapsulated diplococcus that commonly colonizes the upper respiratory tract and can cause mucosal and invasive infections. The highest incidence rates of invasive pneumococcal disease (IPD) are found in young children, older people, and immunocompromised adults [4,5]. Although in HIV+ patients, the immune rebuilding obtained with cART has significantly reduced the incidence of IPD, this rate is still up to 100 times that of the general population [3]. To prevent pneumococcal infection in HIV+ patients, vaccination is recommended, although its efficacy in this patient population has been debated for many years. Vaccination with 23-valent pneumococcal polysaccharide vaccine (PPV23) has provided conflicting results about serological responses and clinical effectiveness. Recently, the pneumococcal conjugate vaccine (PCV) has been added to immunization recommendations for HIV+ subjects [6,7]. The European AIDS Clinical Society (EACS) Guidelines 2021 have indicated the use of one dose of 13-valent pneumococcal conjugate vaccine (PCV13) for all people living with HIV (PLWH) in Europe. PCV13 contains serotypes that are sometimes more prevalent in HIV-infected adults. The conjugation of polysaccharides to CRM197, a non-toxic mutant of diphtheria toxin that acts as a carrier protein, results in a T cell-dependent response. Pneumococcal conjugate vaccines are immunogenic and increase the protection of HIV-infected children against IPD. They have demonstrated efficacy in HIV-infected adults by reducing the risk of pneumococcal disease. Conversely, pneumococcal polysaccharide vaccines have failed to provide these benefits [8,9]. A single dose of PCV13 increased IgG antibody responses as early as one month after vaccination [10]. Accordingly, several countries have given directions for a single dose of the PCV13 vaccine in the vaccination regimen of HIV-infected adults. Studies in mice have confirmed that gut dysbiosis is associated with impaired antibody responses to several vaccines, including the 13-valent pneumococcal conjugate vaccine (Prevenar) [11]. Probiotic administration may correct dysbiosis and enhance innate and adaptive immunities. Even though the specific association between the gut microbiome and vaccine responses is not entirely understood, probiotics may lead to a more efficient protective response [12,13,14]. Probiotic supplementation could act as adjuvants and improve vaccine immunogenicity by modulating gut microbiota. The present study aims to assess if a specific probiotic formulation (Vivomixx) could improve the effects of PCV13 vaccination in HIV+ adults.




2. Materials and Methods


2.1. Patient Recruitment and Eligibility


Thirty Caucasian male subjects with HIV infection aged 31–66 who were undertaking combined antiretroviral therapy (cART) at the Clinic of Infectious Diseases, Department of Medicine and Science of Aging, “G. d’Annunzio” University (Chieti-Pescara, Italy) were enrolled. Patients were clinically stable and had a constant plasma viral load of <40 copies HIV RNA/mL and a CD4+ cell count of >300 cells/mL during the six months before the start of the study. The patients had not had any opportunistic infections during this time and had been on cART for 12 months before the study started. The patients had not received previous immunization with pneumococcal vaccine in the previous five years. They had not reported episodes of anaphylaxis, hypersensitivity to the pneumonia vaccine, or previous disease/present illness that may affect response to vaccination. Patients had not received blood products or gamma globulin or medications known to affect immune function in the previous three months. Patients excluded from participation were those who were using steroids, growth hormone, testosterone, or any anabolic agent in the previous six months; engaged in drug abuse; or had been treated with other food supplements before the beginning of the study. Subjects were encouraged throughout the study to adhere to their usual diet and lifestyle and report any adverse events or changes in their condition.




2.2. Immunization Protocol and Sample Collection


After agreeing to participate based on written informed consent, a blood sample was taken for biochemical and hematological measurements. Clinical assessment, including anthropometric measurements and physical examination, was performed during the baseline visit. The volunteers were informed that the study would be investigating the effects on immune responses to PCV13 vaccine of a probiotic mix containing Lactobacillus plantarum DSM24730(r), Streptococcus thermophilus DSM24731(r), Bifidobacterium breve DSM24732(r), L. paracasei DSM24733(r), L. delbrueckii subsp. bulgaricus DSM24734(r), L. acidophilus DSM24735(r), B. longum DSM24736(r), and B. infantis DSM24737(r) available as Vivomixx® (Mendes S.A., Switzerland) in Europe and Visbiome® in USA. Enrolled HIV+ subjects were randomized and divided into two groups: 40% of volunteers received a placebo dose (Group 1), while 60% received two + two sachets a day (each sachet contains 450 billion CFU, total dose per day 1800 billion CFU) of Vivomixx® (Group 2). The product supplementation took place four weeks before the control visit. At the control visit, a single dose of PCV13 vaccine was administered intramuscularly in the deltoid region. There were no cases of pneumococcal disease within one month post-immunization. Both groups were subjected to blood sampling, which involved 10 mL being collected using BD VacutainerTM tubes with sodium heparin (BD Biosciences, Baltimore, MD, USA) at the basal visit (T0), after four weeks of supplementation and immediately before immunization (T1), and after eight weeks of supplementation and four weeks post-immunization (T2). Serum obtained after centrifugation of peripheral blood was stored at −80 °C until use. Whole unstimulated saliva samples were also collected at each visit. About five mL of unstimulated whole saliva was collected from each subject in sterile polypropylene tubes. The samples were centrifuged at 10,000× g for 15 min at 4 °C and the supernatant was immediately aliquoted and frozen (−80 °C), until being analyzed (Figure 1). The study protocol was approved by the Ethics Committee at the University “G. d’Annunzio” Chieti-Pescara (Ethics Committee Project No. 20, 17 October 2019) and was performed under the ethical standards laid down in the 1964 Declaration of Helsinki.




2.3. Biochemical Analyses


Biochemical parameters were measured in blood drawn from patients before starting supplementation and after two months of immunization with PCV-13. Peripheral blood samples were collected into pre-evacuated and light-protected tubes, with no additive or with EDTA, to evaluate levels of high-sensitivity C-reactive protein (hs-CRP); Glycemia (Gly); triglyceride (TG); cholesterol (Chol); high-density lipoprotein (HDL); low-density lipoprotein (LDL); aspartate aminotransferase (AST); alanine aminotransferase (ALT); gamma-glutamyl transferase (GGT); and Creatinemie (CRE).




2.4. Virologic and Immunologic Markers


The absolute numbers and proportion (percent) of B cells, T cells, and T cell subsets were determined by flow cytometry (Roche Molecular, Pleasanton, CA). Plasma viral load (HIV-RNA) was determined using the Amplicor method (Roche Molecular, Pleasanton, CA) with a detection limit of >40 HIV RNA copies/mL of plasma.




2.5. Human Anti-Pneumococcal CPS13 IgG Measurements


IgG antibodies against capsular polysaccharides (CPS) of 13 serotypes were measured in serum by Human Anti-Pneumococcal CPS13 IgG ELISA Kit (Alpha Diagnostic Intl., San Antonio, TX, USA). These antibodies specifically detect IgG, and do not react with IgM, IgA, or IgE class antibodies. The sensitivity of the assay to detect anti-Pneumococcal (anti-Pn) CPS13 IgG from vaccination is controlled so that the 1 U/mL calibrator represents a threshold O.D. for most true positives in human serum diluted to 1:250. The IgG titers were calculated as the inverse of the dilution that produced a 1.0 O.D. in the assay.




2.6. Salivary IgA Measurements


Secretory IgA concentrations were determined to evaluate the local immunity status in different disease conditions, including respiratory diseases such as pneumococcal disease. The two-site sandwich enzyme immunoassay for secretory IgA was purchased from Bio Vendor Research and Diagnostic Products (Brno, Czech Republic), with a sensitivity assessed as 0.6 µg/mL. The lower detection limit was 57 µg/mL for saliva samples, and the upper limit was fixed at 260 µL/mL.




2.7. Cytokines Measurements


Human cytokine levels in serum of HIV+ patients were quantified using specific enzyme-linked immunosorbent (ELISA) assays. According to the manufacturer’s instructions, interleukin (IL-)10 and IL-8 ELISA assays were conducted with commercial kits (Endogen, Woburn, MA, USA). The plates were read at 450 nm, and the absorbances were transformed to pg/mL using calibration curves prepared with cytokine standards included in the kits. The intra- and inter-assay reproducibility was >90.0%. Duplicate values that differed from the mean by greater than 10.0% were not considered for further analysis.




2.8. Statistical Analysis


The descriptive statistics for the main characteristics of the study group were expressed as mean and standard deviation (SD) for continuous variables and as absolute frequency (column percentage) for the categorical variables. The normal distribution of data was tested by the Kolmogorov–Smirnov test. The contrasts’ analyses were used to determine mean differences between and within groups, and the p-value was reported. This analysis approach was chosen for simplicity over more traditional approaches for analyzing a 2 × 2 factorial design. The Pearson’s chi-squared test was used to compare e proportions between groups. All statistical tests were 2-sided with a significance level set at p < 0.05. All analyses were performed with the open-source statistical R environment (version 3.4.3, the R Foundation for Statistical Computing, Vienna, Austria).





3. Results


3.1. Study Population


The baseline characteristics of participants are outlined in Table 1. All patients infected with HIV-1 were treated with cART according to currently accepted guidelines. Their viral loads were stable and undetectable before the start of Vivomixx® or placebo intake (T0) and throughout the study. All patients well tolerated the addition of Vivomixx® or placebo to their daily diets; no adverse symptoms were reported (fever, nausea or stomach pain, diarrhea). All enrolled patients completed the study. There was 100.0% compliance with the dietary intervention.




3.2. Metabolic and Inflammatory Markers


Changes in inflammatory markers and metabolic parameters between groups are shown in Table 2. Our results demonstrate that no significant differences were found in the mean serum concentrations of principal parameters. The principal inflammatory markers hs-CRP did not show any statistically significant differences during the evaluations (Table 2).




3.3. Human Anti-Pneumococcal CPS13


We performed an ELISA assay to quantify circulating IgG antibodies against capsular polysaccharides (CPS) of 13 serotypes (Prevenar 13 vaccine) in human serum of vaccinated patients four weeks post-immunization. Since the level of anti-pneumococcus antibodies may increase during opportunistic infections in HIV-1 infected individuals, we considered the evaluation of antibody post-immunization/pre-immunization ratio more accurate than arbitrary levels. Despite a considerable individual variability in responses in all patients, the anti-Pn CPS13 IgG were higher with respect to basal levels. At T0 the mean value of IgG in the Group 1 = 2.5 ± 0.3 and in Group 2 = 2.1 ± 0.9, revealing no statically significant differences (p = 0.099). At T2 the mean value of IgG in Group 1 = 2.6 ± 0.3 and in Group 2 = 3.1 ± 0.2, revealing a statically significant difference between groups (p < 0.001). Thus, significant immunity was observed from the PCV13 vaccine in patients who had also received the Vivomixx® supplementation with a ratio of 0.9 vs. 0.4 ratio of patients who had received placebo (Figure 2) with a significant variation between groups (p < 0.001) at T2.




3.4. Salivary IgA


Secretory immunoglobulin A is the main class of antibodies present in the body’s secretory fluids, such as saliva. Due to its dominance in the immune system of mucus membranes, salivary immunoglobulin A (S-IgA) is typically considered as the first line of defense from environmental factors. Probiotics can increase S-IgA production; we detected an increase of S-IgA in HIV-1 patients supplemented with Vivomixx®, with respect to patients not receiving supplements. At T0 the mean value of S-IgA in Group 1 = 60.6 ± 19.6 and in Group 2 = 77.5 ± 25.3, revealing no statically significant differences (p = 0.205). At T2 the mean value of S-IgA in Group 1 = 107.6 ± 20.1 and in Group 2 = 123.4 ± 18.5, revealing a statically significant differences in mean value between groups (p = 0.041). Thus, after immunization, an additional and different increase was detected. In HIV+ patients, probiotic integration determined an increase of S-IgA ratio of 48-fold (p < 0.001) compared to the basal levels, meanwhile in the placebo group, we observed a 35-fold increase (p = 0.008) (Figure 3).




3.5. Measures of B Cell Phenotypes


To determine if probiotic supplementation impacted absolute numbers and percentages of B cells, we tested the peripheral blood after four weeks of placebo or Vivomixx® supplementation immediately before immunization with PCV13. The absolute number of B lymphocyte increased after Vivomixx® integration (214.0 ± 119.0 cells/μL vs. 281.0 ± 209.0 cells/μL) with a 67-fold increase, while in the not supplemented group, B cells number underwent a 12-fold increase. Differences in the percentages of B cells were observed only in Group 2, in which we observed a trend of increase after Vivomixx® supplementation, with significant variation compared to T0 (p = 0.004 in T1 vs. T0). For the placebo group (Group 1), a similar value was observed during the time point (Table 3). Furthermore, we evaluated the B cell values and their variation in both groups after four weeks of vaccination. Consistent with the probiotic effect alone, we observed an increase in both groups, with a higher amount of the absolute numbers and percentages of B lymphocytes (p < 0.001 in T2 vs. T0) observed in the Vivomixx® supplemented HIV+ patients.




3.6. Measures of Peripheral Blood T Cell Subpopulations


Four weeks after immunization with PCV13 and eight weeks after beginning supplementation with Vivomixx® (T2), the number of CD4+ and CD8+ cells were not significantly modified. Moreover, in patients who had received placebo, no significant differences were detected at each observation time. In the Vivomixx® supplemented patients, the CD4+ T lymphocytes percentage after immunization (T1) was significantly increased compared to T0, and significantly higher than the CD4+% detected in Group 1 (p = 0.002). In addition, four weeks after immunization with PCV13 and eight weeks after beginning supplementation with Vivomixx® (T2), an increase in CD4+% was detected, with significantly higher % than Group 1 (p = 0.009). The percentage of CD8+ showed no differences either between times or between groups (Table 4).




3.7. Serum Cytokine’s Levels


The role of cytokines and chemokines as immunomodulatory regulators of neutrophil activity in the presence of pneumococci, IL-10, and IL-8 were evaluated in serum of HIV+ subjects recruited for the study.



The systemic effect of daily intake of probiotics in HIV+ subjects determined a significant increase of circulating levels of IL-8 with respect to the T0 of the same group (Vivomixx® supplemented) (p = 0.009) (Table 5). Moreover, significant differences were observed for Group 2 in relation to Group 1 (placebo) (p < 0.001) at T1. However, after four weeks of placebo supplementation, IL-8 levels in Group 1 at the three check times were unmodified.



Though trending higher, IL-10 serum levels in HIV+ patients supplemented for four weeks with Vivomixx® were not significantly different from basal levels. Instead, we observed a significant increase in IL-10 levels in Group 2 compared to the placebo supplemented subject (p < 0.001). After PCV13 vaccination (T2), the serum levels of IL-10 were significantly higher in both Vivomixx® and placebo supplemented patient groups, with a higher increase in Group 2 (p < 0.001). Moreover, the increase after Vivomixx® supplementation at T1 was significant also in relation to T0 (p < 0.001) (Table 6).





4. Discussion


Immunosuppression is a risk factor for IPD, and low CD4 T cell count is associated with poor response to pneumococcal vaccine. Age may influence immune responses to vaccines [15] since it influences antibody responses’ extent and persistence to pneumococcal capsular polysaccharide [16]. In the elderly, repeated natural exposure to pneumococcal antigens may be associated with hypo-responsiveness to pneumococcus. Moreover, HIV-1 infected subjects present lower vaccination responses and more rapid immunity waning than healthy individuals. Chronic HIV infection causes early immune senescence, and antiretroviral therapy influences the T cell-dependent immunological properties of PCV13 vaccination.



HIV-associated mucosal dysfunction is characterized by impairment of the epithelial barrier, intestinal homeostasis, and microbial translocation other than gut microbiota modifications. Changes in the composition of gut microbiota can be due to modification of species, function, or microbiota–host interactions, contributing to alterations in the intestinal microbiome associated with local and systemic inflammation. In HIV+ subjects, the systemic inflammation is partially related to the CD4+ depletion from the gut-associated lymphoid tissue and the breakdown of microorganism homeostasis in the gut mucosa, with dysregulated immunoregulatory cytokine production [17]. Probiotics can restore composition of gut microbiome ameliorating or preventing gut inflammation and other systemic diseases, through the modulation of immune and inflammatory mechanisms. Recovering the gut microbial population, redirecting the Th2 response, regulating gut Th17 polarization, rising mucus-secretion, improving the IL-10 levels, and maintaining the tight junction proteins regulating lipopolysaccharide (LPS) translocation, are the main functions of probiotics [18]. Thus, in cART-treated HIV+ subjects, probiotic supplementation may reduce microbial translocation, improve gut microbiota, mitigate inflammatory sequelae [19], and improve vaccine effectiveness.



Different vaccination strategies to improve immunogenicity among HIV-infected adult patients were adopted. Several studies have investigated different response endpoints to pneumococcal vaccination in HIV-infected adults, showing variable immunological outcomes [20,21].



In PCV13, pneumococcal capsular polysaccharides of serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F covalently conjugated to a carrier protein (non-toxic mutant of diphtheria toxin, CRM197) induce systemic immune responses that are highly effective in preventing IPD. The T cell-dependent antibody response to polysaccharide antigens is highly effective in preventing IPD in children and was also recommended for immunocompromised subjects, independently of CD4 count [22]. Although PCV13 covers fewer pneumococcal serotypes than PPV23, it has overcome some, but not all, of the immunological limitations of PPV23 and demonstrated superior immunogenicity in some immunocompromised adults and the elderly [21,23]. However, even though the limited antibody functionality and serotype coverage mean that the benefit of pneumococcal vaccination is less than expected, an attenuated response can also be protective for these individuals.



Emerging evidence has revealed the gut–lung axis in which gut microbiota may affect pulmonary immunity through vital crosstalk between gut microbiota and the lungs [24]. It has recently been shown that antibiotic-driven dysbiosis in the early life of mice leads to impaired antibody responses to the PCV13 vaccine (Prevenar) [11].



Even though the specific mechanisms by which the microbiota affects vaccine responses are not entirely understood, it has been demonstrated that the microbiota constitutes a constant source of natural adjuvants capable of activating many pathways that control innate and adaptive immunity [25].



It is known that the most important way by which probiotics may draw health-promoting effects is immunomodulation [19,26]. Thus, this study aimed to evaluate if supplementation with Vivomixx®, a well-known and clinically approved commercially available multistrain probiotic, four weeks before and four weeks after vaccination with PCV13 may improve the immunological response in HIV-infected individuals.



Previous studies on antibody response to PCV13 have highlighted IgG and IgA’s role in the opsonization of pneumococci for phagocytosis [27,28,29]. In this study, we analyzed anti-Pn CPS13 IgG. Because patients with immunodeficiency usually show a widespread response failure across virtually all serotypes, minor differences in a subset of anti-CPS IgG could have little clinical meaning. We considered the evaluation of anti-Pn CPS13 IgG fold differences from baseline more accurate than from arbitrary levels. Our results showed that HIV+ patients had a slight fold change in pneumococcal IgG antibodies in response to PCV13 immunization. However, the Vivomixx® supplementation induced a better response to PCV13 immunization, as shown by greater fold change of anti-Pn CPS13 IgG.



It is well known that sIgA plays a key role in controlling Streptococcus pneumoniae infection in mouse and human studies [30], favoring opsonization and phagocytosis of bacteria. IgA-deficiency reduced pneumococcal vaccine responses and increased recurrence of S. pneumoniae infection. The study on IgA-deficient mice showed colonization by high levels of Streptococcus pneumoniae despite the high levels of antigen-specific IgG detected [31].



With regard to salivary IgA antibody, we observed a difference between the groups, with a higher post-vaccination increase in salivary IgA in Vivomixx® supplemented patients, in accord with the study of Lue et al. showing that, of all classes of anti-CPS antibody in saliva and tears, PPV levels increase the most. The authors reported a 2.0-fold increase of salivary IgA levels detected in the saliva of PCV-immunized children [32,33] as result of an immunostimulatory effect of probiotic bacteria [34,35].



Immunological outcomes in our study were comparable with those evidenced by Thitilertdecha et al., which evaluated the impact of immunization on T cells, showing that frequencies and absolute counts of total CD4+ and CD8+ were not significantly different before and after immunization with influenza A vaccine [36]. Moreover, the study of Dell’acqua et al. showed no decrease of CD4+ and CD4+/CD8+ ratio following PCV13 vaccination in antiretroviral-treated people living with HIV [37].



In our data, we did not observe any differences in Group 1, while in Group 2, a significant increase in CD4+% values at T1 and a reduction 4 weeks after immunization were detected. Thus, we confirmed that PCV13 immunization did not affect the T cell distribution in antiretroviral-treated people living with HIV. The supplementation with Vivomixx® increased the percentage and absolute values of CD4+ at T1 in Group 2, and four weeks after immunization (T2), a slow reduction was detected, although the percentage and absolute values of CD4+ were higher than values detected in Group 1.



Previous studies have shown that HIV+ patients with high CD4 levels produce a higher concentration of post-vaccination antibodies [38]. These findings are in accord with post-vaccination antibody concentrations detected in our HIV+ subjects supplemented with Vivomixx®, who showed an increase in CD4+ count before vaccination and a constant number after vaccination.



Conjugate vaccines were developed to activate CD4 cells and elicit a T cell-dependent B cell response resulting in memory B cells. To determine if PCV13 immunization impacted B cells, we tested the peripheral blood B cell numbers immediately prior to and four weeks after immunization with PCV13 in Vivomixx® and placebo groups. Our results showed that four weeks of supplementation with Vivomixx® may increase the absolute number and percentage of B cells, and four weeks post-immunization with PCV13, the B cells were higher than in HIV+ patients that received placebo before immunization with PCV13.



Previous studies have shown that some lactobacilli increase the expression of activation markers on CD8 cells [39]. In our HIV+ patients, we evaluated the CD8+ T cells after four weeks of supplementation with Vivomixx®. We found that, although CD8+ T cells increased following probiotic supplementation, no changes in CD8 T cells were detected after PCV13 vaccination. This is not surprising. It is well known that the main pneumococcal conjugate vaccine mechanism is the induction of CD4+ cells that improve B cells, affinity maturation, class switching, and levels of IgG, while the role of CD8+T cells in resistance to pneumococcus has not been extensively investigated.



During the immune response against Streptococcus pneumoniae, the release of several cytokines and chemokines plays a vital role in recruiting neutrophils, monocytes, and lymphocytes to the lungs. In murine pneumonia caused by Streptococcus pneumoniae or Klebsiella pneumoniae, the anti-inflammatory cytokine IL-10 ameliorated the bacterial clearance from the lung [40]. IL-10, identified initially from Th2 cells, was also expressed in macrophages, mast cells, natural killer cells, neutrophils, and B cells in response to pneumococcal antigens, and shows several immune regulatory effects such as proliferation and differentiation of human B cells, induction of IgA and IgG production by B cells and inhibition of cell-mediated inflammatory reactions. IL-10 during Streptococcus pneumoniae infection was produced to modulate the inflammatory response and the immune homeostasis. Gonzales et al. suggest that IL-10 production by neutrophils induced by Streptococcus pneumoniae limits lung injury and is essential to mediate an immune response required for host survival [41]. In our HIV+ patients, a weak and non-significant increase of IL-10 was detected after four weeks of diet implementation with Vivomixx®. After PCV13 vaccination, a significantly increased IL-10 was detected in both Vivomixx® or placebo supplemented patients, with a higher increase in Vivomixx® group.



Our study shows that after PCV13 vaccination, a chemokine that drives the recruitment of neutrophils to sites of infection was increased, with the exception of IL-10 and IL-8. This supports the results of Madsen et al. postulating the release of IL-8 in response to pneumococcal components [42]. Several preclinical studies have reported that Vivomixx® may modulate the immune response towards an immunoregulatory phenotype. Increased levels of IL-10 and reduced levels of proinflammatory cytokine IL-8 accelerate the normalization of gut immune cells and function in HIV+ patients. Thus, we suggest that the observed effect of Vivomixx® supplementation was probably due to a normalizing effect of the immune system in HIV+ patients.



This preliminary study has some limitations, including a small sample size that could contribute to a lack of statistical significance for some parameters, the non-evaluation of B cell subpopulations, and the antibodies specific to the pneumococcal polysaccharide serotype. Moreover, a limitation is presented by the involvement of only male subjects. It is widely reported that females exhibit more elevated humoral and cell-mediated immune responses to antigenic stimulation, vaccination, and infection than males [43], but data from the Centers for Disease Control and Prevention (CDC) shows that, in 2018, 81% of new HIV diagnoses in the United States and dependent areas were men [44], with a median age of 40 years for both genders.



In accord with these data, 85% of the patients followed at the Clinic of the Infectious Diseases, Department of Medicine and Science of Aging, “G. d’Annunzio” University (Chieti-Pescara, Italy) are males with age ranging from 31 to 66 and given consent to enrollment.



Our results suggest a role of Vivomixx® in the modulation and improvement of immune responses to the PVC-13 vaccine.



Additional investigations will help to clearly and fully elucidate the optimal strains, doses, and timing of administration of probiotics to improve protection upon vaccination in immunocompromised individuals of both sexes and the elderly.
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Figure 1. Study design flow chart. Graphical description of randomized sampling. 
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Figure 2. Two factor violin plots for IgG. Data, obtained by ELISA immunoassay, are shown as mean ± SE (standard error) at T0 (basal visit) and T2 (after eight weeks of supplementation and four weeks post-immunization) for both groups of patients. Dots represent the individual data and means are connected by lines. p-value derived from planned contrast on t-statistic. 
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Figure 3. Two factor violin plots for S-IgA. Data, obtained by ELISA immunoassay, are shown as mean ± SE (standard error) at T0 (basal visit) and T2 (after eight weeks of supplementation and four weeks post-immunization) for both groups of patients. Dots represent the individual data and means are connected by lines. p-value derived from planned contrast on t-statistic. 
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Table 1. Baseline characteristics of patients. p-values are shown in italics.
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Group 1

	
Group 2

	
p-Value




	

	
n = 12

	
n = 18

	






	
Age (years) mean ± SD

	
48.7± 9.1

	
47.5 ± 9.3

	
0.735




	
BMI (kg/m2)

	
27.0 ± 3.8

	
24.7 ± 2.0

	
0.117




	
Risk factor, n (%)

	

	

	




	
eterosex

	
6 (50.0)

	
11 (61.1)

	
0.656




	
omosex

	
6 (50.0)

	
7 (38.9)








SD, standard deviation. BMI, body mass index.
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Table 2. Inflammatory and metabolic parameters in HIV+ patients at T0 (basal levels), T1 (after four weeks of supplementation), and T2 (after eight weeks of supplementation and four weeks post-immunization). Data are reported as mean ± SD. p-values derived from the contrasts’ analyses are shown in italics.
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	Group 1
	Group 2
	p-Value





	hs-CRP (mg/100 mL)

T0
	2.4 ± 0.3
	2.6 ± 2.8
	0.827



	T2
	0.9 ± 0.7
	7.0 ± 19.7
	0.204



	Gly (mmol/L)

T0
	86.5 ± 25.4
	92.1 ± 41.9
	0.652



	T2
	97.2 ± 33.5
	93.8 ± 30.1
	0.784



	TG (mg/dL)

T0
	153.0 ± 108.0
	131.0 ± 90.8
	0.580



	T2
	120.0 ± 59.9
	126.0 ± 78.9
	0.829



	Chol (mg/dL)

T0
	198.0 ± 53.2
	209.0 ± 38.9
	0.561



	T2
	200.0 ± 37.5
	200.0 ± 31.1
	0.970



	HDL (mg/dL)

T0
	49.2 ± 14.4
	54.1 ± 10.6
	0.335



	T2
	50.8 ± 15.5
	51.1 ± 11.3
	0.954



	LDL (mg/dL)

T0
	118.0 ± 37.1
	138.0 ± 32.4
	0.145



	T2
	111.0 ± 31.9
	129.0 ± 27.1
	0.129



	AST (IU/L−1)

T0
	34.8 ± 34.5
	20.7 ± 7.8
	0.190



	T2
	30.8 ± 25.8
	20.4 ± 7.9
	0.203



	ALT (IU/L−1)

T0
	32.0 ± 15.3
	24.8 ± 18.3
	0.255



	T2
	30.9 ± 10.0
	21.5 ± 14.2
	0.042



	GGT (IU/L−1)

T0
	32.5 ± 20.7
	26.7 ± 25.6
	0.503



	T2
	34.3 ± 24.0
	23.3 ± 16.6
	0.182



	CRE (mL/min)

T0
	1.3 ± 1.2
	1.0 ± 0.2
	0.392



	T2
	1.5 ± 1.7
	1.0 ± 0.2
	0.326







hs-CRP, high-sensitivity C-reactive protein; Gly, Glycemia; TG, triglyceride Chol, cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; CRE, Creatinemie.
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Table 3. Absolute and % values of B lymphocyte in HIV+ patients at T0 (basal levels), T1 (after 4 weeks of supplementation), and T2 (after 8 weeks of supplementation and 4 weeks post-immunization). Data were reported as mean ± SD. p-values derived from the contrasts’ analyses are shown in italics.
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T0

	
T1

	
T2






	
B lymphocytes (%)

mean ± SD

	
Group 1

	
10.6 ± 4.7

	
11.1 ± 9.5

	
12.7 ± 9.0




	
Group 2

	
10.4 ± 4.9

	
15.5 ± 8.6

	
19.2 ± 9.5




	
p-value

	
0.911

	
0.180

	
0.071




	
B lymphocytes (cells/μL)

mean ± SD

	
Group 1

	
248.0 ± 91.5

	
260.0 ± 97.5

	
329.0 ± 165.4




	
Group 2

	
214.0 ± 59.5

	
281.0 ± 104.5

	
307.0 ± 65.5




	
p-value

	
0.271

	
0.580

	
0.668








SD, standard deviation.
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Table 4. Percentage and absolute values of T lymphocyte subpopulation in HIV+ patients at T0 (basal levels), T1 (after four weeks of supplementation), and T2 (after eight weeks of supplementation and four weeks post-immunization). Data were reported as mean ± SD. p-values derived from the contrasts’ analyses are shown in italics. * indicates the statistically significant difference in respect to the basal time. # indicates the statistically significant difference in respect to the previous observation time.
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T0

	
T1

	
T2






	
CD4+ (%)

mean ± SD

	
Group 1

	
23.4 ± 9.1

	
24.5 ± 9.6

	
23.9 ± 8.5




	
Group 2

	
28.9 ± 3.3

	
36.9 ± 9.3 *

	
33.6 ± 7.5 #




	
p-value

	
0.066

	
0.002

	
0.009




	
CD8+ (%)

mean ± SD

	
Group 1

	
45.8 ± 11.0

	
45.4 ± 10.6

	
46.0 ± 9.4




	
Group 2

	
39.3 ± 10.8

	
44.9 ± 5.38

	
43.9 ± 5.0




	
p-value

	
0.123

	
0.885

	
0.499




	
CD4+ (cells/μL)

mean ± SD

	
Group 1

	
600.0 ± 149.5

	
612.0 ± 297.8

	
591.0 ± 178.7




	
Group 2

	
691.0 ± 134.5

	
820.0 ± 263.9

	
710.0 ± 154.9




	
p-value

	
0.103

	
0.063

	
0.063




	
CD8+ (cells/μL)

mean ± SD

	
Group 1

	
1073.0 ± 423.0

	
1093.0 ± 445.0

	
1097.0 ± 407.0




	
Group 2

	
794.0 ± 266.0

	
916.0 ± 317.0

	
872.0 ± 308.0




	
p-value

	
0.081

	
0.079

	
0.119








SD, standard deviation.
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Table 5. IL-8 modulation in HIV+ patients at T0 (basal levels); T1 (after 4 weeks of supplementation), and T2 (after 8 weeks of supplementation and 4 weeks post-immunization). Data are reported as mean ± SD. p-values derived from the contrasts’ analyses are shown in italics. * indicates the statistically significant difference with respect to the basal time. # indicates the statistically significant difference with respect to the previous observation time.
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	IL-8
	T0
	T1
	T2





	Group 1
	47.3 ± 18.3
	46.7 ± 15.3
	42.4 ± 14.1



	Group 2
	54.4 ± 25.2
	117.0 ± 20.0 *
	152.0 ± 15.6 *#



	p-value
	0.380
	<0.001
	<0.001







After receiving PCV-13 immunization (T2), we found a significant difference between the IL-8 levels in serum from the group supplemented with Vivomixx® and the placebo group (p < 0.001). However, there were no variations in T2 with respect to T1 for either study group.
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Table 6. IL-10 modulation in HIV+ patients at T0 (basal levels); T1 (after four weeks of supplementation), and T2 (after eight weeks of supplementation and four weeks post-immunization). Data are reported as mean ± SD. p-values derived from the contrasts’ analyses are shown in italics. * indicates the statistically significant difference with respect to the basal time. # indicates the statistically significant difference respect to the previous observation time.






Table 6. IL-10 modulation in HIV+ patients at T0 (basal levels); T1 (after four weeks of supplementation), and T2 (after eight weeks of supplementation and four weeks post-immunization). Data are reported as mean ± SD. p-values derived from the contrasts’ analyses are shown in italics. * indicates the statistically significant difference with respect to the basal time. # indicates the statistically significant difference respect to the previous observation time.





	IL-10
	T0
	T1
	T2





	Group 1
	14.0 ± 25.7
	15.3 ± 5.1
	18.6 ± 14.0



	Group 2
	24.1 ± 28.8
	96.2 ± 41.1 *
	143.0 ± 59.3 *#



	p-value
	0.194
	<0.001
	<0.001
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