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Abstract: Background: The improvements in HIV infection therapy and the large availability of
antiretroviral drugs have led to an increased survival among HIV infected people, and simultane-
ously to a raised morbidity and mortality due to not-AIDS-related events in this group compared to
the general population. An increased systemic inflammation and a persistent immune activation
play a pivotal role in determining high rates of non-AIDS comorbidities. In the last years, many nat-
ural or synthetic immunomodulatory molecules acting by different mechanisms have been con-
ceived. Pidotimod is a synthetic dipeptide molecule showing immunomodulatory properties. The
aim of this pilot study was to evaluate the effects of Pidotimod supplementation on residual inflam-
mation in HIV infected population.

Methods: Forty HIV positive individuals under cART were enrolled: 30 were treated with Pidoti-
mod supplementation (study group) and 10 served as control group (without Pidotimod supplemen-
tation). For all participants, Cystatin C, PCR, ESR, microalbuminuria, TNF-α, INF-γ, IL-4, IL-10,
IL1β, IL-18 and IL-2 were measured at enrolment (T0), 4 weeks after of Pidotimod supplementa-
tion (T1), and 4 weeks after completing supplementation (T2).

Results:  In  HIV positive  participants  treated with  Pidotimod,  the  evaluation of  cytokine levels
showed that IL-10, IFN gamma, and IL-4 were significantly higher at enrolment compared to the
control group. The increase under Pidotimod treatment persisted after supplementation suspension,
while the pro-inflammatory cytokines levels were reduced. Salivary IgA also increased during 4
weeks of supplementation and persisted at 4 weeks after completing supplementation. On the other
hand, the Cystatin C and microalbuminuria levels decreased over time, at a greater extent the Cys-
tatin C serum levels.

Conclusion: The study findings showed that the HIV population receiving Pidotimod achieved a re-
balancing of pro-inflammatory and anti-inflammatory cytokines as well as a significant reduction
in cystatin C levels. The treatment further allowed for an increase in salivary IgA levels at all the
analyzed times, as a secondary event to a remodulation of the immunological status obtained with
pidotimod. This approach could represent a new way to design new intervention strategies aimed at
improving the persistent immune activation status in the virologically suppressed HIV population.

Keywords: Supplementation, AIDS, cytokines, immunostimulatory, inflammation, immunological rebalancing.

1. INTRODUCTION

The improvements in HIV infection treatment and the in-
creasing availability of drugs have led to an increased survi-
val of HIV infected individuals. Despite the reduced risk of
death following  cART, HIV  positive  subjects  continue  to
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have an increased morbidity and mortality compared to the
general population due to not-AIDS-related events [1-4], in-
cluding  cardiovascular  disease  (CVD),  hypertension,  dia-
betes,  neurocognitive  dysfunction,  osteoporosis,  cancer
[5-10].  The  HIV  infected  population  significantly  show
CVD risk factors, including low levels of high-density lipo-
protein  (HDL)  cholesterol  and  increased  rates  of  smoking
[11-13]  and  treatment  with  several  antiretroviral  drugs
[14-17], which have been associated with high risk of myo-
cardial  infarction  (MI)  [18].  There  is  evidence  that  an  in-
creased systemic inflammation and a persistent immune acti-
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vation, with predominance of non-classical and intermediate
monocytes  play  an  important  role  in  the  pathogenesis  of
atherosclerosis in this population group [5, 19]. The theory
that  persistent  immune  activation  and  inflammation  con-
tribute to high rates of non-AIDS comorbidities, such as car-
diovascular, liver, kidney and neurologic diseases, is not re-
cent [20, 21]. The immune activation may be considered as
a normal and positive event following infection, and T cell
activation levels may be predictive of prognosis in the infect-
ed patients. The underlying mechanism of immune activa-
tion is poorly understood; however, some studies have de-
monstrated that HIV replication below clinically detectable
levels might contribute to persistent immune activation [22,
23]. Various strategies have been attempted to reduce inflam-
mation and restore the immunological balance using differ-
ent molecules, drugs, probiotics, etc. [24-27].

In the last years, different natural or synthetic immuno-
modulatory  molecules,  acting  on  different  mechanisms,
have been conceived. Among these, Pidotimod (3-L-pyroglu-
tamyl-L-thiaziolidine-4 carboxylic acid) is a synthetic dipep-
tide molecule with recognized immunomodulatory proper-
ties [28].

In vivo and in vitro studies have reported that Pidotimod
immunomodulatory activity is focused on both adaptive and
innate immunity [29, 30]. In particular, Pidotimod is able to
induce dendritic cells (DCs) maturation, up-regulate HLA-
DR and  co-stimulatory  molecules  expression,  to  stimulate
DCs for pro-inflammatory molecules release driving T-cells
proliferation and differentiation towards Th1 phenotype, en-
hance natural killer (NK) cells functions, and promote phago-
cytosis [31]. Pidotimod can also increase the production of
interferon gamma (IFN-γ), IgG and IgA salivary, and down-
regulate production of IL-4 and IgE through Th2 activity mo-
dulation [32]. The use of pidotimod has been studied for vari-
ous diseases, such as community pneumonia, recurrent respi-
ratory infections, allergic states and recently in Covid -19 in-
fection [33-37].

However, currently, there are few available data to de-
monstrate  an  immunomodulatory  effect  of  Pidotimod  in
HIV positive population. The aim of this study was to evalu-
ate the role of Pidotimod supplementation in the immune sys-
tem modulation and residual inflammation in HIV infected
population.

2. MATERIALS AND METHODS

2.1. Study Design

This  was  a  single-center,  open-label,  prospective  pilot
study. The protocol was approved by the Ethics Committee
at the University “G. d’Annunzio” Chieti-Pescara, Italy (n.
richytw2g). No animals were used in this research. All hu-
mans research procedures were in accordance with the stan-
dards set forth in the Declaration of Helsinki principles of
1975,  as  revised  in  2013.  The  volunteers  were  informed
about the study objectives concerning the evaluation of Pido-
timod  supplementation  effects  on  the  immune  system and
were enrolled after signing the informed consent.

The participants in the study group received 800 mg of
Pidotimod every 12 hours fasting for 4 weeks.

Overnight fasting venous blood samples were collected
at enrolment (T0), 4 weeks after Pidotimod administration
(T1), and 4 weeks after completing supplementation (T2) to
evaluate biochemical and immunological parameters.

The  control  group  were  sex  and  age-matched  with  the
group  of  individuals  under  Pidotimod  treatment,  selecting
among the partecipants who have refused Pidotimod supple-
mentation.

2.2. Study Participants

This  pilot  study  included  Caucasian  participants  with
HIV infection who attended the Clinics of Infectious Diseas-
es  at  the  Department  of  Medicine  and Science  of  Ageing,
“G. d’Annunzio” University of Chieti-Pescara, Italy. All par-
ticipants were under continuous ART, and the study group
treatment  was  further  supplemented  with  Pidotimod  (AX-
IL®  Valeas  –  Milano)  800  mg  twice  a  day  for  30  days,
while HIV positive in viro-immunological stability partici-
pants were enrolled as a control group (3:1 -treated group:
control group ratio).

The inclusion criteria for participation to the study were:
(1)  patients  with  plasma  viral  load  <40  copies  HIV
RNA/mL  and  CD4+  cell  count  >200  cells/mL  during  six
months preceding the study; (2) the absence of any opportu-
nistic infections during previous six months and continuous
cART for 12 months preceding the study.

During the routine medical examinations of participants,
blood was collected for routine biochemical and hematologi-
cal  measurements.  A questionnaire  was  ad  hoc  developed
and  further  administered  to  participants  to  acquire  demo-
graphic information and medical data (any respiratory infec-
tion,  gastrointestinal  symptoms,  urinary  infection,  fever,
pain, adverse events) and clinical assessment, including an-
thropometric measurements and physical  examination was
conducted as well. Thus, participants were encouraged to re-
port any adverse events to report a self-assessment of their
perception of well-being, diet, social life and daily activities.

Exclusion criteria were: (1) using steroids, growth hor-
mone, testosterone or any anabolic agent in the previous six
months; (2) drug abuse; (3) to have an acute infection in the
previous  three  months,  (4)  preexisting  hepatic  disease  or
HCV/HBV  infection  (5),  and  kidney  disease  and  reduced
glomerular filtration rate before the beginning of the study.

The  subjects  were  invited  to  participate  in  the  study.
Those  who  accepted,  prior  to  participation,  gave  us  in-
formed consent signed by themselves. All participants were
similar with respect to smoking status, family income, level
of physical activity, socio-economic status and educational
levels. All participants were asked to follow their normal di-
et and lifestyle during the study.

The  participants  were  informed  about  the  present  re-
search,  and  a  written  consent  form  was  taken  from  all  of
them before their enrollment.
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2.3. Biochemical Analysis

Fasting venous blood samples were collected from the
antecubital vein of all participants at the first clinic examina-
tion (T0), at the end of Pidotimod administration (T1), and 4
weeks after completing supplementation (T2). Venipuncture
was performed in the morning between 08:00 and 10.00h, us-
ing a sterile collecting system consisting of a butterfly nee-
dle connected to a syringe (Becton Dickinson, Rutherford,
NJ). Anticoagulation was obtained using endotoxin-free he-
parin  (Leo  Pharmaceutical  Products,  Weesp,  The  Nether-
lands; final concentration 10 U/mL blood). Plasma was ob-
tained by centrifugation for 10 minutes at 1,000–2,000 x g
using a refrigerated centrifuge. Tubes were kept at room tem-
perature  and  transported  to  the  laboratory  for  processing
within 1 h of collection. These samples were used to deter-
mine  plasma  levels  of  glucose,  triglycerides,  total  choles-
terol, high-density lipoprotein (HDL)-cholesterol, low-densi-
ty lipoprotein (LDL)-cholesterol, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), C-reactive protein
(CRP),  erythrocyte  sedimentation  rate  (ESR),  creatinine,
urea nitrogen, serum cystatin C and microalbuminuria. Rou-
tine laboratory tests were performed at the Division of Clini-
cal Pathology at the “SS. Annunziata Hospital”, Chieti, Ita-
ly.

2.4. Virologic and Immunologic Markers

CD4+ and CD8+ T cell counts were performed through
flow cytometry analysis (BD FACSCanto II),  using speci-
mens with fresh cells. Plasma viral load (HIV-RNA) was de-
tected using “Amplicor” method (Roche Molecular Diagnos-
tics, Milan, Italy) with a detection limit higher than 40 HIV
RNA copies/mL plasma.

2.5. Serum Samples Preparation

Blood was collected in serum separator vacutainer tubes
(BD Biosciences, Oxford, UK). The whole blood, allow the
blood to clot by leaving it undisturbed. After 15–30 minutes
at room temperature, the clot was removed by centrifuging
at 3000 rpm for 10 min minutes in a refrigerated centrifuge.
The serum was aliquoted and stored at -20°C for subsequent
analysis. Hemolyzed or lipemic samples were discarded.

2.6. Saliva sampling and IgA assay

Salivary samples were collected from all participants in
the morning between 08:00 and 10.00h in 5 ml sterile tubes.
To prevent sample contamination, participants were not al-
lowed to eat or drink 15 min before saliva collection. After
collection,  samples  were  centrifuged  at  5000  g/min  for  5
minutes to collect supernatant that was stored at -80 °C until
processing. Salivary IgA concentration was carried out us-
ing a high-sensitivity enzyme-linked immunosorbent assays
(ELISA) kit  (BioVendor, Czech Republic).  The assay was
performed according to the manufacturer’s instructions, per-
forming the read at 450 nm using a microplate reader (Glo-
Max-Promega,  Italy).  The  analytical  sensitivity  (detection
limit) for salivary IgA assay was 1 ng/mL, and intra- and in-
ter-assay  coefficients  of  variation  (CVs)  were  8.0%  and

8.7%, respectively within acceptable ranges (i.e., accuracy
≤15%; intra-assay CV ≤10%; inter-assay CV ≤15%).

2.7. Cytokine Measurements

Human cytokine levels in serum, including TNF-α, IN-
F-γ, IL-4, IL-10, IL1β, IL-18 and IL-2, were quantified in
both study groups through ELISA carried out according to
the manufacturer's instructions (Endogen, Woburn, MA, US-
A). The specificity and the sensitivity for the cytokines were
defined according to the manufacturer’s instructions. Mini-
mum detectable dose (MDD) was 1.6 pg/ mL for TNF-α and
INF-γ, 1 pg/mL for IL-1β, <15 pg/μL for IL-2, 12.5 pg/mL
for IL-18, 2.25 pg/mL for IL-10, and 15.4 pg/ mL for IL-4.
All samples were analyzed in duplicate at the same time. In
brief, a monoclonal antibody specific for each cytokine was
precoated  onto  a  microtiter  plate.  Standards  and  samples
were pipetted into the wells; thus, any cytokine present was
bound  by  the  immobilized  antibody.  After  washing  away
any unbound substance, a specific enzyme-linked polyclonal
antibody was added to the wells. After washing, a substrate
solution was added to the wells, and color developed in pro-
portion to the amount of cytokine bound in the initial step.
The color  development was stopped after  30 minutes,  and
the intensity of the color was measured at 450 nm and the ab-
sorbance,  assessed  using  a  Glomax  multidetection  reader
spectrophotometer (Promega, Milan, Italy), was transformed
into pg/mL, using the calibration curves prepared with cy-
tokine  standards  included  in  the  kit.  Concerning  cytokine
measurements, the intra- and inter-assay reproducibility was
>90%.  Duplicate  values  differing  from  the  mean  of  more
than 10% were not considered for further analysis.

2.8. Statistical Analysis

Demographic and patient-related characteristics were re-
ported as a relative frequency in percentage for qualitative
variables, and as mean (± standard deviation) or median for
the quantitative ones. Comparison between continuous vari-
ables  and  dependent  abovementioned  variables  was  per-
formed using t-Student test or Mann-–Whitney test when in-
dicated. Furthermore, the statistical correlation of inflamma-
tory and anti-inflammatory cytokines was assessed in both
groups at the different time intervals through Pearson (r) cor-
relation analysis.

Data  analysis  was  performed using  statistical  software
package  SPSS  for  windows,  version  25.0  Chicago,  SPSS
Inc, and p values less than 0.05 were considered as statisti-
cally significant.

3. RESULTS

In this study, patients treated with Pidotimod and 10 par-
ticipants  without  this  supplementation  as  a  control  group
were enrolled. Only 26 patients treated with Pidotimod com-
pleted the study (response rate 86.7%), while four patients
were excluded because they did not attend the control visits.
All patients, with and without Pidotimod supplementation,
were treated with combined cART according to the current-
ly accepted guidelines [38]. The data at the time of enroll-
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ment are shown in Table 1. Most patients (n=21, 80.0%) in
the Pidotimod group (mean age 39.2±10.1) were males; the
control showed similar data. In all patients, viral load was
persistently  undetectable  at  T0.  In  Pidotimod  group,
LTCD4+ cell count was 736.0±286.5 cells/μl, LTCD8+ cell
count was 1102.7±821.9 cells/μl, and CD4+/CD8 ratio was
0.8±0.4.  Laboratory  parameters  on  liver,  kidney  and
metabolic functions did not show substantial changes com-
pared  to  normal  parameters  (Table  1).  Furthermore,  both
groups did not show significant differences at T0, especially
for  viro-immunological,  hepatic,  renal,  metabolic  and  cy-
tokine parameters (Table 1).

In the treatment group, all the individuals well tollerated
Pidotimod  supplementation  to  the  daily  diet;  only  three
(11.5%) patients reported grade 1 of gastrointestinal symp-
toms. Furthermore, most patients (94.1%) reported being sat-
isfied with the supplementation and that Pidotimod taste was
acceptable.

The analysis showed that both CD4 and CD8 T lympho-
cytes were progressively and significantly reduced follow-
ing 4 weeks of Pidotimod treatment (T1),  and this finding
was observed at  a greater extent,  4 weeks after  the end of
supplementation (T2). However, CD4/CD8 ratio significant-
ly  increased  during  the  study  period  (T0:  0,81±0,52;  T1:
0,87±0,52;  T2:  0,98± 0,95),  particularly  4  weeks  after  the
end  of  Pidotimod  supplementation;  while  no  significant

changes into CD4/CD8 ratio in the control group were found
(Table 2).

In the HIV positive individuals receiving Pidotimod treat-
ment, an alteration of pro-inflammatory cytokines was ob-
served. After 4 weeks of Pidotimod supplementation (T1),
both IL-1beta and TNF-alpha significantly increased, but at
the  end  of  supplementation  (T2),  TNF-alpha  levels  de-
creased compared to T0 and T1, while IL-1β serum levels
were lower than those detected after 4 weeks of supplementa-
tion.  IL-18  levels  were  progressively  reduced  (T0:
680,3±467,1;  T1:  625,3±388,3;  T2:  547,3±333,9  pg/ml),
with a significant reduction at T2 (p<0.05). No significant
changes  were  observed in  the  control  group.  On the  other
hand, in the treatment group, an increase in IL-10, IFN gam-
ma, IL-4 and IL-2 values were observed during follow-up,
but only IL-10 levels significantly raised 4 weeks after the
end  of  the  Pidotimod  supplementation  (T0:  10,7±20;  T1:
11,9±15,5;  T2:  17,3±23,4  pg/ml).  No  significant  changes
were observed for the anti inflammatory cytokine in the con-
trol group (Table 2).

In the Pidotimod group, salivary IgA levels significantly
increased during 4 weeks of supplementation and after the
end of supplementation (T0: 220,3±172,1, T1 233,6±196,5;
T2 302,5±266,1μg/ml), while no changes were observed in
the control group (Table 2).

Table 1. Clinical and biochemical characteristics of the two groups of the study.

- HIV-Positive Patients -

Variables Pidotimod Supplementation Control Group -

- (n=26) (n=10) p

Male gender, % 80 70 n.s.

Age, years 39.2 ± 10.1 40.3 ± 8.6 n.s.

BMI, kg/m2 25.1 ± 2.7 24.9 ± 2.0 n.s.

Duration of cART years 4.7 ± 2.8 4.7 ± 2.9 n.s.

Currently using IP, % 46.2 30 n.s.

Currently using NRTI, % 100 100 n.s.

Currently using NNRTI, % 53.8 70 n.s.

Undetectable viral load, % 100 100 n.s.

Total cholesterol, mg/dL 185 ± 69 177 ± 79 n.s.

Triglycerides, mg/dL 157 ±99 169 ± 104 n.s.

Systolic blood pressure, mmHg 133 ±18 125 ± 9 n.s.

Diastolic blood pressure, mmHg 83 ± 12 81 ± 15 n.s.

Smokers, % 61.5 60 n.s.

Fasting glucose, mg/dL 92 ± 14 93 ± 15 n.s.

AST, U/L 28 ± 16 22 ± 18 n.s.

Creatinine, mg/dl 0.8 ± 0.2 0.9 ± 0.1 n.s.
BMI: body mass index; HAART: Highly active antiretroviral therapy; IP: inhibitors of protease; NRTI: Nucleoside Reverse-Transcriptase Inhibitors. NNRTI: Non Nucleoside Rev-
erse-Transcriptase Inhibitors; AST: aspartate-aminotransferase.
n.s.: not significant.
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Table 2. Determination of inflammatory and anti-inflammatory cytokines at enrollment (T0), after 4 weeks with Pidotimod supple-
mentation (T1) and after 4 weeks at Pidotimod discontinuance (T2).

-
Control Group

(10 Patients)
- -

Treatment Group with Pidotimod Supplementation

(26 Patients)

Pro-inflammatory

Cytokines
T0 T1 T2 T0 T1 T2

TNF-α (pg/mL) 93.86 ± 152.80 268.31±617.67 102.43±142.81 99.04 ± 155.17* 278.00 ± 428.34** 80.58 ± 158.90

IL-1β (pg/mL) 32.76 ± 78.38 45.89±93.72 46.48±61.44 29.08 ± 42.56* 63.35 ± 91.64 42.46 ± 94.18

IL-18 (pg/mL) 624.58 ± 316.15 622.37±315.98 610.94±373.5 680.46 ± 467.12 625.31 ± 388.35 547.38 ± 333.97***

Anti-inflammatory cytokines - - - - - -

IL-10 (pg/mL) 12.78 ± 18.48 14.13±31.18 14.03±21.59 10.77 ± 20.24 11.88 ± 15.51 17.35 ± 23.44***

IFN-γ (pg/mL) 10.08 ± 8.80 8.73±7.49 12.34±10.02 13.31 ± 20.52 13.62 ± 20.36 15.19 ± 28.05

IL-4 (pg/mL) 56.08 ± 43.76 60.96±47.52 63.58±43.11 68.73 ± 87.78 75.69 ± 117.22 81.42 ± 140.70

IL-2 (pg/mL) 82.41 ± 30.5 33.86±65.57 45.75±67.28 84.08 ± 242.79 67.54 ± 208.69 82.92 ± 276.11

Other parameters - - - - - -

Salivary IgA (μg/mL) 182.51 ± 126.34 177.48±142.95 191.63±111.08 220.31 ± 172.07 233.65 ± 196.51 302.5 ± 266.13***

Cystatin C (mg/L) 0.96 ± 0.26 0.95±0.22 0.93±0.21 1.01 ± 0.25 0.98 ± 0.22** 0.87 ± 0.32***

Microabuminuria (mg/dL) 1.89 ± 1.61 1.76±1.23 1.92±1.25 2.81± 4.04* 2.19 ± 3.38 2.21 ±3.539

CD4 (cell/dL) 699.9 ± 168.51 707.7±230.75 691.1±167.00 736.04 ± 286.56* 690.73 ± 279.59 624.73 ± 309.99***

CD8 (cell/dL) 805.23 ± 316.44 821.7±305.73 740.5±277.46 1102.73 ± 821.92 987.08 ± 666.64 883.88 ± 888.35***

CD4/CD8 ratio 0.93 ± 0.29 0.88±0.29 0.94±0.31 0.81 ±0.52 0.87 ± 0.52** 0.98 ± 0.55***
Legend: * T0 vs T1 p <0.05; ** T1 vs T2 p <0.05; *** T0 vs T2 p < 0.05 using t-test.
The values are expressed in mean and SD.

A significant reduction of Cystatin C was detected after
4 weeks of Pidotimod supplementation, as well as, 4 weeks
after  the  end  of  supplementation  (T0:  1,01±0,2;  T1:
0,98±0,2; T2: 0,87±0,3), whereas levels were stable in the
control individuals (Table 2).  In the Pidotimod group, mi-
croalbuminuria levels further decreased over time, although
the  reduction  was  not  statistically  significant  (Table  2).
Among inflammatory cytokines in the treatment group, a sig-
nificant correlation was found between TNFα and IL-1β at
T0 (Pearson correlation r=0.547, p=0.004), as well as at T1
after  4  weeks  with  Pidotimod  supplementation  (r=0.825,
p<0.01);  furthermore,  TNFα  correlated  with  IL-18  at  T0
(r=0.558, p=0,003).  In the control group, TNFα correlated
with IL-1β at both T1 and T2 (r=0.901 and r=0.805, respec-
tively p<0.01).  Among the anti-inflammatory cytokines in
the  treated  group,  a  significant  correlation  was  found  be-
tween IL-2 and IL-4 at T0 (r=0.961, p<0.01), T1 (r=0.971,
p<0.01)  and  at  T2  after  4  weeks  at  Pidotimod discontinu-
ance (r=0.981, p<0.01). Moreover, a significant correlation
was found at all intervals between INFγ and IL-4 (r=0.834,
p<0.01  at  T0;  r=0.825,  p<0.01  at  T1;  r=0.921,  p<0.01  at
T2), as well as between INFγ and IL-2 (r=0.870, p<0.01 at
T0;  r=0.894,  p<0.01 at  T1;  r=0.962,  p<0.01 at  T2).  In  the
control  group,  INFγ  correlated  with  IL-2  at  T0  (r=0.680,
p=0.03), and with IL-10 at T2 (r=0.780 p<0,01).

4. DISCUSSION

The main findings observed in HIV positive participants
on cART with Pidotimod supplementation were an increase
in  anti-inflammatory  cytokines,  and  a  parallel  decrease  in
pro-inflammatory cytokines leading to a reduction in inflam-
mation and an improvement in immunological status.

Pidotimod is a dipeptide able to act on the immune activi-
ties,  as  demonstrated  in  the  previous  studies  [32,  39],  im-
proving the function of macrophages and an increased secre-
tion of certain cytokines [40, 41]. Pidotimod was previously
analyzed in elderly people and it was demonstrated that its
immunostimulatory effect was able to improve T cells prolif-
eration [42]; this finding is important due to the association
of the immune status of HIV positive subjects with inflam-
maging and immunosenescence of aging [43].

The  results  further  showed  that  Pidotimod  administra-
tion in HIV positive and viro-immunological stable subjects
can  lead  to  an  immunological  rebalancing,  since  a  CD4+
cells decrease and a CD4/CD8 increase was observed. The
improvement in CD4/CD8 ratio is the target of the cART,
and there was a slight rebalancing of the immunological sta-
tus of HIV positive treated individuals. In HIV negative sub-
jects, a CD4/CD8 ratio <0.3 correlates with immunosenes-
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cence  and  mortality;  before  the  start  of  therapy,  a  low
CD4/CD8  ratio  predicts  the  risk  of  clinical  progression,
which is associated with cell activation and different mark-
ers of aging (i.e., carotid stiffness, renal low filtration, wast-
ing syndrome) [44].

It  has  been  shown  that  in  treated  and  viro-suppressed
HIV positive individuals, CD4/CD8 ratio is associated inde-
pendently  with  serious  non-AIDS  events  and  mortality
[45-47]. The relative risk of disease progression in patients
with a low CD4/CD8 ratio (<0.3) compared to high (<0.45)
was reported to be 1.51 (95%CI: 1.09-2.09), with a similar
effect to that of progression risk factors, including IV drug
addiction, hypertension or HCV co-infection) [48, 49].

The cART accessibility and availability are continuously
improving [50], allowing to achieve a comprehensive infor-
mation on morbidity and mortality compared to the general
population due to non-AIDS-related events. In addition, the
residual inflammation and immune activation have a pivotal
role in non-AIDS-related events [51, 52]. An unbalanced lev-
el of pro-inflammatory and anti-inflammatory cytokines was
also reported in HIV positive virological suppressed individ-
uals  [53].  Furthermore,  HIV  controllers  individuals,  com-
pared to chronically HIV-infected individuals taking cART,
showed a low inflammatory status and a better balancing in
antiflammatory and proinflammatory cytokines [54]. For th-
ese reasons, many strategies were attempted to modulate the
inflammatory reaction in HIV positive population [55].

There are promising results with the microbiota associat-
ed to cART [25], although data are not yet available for im-
munomodulant supplementation.

Studies on Pidotimod have shown that its immunomodu-
latory activity is focused on both adaptive and innate immu-
nity [56]. In particular, Pidotimod was demonstrated to in-
duce dendritic cells (DCs) maturation, up-regulate HLADR
and co-stimulatory molecules expression, stimulate DCs to
release pro-inflammatory molecules driving T-cells prolifera-
tion and differentiation towards a Th1 phenotype, thereby,
enhancing natural killer (NK) cells functions and promoting
phagocytosis [57, 58]. Moreover, Pidotimod was reported to
increase production in IFN gamma, IgA on saliva by Th lym-
phocyte's  action  [59].  Furthermore,  studies  in  the  general
population  have  shown  that  Pidotimod  administration  can
improve the immunological response to acute infection, re-
ducing  the  exacerbation  in  chronic  obstructive  pulmonary
disease [60, 61].

In the present study, Pidotimod supplementation in HIV
positive individuals showed an improvement of the immuno-
logical activation, mainly reducing the IL18 levels. On the
other hand, there was a significant increase in IL-10 levels.
The continuous effect observed after the end of supplementa-
tion was unexpected. The Pidotimod supplementation partial-
ly reduced the immunological unbalance with a reduction in
proinflammatory cytokines, mainly IL-18 and cytokines as-
sociated with cardiovascular risk [8, 62, 63].

An interesting  finding was  found in  the  correction  be-
tween cytokines in the pidotimod group.

In  fact,  inflammatory  cytokines  and  anti-inflammatory
cytokines correlate with each other, demonstrating how the
activity of Pidotimod occurs mainly through a rebalancing
of the patient's inflammatory status. Furthermore, these find-
ings could be valuable to support the significant data found
for each cytokine, allowing to partially overcome the limits
related to the limited size of the study.

As  expected,  an  increase  in  salivary  IgA  levels  was
found at the end of administration (T1) and 4 weeks after the
end of  supplementation (T2).  These data are in agreement
with  those  reporting  an  enhanced  production  of  secretory
IgA after  Pidotimod  administration  in  HIV negative  adult
population [39]. Secretory IgA is the predominant antibody
with  biologic  activity  found  in  saliva  and  mucosa,  which
serves as a major source of antigenic material in the oral cav-
ity and bowel. Salivary IgA levels have been found to be sig-
nificantly low among HIV positive children compared with
HIV negative control [64]. Low salivary IgA concentration
in HIV positive patients has been associated with the pres-
ence of infections [65]; therefore, the increase in IgA levels
is necessary for the good health status of people living with
HIV.

Furthermore, the reduction in Cystatin C levels demons-
trated the switch of the inflammatory balance towards an in-
creased anti-inflammatory status. Indeed, Cystatin C acts as
a cysteine protease inhibitor, and its plasmatic levels provide
useful indication not only for the renal function status, but al-
so for high cardiovascular risk [7, 63]. The Cystatin C levels
have been reported to be associated with all causes of death,
particularly due to cardiovascular diseases in HIV negative
[66,  67]  and HIV positive  population [7,  68].  Recent  data
have shown that Cystatin C can predict all-cause mortality
in the population living with HIV [69] and is likely a marker
of inflammation and a predictor of mortality in HIV infected
people, reflecting inflammation and immune activation [70].
The reduction in Cystatin C levels occurring in patients re-
ceiving Pidotimod is of great interest that supports the im-
munological rebalancing data shown for the other analyzed
biomarkes.

There are some limitations of this pilot study, mainly rep-
resented  by  the  small  sample  size  of  participants  and  the
limited time based follow-up.  Thus,  additional  studies  en-
rolling a great number of patients and with a long-term moni-
toring after the end of supplementation are necessary to un-
derstand the duration and/or reversibility of the immunostim-
ulatory effect of Pidotimod in HIV positive subjects.

CONCLUSION

The results of this study demonstrate that Pidotimod sup-
plementation 800 mg twice a day, improves the immunologi-
cal status in HIV infected population due to a re-balancing
of pro-inflammatory and antiinflammatory cytokines. In ad-
dition, the treatment contributes to significantly reduce the
Cystatin C levels and increase the salivary IgA levels. These
data  are  important  to  design  novel  intervention  strategies
aimed at improving the persistent immune activation status
in this vulnerable population.
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