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Abstract

The maintenance of chronic immune activation due to leishmaniasis or even due to micro-
bial translocation is associated with immunosenescence and may contribute to frequent
relapses. Our aim was to investigate whether patients with HIV-associated visceral leish-
maniasis (VL/HIV) who experience a single episode of VL have different immunological
behaviors in comparison to those who experience frequent relapses. VL/HIV patients were
allocated to non-relapsing (NR, n = 6) and relapsing (R, n = 11) groups and were followed
from the active phase of VL up to 12 months post-treatment (mpt). The patients were receiv-
ing highly active antiretroviral therapy (HAART) and secondary prophylaxis after VL therapy.
During active VL, the two groups were similar in allimmunological parameters, including the
parasite load. At 6 and 12 mpt, the NR group showed a significant gain of CD4" T cells, a
reduction of lymphocyte activation, and lower soluble CD14 and anti-Leishmania |gG3 lev-
els compared to the R group. The viral load remained low, without correlation with the activa-
tion. The two groups showed elevated but similar percentages of senescent T cells. These
findings suggest a decreased ability of the R group to downmodulate immune activation
compared to the NR group. Such functional impairment of the effector response may be a
useful indicator for predicting clinical prognosis and recommending starting or stopping sec-
ondary prophylaxis.
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Introduction

The increasing frequency of HIV-associated visceral leishmaniasis (VL/HIV) has become a sig-
nificant problem in East Africa, Brazil and India. Brazil presents the highest number of co-
infection cases in South America, with 8.5% of the HIV-infected individuals in the country
being co-infected with VL in 2012 [1]. Both diseases profoundly impair the immune mecha-
nisms involved in the control of infections, which makes the outcomes of VL/HIV very poor.
Compared to VL patients without HIV/AIDS, VL/HIV-co-infected patients show a less robust,
slower clinical response to treatment and higher frequencies of drug toxicity, relapses and
mortality [1-4].

The overall immunological reconstitution observed after highly active antiretroviral therapy
(HAART) introduction, at least in countries where it is available, has reduced the incidence of
opportunistic infections, including the incidence of Leishmania/HIV co-infection [5-8]. In
addition to decreased virus-mediated immune activation, a marked increase in the CD4" T
cell counts probably also strengthens the effector mechanisms associated with parasite control
[8,9]. Moreover, there is in vitro evidence that antiretrovirals, and particularly protease inhibi-
tors (PIs), have an inhibitory effect on the evolutionary forms of Leishmania (L.) infantum
[10,11]. This finding indicates another factor that could contribute to the decline of new VL
cases among HIV-infected people receiving HAART [10-12].

Despite reducing new VL cases among HIV/AIDS patients, HAART does not prevent
relapses [2,13,14], which still pose a challenge to clinical management. Parasite reactivation
occurs even in patients with a good response to HAART, i.e., with an undetectable viral load
and an increased CD4" T cell count [15,16]. Early studies soon after the HAART era [17] did
not show significant differences when these virological and immunological parameters were
compared between relapsing and non-relapsing patients receiving HAART. This fact suggests
that HAART does not prevent recurrences, especially in those individuals with previous VL
episodes.

Co-infected patients receiving HAART, even after anti-Leishmania treatment, maintain a
low CD4" T cell count and higher levels of cellular activation despite viral suppression [16,18].
Considering that such pathogenic features are similar between VL and HIV, these results rein-
force the concept that VL may contribute to worsening the immunosuppression induced by
HIV infection, accelerating progression to AIDS. In addition, the quality of the Leishmania-
specific immune response may remain impaired in Leishmania/HIV patients receiving
HAART due to reduced T cell proliferative capacity and deficient interferon (IFN)-y produc-
tion [19,20]. Consequently, this deficient parasite control may favor the spread of L. infantum
to unexpected sites and the appearance of atypical clinical features. In this scenario, amasti-
gotes have been recovered from skin [20,21] and from gut-associated lymphoid tissue (GALT)
[22,23].

There is strong evidence that chronic cellular activation is a crucial immunopathogenic
mechanism not only in HIV infection but also in VL [24-27]. As a result, VL/HIV-co-
infected patients present increased levels of activated CD38"CD8" T lymphocytes [18] as
well as elevated levels of pro-inflammatory cytokines [28,29]. Unexpectedly, this heightened
cellular activation remains despite successful control of the viral and parasite loads [28] by
HAART and anti-Leishmania therapy, respectively. Microbial translocation and even para-
site persistence in the bone marrow or lymphoid organs have been identified as possible fac-
tors related to the maintenance of immune activation [28,30]. In this context, there is strong
evidence that secondary anti-Leishmania prophylaxis helps to maintain the clinical remis-
sion of VL in HIV-infected patients [2,3,10,14]. We hypothesize that controlling the parasite
load could contribute to the reduction of cellular activation during Leishmania/HIV co-
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infection. In turn, this control could strengthen the effector immune response, diminishing
the occurrence of relapses.

Another consequence of immune activation is accelerated and premature aging of the
immune system [31-33], even in HIV-infected patients with viral load suppression [33]. This
premature aging is characterized by an exhaustion of primary immune resources, decreased
thymic output and an accumulation of terminally differentiated cells, similar to what occurs in
healthy elderly subjects [34,35]. Thus, co-infected patients may experience acceleration of the
degree of immunosenescence, providing an additional factor that decreases the effector
immune response to Leishmania antigens and contributes to frequent relapses.

Previous results from our group have shown that VL/HIV/AIDS patients display high levels
of cellular activation during both clinical remission of leishmaniasis and HAART [18]. How-
ever, it is crucial to determine whether and how secondary anti-Leishmania prophylaxis in
patients receiving HAART can favor T cell immune reconstitution and reduce activation lev-
els, which together can help to prevent further relapses.

The aim of this study was thus to determine the T cell activation and senescence profiles
presented by VL/HIV-co-infected patients during 12 months of prospective follow-up while
under viral and parasitological therapy in order to identify immunological parameters that can
be used to predict VL relapse.

Methods
Study design and participants

Eighteen Leishmania/HIV-co-infected patients were recruited for a prospective cohort study
carried out in Belo Horizonte, Minas Gerais, Brazil, from February 2011 to March 2013. The
VL/HIV-co-infected patients were separated into two groups: those who had experienced only
one VL episode throughout life (non-relapsing (NR) group) and those experiencing more than
one VL episode, either previously or during the prospective follow-up (relapsing (R) group).
HIV-infected patients without a history of VL (n = 16) and healthy subjects without either
infection (n = 12) were also included as controls.

The diagnosis of VL was confirmed by a parasitological exam of bone marrow aspirates
from all patients. Clinical evaluation and an immune response panel test were performed
before the VL treatment and every two months during treatment for one year. Approval for
this study was obtained from the Ethical Review Board of Eduardo de Menezes Hospital—Hos-
pital Foundation of the State of Minas Gerais and from Centro de Pesquisas René Rachou—
Fundagiao Oswaldo Cruz. Patients with clinical symptoms and parasitological confirmation of
active VL were included only after appropriate written informed consent was obtained. The
first-line treatment for VL in the HIV-infected patients was intravenous amphotericin B deox-
ycholate for 4 weeks. After VL treatment, for all patients with CD4™ T cell counts less than 350
cells/mm’, secondary prophylaxis with amphotericin B was offered every two weeks.

Immunological and virological assessments

Absolute T lymphocyte counts were determined using the BD Multitest monoclonal antibod-
ies anti-CD45-PerCP, anti-CD3-FITC, anti-CD4-APC, and anti-CD8-PE (BD Biosciences,
Franklin Lakes, NJ, USA) according to the manufacturer’s instructions and as described previ-
ously by Santos-Oliveira et al. (2013) [28]. The counts were acquired using a FACSCalibur and
were analyzed with Multiset software (BD™). The results are expressed as the number of cells
per cubic millimeter (cells/mm?). The plasma HIV RNA levels were measured using real-time
quantitative PCR (RT-PCR) (Abbott™, Des Plaines, IL, USA) according to the manufacturer’s
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recommendations. The detection range was from 40 to 10,000,000 RNA copies/mL plasma.
Assay results below 40 copies/mL are expressed as undetectable or below the detection limit.

Leishmania parasite load assessment

Total DNA was extracted from the peripheral blood of patients using the QIAamp DNA Blood
Mini Kit (Qiagen™ GMbH, Hilden, Germany). Two independent assays for the detection and
quantification of Leishmania spp. and human DNA were performed using the StepOnePlus™
Real-Time PCR System (Life Technologies™, Carlsbad, CA, USA) as described in a previous
study [4]. For the Leishmania assay, TagMan real-time PCR was performed using the small-
subunit ribosomal RNA (SSU rRNA) gene as the target DNA, as described by Wortmann et al.
(2002) [36], according to the protocol described by Gomes and others (2012) [37]. Standard
curves were prepared for each assay using known quantities of pCR-4 TOPO vector (Life
Technologies™) containing the cloned 120-bp human gene ACTB and the 67-bp L. infantum
SSU rRNA fragment. The parasite load is expressed as the Leishmania DNA load (the relative
copy number of the SSU rRNA fragment) normalized to the reference gene ACTB, as reported
by Overbergh and others (1999) [38]. The ACTB copy numbers for the target samples were
divided by the highest ACTB value obtained in the experiment to generate the correction factor
used for the normalization.

Isolation of peripheral blood mononuclear cells (PBMCs) and
cytofluorometric assays

PBMCs were obtained as described elsewhere [18] and were used for cytofluorometric assays.
The PBMCs were labeled with the following human monoclonal antibodies: anti-CD3-APC,
anti-CD4-PerCP or anti-CD4-FITC and anti-CD8-APC or anti-CD8-FITC, anti-CD38-PE
and anti-HLA-DR-PerCP, and anti-CD57-FITC and anti-CD27-PE. All antibodies were pur-
chased from BD™ Biosciences. At least 20,000 events in the lymphocyte gate were acquired on
a FACSCalibur and were analyzed with CellQuest™ software (BD™ Biosciences). The analysis
region was first established by gating on the CD3" T lymphocytes based on a forward scatter
versus fluorescence dot plot. After that, the results were determined as the percentages of both
activated T cells within the CD3" T lymphocyte population (CD38"HLA-DR"CD4" and
CD38"HLA-DR"CD8" T cells) (S1 Fig) and senescent T cells (CD57"CD27 CD4" and
CD577CD27'CD8" T cells) (S2 Fig).

Quantification of lipopolysaccharide (LPS) and soluble CD14 (sCD14)

The samples were diluted in endotoxin-free water, and LPS levels were quantified using a com-
mercial assay kit (Limulus Amebocyte Lysate QCL-1000; Cambrex "™, Milan, Italy). The results
are expressed as picograms per milliliter (pg/mL), and the sensitivity level was 10 pg/mL.
sCD14 levels were quantified by ELISA using the Human sCD14 Quantikine ELISA Kit
(R&D™ Systems, Minneapolis, MD, USA). The results are expressed as nanograms per millili-
ter (ng/mL), and the minimum detection limit was 125 pg/mL.

Anti-Leishmania immunoglobulin detection

An ELISA was performed as previously described by Fagundes-Silva et al. (2012), with certain
modification [39]. Briefly, the only difference was the antigen, since L. (L.) infantum (MHOM/
BR/1974/PP75) soluble promastigote (40 pug/mL) was used to coat a polystyrene flat-bottom
microtiter plate (Nunc-Immuno, Roskilde, Denmark). In this assay, diluted peroxidase-conju-
gated mouse monoclonal anti-human immunoglobulin G (IgG) (1:1000) (Invitrogen, San
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Francisco, CA, USA) and diluted monoclonal anti-human IgG1 (1:200) and IgG3 (1:400)
(Zymed Laboratories Inc., San Francisco, CA, USA) were used. The absorbance was measured
with a Benchmark microplate reader (Bio-Rad Laboratories, Hercules, CA, USA) at 492 nm
and is expressed as an ELISA index (EI).

Statistical analyses

Continuous variables are expressed as medians and interquartile ranges (IQRs). Comparisons
were performed using unpaired Student’s t-tests for normally distributed variables and Wil-
coxon tests for paired variables with skewed distributions. Spearman’s test was used for corre-
lation analysis, and a chi-square test was used to compare categorical variables. The statistical
analyses were performed using SPSS™ version 16 and GraphPad Prism software (version 5.0,
San Diego, CA, USA). A paired test (Kruskal-Wallis test) was used because the same patients
are observed when evaluating data prospectively. Differences were considered statistically sig-
nificant when the p value was <0.05.

Results
Clinical characteristics and evolutionary course of VL/HIV patients

The demographic characteristics and clinical evolution of all patients studied are shown in
Table 1. The mean patient age was 37.5+0.7 years. Fourteen patients were men (78%), and half
of all patients (nine patients) had already experienced a prior VL episode. In 15 patients, HIV
infection had been diagnosed before the diagnosis of primary VL, and most of the patients (14
patients) had already been treated with HAART. However, out of ten patients using HAART
for more than 3 months, only 7 were taking their medications on a regular basis.

Patients with more than one VL episode (R group, n = 12) had lower normalization rates
for clinical and laboratory parameters at 3 months after treatment (p = 0.02), a lower Leish-
mania clearance rate after anti-Leishmania treatment (p = 0.01) and a lower CD4" T lympho-
cyte count at the 12-month follow-up in comparison to those who had experienced only one
VL episode (NR group, n = 6). In contrast, no difference was observed between the R and NR
groups in terms of the proportion of patients who had used protease inhibitors or who had
presented other opportunistic infections in the past.

Additionally, R patients had a different immunological profile in terms of cellular activation
compared to NR patients at the 12-month follow-up. Interestingly, possibly related to these
differences, we observed a longer time between the HIV and VL diagnoses in the R group than
in the NR group (median: 51 versus 5 months, p = 0.05). Similarly, HIV infection had been
diagnosed longer before VL infection in the R group than in the NR group (median: 103 (95%
CI 29.5-141) versus 5 (95% CI 3.5-21.25) months, p = 0.007) (Table 1).

The occurrence of several episodes of VL impairs the degree of immune
reconstitution in VL/HIV patients, independent of the virological and
parasitological loads

All co-infected patients had low CD4" T cell numbers during the active phase (median: 98
cells/mm?; IQR: 63-159 cells/mm?) compared to HIV-mono-infected patients (median: 377
cells/mm?; IQR: 222-450 cells/mm”) (Fig 1A). In a prospective evaluation, most of the patients
continued to have counts less than 350 CD4" T cells/mm?, which was the criterion used for the
introduction and maintenance of secondary prophylaxis in this study. However, the VL/
HIV-NR group had a significant gain of CD4" T cells at the prospective follow-up six months
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Table 1. Clinical evolution and demographic characteristics of visceral leishmaniasis/HIV (VL/HIV)-co-infected patients.

Patients’ Age, Timesince HAART Time Time since Previous VL treatment Secondary prophylaxis  Total Clinical

initials sex HIV use between the first VL VL follow- follow-up
infection before HIVandVL infection (number up time
diagnosis first VL diagnoses diagnosis of in the
(months) episode (months) (months) episodes) study
GBS 53 4 No 4 NA No Amphotericin B Amphotericin B 12 No VL
(HLVO1) | years, deoxycholate for deoxycholate biweekly | months | relapse
male 20 days for two months (until CD4
count recovery)
WLA 38 179 Yes 179 NA No Amphotericin B Patient abandoned 6 VL
(HLVO3) | years, deoxycholate for 3 | follow-up and received no ' months | relapse at
male days, followed by prophylaxis (death) | 6-month
liposomal follow-up
amphotericin 20 and death
mg/kg total dose
JRO 25 78 No 49 29 Yes (1) Liposomal Irregular use of 12 No VL
(HLVO5) | years, amphotericin 20 prophylaxis months | relapse
female mg/kg total dose
MF 51 4 No 4 NA No Amphotericin B Amphotericin B 12 No VL
(HLVO6) @ vyears, deoxycholate for deoxycholate biweekly = months @ relapse
male 20 days for 20 months (patient
requested suspension of
prophylaxis when CD4

count stabilized at
approximately 200 cells/

mm3)
APS 33 20 Yes 20 NA No Amphotericin B Amphotericin B 12 No VL
(HLVO7) | vyears, deoxycholate for deoxycholate biweekly | months | relapse
female 20 days for 12 months (patient
requested suspension of
prophylaxis when CD4

count stabilized at
approximately 250 cells/

mm3)
RAS 39 41 Yes 21 19 Yes (1) Liposomal Liposomal amphotericin 12 VL
(HLVO09) | years, amphotericin 20 | biweekly on regular basis = months | relapse at
male mg/kg total dose 4- and
12-month
follow-up
LPO 35 27 Yes 17 9 Yes (1) Liposomal Amphotericin B 12 No VL
(HLVO010) | years, amphotericin 20 deoxycholate biweekly | months | relapse
male mg/kg total dose for 7 months (until CD4
count recovery)
CMS 40 134 No 52 82 Yes (4) Liposomal Liposomal amphotericin 6 VL
(HLVO012) | years, amphotericin 20 | biweekly on regular basis ' months | relapse at
male mg/kg total dose (death) | 6-month
follow-up
and death
CMRR 37 5 No 5 NA No Amphotericin B Amphotericin B 12 No VL
(HLVO013) | years, deoxycholate for5 | deoxycholate biweekly | months | relapse
female days, followed by for 10 months (patient
liposomal requested suspension of
amphotericin 20 prophylaxis when CD4
mg/kg total dose count stabilized at
approximately 200 cells/
mma3)
PJS 41 31 Yes 31 NA No Amphotericin B Amphotericin B 12 No VL
(HLVO016) years, deoxycholate for deoxycholate biweekly | months @ relapse
male 20 days for 4 months (until CD4
count recovery)
(Continued)
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Table 1. (Continued)

wmMC 38 14 Yes 14 NA No Amphotericin B Irregular use of 12 VL
(HLVO017) | years, deoxycholate for prophylaxis months | relapse at
male 20 days (amphotericin B 4-, 6- and
deoxycholate biweekly), 12-month
with use for 18 months follow-up
(until CD4 count
recovery)
PRP 45 69 Yes 69 NA No Amphotericin B Irregular use of 12 VL
(HLVO019) | years, deoxycholate for prophylaxis months | relapse at
male 20 days (amphotericin B 8-month
deoxycholate biweekly), follow-up
with use for 13 months
(until CD4 count
recovery)
JTS 45 139 Yes 113 25 Yes (4) Liposomal Irregular use of 12 VL
(HLVO021) | years, amphotericin 20 prophylaxis months | relapse at
male mg/kg total dose (amphotericin B 2-, 8-and
deoxycholate biweekly) 12-month
follow-up
VPGS 21 25 No 1 24 Yes (1) Liposomal Amphotericin B 12 VL
(HLV022) | years, amphotericin 20 deoxycholate biweekly = months | relapse at
male mg/kg total dose | for 13 months (until CD4 6-month
count recovery) follow-up
AMP 39 239 Yes 117 121 Yes (7) Liposomal Liposomal amphotericin 12 VL
(HLV023) | years, amphotericin20 | weekly on regular basis | months | relapse at
male mg/kg total dose 6- and
12-month
follow-up
AMGN 37 155 Yes 107 47 Yes (1) Amphotericin B Irregular use of 4 No VL
(HLVO024) | vyears, deoxycholate for amphotericin B months | relapse
female 20 days deoxycholate biweekly | (lostto during
for 4 months follow- short
up) follow-up
DCLS 30 2 No 2 NA No Amphotericin B Amphotericin B 12 No VL
(HLV025) | vyears, deoxycholate for deoxycholate biweekly | months | relapse
male 25 days for 13 months (until CD4
count recovery)
ACL 52 128 No 0 128 Yes (2) Liposomal Amphotericin B 12 No VL
(HLV026) | years, amphotericin 20 deoxycholate biweekly = months @ relapse
male mg/kg total dose | for 8 months (until CD4
count recovery)

NA: not applicable

doi:10.1371/journal.pone.0167512.t1001

post-treatment (mpt) (*p<<0.05) compared to the VL/HIV-R group (Fig 1B), who maintained

the same values as those observed in the active phase of the disease (Fig 1B).

The HIV viral load did not seem to be related to CD4" T cell depletion because it was low
or undetectable in 12 of 18 co-infected patients already in the active phase of VL, regardless of
whether they belonged to the NR or R group (S1 Table). Similarly, recurrences occurred inde-
pendently of the viral load because certain patients maintained undetectable HIV RNA copy
numbers at the moment of relapse as well as at the end of the 12-month follow-up period
(n =4, S1 Table). Moreover, VL/HIV-NR patients had undetectable parasite loads soon after
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anti-Leishmania treatment. In all of these patients except for one, the undetectable levels were
maintained up to the 12-month follow-up. In relation to VL/HIV-R patients, 5 of the 9 evalu-
ated patients still had detectable parasite burdens in the periods 12 months subsequent to treat-

ment (S1 Table), suggesting that parasite persistence at the end of treatment may indicate an
increased risk of future relapses.

The degree of immune activation in VL/HIV patients seems to be related
to the occurrence of VL episodes

In a previous transversal study of VL/HIV patients [18,28], a multivariate analysis indicated
that “leishmaniasis disease,” but not parasite load, and microbial translocation were the two
main risk factors associated with the activation status.

In the present study, the percentages of activated T lymphocytes were comparable between
the VL/HIV-NR and VL/HIV-R groups in the early stages of the follow-up. As expected, CD8"
T lymphocytes (Fig 2B) displayed higher activation levels than CD4" T cells (Fig 2A). The
CD8" T and CD4" T cells of VL/HIV-NR patients had lower levels of activation by the end of
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Fig 1. Immune constitution of visceral leishmaniasis/HIV (VL/HIV)-co-infected patients. Absolute
counts of CD4* T lymphocytes during the prospective follow-up of co-infected patients (A) and after
patient allocation into a non-relapsing (NR) group, encompassing those with a single episode of VL,
and a relapsing (R) group, encompassing those with disease relapse during the follow-up or even
before being enrolled in the study (B). The black dashed line represents the recommended limit for the
establishment of secondary prophylaxis (350 cells/mm?®). The red dashed line is the median value of the CD4*
T cell counts of the HIV-positive controls (377 cells/mm?). Each symbol represents one patient, and the color
refers to the same patient at different stages of follow-up. The horizontal bars represent the median values. 6
mpt: six months post-treatment; 12 mpt: 12 months post-treatment. Asterisks denote a statistically significant
difference between the phases of follow-up or between the NR and R groups, *p<0.05; ***p<0.001.

doi:10.1371/journal.pone.0167512.9001
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Fig 2. Activation levels of T lymphocyte subpopulations in visceral leishmaniasis/HIV (VL/HIV)-co-
infected patients. Percentages of activated CD4* (A) and CD8" (B) T lymphocytes in relapsing (R) and
non-relapsing (NR) co-infected patients. The red dashed line represents the median levels of activated
CD4* T and CD8* T cells in healthy controls (median: 0.5%, interquartile ranges: 0.15—1.77% and 0.23—
5.92%, respectively). Each symbol represents one patient, and the color refers to the same patient at different
stages of follow-up. The horizontal bars represent the median values. 6 mpt: 6 months post-treatment; 12
mpt: 12 months post-treatment. Asterisks denote a statistically significant difference between the NR and R
groups, **p<0.01; *¥**p<0.001.

doi:10.1371/journal.pone.0167512.g002

the clinical follow-up period (p<0.05). At the sixth month, the VL/HIV-NR group showed a
trend towards decreased activation levels, but a significant reduction was observed at 12 mpt
in this group compared to the VL/HIV-R group (**p<0.01).

Furthermore, the R group had higher sCD14 levels compared to the NR group during all
phases of follow-up, and this difference was already significant immediately post-treatment
(*p<0.05) (Fig 3A). As expected, the sCD14 levels were positively correlated with the LPS lev-
els in all phases of evaluation (p<0.001; r = 0.42) (Fig 3C). Additionally, a significant negative
correlation was observed for the absolute CD4" T cell counts (Fig 3B). A high degree of innate
activation is also related to immune impairment because the release of sCD14 is dependent on
LPS-mediated macrophage activation.

Reduction of anti-Leishmania lgG3 levels is a predictor of the
maintenance of clinical remission in VL/HIV patients

Similarly, to how the T cell activation levels and macrophage activation status were evaluated,
the latter based on sCD14 levels, B lymphocyte activation was evaluated by quantitation of the

PLOS ONE | DOI:10.1371/journal.pone.0167512 December 1,2016 9/18



o @
@ ’ PLOS | ONE Impaired Recovery in Relapsing VL/HIV

3A
12000+
I * | * —*
T 1 r 1 I 1
= 100004 °,
5 ° ®
S 8000 p °
e o o o
“;” °® ® [ ] [ ]
o 6000 e® % bl
P —.—!
3 *® o,° °® : " %
T 4000 o Se2 * L)
a ° o —e
% e ®
2000 °
e ——————— HEALTHY
c T T T T T T 1 1
NR R NR R NR R NR R
Active phase Post-treatment 6 mpt 12 mpt
3B
12000
A Active phase
10000 V Post-treatment
) : * ¢ 6mpt
[ v
S soood A% 4 ¢ Azimpt
£ Ly 0‘: p<0.0001
0
®
K
<
-
(=]
(8}
7]
T T T
0 200 400 600 800
Absolute counts of CD4 * T
lymphocytes (cells/mm 3)
3C 12000+
10000 A Active phase
—El V  Post-treatment
> 8000 ¢ 6mpt
E ® 12mpt
("]
© 60004 p<0.005
5 r=04
I 4000
(=]
(8]
“ 20004
c T T T 1
0 50 100 150 200

LPS levels (pg/mL)

Fig 3. Relationship between plasma factors related to microbial translocation and the immune status
of visceral leishmaniasis/HIV (VL/HIV)-co-infected patients. Plasma soluble CD14 (sCD14) level
assessment in the relapsing (R) and non-relapsing (NR) groups during all the follow-up visits (A).
Negative correlation between sCD14 levels and the absolute counts of CD4* T lymphocytes (B) in co-
infected patients (Spearman correlation, p<0.0005; r = -0.5). Positive correlation between sCD14
levels and LPS levels (C) in co-infected patients (Spearman correlation, p<0.001; r = 0.4). The red
dashed line represents the median value of the sCD14 levels (median: 699 ng/mL; interquartile range: 155—
1525 ng/mL). Each symbol represents one patient, and the color refers to the same patient at different stages
of follow-up. The horizontal bars represent the median values. 6 mpt: 6 months post-treatment; 12 mpt: 12
months post-treatment. Asterisks denote a statistically significant difference between the NR and R groups,
*p<0.05.

doi:10.1371/journal.pone.0167512.9003
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Fig 4. Titers of the anti-Leishmania infantumimmunoglobulin G3 (IgG3) isotype in visceral
leishmaniasis/HIV (VL/HIV)-co-infected patients. IgG3 levels in the relapsing (R) and non-relapsing
(NR) groups during the entire follow-up. The red dashed line represents the median value of the IgG3
levels in healthy controls (median: 0.18; interquartile range: 0.1-0.3). Each symbol represents one
patient, and the color refers to the same patient at different stages of follow-up. The horizontal bars represent
the median values. 6 mpt: 6 months post-treatment; 12 mpt: 12 months post-treatment. Asterisks denote a
statistically significant difference between the NR and R groups, *p<0.05.

doi:10.1371/journal.pone.0167512.9g004

levels of anti-Leishmania IgG and its subclasses (IgG1 and IgG3). The VL/HIV-R group pre-
sented high levels of anti-Leishmania IgG and IgG1 compared to the VL/HIV-NR group
throughout the study (S3 Fig). In contrast, the anti-Leishmania 1gG3 levels were similarly ele-
vated in the two groups in the early stages of follow-up but significantly decreased in the NR
group in comparison to the R group at six and 12 mpt (*p<0.05) (Fig 4).

Immunosenescence levels in VL/HIV patients are elevated
independently of frequent episodes of VL relapses

The CD577CD27" phenotype is found among senescent CD8" and CD4" T cells. In general,
the co-infected patients presented higher percentages of senescent CD8" T lymphocytes dur-
ing all phases of follow-up. These values were higher than those observed in healthy controls of
the same age (median: 4.2%; IQR: 2.6-10.1%), with a trend towards an increase by the end of
follow-up (Fig 5B). Despite the lower percentages, the same result was observed in the subpop-
ulation of senescent CD4™ T lymphocytes (Fig 5A). However, the percentages of senescent T
lymphocytes were elevated in both the VL/HIV-NR and the VL/HIV-R groups, without any
difference between them [data not shown].

These results suggest that VL/HIV patients who had experienced multiple VL relapses pre-
viously or during the clinical follow-up showed different immunological parameters compared
to those who had experienced a single episode of active disease, even though both groups had
controlled viral loads and received secondary prophylaxis.

Discussion

Earlier cross-sectional studies identified Leishmania infection as a cofactor for heightening the
activation status in HIV patients, independent of the viral or parasite load [18,28]. The present
study confirmed that co-infected patients with active VL (NR or R group) have low CD4" T
cell counts, high levels of cellular activation and microbial translocation and elevated parasite-
mia. In contrast to a previous study, which evaluated a single parameter [30], herein, the
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Fig 5. Imnmunosenescence levels in visceral leishmaniasis/HIV (VL/HIV)-co-infected patients.
Percentages of senescent CD4* (A) and CD8* (B) T cells in co-infected patients during the
prospective follow-up of co-infected patients. The red dashed line represents the median value of the
percentage of senescent CD8* T cells in healthy controls (medians: 1.8% and 4.2%; interquartile ranges: 0.3—
4.0% and 2.6-10.1%, respectively). Each symbol represents one patient, and the color refers to the same
patient at different stages of follow up. The horizontal bars represent the median values. 6 mpt: 6 months
post-treatment; 12 mpt: 12 months post-treatment.

doi:10.1371/journal.pone.0167512.9g005

patient’s prior history of VL, the current immunological state of the patient at each visit and
the final outcome of therapy during secondary prophylaxis were all taken into account.

Recognition of the rationale underlying the frequent episodes of VL in the R patients is fun-
damental to designing preventive strategies. Our group has previously reported that dimin-
ished levels of cellular activation were stably maintained in a co-infected patient during the
remission phase over a 12-month prospective follow-up period [20]. However, reactivation
episodes were again marked by increased activation along with progressively lower levels of
specific IFN-y in response to parasite antigens [20]. Herein, a positive correlation between the
number of relapses and the degree of cellular activation was observed in co-infected patients
(p<0.05 and r = 0.80, data not shown). These results suggest that repeated VL relapses may
worsen the effector immune response and consequently its ability to control parasites, result-
ing in a vicious cycle. These data reinforce the importance of epidemiological surveillance as
well as the early diagnosis and treatment of VL.
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The similarity in the impairment of immunological parameters between the NR and R
groups at the beginning of follow-up indicates that the parasite antigens released during active
disease were equally present in these groups, despite different clinical outcomes. In addition,
longer exposure to HIV infection and a longer period between HIV diagnosis and the first
active VL episode, as observed in the R group in comparison to the NR group, seem to be cru-
cial factors that predispose patients to VL recurrence. The longer exposure could be related to
the maintenance of high levels of activation, with consequent ongoing immune suppression
and recurrence of disease.

Herein, the NR group displayed a significant decrease in the degree of activation at 6 and
12 mpt. This change could not have been due only to the control of Leishmania infection
because the R group also had a reduced parasite load after anti-Leishmania treatment and
secondary prophylaxis over 12 months. Despite this reduction, only four of the 11 co-
infected patients in the R group still had low but detectable Leishmania KDNA copy numbers
in the peripheral blood at the end of follow-up. This observation reinforces the concept that
a continuous low level of Leishmania parasitemia can occur in treated patients despite an
adequate clinical response to specific therapy. This phenomenon can lead to a clinical condi-
tion characterized by alternating asymptomatic and symptomatic states [6,7]. Moreover,
considering that parasite control did not prevent VL relapse in the R group, it is reasonable
to propose that other factors could contribute to the maintenance of high levels of activation
in this group.

Persistent activation in HIV infection as well as in VL/HIV co-infection has been associated
with microbial translocation from the intestinal lumen into the bloodstream [24,27,28,40,41].
In the current study, VL/HIV-R patients showed higher levels of sCD14, which were positively
correlated with the elevated levels of plasma LPS, suggesting that sCD14 is biologically active.
The activation of monocytes/macrophages via sCD14 levels contributed not only to the height-
ened degree of systemic activation through cytokine release but also to the impairment of
immune reconstitution because sCD14 levels were negatively correlated with CD4" T cell
counts. These data indicate that microbial translocation is an additional factor contributing to
frequent VL relapses in patients with HIV infection because only VL/HIV-R patients main-
tained persistent high levels of sCD14 and LPS after viral and parasite control was achieved.
Considering that the sCD14 levels were positively correlated with the parasite load [data not
shown], further studies will be necessary to elucidate whether L. infantum infection can also
affect the gut-associated lymphoid tissue (GALT) [42,43]. It is currently believed that the role
of L. infantum is likely indirect because, similar to what has been described for HIV [24,44],
this parasite can also be involved in some damage to the gut-associated lymphoid tissue
(GALT) [42-43]. Thus, both pathogens can contribute to increased intestinal permeability and
consequent microbial translocation, which in turn can maintain the activation status in co-
infected patients. Early results from our group showed that LPS levels were augmented in VL
patients only during the active phase of disease [25].

In this scenario, the clinical condition of VL/HIV patients can be aggravated by the conse-
quences of immune activation, referred to as accelerated aging of the immune system.
Herein, it was hypothesized that the increased levels of chronic activation in VL/HIV co-
infection could play a crucial role in promoting the rapid decline of immune system compe-
tence, making immunosenescence an additional factor that contributes to the recurrence of
VL in HIV-infected patients. In fact, co-infected patients had high percentages of senescent
CD4" and CD8" T lymphocytes, which reflects chronic immune activation that does not
change despite the use of HAART and maintenance of anti-Leishmania treatment. This
result is consistent with what has been observed in VL/HIV patients from the Mediterranean
basin [30]. Our data confirm this finding through a prospective study design and in patients
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presenting two distinct clinical outcomes: relapse or no relapse. However, the degree of
senescence did not differ between the VL/HIV-R and VL/HIV-NR groups, suggesting that
the quantitative accumulation of terminally differentiated cells is not the only important fac-
tor. Indeed, immunosenescence includes a lower capacity to respond to new antigens and an
exhaustion of primary resources, which can lead to loss of viral load control and progression
towards HIV disease [34,35]. Considering that the CD4" T cell count was negatively corre-
lated with cellular activation and that activation is the primary cause of immunosenescence
[data not shown], there are two possible explanations for the deficient T cell reconstitution:
1) a deficit in T lymphocyte function due to the impairment of proliferative capacity and
cytokine production following parasite or viral antigen-related stimulation and 2) decreased
thymic output or a failure to mobilize peripheral T cell compartments. Because the absence
of absolute recovery of CD4" T cells after primary VL is an important predictor of relapse in
patients infected with HIV [2], ongoing studies in this cohort of patients will address these
possibilities.

In addition to the involvement of T lymphocytes in co-infection pathogenesis, a high degree
of B cell activation may be inferred because elevated levels of anti-Leishmania IgG were
observed, particularly in VL/HIV-R patients. Interestingly, the IgG3 levels decreased among
NR patients after VL treatment and remained decreased until the end of follow-up, very simi-
lar to what was observed for the CD4" and CD8" T lymphocyte activation levels. This result
corroborates what has been described in the tegumentary form of leishmaniasis [39], suggest-
ing IgG3 as a possible clinical remission marker for VL that deserves more attention.

In conclusion, our main finding is the observation that HIV-infected patients with recur-
rent VL have a different immunological profile compared to VL/HIV patients with only one
lifelong VL episode, even when they receive the same medications for viral load control and
anti-Leishmania prophylactic therapy. Although the activation levels were significantly differ-
ent between the R and NR groups, it was not possible to demonstrate that the differences in
the clinical outcomes arise from the process of immunological aging, which may have been
due to an insufficiently long follow-up period or the influence of other markers not included
in this analysis. Additionally, the quality of the specific effector immune response may be
directly related to the different clinical behaviors observed in this study.

Finally, chronically activated immune systems were observed in the patients, even when
under secondary anti-Leishmania prophylaxis, suggesting that other factors may be associated
with the maintenance of an inefficient, hyperactive immune state, including microbial translo-
cation or T cell compartment exhaustion. These findings help to improve our understanding
of the mechanisms underlying relapses and reinforce how important early diagnosis and treat-
ment are in reducing immune suppression. Future studies will be important to demonstrate
the applicability of these results in the clinical management of these patients in terms of pre-
dicting their clinical prognosis as well as deciding whether to prescribe secondary prophylaxis.

Supporting Information

S1 Fig. Gating strategy for evaluating the degree of cellular activation of T lymphocytes in
visceral leishmaniasis/HIV (VL/HIV)-co-infected patients. The population of CD3"* T lym-
phocytes (region 2) in the region bounded as total lymphocytes (region 1) was defined. Then,
the respective lymphocyte subpopulations, namely, CD4" T and CD8" T cells (regions 3 and 4,
respectively) in the CD3" T cell gate were defined. Finally, the coexpression of the HLA-DR
and CD38 molecules on CD4* and CD8™ T cells was determined from an analysis of the dot
plots. The figure shows a representative profile of a non-relapsing patient with VL/HIV.

(TTF)
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S2 Fig. Gating strategy for evaluating the degree of cellular senescence of T lymphocytes in
visceral leishmaniasis/HIV (VL/HIV)-co-infected patients. The population of CD3* T lym-
phocytes (region 2) in the region bounded as total lymphocytes (region 1) was defined. Then,
the respective lymphocyte subpopulations, namely, CD4" T and CD8" T cells (regions 3 and 4,
respectively) in the CD3" T cell gate were defined. Finally, the coexpression of the CD57 and
CD27 molecules on CD4* and CD8" T cells was determined from an analysis of the dot plots.
The figure shows a representative profile of a non-relapsing patient with VL/HIV.

(TIF)

S3 Fig. Titers of anti-Leishmania infantum immunoglobulin G (IgG) and the IgG1 isotype
in visceral leishmaniasis/HIV (VL/HIV)-co-infected patients. IgG and IgG1 levels in the
relapsing (R) and non-relapsing (NR) groups during the entire follow-up. The red dashed line
represents the median values of the IgG and IgG1 levels in healthy controls (medians: 0.85 and
0.19; interquartile ranges: 0.5-1.1 and 0.08-0.55, respectively). Each symbol represents one
patient, and the color refers to the same patient at different stages of follow up. The horizontal
bars represent the median values. 6 mpt: 6 months post-treatment; 12 mpt: 12 months post-
treatment.

(TIF)

S1 Table. Copies per mL numbers for viral RNA and KDNA of Leishmania (L.) infantum
presented by visceral leishmaniasis/HIV (VL/HIV) co-infected patients.
(DOC)
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