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The advent of highly active antiretroviral therapy (HAART)
in 1996 revolutionized life expectancy and quality of life
of people infected by HIV in the developed Countries.
Nowadays, HIV-infected patients can positively think that
their life expectancy is comparable to that of people of the
same age and with the same pattern of risk factors Indeed,
there are clear demonstrations that mortality patterns in
most nonintravenous drug users HIV infected individuals
with high CD4+ T-cell counts restored by HAART are
similar to those in the general population [1]. Unfortunately,
however, not all HIV-infected patients on HAART are able
to restore their CD4+ T-cell count, and signs of immune
deficits or immune activation persist in most individuals
despite an apparent control of HIV viremia and a mere
increase of the CD4+ T-cell number. This persistent immune
deregulation has been correlated, and it is believed to be—at
least in part—in the causal pathway of end-organ diseases
(such as non-AIDS-defining neoplasias or cerebrovascular
events) that continue to aﬀect our patient population. So,
biological age of our patients has been estimated to be 10–15
higher than the current age for the risk of these complications
[2]. It is therefore important to better understand risk
factors and immune correlates of such persistent immune
de-regulation, how to measure and how to correct it. For this
reason, immune modulator strategies are eagerly awaited as a
complement to HAART. In this special issue on immunity to
HIV, we provide high quality papers that address these issues.
The paper by S. C. Gaardbo et al. provides an in-depth
review on possible reasons and mechanisms of an incomplete
immune recovery. M. R. Pinzone et al. focuses on persistent
immune replication in cellular or anatomical sanctuaries,

how to measure such replication, and the need of new
therapeutic strategies to target the latent viral reservoirs. To
complete this scenario, Cotugno et al. contextualize these
issues to vertically HIV-infected children. In addition, they
describe immune responses to vaccinations as a means
to detect and explain suboptimal reconstitution in these
patients. Importantly, S. Duggal et al. underline the complex
interactions between HIV, immune function, and nutrition.
This paper merits consideration in light of the fact that
the most HIV-infected patients reside in resource limited
settings; malnutrition is a dangerous ally to HIV in these
areas of the word, so we need a political commitment to fight
this proudly.
C. Tincati et al. studied a facet of persistent immune
activation as a possible cause of suboptimal immune
response. The authors observed that in vitro stimulation by
lipopolysaccharide (LPS) produced a CD8+CD38+ upregulation in patients with smaller CD4+ T-cell recovery after
HAART. This finding allowed the authors to speculate that
the mere induction of CD38 on CD4+ cells may not entirely
account for the immune activation induced by LPS in HIVinfected patients. Therefore, further studies are needed to
better understand the regulation of T-cell activation. Rather
simplistic theories may not be true.
HIV-associated neurocognitive disorder is an emerging
complication in the era of HAART. It can be explained,
at least in part, by inadequate penetration of antiretroviral
drugs across the blood brain barrier, but also immune
activation or persistent viremia in the macrophage lineage
cells in the brain may have a role. The paper by Airoldi
et al. adds a piece to the puzzle of the relationship
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between immune activation parameters and HIV load in the
cerebrospinal fluid (CSF) of patients with HIV-associated
neurocognitive disorders (HANDs). The main finding is
that immune activation is hyperexpressed in patients with
HAND and less sensitive to HAART than the HIV load
in the CSF. It has to be seen whether immune activation
is a better means to monitor the eﬀect of HAART in
these patients than the mere quantification of HIV RNA.
So we probably need a multidimensional algorithm for
diagnosis and followup of HAND including virological
methods, immunological tests, neuroimaging techniques,
and neuropsychological tests. Moreover, it is interesting
to note that what happens in the peripheral blood does
not fully account for what it is happening in the central
nervous system as a sanctuary. This may be important and
relevant for diagnosing and monitoring complications in this
compartment.
Further two papers deal with B-cell responses, a topic
that has been investigated not so in depth as T-cell responses.
The review by Poudrier et al. concludes that host capacity
to maintain dendritic cell homeostasis at mucosal sites, and
therefore an eﬀective B-cell response against HIV, have a key
role to better control the infection. In their original work,
M. Fogli at al. noted a dramatic expansion of exhausted
tissue-like memory B cells related to an increase of Torque
teno virus (TTV) which was assumed to reflect a functional
competency of the immune function. Interestingly, such a
defect was noted even in patients with a quite preserved
CD4+ T-cell count (>350/mm3 ), possibly reinforcing the
need of an earlier treatment.
Lastly, it is clear that HAART is not suﬃcient to entirely
restore the immune function damaged by HIV. So, vaccine
and immune-modulatory therapy should be experimented.
The paper by Li et al. used a DNA prime/fowlpox virus
boost regimen to immunize rhesus macaques. This study
showed that the vaccine was able to induce a strong immune
response and increase the CD4/CD8 ratio in the vaccinated
animals. Ries et al. provided an extensive review on blocking
type I interferon production as a means to reduce immune
deregulation. This concept should clearly be taken into
consideration as an opportunity for adjuvant immunemodulatory therapies in HIV infection.
In conclusion, this special issue encompasses a broad
range of cutting-edge topics in HIV research. We feel
that they will enrich the current body of the literature
significantly.
Carlo Torti
Mirko Paiardini
Andrea Gori

References
[1] C. Lewden, V. Bouteloup, S. De Wit et al., “All-cause mortality
in treated HIV-infected adults with CD4≥ 500/mm3 compared
with the general population: evidence from a large European
observational cohort collaboration,” International Journal of
Epidemiology, vol. 41, no. 2, pp. 433–445, 2012.

[2] B. Hasse, B. Ledergerber, H. Furrer et al., “Morbidity and aging
in HIV-infected persons: the swiss HIV cohort study,” Clinical
Infectious Diseases, vol. 53, no. 11, pp. 1130–1139, 2011.

Hindawi Publishing Corporation
Clinical and Developmental Immunology
Volume 2012, Article ID 805151, 11 pages
doi:10.1155/2012/805151

Review Article
Suboptimal Immune Reconstitution in Vertically HIV Infected
Children: A View on How HIV Replication and Timing of
HAART Initiation Can Impact on T and B-cell Compartment
Nicola Cotugno,1 Iyadh Douagi,2 Paolo Rossi,1, 3 and Paolo Palma3
1 University

of Rome, Tor Vergata, 00133 Rome, Italy
of Medicine, Karolinska Institute, SE-141 86 Stockholm, Sweden
3 University Department of Pediatrics, DPUO, Children’ Hospital Bambino Gesù, Piazza S.Onofrio, 4-00165 Rome, Italy
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Today, HIV-infected children who have access to treatment face a chronic rather than a progressive and fatal disease. As a result,
new challenges are emerging in the field. Recent lines of evidence outline several factors that can diﬀerently aﬀect the ability of
the immune system to fully reconstitute and to mount specific immune responses in children receiving HAART. In this paper,
we review the underlying mechanisms of immune reconstitution after HAART initiation among vertically HIV-infected children
analyzing the possible causes of suboptimal responses.

1. Introduction
Highly active antiretroviral treatment (HAART) has dramatically changed the course of HIV infection, allowing control
of viral replication and the restoration of immune function
[1]. However, the success currently experienced in many
patients receiving HAART remains far from universal or
permanent. Children who have been highly compliant to
HAART at younger ages frequently present adherence problems during adolescence [2]. Recent data clearly show how,
after five years of continuous HAART, vertically HIV-infected children are at a high risk of developing triple-class
virological failure [3]. New lines of evidence outline several
factors that can diﬀerently aﬀect the ability of the immune
system to fully reconstitute and maintain specific immune
responses in children under HAART. A better understanding
of how HAART aﬀects immunity is needed. Here, we review
present knowledge regarding immunity in HIV-infected
children, exploring the impact of HIV viral load, HAART,
timing of initiation, and age on B- and T-cell recovery and
maintenance. In addition, we describe immune responses to

vaccinations as a model system to review possible causes of
immune memory dysfunction and suboptimal reconstitution in vertically HIV-infected children on HAART.

2. T-Cell Compartment and HAART
With initiation of HAART, immune activation declines in
parallel to the reconstitution of naı̈ve and memory T-cell
subsets [3–6]. Apparently, three mechanisms play a key role
in T cell immune reconstitution process in HIV-infected
individuals. De novo production by the thymus plays a
crucial role in the rise of mostly naı̈ve CD4+ in younger
patients [6–9], whereas an increase in CD4+ T cell half-life
and homeostatic proliferation by the residual memory CD4+
T cells are predominant mechanisms in older subjects [10].
The ability of the immune system to develop and maintain
specific immune responses will depend on the predominance
of one of these mechanisms. In fact, even if an absolute
CD4+ T-cell count can be fully restored, T-cell immune
reconstitution can be “partial” if it is based on the production
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of new CD4+ T-cell or “truncated” if it is mainly from the
remaining repertoire of CD4+ T cell [11]. Factors such as
age, viremia, timing of HAART initiation and involution of
the thymus can play a critical role in this process leading
to quantitative and qualitative diﬀerences in the immune
reconstitution.

3. Factors Leading to Suboptimal
Reconstitution of T-Cell Compartment in
HIV-Infected Children on HAART
3.1. HIV Viremia. HIV causes qualitative and quantitative
dysfunctions of T-cell compartment in both CD4+ and CD8+
subsets. Under viral replication, naı̈ve CD4+ and CD8+ Tcells are stimulated to enter the circulation and diﬀerentiate into eﬀector memory (CD45RA+ CCR7− ) and eﬀector phenotype (CD45RA− CCR7− ), while central memory
(CD45RA− CCR7+ ) compartment is depleted [12–14]. However, persistent exposure to high levels of viremia results in a
dysfunctional immune-specific response to HIV leading to
exhaustion of naı̈ve CD8 T-cells and skewed maturation of
memory subsets [15, 16]. Virus-specific CD8 T-cell exhaustion is characterized by the incremental loss of proliferative
and eﬀectors properties [17, 18]. Moreover, a continued
antigenic stimulation induces an increased expression of
surface activation markers, such as HLA-DR and CD38
[19, 20]. A positive relation between the expression of these
markers and CD4+ and CD8+ depletion has been reported
[21] and directly related to clinical disease progression in
both HIV-infected adults and infants [22, 23]. Persistent
HIV viremia has also been related to an increase in T cell
apoptosis. A higher expression of the key regulatory marker
of apoptosis (CD95) on CD4+ has been described during
HIV infection [24–26]. Conversely, a significant decrease in
CD95 expression, with the reduction of CD4+ and CD8+ T
cells apoptosis, has been observed after HAART initiation in
HIV-infected children and adolescents [27]. However, since
the reduced apoptosis is restricted to the CD45RO-positive
(primed/memory) T-cells subpopulation, the simultaneous
increase in circulating resting/naı̈ve T cells observed in pediatric patients can be explained by the new generation of
naı̈ve T cells from the thymus.
3.2. Quality of Reconstitution: Age Makes the Diﬀerence. Previous studies among transplant and chemotherapy recipients
indicated that age directly influences immune reconstitution
[28, 29]. In these patients, CD4+ T naı̈ve or memory expansion specifically contributing to the immune reconstitution
ultimately diﬀers according to age.
Similarly, a direct relation between the individuals age,
naı̈ve T-cell emigration, and memory T-cell expansion has
also been demonstrated in vertically HIV-infected children
after HAART initiation [30–33]. Since the patient’s age can
have an impact on immune reconstitution after HAART
initiation, the age of HIV transmission and timing of HAART
initiation must be carefully considered [34]. In a cohort of
265 HIV-infected children naı̈ve to treatment, Walker et al.
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found that the short-term (6 months) CD4% increase after
HAART initiation was positively related to younger age and
inversely related to pre-HAART CD4% [35]. In addition,
several authors reported that immune restoration in infants
mainly involves naı̈ve cells, while it mostly relies on expansion of memory T cells in older children [30, 33, 35].
Indeed immune recovery that follows HAART initiation is
faster in younger children compared to older ones or adults
[36–39]. As shown by multiple studies analyzing thymic
output using T-cell receptor excision circle (TRECs) assays
[40], thymic function plays a pivotal role in this process
[41]. Physiologically, thymus function is inversely related
to age. It has been shown that HIV-1-infected children
present lower TREC values than health-matched controls
and a significant increase in parallel with CD4+ count
after HAART initiation, particularly at younger ages [42].
Thus, to warrant an optimal immune reconstitution, WHO
2010 recommendations suggest the initiation of HAART in
all HIV-infected children between two and five years with
either a CD4+ count of 750 cell/mm3 or below, or a CD4+
percentage of 25 or below, whichever is lower, irrespective of
clinical status [43].
The relation between age and control of viremia has also
been extensively addressed by several authors [30, 34, 39, 44].
Untreated newborns and infants present an higher peak of
viremia during acute infection. In addition, younger patient’s
age has been related to the slower achievement of viral control compared to older one despite eﬀective HAART [45,
46]. The immaturity of the immune system, together with
diﬀerences in pharmacokinetics and pharmacodynamics of
antiviral drugs, may account for a less eﬃcient containment
of HIV viral replication during infancy [30].
3.3. Other Possible Factors Influencing Suboptimal
T-Cell Responses
3.3.1. Use of Diﬀerent Antiretroviral Drugs Classes. Firstline boosted protease inhibitors (PI) regimens have been
recently shown to be equally eﬀective than Nonnucleoside
reverse transcriptase inhibitors (NNRTI) ones in terms of
immune reconstitution and long-term control of viremia
in HIV-infected children [36]. However, small observational
studies in vertically HIV-infected children show increased
HIV-specific cellular immune responses after switching from
a PI to an NNRTI-based regimen [47, 48]. A possible relation
between the use of diﬀerent antiretroviral drug classes and
the ability of the immune system to mount T-cell-specific
immune responses has been proposed. Several authors
have suggested that PI may cause immune suppression by
interfering with antigen presentation. In vitro studies [49]
showed the ability of PI drugs to modulate proteasome
peptidase activity and cause intracellular accumulation of
ubiquitin tagged proteins. Increased HIV-specific immune
T-cell response, in terms of lymphoproliferation and intracellular IFN-γ and tumor necrosis factor-α production, has
been described in HIV-infected children who changed to a
PI-sparing therapy owing to failure of viral control or due to
toxicity [47, 48].
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Table 1: Factors leading to suboptimal immune reconstitution in vertically HIV infected children.

Factors leading to suboptimal specific immune rensponses during HIV replication

B-cell compartment

T-cell compartment
HIV
replication
CD45 RA −
CCR7−[12,13,14]
CD45 RA−
CCR7+[12, 13, 14]
Skewed
Effector CD8
T cells
[16, 113, 114]

HLA-DR and
CD38[19, 20]

Age at the time of
HAART initiation:
inversely related to:
CD4 % after
HAART[30, 31, 33]
CD4 naı̈ve T
cells[32, 37]
Trecs values
Thymus activity
Directly related to:
CD4 increase
after HAART
CD4+ CD45RA+

Exhausted B
cell
subpopulations

Other
factors
-

Memory
B cells

IL-7
[51, 55]

- Type of
HAART:
protease
inhibitors
negatively
affect the
antigen
presentation

Hypergam
maglobul
inemia

[47, 48]

[30, 43]
[40, 41]

3.3.2. Levels of IL-7. The IL-7/IL-7R pathway has been shown
to play a key role in sustaining peripheral CD4+ T-cell homeostasis [50, 51].
High levels of IL-7 were demonstrated among HIV-infected adults in association with higher CD4+ depletion [52,
53]. However, data on IL-7 activity in HIV-infected children
are discordant and still unclear. The presence of a better
higher thymus activity at younger ages may lead to a faster
T-cell turnover, resulting in diﬀerent IL-7 consumption
[54, 55]. Therefore, lower IL-7 levels observed among HIVinfected children may result from an increased consumption
of IL-7 by newly produced T cells in response to active viral
replication. In line with this observation, a strong relation
between low levels of IL-7 and extent of HIV viral replication
has also been established [56]. Taken together, this may
suggest that low levels of IL-7 could be a predictable marker
of virological failure in HIV-infected children [55, 56].

4. B-Cells Compartment and HAART
A decline in total CD27+ memory B-cells, hypergammaglobulinemia [57–59], impaired reactivity or loss of specific
antibodies gained during the normal vaccination schedule,
increased expression of markers activation [60–62], high
spontaneous autoantibody production in vitro [63], and
an increased incidence of B-cell malignancies [64] have all
been reported as direct and indirect consequences of HIV
infection [65] (Table 1).
Hypergammaglobulinemia reflects a generalized HIV-1driven polyclonal B-cell activation and was shown to be
directly related to viremia and inversely related to CD4%
[66]. After virologic suppression with HAART, CD4+ Tcell count increases, hypergammaglobulinemia decreases to

[75, 76, 77]

(CD19+CD27)
[89, 90]

IL 21
expression
[98]

Immature
transitional B
cell
subpopulation
(CD10+ and
CD27−)
KI-67
CD 95+
FC-receptorlike 4 (FCRL4)
FAS

IL-21
Expression
[96, 97, 98]

Innate
factors
BAFF and
April
[100, 101, 102, 103]

[61, 83, 84, 85, 86]

normal levels, and an increase in the absolute CD19+ B-cell
count has been observed [67–71].
Furthermore, HAART permits the reduction of Bcells subpopulations that are abnormally expanded during
ongoing HIV replication and are prone to apoptosis [72]. In
a previous study, we observed a decrease of immature transitional B-cells after achievement of viral suppression through
HAART in vertically infected children [54]. Similarly, an
expanded population of immature transitional B-cells during
uncontrolled viremia and their normalization after HAART
initiation has been described in adults [61, 73].
These results suggest that eﬀective HAART permits the
normalization of B-cell subpopulations and apoptosis-prone
B-cell reduction; however, the number and magnitude of Bcell alterations and their qualitative function caused by HIV
replication cannot be fully restored by HAART [74, 75].
The following is a review of the factors leading to a
suboptimal response of B-cell compartment, focusing on the
impaired ability of the immune system to develop an eﬀective
B-cell response to infectious agents or vaccinations in HIVinfected children on HAART.

5. Factors Leading to Suboptimal
Response of B-Cell Compartment in
HIV-Infected Children on HAART
5.1. The Impact of Active HIV Replication
5.1.1. Hypergammaglobulinemia. Aberrant activation of the
B-cell compartment and hypergammaglobulinemia were
among the first recognized characteristic of HIV-1-infected
individuals [76, 77]. Although not yet fully matured in children, B-cells are already subject to HIV-induced immune
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activation. Hypergammaglobulinemia and reduced antigenspecific humoral responses in HIV-infected children were
first described by Bernstein LJ in 1985 [78]. However, mechanisms responsible for hyperimmunoglobulinemia in HIV
infection are unclear. An increased frequency of B-cells
secreting high levels of Ig during viremia has been attributed
to the expansion of the CD21low B-cell subpopulation in
the peripheral blood of HIV-viremic patients. In addition,
it has been recently shown that the ligation of virionassociated host CD40L with the cell surface CD40 is suﬃcient
to eﬃciently activate B-cells in a polyclonal fashion [79].
Whereas it has been reported that viral proteins, such as
Nef [80, 81] and gp120 [82, 83], can act as triggers for
Ig production and dysfunctional switch through a CD40independent pathway.
5.1.2. Abnormal Expansion of B Cell Subpopulations. During
HIV infection, diﬀerent B-cell subpopulations are irreversibly damaged, and markers present on their surface make
them dysfunctional and prone to intrinsic and extrinsic
modes of apoptosis [84]. In the periphery-active HIV,
replication leads to diﬀerentiation to plasmablasts [64] and
immature transitional B cells with an abnormal expansion of
exhausted B-cell subpopulation.
Immature-transitional B-cells (CD19+ CD10+ CD24high
CD38high ) represent a critical link between immature B-cells
in the bone marrow and mature naı̈ve B-cells, which diﬀerentiate into switched memory B-cells, and in turn become overrepresented. This B-cell subpopulation is increased during
active HIV replication and has been shown to be related to
high levels of viremia, in parallel with a decrease of memory
B-cell subset in vertically HIV-infected children [63].
Plasmablasts (CD10− and CD21low ) show an increased
expression of the cell cycle Ki-67 immune proliferation
marker and of the death receptor CD95+ , which have been
reported to be related to apoptosis [61, 85]. In addition,
a large proportion of expanded B-cells in HIV-viremic
individuals includes a subset of “tissue-like,” exhausted Bcells expressing the Fc-receptor-like 4 (FCRL4) and low levels
of CD21+ [86, 87]. This subset presents increased expression of multiple inhibitory receptors, altered expression of
homing receptors, and reduced proliferative potential [63].
Expansion of all these subsets occurs during active HIV replication and may contribute to the development of suboptimal
immune responses.
5.1.3. Loss of Resting Memory B Cell. The persistent high
viral replication has been reported to directly aﬀect the Bcell compartment [88, 89]. HIV-infected children show a
significant loss of relative and absolute numbers of CD27+
memory B cells [90]. The loss of mature B cells (CD19+
CD27+ ) impairs long-term maintenance of protective antibodies titers [91–93] and has been shown to persist despite
successful HAART [92, 94, 95]. However, the loss of antigenspecific memory B-cell responses begins in the early stages
of HIV infection and becomes increasingly evident as the
infection progresses to the chronic stage. Indeed, we have
reported [92] that numbers of measles-specific memory B
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cells declined rapidly in vertically infected children who
started HAART later than 1 year after birth. Thus, early initiation of HAART may preserve the normal development and
long-term maintenance of the memory B cells generated in
response to childhood immunizations.
5.1.4. IL-21 Downregulation. The IL-21/IL-21R pathway
has recently been identified to play a critical role in the
development and maintenance of memory B-cell responses.
IL-21 is a T-cell-derived pleiotropic cytokine whose receptor
(IL-21R) is expressed by NK, T and B cells, and it seems to
play a key role in the activation, expansion, and survival of
these cells [96, 97]. Impaired antigen specific IL-21 secretion
by CD4+ T cells in progressive HIV infection has been
reported [98]. In a recent study, upregulation of IL-21R on
B-cells and IL-21 secretion were proposed as a hallmark
to identify responders to H1N1 vaccination among HIVinfected adults [98]. However, since IL-21 is produced mainly
from CD4+ cells, in particular from T follicular helper
cells [99], reconstitution of this subset of CD4 T cells with
HAART in HIV-infected patients may be critically important
to restoring B-cell function. Comparable studies addressing
the role of IL-21 in determining the eﬀectiveness of vaccineinduced immune responses in HIV chronically and acutely
infected children will contribute to further understand the
mechanisms leading to suboptimal immune response in
this very particular group of HIV-infected patients. Furthermore, IL-21 production appears to be crucial for antiviral
responses. For instance, it has been recently reported in a
mouse model, that younger mice, which presented reduced
IL-21 levels, showed a suboptimal generation of HBVspecific CD8+ T-cell and B-cell responses [100].
5.1.5. Downregulation of BAFF and APRIL. Many studies
have identified T-independent mechanisms of modulation
of antibodies production [101–103]. Pallikkuth et al. have
recently found that two innate immune factors, the Bcell Activating Factor (BAFF) and A Proliferation Inducing
Ligand (APRIL), were present at lower levels in HIVinfected adults on HAART not responding to H1N1 vaccine
compared to responders [104]. Future eﬀorts are required to
dissect the role of T independent immune factors including
BAFF and APRIL, with the aim to limit Ab response failure
to vaccinations particularly in clinical settings of impaired Tcell Help such as HIV/AIDS, in both adults and infants.
5.1.6. Loss of Maintenance of Protective Antibody Titers.
Both primary and secondary Ab responses are impaired
during HIV infection, leading to loss in the maintenance
of protective antibody titers which may not be restored by
HAART [105]. A recent meta-analysis identified 38 studies in
which immune-specific responses were analyzed in vertically
infected children [106]. In general, fewer HIV-infected children with achieved protective immunity might experience
greater and more rapid waning of protective immunity.
Loss of protective humoral responses has been reported
in infected children despite successful HAART [74, 77].
Persistence of measles antibody titers (MAt) (>50 mIU/mL
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cut-oﬀ value for specific immune response) [107], represents
a good experimental model to analyze the longevity of
humoral responses in HIV vertically infected children [108].
Protective levels of MAt have been shown to correlate with
memory B-cells numbers in healthy individuals and to
persist for the entire life span after successful immunization
[107]. Generally, impaired development and maintenance
of protective MAt has been reported in vertically infected
children [92, 107]. As previously discussed, the decline of
resting memory B-cells that occurs during the early stages
of HIV infection may be an important pathogenic mechanism linked to the low level of measles-specific antibodies
reported in HIV-infected children. In addition, persistent
viral replication at the time of immunization can impair the
generation and maintenance of protective Ab titers. Reduced
or absent protective Ab titers versus HBV [109] and A H1N1
[110] have been reported in HIV-infected children, who were
viremic at the time of vaccination.
Loss of total CD4+ cells count can also play a crucial
role in this process. Noteworthy, emerging data point out the
importance of specific CD4+ T cell subsets depletion such
as follicular CCR5 helper cell [99], Tregs, and Th17 which
can play a crucial role in the induction and maintenance of
protective immune responses [111]. Reduction of follicular
CCR5 helper cell has been recently related to lower antibody
responses to H1N1 vaccination in HIV-infected individuals.
Similarly, studies on pandemic H1N1 have shown that
specific cellular immune-mediated surveillance is crucially
modulated by Th17 and Tregs. Cellular immune response to
the influenza virus appears to be lower in HIV-seropositive
patients than general population [111].
Reduction of Th17/Treg balance was found in untreated
HIV-infected adults and increased after twelve months of
HAART initiation as well as the IL-17 level [112]. Similarly,
a significant loss of IL-17 producing PBMC was also found
in viremic HIV-infected children [113]. A longitudinal
assessment of Th17 cell dynamic in the peripheral blood
is needed in order to determine the influence of timing of
HAART initiation in preserving such subset in HIV-infected
children.
5.2. Timing of Treatment
5.2.1. Timing of HAART Initiation and Specific Responses
to Vaccination. The loss of specific B-cell memory clones
occurs during the early stages of HIV infection. Thus, timing
of HAART initiation seems to be crucial, since it may result
in a diﬀerent grade of disturbance of B-cell immune reconstitution, especially in pediatric patients. However, very few
studies have addressed this issue in childhood [92, 114].
We previously showed that children who began HAART
within the first year of life presented levels of memory
B-cell percentages comparable to healthy uninfected agematched controls. Conversely, children who began treatment
after the first year of life had significantly lower percentages
of memory B-cells compared to healthy controls [92].
Furthermore, it was shown that maintenance of resting
memory B cell number is related to a better preservation
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of B-cell memory functionality. Indeed patients treated
early maintained protective levels of measles and tetanus
antibody titers, mirroring the preservation of B-cell memory
repertoire as suggested by ELISpot analysis (Figure 1).
Similarly, early initiation of HAART in infected adults
has been shown to prevent irreversible B-cell compartment
damage resulting in a more functional profile of memory Bcell responses to HIV and non-HIV antigens when compared
with chronic-treated HIV-infected individuals [108]. These
data suggest that an early initiation of HAART is needed
to preserve B cell compartment and obtaining an optimal
response upon vaccination [115]. Whether or not HIV vertically infected children starting HAART later than the first
year of life need diﬀerent vaccine schedule is still debated
[92, 105].
5.2.2. Timing of HAART Initiation and Specific HIV Response.
Timing of HAART initiation can influence the development
of HIV-specific immune responses [116–120]. Some authors
suggest that a rapid suppression of viral replication during
a period of relative immunological immaturity might critically hamper the priming and expansion of virus-specific
immune responses in vertically infected children. In fact,
it has been shown that vertically infected children starting
HAART within the first 3 months achieved long-term viral
suppression, but did not develop HIV-specific antibodies and
remained seronegative [30, 121–123]. In line with these data,
initiation of HAART during acute HIV infection in adults
results in incomplete or absent specific Ab HIV responses
[124]. In addition, absent or suboptimal HIV-specific lymphoproliferative and cytotoxic immune responses have been
reported by several authors [117, 118, 125–128]. Thus,
the control of viremia achieved during diﬀerent phases
of the infection (acute versus chronic) can result in the
development of suboptimal or strong HIV-specific immune
responses (Figure 1).

6. Conclusive Remarks
Vaccination is certainly among the most eﬀective clinical
interventions aimed at preventing infectious disease. However, the immune responses obtained following immunization are inadequate in HIV-infected children who present
a suboptimal immune reconstitution. The capacity of the
immune individuals to respond to vaccinations depends on
diverse immunogenetic factors, but also on the degree of
immunologic impairment at the time of immunization. The
majority of vertically HIV-infected children who have access
to antiviral treatment nowadays live into adolescence and
adulthood. A large proportion of these children might be
susceptible to vaccine-preventable childhood disease. Today,
many uncertainties remain about the optimal strategies for
identifying such susceptible individuals, and for oﬀering
them sustained protection through an appropriate immunization schedule, both in terms of timing and number of
vaccine doses [129].
According to the findings presented below, we can highlight two main factors. First, HAART should be administered
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Figure 1: How timing of HAART initiation impact on B- and T-cell compartment and on viral replication.

to children during the primary HIV infection to preserve the
normal development of specific immune responses. Second,
control of viremia should be achieved prior to performing
any vaccination since HAART improves the capacity to
establish and maintain long-term memory responses in individuals with HIV.
Finally, we also believe that providing an in-depth understanding of the factors that regulate the development of
protective immune responses is the sole pathway for rationally devising novel vaccination strategies against emerging

infections, particularly in a large group of immune compromised patients, where maintenance of protective immunity
clearly remains a major clinical challenge.
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Objective. To investigate intrathecal immune activation parameters and HIV-RNA in HIV-associated neurocognitive disorders
(HAND) of advanced naı̈ve HIV-infected patients and to evaluate their dynamics before and after initiation of antiretroviral
therapy (ART). Methods. Cross-sectional and longitudinal analysis of HIV RNA, proinflammatory cytokines (IL-6, IL-10, INFγ, TNF-α, TGF-β1, and TGF-β2) and chemokines (MIP-1α, MIP-1β, and MCP-1) in plasma and cerebrospinal fluid (CSF) of
HIV-infected patients with CD4 <200/μL. Results. HAND was diagnosed at baseline in 6/12 patients. Baseline CSF HIV-RNA
was comparable in patients with or without HAND, whereas CSF concentration of IL-6 and MIP-1β, proinflammatory cytokines,
was increased in HAND patients. CSF evaluation at 12 weeks was available in 10/12 cases. ART greatly reduced HIV-RNA in all
patients. Nevertheless, IL-6 and MIP-1β remained elevated after 12 weeks of therapy in HAND patients, in whom CSF HIV RNA
decay was slower than the plasmatic one as well. Conclusion. Immune activation, as indicated by inflammatory cytokines, but not
higher levels of HIV-RNA is observed in advanced naı̈ve HIV-infected patients with HAND. In HAND patients, ART introduction
resulted in a less rapid clearance of CSF viremia compared to plasma and no modifications of intratechal immune activation.

1. Introduction
HIV can cause a wide range of neurocognitive complications
which were recently regrouped under the acronym of HAND,
that is, HIV-associated neurocognitive disorders [1].
HAND reflects a spectrum of neurologic diseases ranging
from subclinical neuropsychological impairment, such as asymptomatic neurocognitive impairment (ANI) or mild neurocognitive disorder (MND), to clinically evident HIV-associated dementia (HAD) [2]. Following the introduction of
antiretroviral therapy (ART), the HAND profile has changed.
Indeed, widespread use of ART has decreased the prevalence
of HIV-associated dementia (HAD), but the prevalence of

milder forms of HIV-associated neurocognitive disorders
(HAND) has remained stable or increased among both treated and untreated individuals [3–5]. Prevalence of minor
cognitive deficits has increased as well and is currently
reported to be detectable in 20 to 50% of patients [6, 7].
The most probable explanation for this increase is that many
antiretroviral agents exhibit poor CSF and brain penetration [8]; additionally, these agents, may fail to completely
suppress HIV replication in the brain due to compartmentalization of HIV-1 infection within the central nervous system
(CNS).
HIV establishes an inflammatory response within the
CNS, resulting in macrophage activation. The inflammatory
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response is considered to be the main mediator of neuronal damage in HIV-related neurodegenerative disease [9].
Despite eﬀective ART, a substantial proportion of patients
continue to show signs of macrophage/microglia activation
and intratechal immunoglobulin production in the CNS
[10].
The eﬀects of ART on CNS viral burden and CNS immune activation need to be clarified in order to identify new
strategies for the prevention and treatment of neurocognitive
disorders.
In order to gain insight into these issues, we investigated
the potential relation between CSF HIV RNA level, immune
activation, and HAND in HIV-positive advanced naı̈ve patients before and after starting ART.

2. Material and Methods
2.1. Study Participants and Evaluations. Individuals were
enrolled at the Infectious Diseases Unit of San Gerardo Hospital, University of Milan-Bicocca. Antiretroviral therapynaive subjects with CD4+ <200 cells/μL were eligible. Subjects with current or past CNS infections, psychiatric diseases, other chronic neurologic disorders, drugs or alcohol
abuse were excluded. Written informed consent was obtained
prior to enrolment.
At baseline and after 12 weeks of ART (zidovudine, lamivudine and lopinavir/ritonavir), patients underwent clinical examination, virological and immunological assessment,
and CSF examination.
2.1.1. Neuropsychological Evaluation. Neuropsychological
evaluation was performed at baseline and at week 24. Neurocognitive function was assessed by a neuropsychological
set of tests recommended by ACTG, designed to quantify
cognitive impairment. These tests cover diﬀerent cognitive
domains: trail-making A (speed of processing); trail-making
B (executive function); Mauri et al. test (Episodic memory);
Matrix test (visual and selective attention, speed, and
accuracy of visual searching); Wais-R vocabulary (language);
Montgomery-Åsberg Depression Rating Scale (depressive
symptoms). Performance on each test was normalized for
age and education. ANI was defined as impairment in ≥2
cognitive domains that cannot be explained by opportunistic
CNS disease, systemic illness, psychiatric illness, substance
use disorders, or medications with CNS eﬀects [2]. MND
was defined as at least mild impairment (>1 SD below a
demographically appropriate normative mean), involving
≥2 cognitive domains that cannot be explained by confounding conditions and reported or demonstrated mild
functional decline that cannot be explained by confounding
conditions [2].
2.1.2. Laboratory Evaluation. HIV-RNA levels were measured in cell-free CSF and plasma using the PCR-Taqman
(lower limit of detection 40 copies/mL). Cytokines (IL-6, IL10, INF-γ, TNF-α, TGF-β1, TGF-β2) and chemokines (MIP1α, MIP-1β, MCP-1) concentrations were assessed by ELISA
(R&D System, Minneapolis, MN).
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2.1.3. Statistical Methods. Descriptive results are presented
as medians with interquartile range (IQR). Chi-square or
Fisher’s exact test has been used to analyze categorical variables. ANOVA and Student’s t-test were used for continuous
variables unless they were abnormally distributed, in which
case the Kruskal-Wallis and Mann-Whitney U tests were
used.
All tests were two sided and a P value inferior to 0.05
was regarded as significant, although its meaning was merely
descriptive.

3. Results
3.1. Patients Characteristics. Six advanced naı̈ve HIV-infected patients with HAND (3 ANI and 3 MND) and 6 advanced
naı̈ve HIV+ patients without HAND (controls) were enrolled
in the study (Table 1). Two patients were lost at followup
in the HAND group (1 ANI and 1 MND). Median baseline
CD4+ count was similar between the two groups: 88 cells/μL
(IQR 44–98) in HAND and 42 cells/μL (IQR 42–74) in
controls (P = 0.28). These values increased in both groups
after initiation of ART, reaching 188 cell/μL (IQR 178–205;
P = 0.009) in HAND and 175 cell/μL (IQ 123–394; P = 0.03)
in controls at week 12.
3.2. Plasmatic and CSF HIV-RNA Dynamics. Plasmatic HIV
RNA at baseline did not show statistically significant diﬀerences between the two groups of patients (HAND:
4.53 log copies/mL (IQR4.22–5.55); controls: 5.30 log copies/
mL (IQR 5.18–5.55) (P = 0.24)). Twelve weeks after starting
ART, median HIV RNA in plasma was 2.32 log copies/mL
(IQR 1.85–2.48) in HAND patients and 1.59 log copies/mL
(IQR 1.59–1.72) in the control group. Median change
in plasma HIV-RNA level at the end of followup was
−3.07 log copies/mL (IQR −3.24–2.59) in HAND group and
−3.60 (IQR −3.39–3.20) in the control group (P = 0.06).
At baseline, median CSF HIV RNA was 3.61 log copies/mL (IQR 3.02–4.38) in the HAND group compared to
3.02 log copies/mL (IQR 3.39–4.64) in controls (P = 0.25).
After 12 weeks of ART, median CSF HIV RNA was
2.09log copies/mL in HAND group (IQR 1.59–2.08) and
1.59 log copies/mL (IQR 1.59–1.77) in the control group
(Figure 1(a)). At the end of followup, median change of
CSF HIV-RNA was −2.05 log copies/mL (IQR −2.76–1.08)
in HAND group and −1.67 (IQR −1.86–1.19) in control
group (P = 0.48).
We then calculated diﬀerence in HIV-RNA levels between
plasma and CSF (Δ), both at baseline visit and at week
12. A value >0.5 log copies/mL was observed in 3 out of 4
patients in the HAND group and in 1/5 in the control group,
reflecting a slower decrease in HIV-RNA level in CSF as
compared to plasma in HAND patients (Figure 1(b)).
3.3. CSF Inflammation Dynamics. At baseline, concentration
of inflammatory cytokines in CSF was diﬀerent between
the two groups of patients. Thus, MIP-1β was significantly
elevated in HAND patients (2.74 pg/mL, IQR 2.14–7.30)
compared to patients without HAND (1.44 pg/mL, IQR
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Table 1: Patients’ characteristics.

Pt
1
2
3
4
5
6
7
8
9
10
11
12
a

Baseline
HIV-RNA
HIV-RNA
NPS CD4+
Ethnic
CSF WBC CD4+
CDC
Age Sex
plasma
CSF
a
b
Test cell/μL
Grup
cell/μL
cell/μL
log10 cp/mL log10 cp/mL
40 M
C
C3
+
100
4.04
5.40
20
176
47 M
I
C3
+b
93
4.75
4.80
0
190
43 M
C
C3
+b
32
2.67
3.45
12
186
49 F
C
C3
+b
83
5.68
3.36
1
211
59 M
C
C3
+
102
5.75
4.14
1
317
27 M
I
C3
+
26
5.54
1.81
0
116
41 M
C
C3
−
42
5.87
3.26
0
234
36 M
C
B3
−
26
5.62
2.62
1
49
25 M
A
C3
−
172
5.16
4.16
0
145
25 F
I
B3
−
106
4.18
3.69
8
474
37 M
C
C3
−
148
5.36
2.63
0
448
53 M
C
C3
−
43
5.23
2.78
0
116

Week 24
HIV-RNA
HIV-RNA
CSF WBC
plasma
CSF
cell/μL
log10 cp/mL log10 cp/mL
1.59
2.6
0
1.74
2.05
8
2.49
2.08
15
2.54
2.46
2.17
1.59
0
1.76
1.59
0
1.59
1.59
1
1.59
1.59
0
1.59
1.83
1
2.27
2.16
0
1.59
1.59
11

: C: Caucasian, A: African, and I: Ispanic.
MND, +: altered NPS test.

b:

Table 2: CSF inflammation markers dynamics.
CSF concentration (pg/mL)
IL-6 BL
IL-6 W12
TGF-β1 BL
TGF-β1 W12
TGF-β2 BL
TGF-β2 W12
MIP-1α BL
MIP-1α W12
MIP-1β BL
MIP-1β W12
MCP-1 log10 BL
MCP-1 log10 W12

HAND group
3.50 (2.96–6.22)
6.00 (2.25–5.75)
0.11 (0.00–11.75)
0.10 (0.00–5.20)
59.00 (0.00–87.20)
46.11 (41.72–61.11)
0.70 (0.00–2.86)
1.00 (1.00–6.50)
2.74 (2.14–7.30)
2.65 (1.42–1.87)
2.85 (2.84–3.06)
2.63 (2.61–2.79)

0.94–2.13) (P = 0.03) (Figure 1(c)). Similarly, IL-6 CSF
concentration was higher (3.5 pg/mL, IQR 2.96–6.22) in
HAND patients compared to the control group (0.313 pg/mL
IQR 0.18–1.04) (P = 0.06) (Figure 1(c)).
After 3 months of ART, no significant changes in cytokines and chemokines levels were observed in either group
of patients despite a significant reduction in CSF HIV replication,. In particular, HAND patients did not show changes
in the CSF concentration of either MIP-1β (2.65 pg/mL, IQR
1.42–1.87) or IL-6 (6 pg/mL, IQR 2.25–5.75) and concentrations of these cytokines thus remained significantly higher
than controls.
CSF concentration of cytokines is chemokines are represented in Table 2. IL-10 and TNF-α CSF concentrations
were undetectable in all patients at baseline and followup;
INF-γ CSF concentration was detectable in 2/6 patients
with HAND at baseline and 1/4 patients with HAND at

Controls
0.31 (0.18–1.04)
1.00 (0.00–1.52)
12.40 (0.00–24.10)
13.50 (9.25–16.75)
99.12 (20.10–147.00)
79.06 (69.13–92.23)
0.10 (0.00–0.12)
0.10 (0.00–0.22)
1.44 (0.94–2.13)
1.61 (0.48–1.87)
2.69 (2.65–2.75)
2.64 (2.61–2.68)

P
0.06
0.06
ns
ns
ns
ns
0.05
0.05
0.03
0.05
0.06
ns

week 12 (undetectable levels were found in controls at both
timepoints).

4. Discussion
Data herein show that intrathecal immune activation plays
a significant role in neuropathogenesis of cognitive impairment during HIV infection, as demonstrated in naı̈ve patients with advanced immune suppression.
Typically, magnitude of CSF infection varies among patients. It does, however, correlate strongly with intratechal
inflammation and development of HIV-associated dementia
[9]. In our cohort of naı̈ve HIV-infected patients with advanced disease, levels of HIV-RNA in blood and CSF of
patients with HAND were comparable to those of patients
without HAND. Interestingly, however, in HAND patients,
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Figure 1: Representation of CSF HIV-RNA dynamics (a), diﬀerence in HIV-RNA levels between plasma and CSF (Δ) (b) and cytokines
(IL-6, MIP-1β) concentrations at baseline. At baseline and after 12 weeks of ART, CSF HIV-RNA was not diﬀerent between HAND patients
and controls (Figure 1(a)). Diﬀerence in HIV-RNA levels between plasma and CSF (Δ), both at baseline and at week 12, showed a value >
0.5 log copies/mL in 3/4 patients in the HAND group and in 1/5 in the control group, reflecting a slower decrease in HIV-RNA level in CSF as
compared to plasma in HAND patients (Figure 1(b)). At baseline concentration of MIP-1b and IL-6 in CSF, there was a diﬀerence between
the two groups of patients (Figure 1(c)).

we did observe a slower decay of CSF HIV replication as
compared to plasma, indicating a more persistent replication
of the virus in the CNS compartment. This suggests a model in which the presence of HAND is associated with compartmentalization of virus replication [7].
CNS immune activation accompanies HIV infection and
is an important mediator of neurological injury. The specific
mechanism(s) by which inflammatory cells are recruited into
the CNS revolves around peripheral immune activation and
a chemokine gradient established within the CNS as a result
of viral infection and glial immune activation. In HAND patients, we found higher levels of macrophages-produced inflammatory cytokines, confirming the significant role of CNS
macrophage activation in inducing the neurologic damage.
Currently, many unanswered questions remain regarding
the relationship between neuroinflammation, blood-brain

barrier (BBB) dysfunction, and progressive HIV-1 infection
and how these factors aﬀect the onset and development of
HAND. The higher levels of IL-6 observed in our HAND
patients confirm its specific role as mediator of neuroinflammation during chronic HIV inflammation. Recently, several
studies identified possible pathways involved in the induction
or generation of IL-6 from brain microvascular endothelial
cells, as well as astrocytes [11, 12].
Moreover, higher levels of MIP-1β detected in the CSF
of HIV-infected patients with HAND confirm previous
observations of upregulation of this chemokine production
in the brain of patients with ADC [13].
Similarly to what is observed for HIV-RNA levels, inflammation, as measured by CSF pleocytosis, decreases during
ART-reduced CSF inflammatory response in the context of
ART being suggested to be secondary to reduction of either
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local antigen stimulus or of HIV-related chemotaxis. Interestingly, in our advanced naı̈ve HIV-infected HAND patients, intrathecal immune activation parameters, as measured by inflammatory cytokines is not influenced by ART
initiation. This supports the hypothesis that intrathecal
inflammation and immunoactivation play a critical role in
patients with severe immune depression, associated with
more frequent compartimentalization of HIV infection.
Moreover, our observation confirms previous studies describing the persistence of CNS immune activation even in
presence of virologically eﬀective ART.
In our sample of advanced naı̈ve HAND patients, the
profile of CSF HIV infection was characterized by the
presence of intratechal immune activation, as stated by the
higher levels of inflammatory cytokines, accompanied by less
rapid clearance of CSF viremia compared to plasma after
the introduction of ART. Long-term observation focusing on
neurological outcomes should provide further insight into
the neurological prognosis of these patients.
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HAART has significantly changed the natural history of HIV infection: patients receiving antiretrovirals are usually able to control
viremia, even though not all virological responders adequately recover their CD4+ count. The reasons for poor immune restoration
are only partially known and they include genetic, demographic and immunologic factors. A crucial element aﬀecting immune
recovery is immune activation, related to residual viremia; indeed, a suboptimal virological control (i.e., low levels of plasma HIV
RNA) has been related with higher levels of chronic inflammation and all-cause mortality. The sources of residual viremia are not
yet completely known, even though the most important one is represented by latently infected cells. Several methods, including 2LTR HIV DNA and unspliced HIV RNA measurement, have been developed to estimate residual viremia and predict the outcome
of antiretroviral therapy. Considering that poor immunologic responders are exposed to a higher risk of both AIDS-related and
non-AIDS-related diseases, there is a need of new therapeutic strategies, including immunomodulators and drugs targeting the
latent viral reservoirs, in order to face residual viremia but also to “drive” the host immunologic responses.

1. Introduction
The introduction of highly active antiretroviral therapy
(HAART) has determined a significant reduction in morbidity and mortality of people living with human immunodeficiency virus (HIV) [1]. The majority of individuals
taking HAART experience HIV RNA suppression below
the detection limit of clinical assays (usually 20–50 copies
HIV RNA/mL plasma) [2, 3]. However, despite suppressing
viremia, HAART cannot eradicate HIV: residual low level
viremia (LLV) can indeed be detected in most patients
with ultrasensitive assays, because of the persistency of
viral reservoirs and “sanctuary sites” not fully aﬀected by
HAART [4–7]. In addition to plasma HIV RNA, several
protocols have been developed to estimate the burden of viral
replication, including 2 “long terminal repeat” (LTR) HIV
DNAs, a marker of recent cellular infection, and multispliced
(MS) and unspliced (US) HIV RNA quantification [8]. Of
note, not all virologically suppressed patients are able to

recover their CD4+ T-cell count, thus representing a great
concern because of the risk for opportunistic infections.
The reasons for defective immune restoration are not
fully understood: reduced CD4+ T-cell recovery has been
associated with older age [9–14], higher HIV RNA before
HAART [10, 12, 15–19], lower baseline CD4+ count [10–12,
20–22], bone marrow [23, 24], and thymic dysfunction [25–
27]; genetic factors, including CCR5 polymorphism [28],
some antiretroviral drugs [29–31], and immune activation
[32] has also been related with impaired immune restoration.
In this paper, we first describe the mechanisms which
may aﬀect immune restoration, focusing on the role of
immune activation and residual viremia. We briefly outline
the main sources of LLV and the most commonly used
assays to identify latently infected cells and we report
the most recent evidence about the clinical implications
related to LLV. We then summarize the potentialities of
new therapeutic options, including immune therapy and
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“reactivation strategies,” in reconstituting immune functions
of HIV-infected subjects.

2. Definition and Timing of Immune
Restoration
The increase in peripheral CD4+ T cells observed during
HAART occurs in three distinct phases: during the first
3–6 months of HAART, the significant increase (20–30
cells/μL monthly) in circulating naive and memory CD4+
T cells may be explained by the redistribution of T cells
from the lymphoid tissues to the blood [33–35]; viral
load suppression, with the subsequent decrease in immune
activation, has been shown to downregulate the expression
of adhesion molecules on the surface of T cells, such as
intercellular adhesion molecule-1 (ICAM-1) and vascular
cell adhesion molecule-1 (VCAM-1), which are responsible
for T-cell trapping in the lymphoid organs. This mechanism
results in T-cell dismissal in the blood [36]. The second phase
(5–10 cells/μL monthly, until the end of the second year of
HAART) and the third phase (2–5 cells/μL monthly, until at
least the seventh year of antiretroviral therapy) of immune
restoration are due to several mechanisms, globally leading
to the rise in T cells, especially naive ones [10, 37, 38]: the
stimulation of thymic lymphopoiesis and the proliferation
of residual CD4+ T cells are the main causes of immune
restoration [39]; lifespan increase of CD4+ T cells may also
account for T-cell recovery under HAART, especially in older
subjects, who physiologically have a reduced thymic function
[40]. Of note, these potentially compensatory responses
to HIV infection do not have the same immunological
meaning, considering that de novo proliferation of CD4+ T
cells may potentially restore a complete T-cell repertoire; by
contrast, the increased proliferation and survival of residual
CD4+ T cells, even if able to apparently guarantee T-cell
recovery, is not associated with a good quality of immune
reconstitution, because of its inability to reconstitute a
complete T-cell repertoire.
In most studies, a strong correlation between the magnitude of the change in plasma HIV RNA and the increase in
circulating CD4+ T cells has been described. Le Moing et al.
[37] reported a significant association between the long-term
slope of CD4+ T cells and the variation of plasma HIV RNA
levels when studying a large cohort of HIV-infected patients
at the initiation of a protease-inhibitor- (PI-) containing
antiretroviral regimen. In fact, the long-term slope was
2.5 cells/mm3 /month higher in patients who had plasma
HIV RNA levels of less than 500 copies/mL at month 4
(P < 0.001), in comparison with those having no virological
response. Nevertheless, this increase in CD4+ T-cell count
was significantly attenuated after occurrence of a rebound
in plasma HIV RNA > 500 copies/mL, thus suggesting
the importance to achieve and maintain a good virological
control. Pretreatment HIV RNA levels have been significantly
correlated with CD4+ T-cell recovery in several studies [14,
37–39]: as previously noticed, this observation may be due
to the fact that higher plasma HIV RNA levels associate with
greater numbers of CD4+ T cells being sequestered within
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lymphatic tissues, resulting in a greater redistribution of cells
after HAART-induced viral suppression.
It is interesting to note that CD4+ T-cell recovery
under HAART does not lead to the full restoration of
humoral and cellular immune functions. Indeed, a number
of studies have described functional impairment of both
innate and acquired immune responses despite eﬀective
HAART. Chehimi et al., for instance, observed only a partial
recovery of functional plasmacytoid dendritic cells (PDCs)
and natural killer (NK) cells after 52 weeks of suppressive
HAART [41]. In this study, patients were divided into two
groups, one composed of subjects achieving rapid viral
load suppression (HIV RNA < 50 copies/mL by week
12), the other composed of subjects with delayed viral
suppression. Subjects with delayed viral suppression had
a higher baseline viremia (29.254 copies/mL versus 4.134
copies/mL); moreover, baseline viral load was a negative
predictor of PDCs recovery after 52 week of HAART (r =
−0.47, P = 0.08). Restoration of total NK cells was incomplete even after 52 weeks on HAART when considering the
whole HIV-positive cohort (73 cells/μL versus 122 cells/μL
in controls). Furthermore, cytokine-induced IFN-gamma
production by NK cells has been shown to be similarly
impaired in asymptomatic, viremic, and HAART-suppressed
HIV-positive subjects [42]. Stone et al. [43] found that CD4+
T cells from HIV-infected patients had increased expression
of the coinhibitory protein cytotoxic T-lymphocyte antigen4 (CTLA-4) and decreased expression of the costimulatory
protein CD28, even in presence of increased CD4+ T-cell
count and great control of HIV viral load by HAART. CTLA4 and CD28 play a crucial role in T-cell activation after
engagement by CD80/CD86 on antigen-presenting cells, so
that their dysregulated expression on T cells may contribute
to impaired T-cell functions.
There is not a consensus definition of immunologic
nonresponder individuals: some authors described patients
on HAART whose CD4+ T-cell count remained below a
critical threshold, ranging between 350 and 500 cells/μL,
over an extended period of time (more than 4–7 years in
most studies), as poor immune responders, in which viroimmunologic dissociation implies a greater risk of AIDSrelated and non-AIDS-related illnesses [44–46]; some others
analyzed immune recovery over a shorter period of time,
usually 6–12 months of HAART, defining as immunologic
nonresponders those patients whose CD4+ T-cell count
increase was <30% and total CD4+ T-cell count ≤ 200
cells/μL [47].

3. Risk Factors for Impaired CD4+ T-Cell
Recovery
Immunologic nonresponse despite eﬀective HAART appears
to have a multifactorial origin, since a number of hostrelated and HIV-related factors contribute to a suboptimal
immune reconstitution [48] (Figure 1). Some demographic
characteristics, like male sex and older age, have been
associated with reduced CD4+ T-cell gain: these findings
may be explained by the fact that thymic output is higher
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Risk factors for impaired CD4+ T-cell recovery
- Older age and male sex
- Low baseline CD4+
- High baseline HIV RNA
- Thymic and bone marrow dysfunction
- Immune activation (microbial translocation, HCV coinfection, and residual viremia)
- Ongoing HIV replication
- Antiretrovirals (didanosine, AZT)
- CCR5-induced T-cell activation (CCR5 genetic polymorphism)

Factors associated with greater CD4+ T- cell gain
- Younger age and female sex
- Higher nadir CD4+
- Optimal adherence to HAART
- PI-based HAART

Figure 1: Factors aﬀecting immune restoration in patients on HAART.

in women and younger subjects and it is closely associated
with de novo production of CD4+ T cells [49]. In fact,
impaired central regeneration of T cells, consistent with
altered thymopoiesis, has been reported as a key determinant
of poor immune reconstitution. T-cell receptor (TCR)
excision circles (TRECs) have been used as a surrogate
marker of thymic output, because they represent sequences
of extrachromosomal DNA which are not replicated during
T-cell divisions and therefore are not present in the progeny.
In subjects with reduced immune restoration, a lower level
of TRECs in T cells has been found by some authors
[50, 51]; in addition, a lower percentage of recent thymic
immigrant CD4+ T cells (CD31+%), has been described in
immunologic nonresponders in comparison with immunologic responders [52], thus supporting, again, the contribute
of thymic exhaustion to poor CD4+ gain despite suppressive
HAART [25–27]. It remains to be established if it is the
thymus itself to be unable to respond to thymopoietic signals,
for example, IL-7, or if it is the insuﬃcient production of
thymopoietic molecules to compromise thymic-dependent
immune recovery. IL-7 is a potent pleiotropic cytokine
implicated in both thymopoiesis and peripheral homeostasis.
IL-7 is constitutively produced by stromal cells from the bone
marrow and thymus. In the thymus, it supports the viability
and the expansion of early thymocytes; at the peripheral
level, it costimulates T cells, thereby initiating their proliferation and survival. Furthermore, it has been shown to
increase CD8+ T-cell cytotoxicity and to promote NK-cell
functions [53]. IL-7 production is increased in lymphopenic
conditions [54]. In fact, when studying a cohort of 168

HIV-positive patients, Napolitano et al. found higher IL-7
levels to be independently associated with lower CD4+ Tcell count (P = 0.0001) and higher plasma HIV RNA levels
(P = 0.002). Consistent with the findings of the crosssectional study, the longitudinal analysis of a smaller cohort
of 11 HIV-infected patients, observed over 6–25 months,
confirmed the increase in IL-7 levels to be significantly
associated with a decrease in the CD4+ T-cell count (ρ =
−0.64; P = 0.03) but not with changes in viral load anymore
(ρ = −0.41; P = 0.21). Despite similar IL-7 plasma
levels in immunologic responders and nonresponders, it
has been shown that patients with poor immune recovery
are characterized by reduced IL-7 receptor expression on
diﬀerent T-cell populations, thus potentially limiting the
compensatory eﬀect of higher IL-7 levels [55]. Female sex
hormones have been shown to exert an antiapoptotic role
on neutrophils [56]; it may be speculated a similar function
on CD4+ T cells, which may at least partially explain the
greater immune restoration found in women in comparison
with men. A more direct link between T-cell recovery and
gender has been recently described by Olsen and Kovacs,
who demonstrated that the thymus is a target for androgen
hormones, as suggested by the observation of increased
thymic T-cell output in hypogonadal men [57]. The role
of genetics has been emphasized by several authors: the
stimulation of C-C chemokine receptor type 5 (CCR5)
on CD4+ T-cell surface has been associated with T-cell
activation [58]; in subjects carrying a CCR5 polymorphism,
determining CD4+ T-cell activation, the polymorphism has
been found to be predictive of immunologic response [28].
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Multiple studies reported that patients receiving PI-based
regimens had a better T-cell recovery [59–62], possibly
because PIs may restore T-cell proliferative responses [63]
and activate antiapoptotic pathways [64]. The administration of other antiretroviral drugs has been reported to have a
deleterious eﬀect on CD4+ T-cell gain: AZT, for instance, has
been shown to be toxic for hematopoietic progenitors [29],
didanosine to block T-cell proliferation and diﬀerentiation
[30].
Immune activation is considered a key element in
determining poor immune restoration [23, 32, 55, 65–67]:
the immune system of HIV-infected subjects has to cope
with a massive T-cell apoptosis [68, 69], which appears
closely associated with the continuous stimulatory eﬀect
of proinflammatory cytokines and viral antigens [70]. The
depletion of CD4+ T cells in mucosal lymphoid tissues is
considered a key element of immune activation, because
it leads to the disruption of the mucosal barrier in the
gut, whose physiological function is to prevent microbial
translocation from the gut to the systemic immune system
[70–73]. Microbial translocation results in elevated plasma
levels of bacterial 16s DNA and lipopolysaccharide (LPS)
[73, 74], which have been directly correlated with reduced
CD4+ T-cell recovery after starting HAART [66, 73, 74].
Coinfection with HCV [75–77] or Herpesviridae (EBV,
CMV) reactivation [78, 79] have also been associated with
immune activation and poor CD4+ T-cell recovery.

4. Residual Viremia, HIV Latency, and Poor
Immune Restoration
Residual viremia has been shown to trigger immune activation [48]: it is not yet well known if residual LLV represents
the result of ongoing cycles of viral replication or if it is
caused by the release of virus from stable HIV reservoirs
[80]. As refers to the first hypothesis, some authors have
recently shown that there is not evolution in HIV genome
during HAART, thus implying the absence of ongoing cycles
of productive viral replication. Furthermore, the characterization of rebounding virus during structured therapeutic
interruptions has shown no evidence of evolution when
compared with pretreatment samples [81]; analogously,
some studies reported that HAART intensification with the
addition of raltegravir, in patients on suppressive regimens,
did not significantly decrease viremia, thus suggesting, again,
the absence of ongoing cycles of replicating virus [82–85].
Further support to this observation emerged from earlier
studies, showing that the level of persistent viremia was not
related to treatment regimen but to pretreatment viral load;
all eﬀective HAART regimens suppressed HIV viral load to
the same average level, a level that was not determined by the
regimen itself, but by the size of the viral reservoirs [86]. On
the other hand, some authors have reported opposing results:
the presence of extrachromosomic HIV DNA, including
circular DNA containing “long terminal repeat” sequences
(LTR), a putative marker of recent cell infection, has been
found in virologically suppressed patients [87]; likewise, an
increase in the amount of 2-LTR forms of HIV DNA in
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the peripheral blood mononuclear cells (PBMCs) of patients
under treatment intensification with raltegravir supported
the idea of the persistency of ongoing replication [88].
The presence of long-lived latently infected cells is
generally considered the main cause of LLV. HIV latency
occurs in resting central memory (Tcm ) and transitional
memory (Ttm ) CD4+ cells [89], but also in astrocytes [90,
91], monocyte-macrophages [92], naive T cells [93, 94], and
thymocytes [95]. Latently infected cells can be detected in
blood and tissues, such as the gastrointestinal tract [96], the
central nervous system [91, 97], the genital tract [98–100],
which represent “sanctuary sites”, where HAART poorly
penetrates. When activated, latently infected CD4+ T cells
can release the virus in the blood, even if antiretrovirals are
able to prevent new rounds of infection; during HAART,
these cells decay very slowly, with an average half-life of 44
months, so that under current treatment it will take over 60
years to deplete this reservoir [101]. The pretreatment HIV-1
DNA level in PBMCs has been identified as a relevant marker
in predicting residual viremia for patients receiving an
identical HAART regimen [4], as cell-associated HIV DNA
is considered a good surrogate marker of the total number of
latently infected cells [102]. Quantification of cell-associated
unspliced (US) and multiply spliced (MS) HIV RNA has
been proposed as an helpful tool to estimate residual
productively infected cells and to predict the virological
outcome of therapy in patients on HAART: Pasternak et al.
demonstrated that the level of HIV US RNA in PBMCs,
as measured in HAART-treated patients with undetectable
viremia, strongly correlated with the likelihood to experience
HAART failure. In fact, median US RNA levels were significantly higher in patients who underwent HAART failure
(0.43 log10 diﬀerence, P = 0.0015) in comparison with
those who remained virologically suppressed and inversely
correlated with baseline CD4+ T-cell count; furthermore, in
multivariate analysis, after adjusting for baseline CD4+ Tcell count, prior HAART experience and particular HAART
regimens, the maximal US RNA level under therapy was
the best independent predictor of subsequent therapy failure
(adjusted odds ratio [95% CI], 24.4 [1.5–389.5], P = 0.024)
[103].
Several studies have shown that the persistency of
residual viremia represents a continuous proinflammatory
stimulus for the immune system, causing immune activation
and chronic inflammation. Of interest, a recent work of
d’Ettorre et al. [104] has found out the association of HIV
persistence in the gut mucosa of HAART-treated subjects
with immune activation and microbial translocation: in
fact, the level of HIV DNA in the gut correlated with
plasma level of LPS and with the levels of expression
of the activation marker CD38 on CD8+ T cells. In the
SMART trial, levels of C-reactive protein (CRP), Interleukin
(IL)-6, and D-Dimer remained elevated in HIV-infected
subjects, despite suppressive HAART [105]; furthermore, IL6 and D-Dimer were strongly associated with mortality, even
in patients achieving viral suppression [106]. Contrasting
results were recently published by Eastburn et al. [107]. The
authors explored the association of LLV with inflammation,
increased coagulation, and all-cause mortality and they
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unexpectedly found little association of LLV with CRP, IL6 and fibrinogen: in fact, CRP levels did not correlate with
HIV viral load, while increasing HIV RNA was associated
with higher IL-6 and fibrinogen levels, but only for subjects
whose viral load was above 10.000 copies/mL. As refers to IL6, this association was attenuated by ∼50% after adjusting
for CD4+ T-cell count. In addition, HIV RNA was not
associated with mortality risk over 5 years, after adjustment
for CD4+ T-cell count, cardiovascular risk factors, and
inflammation. These contrasting data suggest the need for
more studies, properly designed to identify the most reliable coagulopathic/inflammatory markers associated with
HIV ongoing replication/persistence and to further explore
whether LLV predisposes to increased inflammation and allcause mortality. Furthermore, in addition to cross-sectional
plasma HIV RNA measures, some authors have investigated
the use of other biomarkers, which may be able to better
describe the patient longitudinal exposure to HIV burden
and to potentially work as a proxy measure of cumulative
inflammation and immune system activation [108, 109].
Mugavero et al. have recently proposed viremia copy-years,
a time-varying measure of cumulative plasma HIV exposure,
as an independent predictor of mortality, even after adjusting
for most recent CD4+ T-cell count, thus substantiating the
role of HIV replication in accelerating disease progression,
independently of its eﬀects on peripheral CD4+ T-cell
depletion [108].

5. Potential Strategies to Reduce Residual
Viremia and Enhance Immune Restoration
Considering that functional and numerical normalization
of CD4+ T-cells appears to be fundamental to prevent
both AIDS-related and non-AIDS-related morbidity and
mortality, there is a need of new therapeutic strategies for
immunologic nonresponder patients (Figure 2).
We have previously highlighted the crucial role of
immune activation in causing poor CD4+ T-cell gain in
patients receiving HAART; therefore, strategies aiming at
reducing immune activation would be worthy to enhance
immune restoration. An attempt to suppress polyclonal
T-cell activation has been made by some authors
using immunosuppressive drugs, such as hydroxyurea,
corticosteroids, cyclosporine A, mycophenolate, with no
eﬀective results, even considering that immunosuppressive
adverse eﬀects may overwhelm the theoretical benefits of
reduced T-cell activation [110]. More encouraging results
have been associated with the use of maraviroc, a CCR5
antagonist, which has been shown to reduce the levels of
activated CD4+ and CD8+ T cells [111, 112] and to induce
a greater increase in CD4+ T-cell count in treatment naive
patients at week 48 and 96, in comparison with efavirenz
[113]. The anti-inflammatory and immunomodulatory
functions of statins have recently been evaluated by De
Wit et al., who have shown atorvastatin to significantly
reduce the level of immune activation, measured by
CD8+/CD38+ percentage, but not to aﬀect highly sensitive
CRP levels or CD4+ T-cell response in HAART-suppressed
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Reducing immune activation (e.g.,
Boosting immunity (therapeutic
CCR5 antagonists, TLR-4
vaccination, rIL-2, IL-7, IL-15)
antagonists, anti-IL-1β, anti-IL-6)

HAART

Gene therapy (e.g., RNA-based
gene therapy to reduce CCR5
expression)

Reducing latently infected cells
(e.g., IL-7, prostratin, HDACis,
methylation inhibitors)

Figure 2: Therapeutic options for increasing CD4+ T-cell recovery.
HAART obviously remains the milestone of any treatment; in addition, other potential strategies, targeting some aspects associated
with poor immune restoration, are here reported.

patients [114]. As refers to microbial translocation, the
use of probiotics has been suggested to favorably modify
the balance between “good” and “bad” intestinal flora;
furthermore, the use of inhibitors of bacterial productmediated eﬀects (antagonists of toll like receptor-4, the
receptor for LPS [115]) or inhibitors of proinflammatory
cytokines (anti-IL-1β, anti-IL-6 or antitumor necrosis
factor (TNF)-α [116]) is another option currently under
evaluation. The antiviral and anti-inflammatory properties
of the antimalarial drug hydroxychloroquine (HCQ) have
recently been analyzed in a cohort of 20 HAART-treated
immunologic nonresponders by Piconi et al. [117], who
studied the impact of HCQ (400 mg/day for 6 months) on
immune activation: HCQ significantly reduced plasma LPS,
LPS/TLR-mediated signal transduction and IL-6/TNF-α
production; furthermore, it increased percentages of circulating CD4+ T cells. These eﬀects were mostly retained two
months after therapy interruption. However, a trend, but not
a significant increase in CD4+ T-cell count was observed,
thus indicating that more studies are needed to check the
immunomodulating potentialities of HCQ. Some clinical
trials are currently in progress (ACTG A5258, http://clinicaltrials.gov/ct2/show/NCT00819390; CTN246, http://www
.hivnet.ubc.ca/clinical-studies/canadian-hiv-trials-database/
ctn-246/).
Strategies to restore the regenerative capacity of immune
system include the administration of recombinant interleukin-2 (rIL-2) and IL-7. Endogenous IL-2 is produced
by activated CD4+ T cells and it is important for antigen
processing and induction of CD8+ T-cell cytotoxic activity;
in HIV-positive subjects, IL-2 levels are lower, so that
CD8+ cytotoxicity is impaired and the virus may easily
escape from the host immune system. Some clinical trials
demonstrated the eﬃcacy of one year-treatment with rIL2 plus HAART versus HAART alone in determining CD4+
T-cell gain [118, 119]; furthermore, the benefits of rIL-2
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administration in terms of CD4+ count were maintained for
over 95 months in another follow up study [120]. First, rIL2 administration may help facing CD4+ T-cell loss, mainly
through the expansion of the naive CD4+ compartment;
it does not seem to be a mere matter of quantity but also
of quality: in fact, there was not only a numerical increase
but also a significant rise in functionally competent CD4+
CD28+ T cells, being CD28 a costimulatory molecule, whose
expression is needed for antigenic presentation [121, 122].
In addition, rIL-2 may promote the proliferation of CD8+
T cells [123] and inhibit HIV replication in macrophages
[124]. Despite the significant increase in CD4+ T-cell count,
the ESPRIT and SILCAAT study, two recent prospective,
randomized, controlled, phase III studies exploring the
clinical benefits of intermittent subcutaneous rIL-2 with
HAART versus HAART alone, have shown no significant
diﬀerences in HIV RNA levels and no clinical benefits to
the patients in the rIL-2 arm [125, 126]. As refers to IL7, a recent trial has demonstrated a sustained increase in T
cells after administration of recombinant human (rh) IL-7
to HIV-infected patients [127], because of both increase in
thymopoiesis as well as a direct increase in the magnitude of
antigen-driven peripheral T-cell expansion [128].
Another potential immunomodulatory strategy is associated with NK-cell capability to exert a direct cytotoxic
eﬀect and to produce soluble factors able to control HIV
replication [129]. From this perspective, some authors have
evaluated the immunological eﬀects of IL-15, a pleiotropic
cytokine which is involved in NK-cell proliferation and
survival [130]. D’Ettorre et al. have recently reported that the
in vitro challenging of NK cells with IL-15 was able to significantly reduce the level of viral p24 antigen in cocultured
infected CD4+ T cells and PBMCs media. Furthermore, IL15 stimulated NK cells reduced HIV DNA viral load both
in purified CD4+ T cells and PBMCs [131]. In a previous
study of the same group, IL-15 priming was shown to induce
a significant increase of IFN-gamma production in both
viremic and aviremic HIV-positive patients [132]. Tarkowski
et al. [133] found that the expression of IL-15, but not of
its receptor IL-15Rα, was significantly higher in the CD14+
monocytes of long-term nonprogressors than in those of
HIV-1 progressors or healthy controls; diﬀerences in IL-15
expression between patients with diﬀerent courses of HIV
infection may be indicative of a potential use of this cytokine
as a therapeutic agent.
Many strategies have been explored to eradicate residual
viremia in subjects on HAART: latently infected cells do
not diﬀer from uninfected cells, apart from the presence
of integrated HIV DNA but, when activated, these cells
may become vulnerable to immune-mediated killing and
to antiretrovirals, so that a current “hot topic” is focused
on reactivating latently infected cells, in order to induce
integrated HIV expression; for example, IL-7 has been shown
to induce productive infection from latently infected CD4+
T cells in vitro, through the activation of the Jak-Stat pathway
[127, 134, 135] and it is currently ongoing clinical trials,
to determine if it may be eﬀective to reduce in vivo latent
reservoirs (ERAMUNE, http://www.clinicaltrials.gov). It has
been recently shown that the stimulation of CD4+ T cells
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from viremic donors with IL-7 or IL-15 was able to induce
in both cases viral production in productively infected cells,
even if these cytokines showed a diﬀerent impact on the
maintenance of latently infected CD4+ T cells: in fact, IL7 had a major eﬀect on homeostatic proliferation of cells
harboring integrated HIV DNA, whereas IL-15 promoted
the diﬀerentiation of Tcm CD4+ T cells and increased the
percentage of short-lived eﬀector memory (Tem ) T cells
[136].
The upregulation of cellular transcription has been suggested as another strategy to induce HIV genome expression
and reverse latency, for instance by promoting histone
acetylation [137]. Histone deacetylase inhibitors (HDACis),
such as valproic acid, sodium butyrate, and suberoylanilide
hydroxamic acid (SAHA), have been shown to enhance
cellular transcription, including HIV LTR [138]; however,
some retrospective studies failed to demonstrate a significant
reduction of latent reservoirs when administering valproic
acid [139–141]. Due to the fact that active nuclear factorkappa B (NF-κB) is a positive regulator of HIV expression,
the use of the NF-κB activator prostratin, in combination
with HDACis, has been shown to enhance HIV transcription
in vitro [142, 143]. Mehla et al. have recently reported the
in vitro capability of bryostatin, a Protein Kinase C (PKC)
agonist, to reactivate latent viral infection in monocytic and
lymphocytic cells, mainly because of PKC-induced activation of NF-κB [144]. In addition, considering that DNA
methylation prevents HIV expression, the use of methylation
inhibitors, such as decitabine, has been proposed to eliminate
HIV from latently infected resting CD4+ T cells [145,
146]. Anyhow, the in vitro eﬃcacy of these families of
compounds needs to be tested first in animal models and
then in well-designed and well-tolerated clinical trials, to
understand if the “reactivation strategy” may also work
in vivo.
Recently, it has been suggested that compounds able to
promote the diﬀerentiation of the long-lived Tcm and Ttm
CD4+ T cells, which play a main role in HIV persistence [89],
into Tem -like phenotypes, may contribute to the restriction
of the viral reservoir. The gold-based compound auranofin,
which acts through the induction of reactive oxygen species,
has been shown to accelerate CD4+ T-cell turnover, thus
inducing long-lived memory cells to progress to short-lived
phenotypes and die [147].
Finally, therapeutic vaccination has been evaluated over
the last years, with mixed results, as a strategy aiming at
boosting immunity to HIV, generating HIV-specific CD4+
and CD8+ T-cell responses, possibly able to control viral
replication and enhance immune recovery [148, 149].

6. Conclusions
HAART has profoundly changed the natural history of HIV
infection, but a good suppression of HIV does not mean viral
elimination. We are still looking for therapeutic approaches
able to eradicate the virus; the persistency of latently infected
cells and latent reservoirs represents indeed a major challenge
for the virologists and clinicians, considering that residual
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LLV works as a trigger for immune activation and increased
T-cell apoptosis.
Furthermore, not all virologically suppressed patients
are able to eﬀectively recover their CD4+ T-cell count,
thus exposing immunologic nonresponders to a significant
risk of both AIDS-related and non-AIDS-related morbidities. Despite the ever-growing number of new available
antiretrovirals, giving us new “weapons” to control viremia,
the approach to patients with poor immune recovery
is challenging; immune modulation, together with drugs
targeting the latent reservoirs, appear the most encouraging
options. Further studies are needed to better understand
the mechanisms that influence immune restoration and to
validate in vivo the evidence coming from in vitro studies.
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Treatment of HIV-infected patients with highly active antiretroviral therapy (HAART) usually results in diminished viral
replication, increasing CD4+ cell counts, a reversal of most immunological disturbances, and a reduction in risk of morbidity
and mortality. However, approximately 20% of all HIV-infected patients do not achieve optimal immune reconstitution despite
suppression of viral replication. These patients are referred to as immunological nonresponders (INRs). INRs present with
severely altered immunological functions, including malfunction and diminished production of cells within lymphopoetic tissue,
perturbed frequencies of immune regulators such as regulatory T cells and Th17 cells, and increased immune activation,
immunosenescence, and apoptosis. Importantly, INRs have an increased risk of morbidity and mortality compared to HIV-infected
patients with an optimal immune reconstitution. Additional treatment to HAART that may improve immune reconstitution has
been investigated, but results thus far have proved disappointing. The reason for immunological nonresponse is incompletely
understood. This paper summarizes the known and unknown factors regarding the incomplete immune reconstitution in HIV
infection, including mechanisms, relevance for clinical care, and possible solutions.

1. Introduction
Treatment of HIV infection with highly active antiretroviral
therapy (HAART) usually results in diminished viral replication and increasing CD4+ cell counts. When HAART is
initiated, a biphasic response occurs with an initial high
increase in CD4+ cells primarily due to reduced apoptosis
and redistribution of memory CD4+ cells from lymphoid
tissue, followed by a slower on-going increase in part generated from production of naı̈ve CD4+ cells [1, 2]. For how
long this increase proceeds is debatable, but cohort studies
suggest CD4+ cell recovery for at least 5 years of HAART as
long as the CD4+ cell count is <500 cells/μL [3]. However,
approximately 20% of all HIV-infected individuals fail to
restore their CD4+ cell counts despite optimal treatment and
fully suppressed viral replication [2, 4, 5]. These individuals
are referred to as immunological nonresponders (INRs).
The definition of INR suﬀers from lack of consensus
impeding the comparison of findings. Most often INRs are
defined as having CD4+ cell counts <200 cells/μL while the

treatment duration needed for categorizing patients as INR
is variable. Furthermore, some study groups define INR
by the CD4+ cell increase in percentages, most commonly
<20% increase from baseline [6–9]. On the other hand, there
seems to be agreement that an adequate immune response
to HAART should include a CD4+ cells count >500 cells/μL,
mainly because HIV-infected patients with this level of
immune restoration have a morbidity and mortality rate
approaching or comparable to those of HIV negative individuals [10]. Patients with CD4+ cell counts <500 cells/μL are
consequently classified as inadequate responders. Inadequate
responders are a heterogeneous population since INR is
included within this group of patients. Thus, a large group
of inadequate responders, those with intermediate response
with CD4+ cells counts between 200 and 500 cells/μL, are
poorly described, although they may have a morbidity and
mortality rate distinct from INR as well as from those with
adequate immune response [11]. In contrast, the increased
risk of long-term morbidity and mortality in INR is widely
accepted [11–13]. This demonstrates an obvious reason for
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delineating the cause of the poor immunological response
seen in INR. It also emphasizes the need for additional
treatment strategies for HAART. The scope of this paper is to
focus on the immunological explanations for immunological
nonresponse in patients with full virological responses,
clinical relevance, and feasible solutions.

2. Explanations of Immunological Nonresponse
INR has been associated with a number of factors. Thus, it
has been shown that older age, a long duration of the HIV
infection prior to HAART, coinfection with hepatitis C, and
a low CD4 nadir predispose to immunological nonresponse
[13–17]. The CD4 nadir specifically appears to be critical for
the recovery of CD4+ cells [14, 15]. However, none of these
factors provide a full explanation for the lack of immune
reconstitution in INR. As a result of this, immunological
explanations have been proposed.
The CD4+ cell count in a given patient at any time is the
result of production, destruction, and traﬃc between blood
and lymphatic tissue. Thus, if the destruction exceeds the
production, the CD4+ cell count decreases. INR may have
alterations in the production of CD4+ cells resulting in a
reduction of output as well as a destruction of CD4+ cells
resulting in an increased turnover. Finally, the distribution of
cells between blood and lymphatic tissue may be diﬀerent in
INR.

3. Production of CD4+ Cells
3.1. Thymus and Naive Cells. CD4+ cells are created from
already existing CD4+ cells by proliferation, or they are
produced in the thymus. The genesis of the T-cell receptor
(TCR) takes place in the thymus only, and CD4+ cells
generated in the thymus lead to immune reconstitution with
a pool of CD4+ cells with full immunologic repertoire [1,
18]. Furthermore, HIV-infected patients with a large thymus
have a better immune reconstitution and a broader immunological repertoire than patients with a small thymus [19, 20].
The thymus was thought to be only active in childhood;
however it is replaced by fatty tissue with increase in age. It is
now evident that the thymus can also be active in adulthood,
particularly during circumstances with lymphopenia, as is
the case with HIV infection [21, 22]. Thymic tissue has been
visualized on computed tomography (CT) scans in HIVinfected adults, and the size of the thymus has been shown to
be positively associated with naive CD4+ cell counts and total
CD4+ cell counts [19, 23, 24]. However, the performance of
CT scans is neither practical nor economically responsible in
HIV-infected patients, and often thymic function is assessed
indirectly as T-cell receptor excision circles (TRECs), as
recent thymic emigrants (RTEs), or simply as the naive CD4+
cell count. TRECs are stable circular DNA fragments that
are excised during the formation of TCR in the maturing
T cell in the thymus, and TRECs are not replicated during
cell division. Thus, the more immature CD4+ cells, the
higher the TREC content. A large thymus on CT scans has
been associated with a higher CD4+ TREC frequency in
HIV-infected patients [19]. During the maturation process,
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T cells emigrate from the thymus into the periphery now
classified as RTE [25], and after further maturation RTEs are
classified as naive T cells. Thus, TRECS, RTEs and naive cells
are all reasonable indirect measurements of thymic output,
although the number of naive cells may be the result of
thymic output as well as peripheral proliferation.
Thymic output is dramatically reduced with age, and
the naı̈ve cells are increasingly generated from proliferation (reviewed in [26]). RTEs express the surface marker
platelet endothelial cell adhesion molecule-1 (PECAM-1)
also known as CD31 [27, 28]. Proliferation leads to loss of
CD31 and a lower TREC count, and therefore naı̈ve cells
in older individuals have decreasing proportions of CD31
and lower TREC counts [27, 28]. HIV leads to a disruption
in the number and function of naı̈ve CD4+ cells in blood
as well as in lymphoid tissue [5, 29, 30]. After initiation
of HAART, thymic output and the total numbers of naı̈ve
cells increase to subnormal levels, while the naı̈ve T-cell
proliferation decreases [5, 29–31]. Even 7 years of HAART
rarely normalizes the naı̈ve CD4+ cell counts to preinfection
levels [32]. The naı̈ve compartment in INR seems to be even
more perturbed than in HIV-infected patients with a better
immune reconstitution. Thus, one study found no residual
thymic tissue on CT and PET scans in INR [33]. The same
study found low, though detectable, thymopoiesis assessed
as circulating RTE. In support of this, other studies have
found decreased levels of naı̈ve T cells and T cells expressing
CD28 in INR [7, 34], suggesting an altered thymopoiesis
in INR. The assumption that peripheral proliferation is a
compensatory mechanism to altered thymopoesis in INR
is supported by the finding of increased proportions of
the peripheral proliferation marker Ki67 in INR, although
the same study found similar levels of RTE in INR versus
normal responders [35]. Similar levels of TREC in INR and
normal responders have also been reported [36]. It is not
known if a small thymus is predictive of INR. However, in
a prospective study of 30 HIV-infected individuals, thymic
CT scans were obtained to investigate the role of the thymus
in cellular restoration after initiation of HAART. Individuals
with abundant thymic tissue had higher naive CD4+ cell
counts at weeks 2–24 than individuals with minimal thymic
tissue [24]. Likewise, a large thymus has been shown to
be associated with better immune reconstitution in other
studies [23, 37].
Another way to assess factors influencing the capability to
produce CD4+ cells is to examine the response to treatment
interruption. Thus, it has been demonstrated that a small
thymic volume and a low level of memory CD4+ cells predict
a faster loss of CD4+ cells during treatment interruption
[38, 39]. This supports thymopoiesis as being essential in
immune reconstitution. Interestingly, a newly published
prospective study of thymectomized children showed that
thymic tissue could be identified on magnetic resonance
imaging scans in the majority of these children later on in
life [40]. This highlights the great plasticity of the normal
immune system, and together with the aforementioned
findings it substantiates the evidence for permanent damage
on the thymic tissue in INR (Figure 1).
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Figure 1: Factors influencing CD4+ cell count (LT: lymphatic tissue).

3.2. Bone Marrow and Progenitor Cells. T cells mature in the
thymus, but they originate from hematopoietic progenitor
cells (HPCs) in the bone marrow (BM). Thus, a functional
BM is crucial for thymopoiesis and possibly for immune
reconstitution. Recently, HPC has been given much attention
in the hopes of realizing a functional cure for HIV infection,
more relevant than ever after the newly published report
of eradication of HIV by transplantation of CCR5-deficient
HPC in the so-called Berlin-patient [41]. HIV influences
BM and HPC. First of all, impaired hematopoiesis in HIV
infection has been shown in a number of studies [42–
44]. Secondly, several studies have shown that a proportion
of HPCs express the HIV receptors CD4, CXCR4, and
CCR5 making them potentially susceptible to HIV infection
(reviewed in [45]). Recently, infection of HPC with HIV
was suggested [46], although it has been diﬃcult to determine if these HPCs are actually infected according to the
complexities of purifying and maintaining HPC in culture.
Also, measurements of infection may be confounded by
contamination with other cell types or maturation of HPC to
monocytes during in vitro culture. Furthermore, like T cells,
natural killer cells and B cells, including naı̈ve B cells, seem
to be depleted during HIV infection [47]. HIV-associated
lymphopenia may therefore be explained by more upstream
elements of lymphocyte development than reduced thymic
output. In a study of BM from 12 INR compared to normal
responders, an altered cytokine production was found, and
a reduced growth of in vitro colonies was shown [34],
suggesting impaired hematopoiesis as a contributing factor
to poor immune reconstitution. However, studying the HPC
is limited by the poor access to BM, and since HPCs
enter the circulation [48], most studies are conducted on
circulating HPC in the peripheral blood. Circulating HPCs
have been found to decrease with disease progression and
to be associated with CD4+ cell count [49], supporting the
idea of BM and HPC as being essential in immunological

reconstitution. This is further supported by in vitro studies,
which has shown that treatment with the hematopoietic
growth factor granulocyte-colony-stimulating factor (GCSF) causes an increase in the numbers of circulating CD4+
cells [50]. Others have found that peripheral mononuclear
blood cells (PBMCs) from HIV-infected patients placed
on fetal thymus lobes from mice produced fewer CD4+
and CD8+ cells compared with PBMCs from uninfected
controls. Also, fewer functional precursors in the HIVinfected patients were found [51]. This is consistent with
a loss in the capacity of HIV-infected patients to produce
functional T-cell progenitors in their peripheral blood. Thus,
in theory dysfunctional BM and HPC might contribute
to immunological nonresponse. However, so far very few
studies have validated the number or function of HPC in
patients with poor immune reconstitution.
3.3. Cytokines. Interleukin 7 (IL-7) is crucial in the Tcell homeostasis, and the IL-7 responsiveness is determined
largely by the presence or absence of the IL-7 receptor (IL7R) which is present on most mature T cells [52]. Furthermore, IL-7 is a modulator of peripheral T-cell homeostasis
involved in maintaining the naı̈ve T-cell pool by promoting
their survival and inducing proliferation without switching
naı̈ve phenotype [53]. A negative correlation between IL7 and CD4+ cell count is described. Consequently, HIVinfected patients show high levels of IL-7 and reduced levels
of IL-7R compared to healthy controls [54, 55], consistent
with the need for increased production of CD4+ cells and
a downregulation of the receptor due to high plasma levels.
A study found that a reduction of naive CD4+ cells in INR
was associated with a reduced expression of IL-7R and in
increased serum levels of IL-7 [6]. In addition, a higher
stromal production of IL-7 in INR compared to normal
responders has been observed [34, 56]. Considering IL-7 as
an inducer of CD4+ cell production, these findings are not
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surprising in patients with a low CD4+ cell count. However,
the interesting conclusion in relation to INR might be that
the source of the CD4+ cells is impaired in INR, not the
signals.
Like IL-7, interleukin 2 (IL-2) and interleukin 15 (IL15), which are part of the gamma-chain cytokine family,
are central regulators of T-cell proliferation, activation, and
diﬀerentiation as well (reviewed in [57]). In contrast to IL-7,
the production of IL-2 and IL-15 is compromised in HIVinfected patients (reviewed in [58] and [59]). Moreover,
the production of IL-2 in blood from INR stimulated
with phytohaemagglutinin has been shown to be decreased
compared to HIV-infected patients with higher CD4+ cell
counts [7]. Thus, in theory improving the regulation of IL2 and IL-15 in HIV-infected patients might be beneficial as
discussed later.

4. Destruction of CD4+ Cells
4.1. Immune Activation. Immune activation (IA) in the
natural history of HIV infection covers a broad spectrum of
cellular processes. Untreated HIV-infected patients display
elevated markers of activation in most cell compartments,
especially expression of the surface markers CD38 and HLADR on T cells [60–64]. Also, high levels of proinflammatory
cytokines such as tumor necrosis factor alpha (TNFa),
interleukin 6 (IL-6), and interleukin 1b (IL-1b) have been
shown in plasma as well as in lymph nodes [65–68]. IA
usually reflects a normal and healthy response upon infection
with any pathogen, including HIV, as an eﬀort to evade
infection. However, it is well established that IA is linked
to and predictive of disease progression, and IA has an
additive or stronger prognostic value than does CD4+ cell
count or viral load alone [60–64, 69–71]. This is highlighted
by the fact that a rare subgroup of HIV-infected patients,
elite controllers, who do not progress, and sustain normal
CD4+ cell counts and undetectable viral loads despite lack
of treatment have a lower IA than normal progressors do
[72]. Also, the natural hosts of simian immunodeficiency
virus (SIV), sooty mangabeys and African green monkeys,
do not show any signs of increased IA, T cell turnover, or
disease progression [73, 74]. Thus, IA is a key feature in HIV
infection and disease progression, elegantly supported by the
fact that rats develop pneumocystic pneumonia solely as a
consequence of IA [75].
The reason for the strong predictive value of IA in
HIV infection is uncertain. In the setting of untreated HIV
infection, the level of IA might be determinant for how
fast the turnover of T cells is, thereby being related to
exhaustion. Indeed, it has been proposed that IA leads to
CD4+ cell depletion because it erodes the naı̈ve T-cell pool
[76]. However, untreated and treated HIV infection are two
diﬀerent settings. IA declines when HAART is initiated,
although like most other immunological parameters, it is
not normalized [77–79]. IA is one of the best valued
immunological features in INR, and a number of studies
have shown elevated IA in INR compared to HIV-infected
patients with a better immunological recovery [6, 7, 35, 80].
Assuming INR to have a dysfunctional immune system, the
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high level of IA could be a consequence of rather than a
reason for poor immune reconstitution. Lack of association
between the extent of CD4+ cell recovery and activation of
CD8+ cells beyond the first year of successful HAART [81]
as well as the opposite has been found [78]. Either way, it
does not answer the question whether the increased IA is the
result of more upstream deficits. Finally, increased IA during
primary HIV infection has been proposed to be predictive
of CD4+ cell depletion and poor response to HAART [82],
suggesting that preinfection host factors may predict poor
immune reconstitution.
Another aspect is the findings of an overweight of residual viremia detected by ultrasensitive assays in INR, which
seems to be linked to IA [83]. This might reflect release
of archived viruses from cellular reservoirs and might be a
contributing factor to the higher levels of IA found in INR.
Also, one study reports a higher frequency of CXCR4 virus
in INR. They suggest X4 virus as players in the depletion of
naı̈ve T cells in INR by triggering persistent IA and bystander
apoptosis via gp120-CXCR4 interactions [84], suggesting the
coreceptor dominance to be involved in the level of immune
reconstitution. Moreover, it is acknowledged that CCR5
virus dominates early in infection, while X4 dominance
appears later on, and increased thymic destruction has been
associated with X4 viruses (reviewed in [85]).
4.2. Apoptosis and Senescence. Although the plasticity and
capacity for regeneration of the immune system is prodigious, it may have boundaries. Thus, it becomes increasingly
plausible that a cell can undergo a limited number of
divisions and in the end will be trapped in growth arrest
and immunological senescence, referred to as the Hayflick
limit (reviewed in [86]). In the setting of HIV infection,
this becomes relevant due to the increased production and
turnover of cells. A possible way to determine the replicative
history is to measure the length of the telomeres, which
shorten by every cell division. The enzyme telomerase can
compensate for this shortening, and indeed HIV-infected
patients have been found to have shorter telomere length and
dysregulated telomerase activity [87–89]. Short telomeres
can lead to chromosome instability, involving growth arrest
and apoptosis. Thus, not surprisingly HIV-infected patients
present with elevated levels of apoptosis [90], and both
early and late apoptotic CD4+ cells are more prevalent in
patients with CD4+ cell counts <500 cells/μL [90–94]. The
relevance of markers of immune exhaustion and senescence
in relation to immune reconstitution is confirmed by the
findings of the expression of the activation associated Tcell molecule programmed death-1 (PD-1). PD-1 conveys
inhibitory signals to T cells (reviewed in [95]), and PD-1 is
selectively upregulated by exhausted T cells during chronic
viral infection [96]. Elevated levels of PD-1 in INR compared
to normal responders have been reported [80, 97]. Also, PD1 expression has been shown to be negatively correlated to
CD4+ cell count, and PD-1 expressing T cells are more prone
to programmed cell death ligand-mediated inhibition of T
cell proliferation [97].
Finally, chronic infection with cytomegalovirus (CMV)
has been associated with immunological senescence, and
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a high proportion of T cells specific for CMV and CMVviremia is associated with a low CD4+ cell count and
increased mortality ([98], reviewed in [99]).
4.3. Pro- and Anti-Inflammatory T Cells. During recent
years, the understanding of immune responses has changed
tremendously by the discovery of T-cell subsets with proand anti-inflammatory properties. Th17 cells are T cells with
proinflammatory properties, while regulatory T cells (Tregs)
are anti-inflammatory. Tregs play a crucial role in sustaining
tolerance to self-antigens [100, 101] and suppressing Tcell activation resulting in downregulation of immune
activation, including reduction in antitumor immunity, graft
rejection, and graft-versus-host disease ([102], reviewed in
[103]). Finally, the role of Tregs in chronic viral infections,
including HIV, has gained massive interest due to their
immunosuppressive capabilities. Tregs themselves are CD4+
cells and susceptible to HIV infection [104]. Therefore, the
absolute number of Tregs declines with disease progression,
while the frequency of Tregs tends to increase and remains
high on HAART [105–108]. Thus, in a prospective study
Tregs were measured in 26 HIV-infected patients before and
after HAART and compared to healthy controls. The level
of Tregs was found to be elevated in patients compared to
controls, and this level did not change despite 6 months of
HAART [106]. Tregs are believed to be able to downregulate
chronic immune activation in HIV infection making Tregs a
key element in the understanding of the interaction between
the host immune system and HIV (reviewed in [109]).
However, Tregs might be beneficial as downregulators of
the unbeneficial immune activation or, in contrast, they
might have a harmful eﬀect downregulating HIV-specific
responses. So far, it is not clear whether Tregs accelerate or
delay HIV infection.
IL-17-producing Th17 cells are closely related to Tregs.
Th17 cells and Tregs share a reciprocal maturation pathway
and function together in opposing ways to control the
inflammatory response to infection. While Tregs inhibit
autoimmunity, Th17 cells play a role in the induction of
autoimmune tissue injury [110]. During acute SIV infection
the rapid depletion of Th17 cells and a disturbed balance
of Th17 cells and Tregs are associated with subsequent high
IA and disease progression [111]. Likewise, in HIV-infection
the loss of balance between Th17 cells/Tregs may play a part
in inducing microbial translocation and chronic immune
activation [112] (reviewed in [113]). The importance of
a well-regulated balance between Tregs and Th17 cells is
demonstrated by a maintained balance between Tregs and
Th17 cells in HIV controllers [114] (reviewed in [115]).
Finally, recent data from our own lab show disturbances
in the Treg- and Th17 cell compartments as well as in the
balance between them in INR, suggesting an impact on immune reconstitution [116].
4.4. Secondary Lymphatic Tissue. CD4+ cell depletion occurs
in the blood as well as in the secondary lymphatic tissue
(SLT) of lymph nodes (LNs) and gut-associated lymphatic
tissue (GALT) where the majority of the CD4+ cells reside.
A vast number of cells are lost during primary infection, and
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by the time the infection has reached a chronic stage; more
than 50% of the CD4+ cells in the LN are lost [117, 118].
With a possible damage of primary lymphatic tissue (LT)
(i.e., thymic tissue and bone marrow) in mind, it seems
reasonable to consider damages to SLT as a consequence of
HIV infection as well, suggesting this early massive depletion
as a determinant for the level of immune reconstitution
following HAART. Thus, it has been proposed that HIV
damages the structures in the lymphatic tissue that help
sustain the normal CD4+ cell population, replacing the
functional space with collagen. It was found that the greater
the amount of the collagen-deposition, the lower the CD4+
cell count, and the smaller the number of naive CD4+ cells
[119]. Furthermore, the amount of the collagen-deposition
in LN has proven to be predictive for the degree of the
immune reconstitution [120]. Also, LN biopsies from HIV
and SIV-infected individuals show breakdown of the lymph
node architecture and evidence of apoptosis [121].
These findings are consistent with HIV as a causative
agent in damage to SLT. In light of this, it is worth noticing
that SLT serves as viral reservoirs, including a pool of latently
infected, resting CD4+ cells, which is believed to be a major
impediment to the eradication of HIV [122]. While HAART
rapidly reduces viral load in the blood, viral production
is still detectable in SLT [123, 124], and it would be
interesting to ascertain whether the pool of latently infected
cells influences immune reconstitution. So far, it has been
shown that the level of immune reconstitution is associated
with certain types of cellular reservoirs. Thus, proviral DNA
primarily persists in central memory cells in patients with a
good immune reconstitution, while patients with a poorer
reconstitution mainly host HIV proviral DNA in transitional
memory cells [125]. This suggests that the viral reservoir
influences immune reconstitution, and therefore it seems
of interest to identify treatment strategies in addition to
HAART with the ability to suppress the viral production in
SLT, possibly leading to limited destruction of LT and a better
immune reconstitution.
Another aspect is the fact that infection with HIV leads to
redistribution of CD4+ cells between blood and lymphatic
tissue. Thus, it has been demonstrated that HIV binds to
resting CD4+ cells and upregulates L-selectin causing the
cells to home from the blood into LN at enhanced rates
[126, 127]. This has lead to the homing theory, which oﬀers
an explanation for the loss of CD4+ cells due to cells leaving
the blood and entering the LT (reviewed in [128]). Thus,
it would be interesting to evaluate the amount of CD4+
cells outside the blood in SLT in INR, which may reveal
accumulation of CD4+ cells. Indeed accumulation of Tregs
has been found in SLT compared to peripheral blood in
untreated HIV-infected patients [129].

5. Clinical Implications:
Relevance for Clinical Care
Treatment with HAART reduces the risk for development
of AIDS and death. Consequently, a relative increase in
morbidity and mortality has been described. Despite eﬃcient treatment with HAART and suppression of viral

6
replication, HIV-infected individuals have increased risk
of morbidity and mortality when compared to uninfected
population controls [130]. The reason for this is multifactorial. Thus, HIV itself is the leading cause (reviewed
in [131]). However, HAART has been shown to cause
metabolic and atherosclerotic changes (reviewed in [132,
133]). Furthermore, lifestyle-related factors such as increased
alcohol consumption, smoking, drug-abuse, and poverty are
all associated with being HIV infected (reviewed in [134–
137]). Finally, among HIV-infected patients coinfection with
hepatitis B and C is more common because hepatitis and HIV
share transmission routes.
However, there are great diﬀerences in the risk of morbidity and mortality among diﬀerent groups of HIV infected
patients. Higher risk of opportunistic diseases and death was
discovered to be associated with relative immunodeficiency
in the SMART study [138], and INRs in particular have
increased risk of opportunistic infections and long-term
morbidity and mortality [11–13, 139]. Thus, INRs have
a much higher risk of opportunistic diseases and death.
In the UK CHIC study, the number of deaths/100 person
years of follow-up was a hundred times higher in the
group of patients with CD4+ cell counts below 50 cells/μL
compared to CD4+ cell counts above 500 cells/μL [140].
Contrary, HIV-infected patients without risk factors and
optimal response to HAART seem to have a mortality
comparable to HIV negative individuals [141]. Importantly,
rates of death increase substantially with declining CD4+ cell
counts at baseline along with the extent of immunological
deficiency prior to the period of sustained suppression
of viral replication [11–13, 142]. For this reason, patients
diagnosed with HIV in an advanced state of the disease (HIV
late-presenters) are in higher risk of being INR (reviewed in
[143]). Also, the lower the CD4 nadir, the shorter it takes for
the CD4+ cell count to drop during treatment interruption
[144].
Non-AIDS morbidity comprises of diseases such as cardiovascular disease (CVD), cancer, renal disease, hepatic
disease, and osteoporosis. Thus, HIV-infected patients suﬀer
more from clinical as well as subclinical atherosclerotic
disease compared to the general population, and atherosclerotic (CVD) is a leading cause of death in HIV-infected
patients [145]. HIV infection is associated with immune
activation and inflammation. Inflammation in turn may
lead to vascular damage and dysfunction increasing the risk
of CVD (reviewed in [146]). Furthermore, HAART may
increase the risk of myocardial infarction [147]. Either way,
a consistent relation between low CD4+ cell counts and
increased risk of CVD morbidity and mortality has been
shown in a number of studies (reviewed in [148]). Thus,
in a cross-sectional study of 1331 HIV-infected women and
600 HIV-infected men, the subclinical carotid artery lesions
and common carotid artery intima-media thickness were
measured by ultrasound. A low CD4+ cell count was found
to be independently associated with an increased prevalence
of carotid lesions [149]. The reason for this increased risk
in INR is unknown, but the increased inflammation seen
in patients with poor immune reconstitution as previously
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described seems like a more plausible reason than does the
CD4+ cell count itself.
Likewise, HIV-infected patients have increased risk of
cancer compared to the general population. It is well known
that initially low and decreasing CD4+ cell counts during
the year prior to cancer diagnosis are predictive of AIDSdefining malignancies (ADMs) such as Kaposi sarcoma and
non-Hodgkin lymphoma as shown in the CASCADE study
[150]. Also, the COHERE study showed that during HAART
higher CD4+ cell counts are protective for the development
of non-Hodgkin lymphoma [151]. Furthermore, non-AIDSdefining malignancies (non-ADM) such as anal cancer are
more common in immune compromised patients (reviewed
in [152]). In the D:A:D study the relationship between
deaths due to ADM and non-ADM was determined, and
immunodeficiency was evaluated. In a large observational
cohort study including 23, 437 patients that were followed
prospectively, a low CD4+ cell count was found to be
predictive of death from both ADM and non-ADM in
HIV-infected patients [153]. Likewise, a low current CD4+
cell count was shown to be associated with an increased
incidence of certain non-ADM by the EuroSIDA group
[154]. In conclusion, as expected ADMs are closely related
to the CD4+ cell count. However, non-ADMs are related
to the CD4+ cell count as well, presumably due to a poor
immune function, especially since one study found that
48.3% of all non-ADMs were virus related [154]. All together
HIV-infected patients have increased risk of developing
malignancies, and more so in the group of INR.
Finally, the HIV-associated neurocognitive disorders
(HANDs) have become an area of increasing interest as
HIV infected patients become older and live longer. In the
CHARTER study, a cross-sectional, observational study of
1,555 HIV-infected patients on HAART, the frequency and
associated features of HAND were determined. Fifty-two
percent of the total sample had neuropsychological impairment with higher rates in groups with greater comorbidity
burden. The lowest impairment rate occurred in patients
with a CD4 nadir and a current CD4+ cell count above
200 cells/μL [155]. In general, a history of a low CD4 nadir
seems be one of the strongest predictors of impairment [155,
156]. Future studies should identify whether early disease
events (e.g., profound CD4 decline) may trigger chronic
CNS changes, and whether early HAART prevents or reverses
these changes.
In summary, there remains no doubt that a full immunological recovery is essential in order to reduce morbidity and
mortality among HIV-infected patients. However, obtaining
this goal requires improving earlier diagnosis and additional
treatment to HAART. Several supplementary immune-based
therapies to enhance immune reconstitution are under
investigation using cytokines, hormones, and growth factors.

6. Therapeutical Possibilities
6.1. Optimizing HAART. Optimizing HAART may be a
possibility to increase CD4+ cell counts in HIV-infected
INR (systematically reviewed in [157]), and recent data on
new drug modalities such as CCR5-antagonists, integrase
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Figure 2: Therapeutical possibilities improving immune reconstitution. KGF: keratinocyte growth factor; IL: interleukin; GH: growth
hormone; HCV/CMV: treatment of hepatitis C virus and cytomegalovirus; Cox2i: cyclooxygenase inhibitor; TNF: tumor necrosis factor;
IVIG: intravenous immunoglobulin.

inhibitors, and fusion inhibitors increase the relevance of
this matter. HIV uses CCR5 as a coreceptor for cell entry,
which has led to development of several CCR5-antagonists
to impede HIV infection. Currently, only Maraviroc is FDAapproved for treatment of HIV infection. The phase III
randomized clinical MOTIVATION study demonstrated that
addition of Maraviroc to HAART in pretreated patients
resulted in a significant increase in CD4+ cell counts as well
as reduced viral load [158]. Furthermore, administration of
Maraviroc seems to result in decreased immune activation
[159]. Underlining these findings, a meta-analysis of phase
II/III clinical trials testing CCR5-antagonist in treatmentexperienced HIV patients demonstrated significant increase
in CD4+ cell counts by adding CCR5-antagonist [160],
clearly suggesting a potential of drugs targeting CCR5
for optimizing immune reconstitution in INR. Raltegravir
targets the HIV integrase, which facilitates the integration of
the genetic material into the hosts DNA, and is at present
the only FDA-approved integrase inhibitor. The potential
of raltegravir has proven eﬀective in the large phase III
BENCHMRK study [161] showing increased CD4+ cell
counts and reduced viral loads. However, two randomized
clinical studies testing the eﬀect of raltegravir in INR did not
demonstrate an additional eﬀect on immune reconstitution
[162, 163]. Several clinical trials testing other integrase
inhibitors are ongoing (http://www.clinicaltrials.org/), and a
large phase III study comparing intensification of HAART
with raltegravir and elvitegravir in treatment-experienced
patients demonstrated no significant diﬀerence between
the two drugs in regard with immune reconstitution
[164]. Finally, enfuvirtide is the only FDA-approved fusion
inhibitor. It impedes fusion of HIV to the target cell by
binding to gp41. Two multicenter phase III studies (TORO
1/2) documented an eﬀect of enfuvirtide in combination

with HAART in treatment-experienced patients on both
CD4+ cell count and viral load [165, 166]. However, a large
randomized multicenter study (ANRS130) demonstrated no
additional eﬀect of supplementary enfuvirtide to HAART on
CD4+ cell counts in treatment-naive late-presenters with low
CD4+ cell count [167]. Thus, at present Maraviroc seems
to be the most promising drug for HAART intensification.
However, larger prospective studies assessing the eﬀect in
INR are needed to estimate the clinical benefits of HAART
intensification (Figure 2).
6.2. Interleukin-2 (IL-2). Several strategies to improve immune reconstitution in HIV patients have been considered
during the last decade. Most of these strategies aim to
increase thymus activity and/or peripheral proliferation.
Of all suggested strategies supplementary treatment with
recombinant human (rh)IL-2 is the best described. Thus,
several studies have shown that combination therapy with
rhIL-2 and HAART increases CD4+ cell counts in HIV
patients compared to HAART alone (reviewed in [168]). The
increased level of CD4+ cells is long-lasting and is caused
by peripheral proliferation, although increased thymopoiesis
may contribute as well [169]. Despite increased CD4+
cell counts, supplementary treatment with rhIL-2 did not
result in clinical benefit for the treated patients, which was
demonstrated in two large randomized prospective clinical
trials (ESPRIT, 4111 patients, and SILCAAT, 1695 patients).
The ESPRIT study revealed an increased risk of grade 4
clinical event in the IL-2-treated group. However, these data
did not illustrate the (adverse) eﬀects of supplementary
rhIL-2 treatment in INR as median CD4+ cell counts were
>400 cells/μL in the ESPRIT study, and <200 cells/μL in the
SILCAAT study. In fact, stratified results for patients with a
CD4+ cell count <200 cells/μL in the SILCAAT study showed
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a nonsignificant decreased risk of adverse eﬀect in the IL-2
treatment arm and still a significant increase in CD4+ cell
count. A small study confirmed increased CD4+ cell count
in INR after supplementary rhIL-2 treatment and demonstrated enhanced immune function ex vivo [170]. Also, a
higher incidence of HIV-related clinical events has been
observed among INR receiving HAART alone than among
subjects receiving HAART plus IL-2 [171]. In conclusion, at
present supplementary rhIL-2 has no place as a therapeutic
agent in the treatment of HIV infection. However, it cannot
be completely ruled out that INR may benefit, but it must
be considered with great caution, and further studies are
warranted to conclude whether any clinical benefit exists for
supplementary IL-2 treatment in INR.
6.3. IL-7. As described, IL-7 is an essential regulator of
the T-cell homeostasis. Administration of rhIL-7 to HIVinfected patients is being tested in several ongoing clinical
trials (clincialtrials.gov, reviewed in [172]). Animal studies
[173] and phase I/II studies report that IL-7 is well tolerated,
but rhIL-7 administration causes a transient increase of
viral replication [174, 175]. However, concomitant HAART
counteracts this adverse eﬀect and supplementary rhIL7 treatment has proven safe [174, 175]. Subcutaneous
administration of single dose of rhIL-7 (3–100 μg/kg) [174]
as well as intermittent doses (3 or 10 μg/kg) [175] results
in significant dose-dependent increase in CD4+ cell counts.
This increase includes both central memory cells and naive
cells. Importantly, administration of rhIL-7 has been shown
to increase levels of RTE, numbers of TRECs, as well as
increase naive CD4+ cell counts resulting in a broadening
of immunological repertoire, thus indicating increased thymopoiesis [176–178]. Furthermore, preliminary data from
the INSPIRE 2 study indicate that administration of rhIL7 induces expansion of CD4+ cells in the gut mucosa due
to increased expression of homing receptors [179] as well
as lower expression of PD-1 suggestive of reduced immune
activation. Thus, administration of rhIL-7 as supplementary
treatment shows great promise. However, as lymphopenic
HIV-infected patients present with physiological increased
concentration of IL-7 [54, 55], exogenous IL-7 administration might be futile. Fortunately, animal studies [173] and
phase I/II clinical trials reveal a significant increase in CD4+
cell count in individuals with low CD4+ cell counts and high
IL-7 concentrations (reviewed in [172]). This finding may
be due to the fact that circulating levels of IL-7 after rhIL7 administration are much higher than physiological levels.
Data from larger randomized clinical trials are warranted
to determine the potential eﬀect of adding IL-7 to HAART
for immune reconstitution in INR, bearing the result of
supplementary administration of IL-2 in mind.
6.4. IL-15. IL-15 is a cytokine that is structurally comparable
to IL-2 and regulates proliferation and activation of T cells,
and IL-15 has therefore been considered as a potential
therapeutic agent in HIV infection. Treatment with IL15 has primarily been investigated in murine and simian
models [180, 181] with conflicting results. Combining IL15 and HAART has proven to increase CD4+ cell and
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CD8+ cell counts in SIV-infected rhesus macaques (RMs)
[182]. However, another study reported no eﬀect of IL-15
administration on CD4+ cell counts but only on CD8+ cell
counts and NK cells [181, 183]. Furthermore, administration
of IL-15 in acute SIV infection resulted in increased viral load
and increased disease progression [183], and similarly adding
IL-15 to HAART in SIV-infected RMs resulted in decreased
CD4+ cell counts. In conclusion, adding IL-15 to HAART is
expected to result in limited benefit for INR.
6.5. Growth Hormone (GH). Studies with supplementary
therapy with GH in patients with HIV infection have originally been conducted to examine whether GH could be
used a therapeutic agent for HIV-associated wasting and
lipodystrophy (reviewed in [184, 185]). However, treatment
with rhGH supplement to HAART has demonstrated to
increase CD4+ cell counts compared to HAART alone in randomized, prospective clinical trials [186–190], and further
clinical trials are ongoing (http://www.clinicaltrials.gov/).
Furthermore, the supplementary rhGH given subcutaneous
in doses from 0.7 to 3 mg/day resulted in an increase in
thymic size in alignment with an increase in RTE, TREC
number, and naive CD4+ cells [186–190], indicating an
increased thymopoiesis. The patients included in these
studies had median CD4+ cell counts <400 cells/μL [187,
190] and 350 cells/μL [186], respectively, and may therefore
include a group of INR. However, adverse eﬀects such as
carpal tunnel syndrome, arthralgia, glucose intolerance, or
cancer progression were frequent and result in a limited
use of rhGH as a therapeutic agent. A potential strategy to
reduce adverse eﬀect is by using GH releasing factor (GHRF),
which seems to cause fewer adverse eﬀects (reviewed in
[191, 192]). However, so far the eﬀects of treatment with
GHRF have primarily been addressed to lipodystrophia
[192], (http://www.clinicaltrials.gov/), and indeed clinical
trials testing the eﬀect of GHRF on immune reconstitution
are warranted.
6.6. Keratinocyte Growth Factor (KGF). KGF causes proliferation and diﬀerentiation in thymic epithelial cells, and KGF
pretreatment in mice and in rhesus macaques after myeloablative irradiation has proven to enhance thymopoiesis and
increase thymic output [193–195]. However, a phase I/II
randomized placebo-controlled study, originally designed to
assess the eﬀect of 40–60 μg/kg KGF per day on graft versus
host disease (GVHD) in 100 patients undergoing allogenic
hematopoietic stem cell transplantation, showed no eﬀect
of KGF on absolute lymphocyte count [196, 197]. Thus,
the addition of KGF to enhance immune reconstitution in
INR on HAART is theoretically plausible, and results are
awaited from a randomized phase II study testing the eﬀect
of palifermin (recombinant human KGF) injection at doses
from 20 to 60 μg/kg per day in HIV patients on HAART with
CD4 count <250 cells/μL (http://www.clinicaltrials.gov/).
6.7. Immune Suppression. The impact of immune activation
is described previously. Several strategies have been suggested
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to reduce immune activation. New biological immunomodulators (inhibitors of TNF-alfa, IL-6, IL-1) for autoimmune diseases may prove to be therapeutic possibilities to
suppression of immune activation in HIV infection. However, use of such immunomodulators must be done with
great care taking into account the increased risks of opportunistic infections. Currently, there is limited experience,
but HIV-infected patients with an autoimmune disease have
been treated with TNF-α inhibitors with acceptable results
for patients with CD4+ cell counts >200 cells/μL (reviewed
in [198, 199]). A small study described reduced immune
activation and increased CD4+ cell count in treatment naı̈ve
patients after intravenous immunoglobulin (IVIG) (0.4 g/kg)
[200]. However, this was not confirmed in another small
study reporting no eﬀect of high dosage IVIG (30 gram for
five days) in treatment-experienced patients [201, 202], but
interestingly IVIG administration resulted in a reduction of
HIV reservoirs in CD4+ cell counts after treatment which
may be a contributor to the failure of immune recovery
in INR. Chronic coinfection with other infectious agents is
a potential cause of increased immune activation in HIVinfected patients. Decreased immune activation has been
documented after therapeutic clearance of HCV infection
with interferon-α and ribavirin [203]. Likewise, a randomized clinical trial including 30 HIV-infected patients with
CMV coinfection documented a decrease in chronic immune
activation after CMV treatment in HIV patients with CD4+
cell counts <350 cells/μL [204]. However, no diﬀerence in
CD4+ cell count and HIV load was found.
6.8. Microbial Translocation. Microbial translocation has
been suggested as a cause of immune activation and CD4+
cell depletion in HIV-infected patients [205–207]. High levels of 16S rDNA during therapy have been shown to be associated with reduced increases in the CD4+ cell counts [208],
and heightened circulating lipopolysaccharide be associated
with plasma enterobacterial DNA [209]. Thus, microbial
translocation may be a potential target to decrease immune
activation. Probiotics have been tested in randomized clinical
trial in HIV-infected patient with CD4+ cell counts above
200 cells/μL; however the results were disappointing [210].
Furthermore, the eﬀects of hyperimmune bovine colostrums
on CD4+ cell counts in INR were tested in a randomized
clinical trials including 75 patients [163]. No change in
immune activation or CD4+ cell counts was found. Thus,
strategies to improve immune reconstitution in INR by
modulation of microbial translocation are yet to emerge.
6.9. Cox-2 Inhibitor. Finally, another approach suggested to
reduce immune activation is cyclooxygenase type 2 (Cox2) inhibitors which have been tested in clinical trials with
promising results. Treatment with Cox-2 inhibitors clearly
decreases immune activation in HIV-infected patients [211–
213], and combination treatment with HAART and Cox2 inhibitor resulted in increased CD4+ cell counts [212,
213]. These studies were conducted in HIV-infected patients
with median CD4+ cell counts >400 cells/μL, and larger
clinical trials assessing the eﬀect of Cox-2 inhibitors in INR
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are needed to uncover a potential for optimizing immune
recovery.

7. Conclusion and Future Directions
Following the introduction of HAART, the prognosis and life
expectancy for HIV-infected patients has changed tremendously. Thus, patients with optimal immune reconstitution
and lack of comorbidity have a life expectancy almost
comparable to HIV negative individuals. However, rates of
morbidity and mortality including both AIDS- and nonAIDS-related events increase substantially with persistent
low CD4+ cell counts. Therefore, increased morbidity and
mortality persist in patients who do not achieve full immune
reconstitution, in particular in INR.
INRs have immunological dysfunctions in both production and destruction of CD4+ cells. A well-functioning
bone marrow, a large thymus with adequate function, and
a high output of naı̈ve cells are all critical components for
production of CD4+ cells and immune reconstitution. It is
plausible that dysfunctions in one or more of these parameters contribute to the low CD4+ cell counts in INR. Also,
INRs have higher levels of immune activation and apoptotic
cells indicating a higher loss of CD4+ cells. With the known
significant impact of immune activation on the prognosis
in HIV-infected individuals, it is reasonable to conclude
that a high level of immune activation is a contributing
factor to poor immune reconstitution as well. Furthermore,
a dysregulated balance between pro- and anti-inflammatory
T cells in INR may have an influence on immune reconstitution, but definitive documentation is lacking. Finally, it is
likely that disruptions in the secondary lymphatic tissue may
contribute to lack of immune reconstitution. However, with
the present level of knowledge, it is diﬃcult to determine
whether these immunological disturbances are reflecting
a poor immunological reconstitution rather than causing
them. Only well-designed large prospective studies can help
clarify this.
So far, a range of supplementary treatment to HAART
has been suggested to improve immune reconstitution.
The only thoroughly investigated candidate has been IL-2
that unfortunately proved not to be beneficial for clinical
outcome. Several candidates seem promising including supplementary treatment with IL-7, GH releasing analogues,
and possibly Cox-2 inhibitors. Furthermore, using Maraviroc as an integrated component of HAART does seem
to result in higher CD4+ cell counts, but at present, the
possibilities of improving the immune reconstitution in INR
using supplementary treatment are limited. Some predictive
factors can be avoided. Early diagnosis could be improved,
reducing the risk for a low CD4 nadir, and coinfection
with hepatitis C can be treated. However, understanding and
improving immune reconstitution in HIV-infected patients
remains an important field of research.
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[82] R. L. Gascon, A. B. Narváez, R. Zhang et al., “Increased HLADR expression on peripheral blood monocytes in subsets
of subjects with primary HIV infection is associated with
elevated CD4 T-cell apoptosis and CD4 T-cell depletion,”
Journal of Acquired Immune Deficiency Syndromes, vol. 30, no.
2, pp. 146–153, 2002.
[83] M. Mavigenr, P. Delobel, M. Cazabat et al., “HIV-1 residual
viremia correlates with persistent T-cell activation in poor

Clinical and Developmental Immunology

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

immunological responders to combination antiretroviral
therapy,” PLoS ONE, vol. 4, no. 10, Article ID e7658, 2009.
P. Delobel, S. Flament, M. Hamdane et al., “Abnormal Tau
phosphorylation of the Alzheimer-type also occurs during
mitosis,” Journal of Neurochemistry, vol. 83, no. 2, pp. 412–
420, 2002.
R. Hazra and C. Mackall, “Thymic function in HIV infection,” Current HIV/AIDS Reports, vol. 2, no. 1, pp. 24–28,
2005.
R. B. Eﬀros and G. Pawelec, “Replicative senescence of T
cells: does the Hayflick Limit lead to immune exhaustion?”
Immunology Today, vol. 18, no. 9, pp. 450–454, 1997.
K. C. Wolthers, G. B. A. Wisman, S. A. Otto et al., “T cell
telomere length in HIV-1 infection: no evidence for increased
CD4+ T cell turnover,” Science, vol. 274, no. 5292, pp. 1543–
1547, 1996.
M. Dagarag, H. Ng, R. Lubong, R. B. Eﬀros, and O. O. Yang,
“Diﬀerential impairment of lytic and cytokine functions in
senescent human immunodeficiency virus type 1-specific
cytotoxic T lymphocytes,” Journal of Virology, vol. 77, no. 5,
pp. 3077–3083, 2003.
O. Franzese, R. Adamo, M. Pollicita et al., “Telomerase
activity, hTERT expression, and phosphorylation are downregulated in CD4+ T lymphocytes infected with human
immunodeficiency virus type 1 (HIV-1),” Journal of Medical
Virology, vol. 79, no. 5, pp. 639–646, 2007.
L. Meyaard, S. A. Otto, R. R. Jonker, M. J. Mijnster, R. P. M.
Keet, and F. Miedema, “Programmed death of T cells in HIV1 infection,” Science, vol. 257, no. 5067, pp. 217–219, 1992.
L. Meyaard, S. A. Otto, I. P. M. Keet, M. T. L. Roos, and F.
Miedema, “Programmed death of T cells in human immunodeficiency virus infection. No correlation with progression
to disease,” Journal of Clinical Investigation, vol. 93, no. 3, pp.
982–988, 1994.
F. Bottarel, S. Bonissoni, M. B. Lucia et al., “Decreased
function of Fas in patients displaying delayed progression of
HIV-induced immune deficiency,” Hematology Journal, vol.
2, no. 4, pp. 220–227, 2001.
M. L. Gougeon, H. Lecoeur, A. Dulioust et al., “Programmed
cell death in peripheral lymphocytes from HIV-infected
persons: increased susceptibility to apoptosis of CD4 and
CD8 T cells correlates with lymphocyte activation and with
disease progression,” Journal of Immunology, vol. 156, no. 9,
pp. 3509–3520, 1996.
S. Piconi, D. Trabattoni, A. Gori et al., “Immune activation,
apoptosis, and treg activity are associated with persistently
reduced CD4+ T-cell counts during antiretroviral therapy,”
AIDS, vol. 24, no. 13, pp. 1991–2000, 2010.
M. E. Keir, M. J. Butte, G. J. Freeman, and A. H. Sharpe, “PD1 and its ligands in tolerance and immunity,” Annual Review
of Immunology, vol. 26, pp. 677–704, 2008.
D. L. Barber, E. J. Wherry, D. Masopust et al., “Restoring
function in exhausted CD8 T cells during chronic viral
infection,” Nature, vol. 439, no. 7077, pp. 682–687, 2006.
K. Grabmeier-Pfistershammer, P. Steinberger, A. Rieger, J.
Leitner, and N. Kohrgruber, “Identification of PD-1 as a
unique marker for failing immune reconstitution in HIV-1infected patients on treatment,” Journal of Acquired Immune
Deficiency Syndromes, vol. 56, no. 2, pp. 118–124, 2011.
V. Appay, S. Fastenackels, C. Katlama et al., “Old age and anticytomegalovirus immunity are associated with altered T-cell
reconstitution in HIV-1-infected patients,” AIDS, vol. 25, no.
15, pp. 1813–1822, 2011.

13
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Alterations of B cell subpopulations have been described up to date as characterizing advanced stage of HIV-1 infection. However,
whether such defects are relevant in subjects with a preserved number of CD4+ T cells (>350 cells/μL) is unclear. In a crosssectional study, we investigated if signs of B cells exhaustion and impaired viral immune surveillance are present in a cohort of 43
asymptomatic HIV-1-infected patients with preserved CD4+ T cell counts (>350 cells/μL) and highly active antiretroviral therapy
(HAART) untreated. A dramatic expansion of exhausted tissue-like memory B cells (CD10− CD21low CD27− ) was observed. B cells
alteration was related to an increase in Torque teno virus (TTV) load, used as surrogate marker of immune function. Successfully
HAART-treated patients showed normalization of B cell subpopulations frequency and TTV load. These results provide new
insights on B cell in HIV-1 infection and show that development of B cell abnormalities precedes CD4+ T cell decline.

1. Introduction
Through direct or indirect eﬀects, HIV-1 infection leads
to several perturbations on most cells of the immune
system. The persistent viral replication induces loss of
CD4+ T cells and a general chronic cellular activation
that aﬀect viability, subsets distribution, phenotype, and
function of all the major immune cell populations [1]. B
cells exhibit numerous eﬀects of HIV-1-induced immune
activation. Increased expression of activation and proliferation markers, polyclonal B cell hyperactivation, and
hypergammaglobulinemia are some of the B cell defects
detectable in HIV-1-infected patients [2, 3]. Moreover,
B cells derived from HIV-1-infected patients show several alterations in vitro, as high spontaneous antibodies secretion, defective responses to B cell stimuli, and
impaired costimulatory functions [4–8]. These functional
defects have been recently linked to perturbation in the

frequency of several B cell subpopulations. Naı̈ve B cells
(CD21high CD27− ) constitute the largest B cell population
in the blood of healthy individuals, followed by memory B
cells (CD21high CD27+ ). The frequency of memory B cells is
strongly decreased in HIV-1-infected individuals, and this
occurrence is accompanied by an increased levels of naı̈ve
B cells, activated mature B cells (CD20+ CD21low CD27+ ),
and plasma cells (CD20− CD21low CD27+ ) [9–11]. Moreover,
a relevant expansion of B cell subpopulations characterized
by a CD21low CD27− phenotype has been recently described
in chronically infected patients in advanced stage of HIV1 infection with a pronounced CD4+ T cell lymphopenia
and ongoing HIV-1 replication [12]. This B cell population,
which is normally present at low frequency in the peripheral
blood of healthy individuals, can be further divided, depending on the expression of CD10, into immature/transitional
B cells (CD10+ ) or exhausted tissue-like memory B cells
(CD10− ) [13–15].
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Torque teno virus (TTV) is a single-strand DNA virus
harmlessly carried by the majority of healthy individuals [16]. TTV is considered a surrogate marker of the
immunological status of the host [17]. In fact, TTV viral
load has been found significantly higher in HIV-1-infected
patients presenting AIDS and decreased survival than healthy
individuals [18].
Here we demonstrate that asymptomatic patients naı̈ve
for HAART with preserved CD4+ T cell counts (>350
cells/μL) show an aberrant B cell subsets distribution and a
concurrent increase in TTV viral load compared to HIV-1uninfected individuals as well as HAART successfully treated
patients.

2. Materials and Methods
2.1. Study Population. Blood samples were obtained from
a cohort of 43 chronic HIV-1-infected patients naı̈ve for
HAART and without any history of opportunistic infections
or malignancies. Clinical features of these patients are
described in Table 1. Blood samples were also obtained from
a cohort of 20 HAART-treated patients, aviremic for at
least 12 months (Table 2), and from 34 healthy laboratory
workers. The HIV-1-infected patients enrolled in this study
were recruited at the Institute of Infectious and Tropical
Diseases of the University of Brescia, provided their written
informed consent. The study was approved by the Ethical
Committee of the University Hospital of Brescia according
to the declaration of Helsinki.
2.2. FACS Analysis. Blood samples were analyzed for 3or 4-colors surface staining after lysis of red blood cells
(FACS Lysing Solution, BD Bioscences, Milan, Italy). Monoclonal antibodies directly conjugated either to fluoresceinisothiocyanate (FITC), or phycoerythrin (PE), or peridininchlorophyll-protein (PerCP), or AlloPhycocyAnin (APC)
specific for CD10, CD19, CD21, CD27, CD3, CD4, CD8,
and CD127 were used (BD Bioscences). Flow cytometric
analysis was performed using FACSCalibur flow cytometer
(BD Biosciences), and 50.000 events (gated on lymphocytes)
were acquired. Data were analyzed by CellQuest software.
2.3. IL-7 Serum Levels Detection. Detection of IL-7 serum
concentration was performed through Quantikine HS IL7 Immunoassay, according to the protocol provided by the
supplier (R&D Systems, Minneapolis, USA).
2.4. Virus Detection and Quantification. HIV-1 plasma viral
load was detected using Roche Amplicor PCR kit (RocheDiagnostic, Milan, Italy). DNA extracted from 200 μL of
plasma samples was examined for TTV genome using
a single step universal TaqMan real-time PCR assay as
previously described [17]. The sensitivity of the assay was of
3.0 log10 DNA copies/mL of plasma. All samples were tested
simultaneously in triplicate.
2.5. Statistical Analysis. Statistical analysis were performed
using GraphPad Prism v4.0c for Mac OS X. The distributions
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of each immune parameter between healthy donors and
HIV-1-infected patient cohorts were compared using the
nonparametric Mann-Whitney U test. All P values were 2
sided and unadjusted. Correlation between variables was
tested using Spearman’s rank correlation coeﬃcient test. For
all statistical analysis, the 0.05 level of significance was used
(P < 0.05). Data in the text were expressed as median.

3. Results
3.1. Several B Cell Subset Alterations in Asymptomatic and
HAART-Naı̈ve HIV-1-Infected Patients. In the present study
we examined the frequency and the function of B cell
populations in 43 HIV-1-infected patients characterized by
being clinically asymptomatic, with CD4+ T cell count >350
cell/μL (median: 510 cell/μL), median viral load of 6779 RNA
copies/mL and HAART-naı̈ve. As control, B cell populations
were examined in 34 healthy individuals.
We observed that the median of CD19+ B cell counts of
the asymptomatic HIV-1-infected patients was superimposable to the median of healthy individuals (129.5 versus 143
cell/μL, resp.) (Figure 1(a)). Moreover, the frequency of B
cell subsets, such as mature/activated, immature/transitional
or tissue-like memory, resting/memory, and naı̈ve B cells
was analyzed in all tested individuals. Although the normal
number of total B cells, several perturbations were detected
in the B cell subpopulations of asymptomatic HIV-1infected patients. As shown in Figures 1(b) and 1(c) among
the CD21high B cells we observed that the frequencies of
both resting/memory (CD27+ ), and naı̈ve (CD27− ) were
significantly lower in the peripheral blood of the asymptomatic HIV-1-infected patients compared to healthy donors
(median percentage: 23.5 versus 29.4, P = 0.026, and 54.2
versus 64.4, P < 0, 005, resp.). However, we observed that
activated/mature CD21low CD27+ and immature/transitional
or tissue-like memory CD21low CD27− B cells were significantly higher in the asymptomatic HIV-1-infected patients
compared to uninfected donors (median percentage: 9.6
versus 2.4, P < 0.0001, and 10.4 versus 2.1, P < 0.0001,
resp.). A previous study from Malaspina et al. [13] showed
that the frequency of CD21low CD27− B cells was increased in
HIV-1-infected patients in advanced stage of disease (CD4+ T
cell count <200 cell/μL). This cell subset included both
CD10+ elements, accounting for an immature/transitional B
cell phenotype, and CD10− cells defining exhausted tissuelike memory B cells. In our cohort of asymptomatic HIV1-infected patients the percentage of CD10+ B cells was
particularly low and similar to those of healthy donors. The
CD21low CD27− B cells subtype was essentially negative for
CD10, attesting for an exhausted tissue-like memory B cells
phenotype (Figure 1(b)). The percentage of CD21low CD27−
B cells positively correlated to the HIV-1 viral load (r =
0.39, P = 0.012). A higher percentage of CD21low CD27−
B cells was detected in patients with high plasma viremia
(>10000 RNA copies/mL), and, vice versa, a lower percentage
of circulating CD21low CD27− B cells was found in patients
with low plasma viremia (<10000 RNA copies/mL) (P <
0.01) (Figure 2). No correlation was observed between the
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Table 1: Profiles of asymptomatic HIV-1-infected patients.
Patients Sex
1
M
2
F
3
M
4
F
5
F
6
F
7
M
8
M
9
F
10
F
11
F
12
M
13
M
14
M
15
F
16
M
17
F
18
M
19
M
20
M
21
M
22
M
23
M
24
M
25
M
26
F
27
F
28
M
29
M
30
M
31
F
32
M
33
F
34
M
35
F
36
M
37
M
38
M
39
M
40
M
41
M
42
M
43
M
∗

Age (years)
49
33
30
40
21
72
55
27
44
42
48
48
28
26
36
43
43
30
33
42
47
47
50
55
45
46
54
32
28
34
48
44
24
49
28
49
39
35
49
39
40
43
43

HIV-1 risk group
Heterosex
Heterosex
Heterosex
Heterosex
Heterosex
Heterosex
Homosex/bisex
Heterosex
Heterosex
Heterosex
Heterosex
Unknown
Unknown
Homosex/bisex
Drugs user
Homosex/bisex
Heterosex
Drugs user
Heterosex
Hematic product contact
Drugs user
Drugs user
Heterosex
Heterosex
Heterosex
Heterosex
Heterosex
Homosex/bisex
Heterosex
Heterosex
Drugs user
Drugs user
Drugs user
Homosex/bisex
Heterosex
Heterosex
Heterosex
Homosex/bisex
Homosex/bisex
Homosex/bisex
Homosex/bisex
Homosex/bisex
Homosex/bisex

CDC stage
A1
A2
A1
A1
A1
A1
A1
A1
A1
A1
B1
A1
A1
A1
B1
A2
A1
A1
A1
A1
A1
A1
A1
A2
A1
A1
A1
A1
A1
A1
A1
A1
A2
A2
A1
A1
A1
A2
A1
A2
A2
A2
A1

HIV-1 viral load (RNA copies/mL)
6342
760
<50∗
9893
160116
2940
76871
39880
9337
74
62078
6778
58322
274979
1332
27684
1201
15756
789
107
323
<50
55681
67431
14781
143
276
11091
362
16841
<50
<50
49716
3569
6390
487
32750
1121
13057
40811
1713
29763
62035

CD4 T cell count (cell/μL)
500
471
650
470
786
536
477
540
487
857
505
384
622
550
454
356
417
523
742
570
552
684
510
481
386
494
417
685
620
668
640
2049
469
489
555
834
523
408
496
478
474
355
574

<50 HIV-1 RNA copies/mL: undetectable levels.

percentage of CD21low CD27− B cells and CD4+ T cell count
(r = −0.27, P = 0.085, not shown).
3.2. Increased Levels of IL-7 in Sera of Asymptomatic HIV-1Infected Patients. IL-7 is a pleiotropic cytokine controlling
T lymphopoiesis and T cell peripheral expansion through

interaction with its surface receptor (IL-7Rα or CD127)
[19]. Several investigators observed increased serum levels
of IL-7 in HIV-1-infected patients characterized by severe
CD4+ lymphopenia, and showed direct correlation between
IL-7 serum concentration and viral load, loss of CD4+ T
cells, and alteration of B cell subsets [13, 20]. Moreover, the
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Table 2: Profiles of HAART-treated HIV-1-infected patients.

Donors Sex
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

M
M
F
M
M
M
M
M
M
F
M
M
M
F
F
M
F
F
M
M

Age
(years)
44
43
34
36
46
60
48
53
44
41
56
40
49
31
49
39
43
40
44
44

HIV-1 risk group

HIV-1 viral load

Drug user
Drug user
Heterosex
Homosex/bisex
Drug user
Heterosex
Heterosex
Heterosex
Drug user
Heterosex
Homosex/bisex
Drug user
Heterosex
Drug user
Drug user
Homosex/bisex
Heterosex
Drug user
Homosex/bisex
Heterosex

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

CD4 T cell count
(cell/μL)
481
662
1124
1031
740
512
731
566
527
636
638
823
754
633
846
701
1067
524
701
564

CDC before
therapy
A3
A2
A2
C3
C3
C3
A2
A3
C2
A2
C3
A2
A3
A2
B3
A2
A2
B3
A2
C3

Nadir

Therapy

93
201
308
9
43
39
208
94
274
311
84
365
23
280
57
332
339
166
239
23

EFV+FTC+TDF
NVP+3TC+TDF
NVP+AZT+3TC
NVP+FTC+TDF
AZT/r+FTC+TDF
AZT+3TC+ABC
NVP+3TC+ABC
EFV+FTC+TDF
AZT/r+3TC+TDF
EFV+3TC+ABC
AZT/r+3TC+ABC
AZT+3TC+ABC
AZT+3TC+ABC
FSP/r+3TC+ABC
NVP+FTC+TDF
AZT/r+FTC+TDF
EFV+FTC+TDF
NVP+3TC+ABC
NVP+FTC+TDF
LPV/r+FTC+TDF

<50 HIV-1 RNA copies/mL: undetectable table.

frequency of immature/transitional CD10+ CD21low CD27−
B cells is positively correlated to the IL-7 concentration
detected in lymphopenic HIV-1-infected patients [13]. For
these reasons, high levels of IL-7 are considered a hallmark
of advanced HIV-1 disease. However, we observed a dramatic increase of IL-7 serum levels also in asymptomatic
HIV-1-infected patients compared to healthy individuals
(median concentration: 12.9 pg/mL versus 1.7 pg/mL, P <
0.01) despite a relatively preserved number of CD4+ T
cells (median number count: 510 versus 831 cell/μL)
(Figure 3(a)). No correlation between IL-7 serum levels and
CD4+ T cell counts or exhausted tissue-like memory B cell
subset frequency were detected (Figure 3(b)).
3.3. Increase of TTV Load in Asymptomatic HIV-1-Infected
Patients and Correlation with the CD21low CD27− B Cells
Frequency. So far, our findings showed profound phenotypic
alterations in the B cell compartment of patients in the
asymptomatic stage of HIV-1 infection. Previous studies
showed that B cell subsets, abnormally expressed in the
peripheral blood of HIV-1-infected patients in advanced
stages of disease, and scarcely detectable in healthy individuals, displayed several functional defects [13, 21]. The aim
of our study was trying to understand the impact of these
uncommon B cell subsets on immunological surveillance in
vivo.
TTV is an ubiquitous virus which infects up to 80% of
the healthy population [22], and that is present at high titer
in the blood of patients in advanced stages of HIV-1 infection

compared to healthy subjects. In HIV-1-infected patients
TTV load inversely correlated with the CD4+ T cell count
[18]. TTV plasma viremia was measured in all individuals
enrolled in our study. Asymptomatic HIV-1-infected patients
showed a significantly higher amount of circulating TTV
compared to healthy individuals (titer median: 5.7 versus 4.6
log DNA copies/mL, P < 0.005, Table 3). A direct correlation
was observed between TTV load and both HIV-1 viremia and
percentage of CD21low CD27− B lymphocytes (r = 0.49 P <
0.01, and r = 0.40, P < 0.01, resp.) (Figure 4). These
data suggest that in asymptomatic HIV-1-infected patients
the increased percentage of CD21low CD27− B cells may be
related to the lack of in vivo immunological control of TTV
replication.
3.4. Normal B Cell Subsets Frequency and Normal TTV Plasma
Levels in HAART-Treated Patients. We then investigated the
eﬀect of HAART on the B cell compartment of a cohort
of HIV-1-infected individuals who experienced low levels of
CD4+ T cell counts during the course of infection (median
nadir: 183 cell/μL), and maintained undetectable HIV-1 viral
load for the last 12 months of therapy. At the time of our
study, all patients belonging to this cohort displayed CD4+
T cell counts higher than asymptomatic therapy-naı̈ve HIV1-infected patients (median 682 cells/μL versus 510 cell/μL,
P < 0.0001). The absolute number of B cells was significantly
higher in HAART-treated patients as compared to both
asymptomatic HIV-1-infected HAART-naı̈ve patients and
healthy individuals (median: 233 cell/μL versus 129.5 cell/μL,

5

104

50

103

103

40

101

102

101

100
200

400

600

0
100

800 1000

101

FSC height

N.S.

600

102

103

104

100

101

102

103

104

104

100

103

103

80

101

200

101

100

0
HIV-1 infected

200

400

600

800 1000

FSC height

40
20

100
0

Uninfected

102

HIV-1-infected

102

Counts

CD21

400

0
100

101

102

103

104

100

101

102

103

104

CD10

CD27

(a)

104

CD10

CD27

60
CD19

CD19+ B cells (cell/µL)

800

20
10

100
0

30

Uninfected

102

Counts

104

CD21

CD19

Clinical and Developmental Immunology

(b)

P < 0.005

100
CD21high CD27+ B cells (%)

CD21high CD27− B cells (%)

100
80
60
40
20
0

80
60
40
20
0

P < 0.0001

40
CD21low CD27+ B cells (%)

CD21low CD27− B cells (%)

40

P = 0.026

30
20
10

P < 0.0001

30
20
10
0

0
Uninfected

HIV-1 infected

Uninfected

HIV-1 infected

(c)

Figure 1: Peripheral blood B cell subsets alterations in asymptomatic HIV-1-infected patients. (a) Comparative analysis of CD19+ B cell
counts (cell number/μL) in HIV-1-uninfected individuals and asymptomatic HIV-1-infected patients. (b) Analysis of CD21 and CD27
expression on B cells from HIV-1-uninfected individuals and asymptomatic HIV-1-infected patients, and analysis of CD10 expression on
CD21low /CD27− B cells. Percentages of B cell subsets were determined by four-color flow cytometry analysis of CD19, CD21, CD27, and
CD10 surface expression molecules. Profiles of expression of CD21 and CD27 are shown for one representative of each group. Cells were
gated according to the lymphocytes forward and side scatter pattern and the CD19+ cells. (c) Comparative analysis of B cell subpopulations
in HIV-1-uninfected individuals and asymptomatic HIV-1-infected patients. Frequency of CD21high CD27− naı̈ve B cells (upper left panel),
CD21high CD27+ resting memory B cells (upper right panel), CD10− CD21low CD27− exhausted tissue-like memory B cells (lower left panel),
and CD21low CD27+ mature/activated B cells (lower right panel) are shown for the total of donors. Diﬀerences between groups were evaluated
using the two-tailed Mann-Whitney U test, and were considered significant at P < 0.05. Into the box plots, horizontal lines represent median
values for each group, boxes show the 25th and 75th percentiles, and bars show SD. N.S. = not significant.
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Figure 2: Association between exhausted tissue-like memory B cells and HIV plasma viremia. Correlation between CD10− CD21low CD27−
B cell percentages and HIV-1 plasma viremia (RNA copies/mL) in asymptomatic HIV-1-infected patients (a). Comparative analysis
of CD10− CD21low CD27− B cell percentages in asymptomatic patients with HIV-1 plasma viremia ≤ to 10000 RNA copies/mL and
asymptomatic patients with HIV-1 plasma viremia > to 10000 RNA copies/mL (b). Association of 2 diﬀerent data groups were analyzed
by Spearman’s rank test; P and rho values are indicated. Each symbol represents one individual, and regression line is shown. Diﬀerences
between groups were evaluated using the two-tailed Mann-Whitney U test, and were considered significant at P < 0.05. Into the box plots,
horizontal lines represent median values for each group, boxes show the 25th and 75th percentiles, and bars show SD.
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Figure 3: IL-7 serum levels in asymptomatic HIV-1-infected patients and correlation with CD10− CD21low CD27− B cells frequency. (a)
Comparative analysis of IL-7 serum levels (pg/mL) in HIV-1-uninfected donors and asymptomatic HIV-1-infected patients. ELISA was
performed to measure the IL-7 concentration. (b) Correlation between IL-7 serum levels and percentage of CD10− CD21low CD27− B cells
in asymptomatic HIV-1-infected patients. Diﬀerences between groups were evaluated using the two tailed Mann-Whitney U test, and were
considered significant at P < 0.05. Into the box plots, horizontal lines represent median values for each group, boxes show the 25th and 75th
percentiles, and bars show SD. Association of 2 diﬀerent data groups were analyzed by Spearman’s rank test. Each symbol represents one
individual, and regression line is shown. N.C.= no correlation.

P < 0.005, and versus 143 cell/μL, P < 0.01, resp.)
(Table 3). In the cohort of HAART-treated patients we
observed no presence of uncommon B cell populations with
percentages of CD21low CD27− and of CD21low CD27+ B cells
superimposable to those of healthy individuals (Figure 5).
At the same time, the percentage of CD21high CD27− B cell
subpopulation was higher in HAART-treated than asymp-

tomatic HIV-1-infected cohort patients (P < 0.0005), and
the IL-7 levels of treated-patients were superimposable to
those of healthy donors. Finally, a successful immunological
surveillance was observed in HAART-treated patients as they
displayed a TTV plasma viremia within ranges commonly
observed in healthy subjects (median: 4.1 versus 4.6 log DNA
copies/mL).
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Table 3: Eﬀects of HAART on B cells frequency, IL-7 serum levels, and TTV viral load.

CD19+ B cell count
(cell/μL)
CD21− CD27− B cell
frequency (%)
CD21− CD27+ B cell
frequency (%)
CD21+ CD27+ B cell
frequency (%)
CD21+ CD27− B cell
frequency (%)
IL-7 serum level
(pg/mL)
TTV plasma viremia
(log DNA copies/mL)

Healthy

Asymptomatic
HIV-1 infected

HAART treated

P (HAART
treated versus
healthy)

P (HAART treated
versus asymptomatic
HIV-1 infected)

143.0

129.5

232.5

<0.01

<0.005

2.1

10.4

2.7

NS

<0.0001

2.4

9.6

1.7

NS

<0.0001

29.4

23.5

22.4

<0.05

NS

64.4

54.2

73.0

NS

<0.0005

1.7

12.9

2.0

NS

<0.01

4.6

5.7

4.1

NS

<0.001

NS: not significant.
Results are expressed as median.
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Figure 4: Perturbation in TTV immune surveillance in asymptomatic HIV-1-infected patients. (a) Correlation between TTV and HIV1 viral loads (log DNA copies/mL, and log RNA copies/mL, resp.) in plasma derived from asymptomatic HIV-1-infected patients. TTV
and HIV viral loads were measured by PCR and RT-PCR, respectively. (b) Correlation between plasma TTV titer and percentage of
CD10− CD21low CD27− B cells in asymptomatic HIV-1-infected patients. Association of 2 diﬀerent data groups were analyzed by Spearman’s
rank test; P and rho values are indicated. Each symbol represents one individual, and regression line is shown.

4. Discussion
Disturbances in diﬀerentiation and function of B cells
characterize HIV-1 infection, and mostly, these impairments
are correlated to the loss of CD4+ T cells and the increase of
HIV-1 load [12]. In the present study, we demonstrate that
asymptomatic HIV-1-infected patients naı̈ve for HAART
are characterized by normal B cell numbers but impaired
B cell subsets frequencies. In particular, we observed that
CD21low CD27− and CD21low CD27+ B cells were overexpressed, whereas the frequencies of CD21high CD27− and
CD21high CD27+ B cells, which respectively account for naı̈ve

and resting memory B cells, were lower compared to healthy
donors. The increased uncommon CD21low CD27− B cell
population in the asymptomatic HIV-1-infected patients
consisted exclusively of exhausted tissue-like memory B cells
since no CD10 molecule surface was detected in this cellular
subset. It is likely that the appearance of CD21low CD27+
B cells, which have undergone HIV-1-induced activation
and diﬀerentiation to plasma blasts, and are usually referred
as activated mature elements, as well as the appearance of
CD21low CD27− B cells, which derive from exhausted B cell
subpopulation, can be ascribed to the B cell hyperactivation
driven by the chronic yet asymptomatic presence of HIV-1
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Figure 5: Eﬀect of HAART in B cell subsets distribution in HIV-1-infected patients. Comparative analysis of CD21 and CD27 expression
on B cells from HIV-1-uninfected individuals, asymptomatic HIV-1-infected patients, and HAART-treated patients. Profiles of expression
of CD21 and CD27 are shown for one representative of each groups (lower panel). Cells were gated according to the lymphocytes forward
and side scatter pattern and the CD19+ cells (upper panel).

in patients. The presence of exhausted B cells in asymptomatic patients is strongly correlated to the HIV-1 load
but not to the CD4+ T cell counts. Immature/transitional
CD10+ CD21low CD27− B cells, previously described in the
peripheral blood of HIV-1 positive patients in advanced
stages of disease, were not present in the cohort of asymptomatic patients probably because they appear consequently
to a strong reduction of CD4+ T cell counts [13, 15]. In fact,
immature/transitional B cells were also observed in patients
with non-HIV-1-related idiopathic CD4+ lymphopenia suggesting that HIV-1-induced CD4+ lymphopenia (and not
HIV-1 viremia itself) drives the expansion of these elements
in HIV-1-infected patients [23]. Therefore, our data show
that exhausted tissue-like memory B cells emerge independently from immature/transitional B cells in HIV-1-infected
patients, and precede the appearance of the latter possibly
arising from homeostatic pressures induced by lymphopenia,
and/or from conditions that increase the expression levels of
early B cell stimulatory factors such as IL-7 [13, 23].
Several studies report that CD4+ lymphopenia driven
by HIV-1 infection or bone marrow transplantation and
idiopathic CD4+ T lymphopenia are often associated with
increased serum levels of IL-7 [21, 23–25]. In order to explain
the increased levels of IL-7 in CD4+ T lymphopenic individuals, it has been suggested that IL-7 augmentation occurs
as part of a compensatory eﬀect to enhance diﬀerentiation,
survival, and expansion of T cells in order to respond to
the HIV-1-mediated T cell depletion [24]. Surprisingly, we
detected increased levels of IL-7 in sera of asymptomatic
HIV-1-infected patients, but no correlations with CD4+ T
cells count or HIV-1 load were detected. This result may find

a possible explanation in the recent discovery by Guimond
et al. [26] that systemic IL-7 concentrations increase solely
because of diminished use of the lymphokine by target cells.
So, it is possible to hypothesize that the presence of
exhausted memory B cells in asymptomatic HIV-1-infected
patients is likely to prejudice the proper functioning of
immune cells, and, therefore, a suitable immune surveillance.
So far, no pathological eﬀect can be ascribable to
TTV [22, 27]. TTV viral load seems to depend on the
immunological status of the host, being patients with
tumours or HIV-1 infection characterized by a higher TTV
load compared to healthy individuals [16, 28]. Moreover,
recent findings obtained by studying TTV in bone marrow
transplanted patients show that the increase of viral loads
is correlated with an increase in the percentages of dysfunctional CD8+ CD57+ T lymphocytes circulating in blood
[17, 29]. In the study we show that asymptomatic HIV-1infected individuals have TTV viral load higher than healthy
controls and that its titre is directly correlated to the HIV1 viral load but not to the CD4+ T cells count. Moreover,
TTV viral load directly correlated to the percentage of
CD21low CD27− B cells. These correlations may attest for a
scarce immune control of TTV replication by B cells and for
an already compromised immune surveillance in untreated
asymptomatic HIV-1-infected patients.
Several studies have shown that HAART-mediated suppression of HIV-1 plasma viremia is followed by normalization of B cell counts and hyperactivation. In addition, reduction of HIV-1 viremia by HAART is associated
with decreased frequency of exhausted tissue-like memory
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B cells [30]. Here we have described that patients who experienced HAART, leading to an undetectable HIV-1 viremia for
the last 12 months of therapy, display a normal B cell subsets
distribution. The role of HAART in the normalization
of IL-7 serum levels is controversial: some investigators
showed only a partial decrease in the IL-7 levels, never
declining toward normal values whereas others documented
a complete normalization of this immunological parameter
[19, 31]. In our study, successfully HAART-treated patients
showed IL-7 values superimposable to those of healthy HIV1-uninfected individuals.
Interestingly, we reported that all HAART-treated patients experienced TTV load to levels usually detected in
healthy individuals. This finding shows that antiretroviral
therapies aimed at controlling HIV-1 load and normalizing B cell subpopulations can help to recover immune
functions to levels capable of controlling the replication of
this endogenous virus. Normalization of B cell counts and
subpopulations by HAART is followed by improved B cell
responses to both T cell-independent and T cell-dependent
immunogens [29, 32–34]. Of particular interest is the recent
observation that an early control of viral replication through
HAART preserves the longevity of B cell responses in
vaccinated HIV-1-infected children thus underscoring the
direct role of HIV-1 viremia in B cell terminal diﬀerentiation
[35]. These observations have important implications not
only for preserving immune responses against secondary
pathogens but also for maintaining or boosting HIV-1
specific immune responses, including antibody responses.

5. Conclusions
We have provided evidences that asymptomatic HIV-1infected patients with a preserved CD4+ T cell number,
and naı̈ve for HAART, display alterations in B cell subset
phenotype and impaired immune responses, as manifested
by their inability to control TTV replication. On the other
hand, normal B cell phenotypes and counts were found in
patients who initiated HAART during chronic disease and
displayed a negative HIV-1 viral load in the last 12 months
of therapy. Normal B cell subpopulations in HAART-treated
patients were mirrored by a normal TTV viral load, attesting
for a recovery of adequate immunological surveillance. From
this point of view, HAART as well as therapies aimed at
decreasing immune cell deregulation can help to better
control the loss of immune function if administered earlier
during HIV-1 infection.
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Sanità (National Program AIDS Research, Grants: 45G.5 and
40G.16).

9

References
[1] S. D. Lawn, S. T. Butera, and T. M. Folks, “Contribution
of immune activation to the pathogenesis and transmission
of human immunodeficiency virus type 1 infection,” Clinical
Microbiology Reviews, vol. 14, no. 4, pp. 753–777, 2001.
[2] H. C. Lane, H. Masur, L. C. Edgar, G. Whalen, A. H. Rook,
and A. S. Fauci, “Abnormalities of B-cell activation and
immunoregulation in patients with the acquired immunodeficiency syndrome,” New England Journal of Medicine, vol. 309,
no. 8, pp. 453–458, 1983.
[3] A. Shirai, M. Cosentino, S. F. Leitman-Klinman, and D. M.
Klinman, “Human immunodeficiency virus infection induces
both polyclonal and virus-specific B cell activation,” Journal of
Clinical Investigation, vol. 89, no. 2, pp. 561–566, 1992.
[4] A. Amadori, A. De Rossi, G. P. Faulkner-Valle, and L.
Chieco-Bianchi, “Spontaneous in vitro production of virusspecific antibody by lymphocytes from HIV-infected subjects,”
Clinical Immunology and Immunopathology, vol. 46, no. 3, pp.
342–351, 1988.
[5] A. M. Fournier, J. M. Fondere, C. Alix-Panabieres et al.,
“Spontaneous secretion of immunoglobulins and anti-HIV-1
antibodies by in vivo activated B lymphocytes from HIV-1infected subjects: monocyte and natural killer cell requirement
for in vitro terminal diﬀerentiation into plasma cells,” Clinical
Immunology, vol. 103, no. 1, pp. 98–109, 2002.
[6] A. De Milito, A. Nilsson, K. Titanji et al., “Mechanisms
of hypergammaglobulinemia and impaired antigen-specific
humoral immunity in HIV-1 infection,” Blood, vol. 103, no.
6, pp. 2180–2186, 2004.
[7] A. De Milito, “B lymphocyte dysfunctions in HIV infection,”
Current HIV Research, vol. 2, no. 1, pp. 11–21, 2004.
[8] A. Malaspina, S. Moir, S. Kottilil et al., “Deleterious eﬀect
of HIV-1 plasma viremia on B cell costimulatory function,”
Journal of Immunology, vol. 170, no. 12, pp. 5965–5972, 2003.
[9] Y. Chong, H. Ikematsu, M. Yamamoto et al., “Increased
frequency of CD27− (Naive) B cells and their phenotypic
alteration in HIV type 1-infected patients,” AIDS Research and
Human Retroviruses, vol. 20, no. 6, pp. 621–629, 2004.
[10] A. De Milito, C. Mörch, A. Anders Sönnerborg, and F. Chiodi,
“Loss of memory (CD27) B lymphocytes in HIV-1 infection,”
AIDS, vol. 15, no. 8, pp. 957–964, 2001.
[11] S. Moir, A. Malaspina, O. K. Pickeral et al., “Decreased
survival of B cells of HIV-viremic patients mediated by altered
expression of receptors of the TNF superfamily,” Journal of
Experimental Medicine, vol. 200, no. 5, pp. 587–599, 2004.
[12] S. Moir and A. S. Fauci, “B cells in HIV infection and disease,”
Nature Reviews Immunology, vol. 9, no. 4, pp. 235–245, 2009.
[13] A. Malaspina, S. Moir, J. Ho et al., “Appearance of immature/transitional B cells in HIV-infected individuals with
advanced disease: correlation with increased IL-7,” Proceedings
of the National Academy of Sciences of the United States of
America, vol. 103, no. 7, pp. 2262–2267, 2006.
[14] A. K. Cuss, D. T. Avery, J. L. Cannons et al., “Expansion of
functionally immature transitional B cells is associated with
human-immunodeficient states characterized by impaired
humoral immunity,” Journal of Immunology, vol. 176, no. 3,
pp. 1506–1516, 2006.
[15] S. Moir, J. Ho, A. Malaspina et al., “Evidence for HIVassociated B cell exhaustion in a dysfunctional memory B cell
compartment in HIV-infected viremic individuals,” Journal of
Experimental Medicine, vol. 205, no. 8, pp. 1797–1805, 2008.
[16] M. Bendinelli, M. Pistello, F. Maggi, C. Fornai, G. Freer, and
M. L. Vatteroni, “Molecular properties, biology, and clinical

10

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Clinical and Developmental Immunology
implications of TT virus, a recently identified widespread
infectious agent of humans,” Clinical Microbiology Reviews,
vol. 14, no. 1, pp. 98–113, 2001.
D. Focosi, F. Maggi, M. Albani et al., “Torquetenovirus
viremia kinetics after autologous stem cell transplantation are
predictable and may serve as a surrogate marker of functional
immune reconstitution,” Journal of Clinical Virology, vol. 47,
no. 2, pp. 189–192, 2010.
J. K. Christensen, J. Eugen-Olsen, M. SŁrensen et al., “Prevalence and prognostic significance of infection with TT virus
in patients infected with human immunodeficiency virus,”
Journal of Infectious Diseases, vol. 181, no. 5, pp. 1796–1799,
2000.
S. Beq, J. F. Delfraissy, and J. Theze, “Interleukin-7 (IL7): immune function, involvement in the pathogenesis of
HIV infection and therapeutic potential,” European Cytokine
Network, vol. 15, no. 4, pp. 279–289, 2004.
A. Llano, J. Barretina, A. Gutiérrez et al., “Interleukin-7 in
plasma correlates with CD4 T-cell depletion and may be
associated with emergence of syncytium-inducing variants in
human immunodeficiency virus type 1-positive individuals,”
Journal of Virology, vol. 75, no. 21, pp. 10319–10325, 2001.
F. Maggi, E. Andreoli, L. Riente et al., “Torquetenovirus in
patients with arthritis,” Rheumatology, vol. 46, no. 5, pp. 885–
886, 2007.
A. Malaspina, S. Moir, D. G. Chaitt et al., “Idiopathic
CD4+ T lymphocytopenia is associated with increases in
immature/transitional B cells and serum levels of IL-7,” Blood,
vol. 109, no. 5, pp. 2086–2088, 2007.
J. Ho, S. Moir, A. Malaspina et al., “Two overrepresented B cell
populations in HIV-infected individuals undergo apoptosis by
diﬀerent mechanisms,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 103, no. 51, pp.
19436–19441, 2006.
L. A. Napolitano, R. M. Grant, S. G. Deeks et al., “Increased
production of IL-7 accompanies HIV-1-mediated T-cell depletion: implications for T-cell homeostasis,” Nature Medicine,
vol. 7, no. 1, pp. 73–79, 2001.
E. Bolotin, G. Annett, R. Parkman, and K. Weinberg, “Serum
levels of IL-7 in bone marrow transplant recipients: relationship to clinical characteristics and lymphocyte count,” Bone
Marrow Transplantation, vol. 23, no. 8, pp. 783–788, 1999.
M. Guimond, R. G. Veenstra, D. J. Grindler et al., “Interleukin
7 signaling in dendritic cells regulates the homeostatic proliferation and niche size of CD4+ T cells,” Nature Immunology,
vol. 10, no. 2, pp. 149–157, 2009.
S. Hino and H. Miyata, “Torque teno virus (TTV): current
status,” Reviews in Medical Virology, vol. 17, no. 1, pp. 45–57,
2007.
S. Zhong, W. Yeo, M. W. Tang et al., “Gross elevation of TT
virus genome load in the peripheral blood mononuclear cells
of cancer patients,” Annals of the New York Academy of Sciences,
vol. 945, pp. 84–92, 2001.
F. Maggi, V. Ricci, M. Bendinelli et al., “Changes in CD8+ 57+ T
lymphocyte expansions after autologous hematopoietic stem
cell transplantation correlate with changes in torquetenovirus
viremia,” Transplantation, vol. 85, no. 12, pp. 1867–1868, 2008.
S. Moir, A. Malaspina, J. Ho et al., “Normalization of B
cell counts and subpopulations after antiretroviral therapy in
chronic HIV disease,” Journal of Infectious Diseases, vol. 197,
no. 4, pp. 572–579, 2008.
C. M. Mastroianni, G. Forcina, G. d’Ettorre et al., “Circulating
levels of interleukin-7 in antiretroviral-naı̈ve and highly active

[32]

[33]

[34]

[35]

antiretroviral therapy-treated HIV-infected patients,” HIV
Clinical Trials, vol. 2, no. 2, pp. 108–112, 2001.
D. R. Feikin, C. Feldman, A. Schuchat, and E. N. Janoﬀ,
“Global strategies to prevent bacterial pneumonia in adults
with HIV disease,” Lancet Infectious Diseases, vol. 4, no. 7, pp.
445–455, 2004.
E. T. Overton, S. Sungkanuparph, W. G. Powderly, W. Seyfried,
R. K. Groger, and J. A. Aberg, “Undetectable plasma HIV RNA
load predicts success after hepatitis B vaccination in HIVinfected persons,” Clinical Infectious Diseases, vol. 41, no. 7, pp.
1045–1048, 2005.
F. P. Kroon, G. F. Rimmelzwaan, M. T. L. Roos et al.,
“Restored humoral immune response to influenza vaccination
in HIV-infected adults treated with highly active antiretroviral
therapy,” AIDS, vol. 12, no. 17, pp. F217–F223, 1998.
S. Pensieroso, A. Cagigi, P. Palma et al., “Timing of HAART
defines the integrity of memory B cells and the longevity
of humoral responses in HIV-1 vertically-infected children,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 106, no. 19, pp. 7939–7944, 2009.

Hindawi Publishing Corporation
Clinical and Developmental Immunology
Volume 2012, Article ID 958404, 9 pages
doi:10.1155/2012/958404

Research Article
Protection against SHIV-KB9 Infection by Combining
rDNA and rFPV Vaccines Based on HIV Multiepitope and
p24 Protein in Chinese Rhesus Macaques
Chang Li,1 Zhenwei Shen,1 Xiao Li,1 Jieying Bai,2 Lin Zeng,2 Mingyao Tian,1
Ying Jin Song,3 Ming Ye,1 Shouwen Du,1 Dayong Ren,1 Cunxia Liu,1 Na Zhu,1 Dandan Sun,1
Yi Li,1 and Ningyi Jin1
1 Institute

of Military Veterinary Medicine, Academy of Military Medical Sciences, LiuYingXi Road No. 666, Changchun 130122, China
Animal Center, Academy of Military Medical Sciences, Dongda Street No. 20, Beijing 100071, China
3 School of Agriculture and Biological Engineering, Tianjin University, Weijin Road No. 92, Tianjin 300072, China
2 Laboratory

Correspondence should be addressed to Ningyi Jin, ningyij@yahoo.com
Received 31 August 2011; Revised 7 November 2011; Accepted 11 November 2011
Academic Editor: Mirko Paiardini
Copyright © 2012 Chang Li et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Developing an eﬀective vaccine against HIV infection remains an urgent goal. We used a DNA prime/fowlpox virus boost regimen
to immunize Chinese rhesus macaques. The animals were challenged intramuscularly with pathogenic molecularly cloned SHIVKB9. Immunogenicity and protective eﬃcacy of vaccines were investigated by measuring IFN-γ levels, monitoring HIV-specific
binding antibodies, examining viral load, and analyzing CD4/CD8 ratio. Results show that, upon challenge, the vaccine group can
induce a strong immune response in the body, represented by increased expression of IFN-γ, slow and steady elevated antibody
production, reduced peak value of acute viral load, and increase in the average CD4/CD8 ratio. The current research suggests that
rapid reaction speed, appropriate response strength, and long-lasting immune response time may be key protection factors for
AIDS vaccine. The present study contributes significantly to AIDS vaccine and preclinical research.

1. Introduction
Human immunodeficiency virus type 1 (HIV-1) is the aetiological agent of acquired immune deficiency syndrome
(AIDS). Since the first case of HIV-1 infection was reported
in Los Angeles in 1981 [1], more than 68 million people
have been infected with HIV worldwide. Nearly 25 million
people have died, and approximately 33.3 million people are
suﬀering from HIV globally at the end of 2009 according to
the 2010 global report published by the Joint United Nations
Programme on HIV/AIDS [2]. AIDS/HIV remains the
deadliest crisis and the greatest social, economic, and public
health challenge in modern times because of the absence of
eﬀective prophylaxis or therapy methods [3–9].
Undoubtedly, the best and most economical solution to
eradicate or control the spread of HIV-1 is to develop safe and
eﬀective vaccine. Although considerable eﬀorts have been
devoted toward this goal, the success of available vaccines

has not been demonstrated [3, 4, 10, 11]. Previous studies
have determined that the HIV-specific CD8+ cytotoxic Tcell responses play key roles in controlling viral replication,
which could reduce viral loads and postpone disease progression in individuals who are infected with HIV-1 [12–16].
Immunization with polyvalent antigens may likely stimulate
more eﬀective immunity than a single antigen as described
in an earlier study [12, 17]. Thus, combining multi-CTL
epitopes derived from diﬀerent genes of HIV-1 to construct
a chimeric antigen may be a better strategy to develop new
vaccines. Previously, we designed and constructed a new
immunogen, which includes 29 multiepitopes and the p24
protein of HIV-1 as carrier molecule. The selected epitopes
covered the most dominant epitopes derived from structural,
regulatory, and accessory proteins of HIV, such as Gag, Env,
Pol, RT, IN, Vpr, Tat, and Nef; HLA-DR epitope, ER signal
peptide, and Kozak sequence were considered as well. The
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Figure 1: Schematic representation of the rDNA and rFPV vaccine constructs. The functional elements of the expression vector are the
following. PCMV : human cytomegalovirus (CMV) immediate-early promoter/enhancer; Kozak: a Kozak translation-initiation sequence and
an initiation codon (ATG) for proper initiation of translation; ER signal: endoplasmic reticulum signal peptide; MEG(4): multi-epitope gene
(including 4 epitopes); P24: HIV-1 capsid protein; MEG(25): multi-epitope gene (including 25 epitopes); BGHpA: Bovine growth hormone
(BGH) polyadenylation signal; TKL: the left recombinant fowlpox virus; PE/L : early and late promoter of fowlpox virus; T5NT: terminal
signal of fowlpox virus; TKR: the right recombinant fowlpox virus.

antigenicity and immunogenicity were evaluated in vitro and
in vivo [18–20].
To further confirm the immunogenicity and protective
eﬀect of this vaccine, we immunized Chinese rhesu macaques with a DNA prime/fowlpox virus boost regimen. These
animals were challenged intravenously with pathogenic
molecularly cloned SHIV-KB9. The monkeys were monitored by measuring their IFN-γ levels, HIV-specific binding
antibodies, viral load, and CD4/CD8 ratio and by analyzing
the immunogenicity and the protective eﬀect of vaccine to
facilitate clinical trials.

2. Materials and Methods

rDNA/pVMp24

rFPV/Mp24

SHIV-KB9

Control groups
(M1–M4)

(weeks)
0

Vaccine groups
(M5–M8)

4
pVAX1

10

18
FPV

Priming
Booster
Immunization

28
SHIV-KB9
Challenge

Figure 2: Immunization and challenge schedule. rDNA: recombinant DNA; rFPV: recombinant FPV.

The schematic representation of the rDNA and rFPV vaccine
constructs is shown in Figure 1.

2.1. Animals. Chinese-origin rhesus macaques (Ch Rh), 3–
5 years of age, both female and male, and with no signs of
clinical diseases, were provided by the Laboratory Animal
Center, Academy of Military Medical Sciences. Sixteen Chinese rhesus macaques from Guangxi, aged 3–5 years, weighing 3–5 kg, and without simian immunodeficiency virus
(SIV), monkey T lymphocytes of I virus (STLV), monkey
ART D-type virus (SRV/D), or B virus infection, were bred
and provided by the experimental Animal Center of Military
Medical Sciences. The present research project was approved
by the relevant ethics review committee. Animal husbandry
and sample collection were in accordance with relevant
biosecurity requirements.

2.3. Immunization and Challenge Experiments. The Chinese
rhesus macaques were randomly divided into 2 groups (4
macaques per group). Each group was primed intramuscularly (i.m.) with rDNA/pVMp24 (500 μg/per animal) vaccine
and empty vector pVAX1 control at weeks 0, 4, and 10 and
subsequently boosted with 109 plaque-forming unit (PFU)
rFPV/Mp24 vaccine and wild-type FPV at week 18. At week
28, the macaques were challenged intravenously with 20
MID50 of SHIV-KB9 provided by professor Yiming Shao of
the Chinese Center for Disease Control and Prevention.
The immunization schedule and routes of administration
are outlined in Figure 2.

2.2. Vaccines. The vaccines used in the current study are
recombinant DNA vaccine rDNA/pVMp24 and recombinant
fowlpox virus rFPV/Mp24. Both are epitope-based vaccines
containing the same immunogens, which includes a Kozak
translation initiation sequence, ER signal peptide, 29 HIV
dominant epitopes (24 CTL or CD8 T-cell epitopes and 5 Bcell epitopes), and HIV-1 p24 protein. The immunogens were
provided by professor Ningyi Jin of the Institute of Military
Veterinary Medicine, Academy of Military Medical Sciences.

2.4. Sample Collection and Processing. In the presence of
EDTA anticoagulant, hind-limb venous blood was collected
at 7, 13, 21, 28, and 35 d postinfection. The samples were sent
to the laboratory within 6 h. Part of the unclotted blood was
processed for blood routine examination and flow analysis.
The remaining samples were centrifuged at 1700 rpm and
kept at room temperature for 10 min. Plasma was analyzed
for virus RNA load and antibodies. PBMC was separated from the blood cell for enzyme-linked immunospot
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(ELISPOT) and other analyses. Plasma was stored at −20◦ C,
and the PBMC was frozen in liquid nitrogen.

Table 1: Whole-virus HIV-specific binding antibody titers after the
challenge.

2.5. IFN-γ ELISPOT Detection. ELISPOT assays were conducted to evaluate the gamma interferon-(IFN-γ-)secreting
cells. PBMCs were isolated by Ficoll gradient centrifugation
as previously described [21]. ELISPOT responses were
detected using the monkey IFN-γ ELISPOT kit (U-CyTech
Biosciences, Utrecht, the Netherlands) according to the instructions of the manufacturer. Each sample was stimulated
in triplicate by adding a single pool of p24 peptides (15mer HIV-1 consensus p24 peptides with an 11-amino-acid
overlap, synthesized by HD Biosciences Co., Ltd., Shanghai,
China) with a final concentration of 4 μg/mL for each
peptide. PMA (50 ng/mL) and ionomycin (1 μg/mL) were
used as positive controls, whereas RPMI 1640 medium was
used as negative control. The results were indicated as spotforming cells (SFC)/million PBMC. A positive response was
defined as 4 times ELISPOT points higher than the negative
control points and greater than 50 SFC/106 cells at each time
point.

Groups

2.6. Detection of HIV-1-Specific Binding Antibodies in the
Serum. Sequence alignment indicates that HIV-1 p24 and
SHIV p24 proteins have strong homology. Thus, the antibodies induced by the SHIV virus have a strong crossimmune response to the HIV antigen. In the present study,
the HIV-1-specific antibody responses were measured by the
third-generation total HIV-binding antibody diagnostic kit
(Vironostika HIV Uni-Form II Plus O, BioMérieux Corporate, France). The experiment was conducted by employing
the enzyme-linked immunosorbent assay according to the
protocols of the manufacturer and the literature.
2.7. Measurement of Plasma Viral RNA Load. The plasma
viral RNA was extracted by QIAGEN Viral RNA minikit
(QIAGEN company) and analyzed by real-time PCR using
TaqMan EZ RT-PCR Core Reagents kit (ABI Company) and
ABI Prism 7700 apparatus. SHIV viral RNA in the samples
was quantified by the standard curve derived from RNA
standards.
2.8. CD3, CD4, and CD8 Lymphocyte Subset Analysis. We
used three nonhuman primate antibodies, FITC-CD3,
PerCP-CD4, and PE-CD8 (BD Pharmingen Inc.) in the
flow analysis. Each flow tube contained 5 μL of each
antibody and 100 μL of whole blood. Bland control and
CD3-, CD4-, and CD8-stained controls were set up. The
contents were mixed evenly by shaking and incubated under
darkness at room temperature for 20 min. During shaking,
1 mL 1 x PBS dissolved in 500 μL hemolysin was added
to lyse the red blood cells. The mixture was kept for
10 min until the liquid became translucent. Subsequently,
the mixture was centrifuged at 1500 rpm for 5 min. The
supernatant was discarded and the cells were scattered
by vibration. Formaldehyde fixative (300 μL) was added
and the samples were analyzed by flow cytometry (BD
FACSCalibur).

Animals

Control

Vaccine

M1
M2
M3
M4
M5
M6
M7
M8

Whole-virus HIV-1 specific antibody titers
7 days 14 days 21 days 28 days 35 days
0
0
0
0
1
0
0
0
0
1
0
0
0
1
1
0
0
0
0
0
0
0
1
1
3
0
0
0
1
2
0
0
1
1
2
0
0
1
2
3

2.9. Statistical Analysis. Diﬀerences between the groups were
analyzed by Student’s t-test. The results were expressed as
mean ± SD. P value < 0.05 was considered significant.

3. Results
3.1. ELISPOT Test of IFN-γ. ELISPOT method was used
to determine the IFN-γ-secreting T-cell immune responses
stimulated by HIV-1 p24 peptide library. Compared with
the control animals, the vaccine group produced strong
ELISPOT positive responses after immunization, as shown
in Figure 3. Two weeks after rFPV booster immunization
(20 w), the ELISPOT response was significantly enhanced,
with an average of 437SFC/106 cells. One empty vector also
showed weak positive responses, indicating that fowlpox
virus vector itself has certain nonspecific T-cell responses.
After the SHIV-KB9 virus attacks, all animals in the
immunized group showed diﬀerent degrees of ELISPOTpositive responses (peak in the range of 115–890 SFC/106
cells). At day 7 postinfection (29 w), a rapid increase in
ELISPOT response was detected, and at day 21 (31 w), the
ELISPOT response remained at an appropriate response
level. These results suggest that the vaccine produced in the
present study has good cellular memory immune response.
3.2. Measurement of Serum-Specific Binding Antibodies. The
antibody analysis results after infection are shown in Table 1.
The control group (A) showed weak positive response at day
35 (M1-M2). M3 showed positive response at days 28 and 35,
but the antibody titers did not increase. However, antibody
titers of all animals in the vaccine group showed slow,
steady rise. The antibody production time was significantly
earlier (M5, M7, and M8 at day 21) than the other group,
indicating that the vaccine induced significant humoral
immune memory response.
3.3. Measurement of Plasma Viral RNA Load. The results of
plasma viral RNA load are shown in Figure 4. The peak value
of average viral load appeared at day 17 in all the vaccine
groups, which was later than that in the control group (13 d).
The peak value of the average was significantly lower than
that of the negative control group (P < 0.05), indicating
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Figure 3: Continued.
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Figure 3: Number of IFN-γ-secreting PBMC was detected by ELISPOT after stimulation with p24 peptide pools at various times after
immunization and challenge. (a) Histogram bars represent the average number of spots per million cells detected in duplicate cultures
for each animal, after subtraction of the average number of spots found in duplicate control cultures of PBMC without stimulation. (b)
Dynamics of the IFN-γ response was observed throughout the experiment for each group.

that the vaccine has certain inhibitory eﬀects on virus
replication.
3.4. T-Lymphocyte Subset Analysis. Flow analysis of the Tlymphocyte subsets is shown in Figure 5. When the rhesus
macaques were infected by the virus, all the animals in
the control group exhibited continuous decline in terms of
CD4/CD8 ratio, with the inversion phenomenon occurring
at day 13. During the entire experimental time, no recovery
of CD4/CD8 was detected. However, the overall average
ratio of CD4/CD8 in the vaccine group declined at first and
subsequently increased, and the average ratio of CD4/CD8
recovered to a relatively higher level at day 35.

4. Discussion and Conclusion
SIV/rhesus macaques are the most eﬀective models for
the investigation of the mechanisms for HIV pathogenesis
and prevention [22, 23]. However, the antigenic diﬀerences
among SIV, HIV-1, and HIV-2 cause significant limitations
to this model [24–26]. In recent years, the use of chimeric
simian/human immunodeficiency virus (SHIV) instead of
SIV as an infection model has increased [27]. Previously,
most HIV vaccine trials in monkeys involved Indian rhesus
macaques [28, 29]. The SHIV-KB9/Indian rhesus model
is widely used in numerous research institutions and has
become a reference model for the evaluation of the immune
protective eﬀects of various vaccines [30, 31]. However,
due to the shortage of Indian rhesus animal resources,
the Chinese rhesus population (comprising approximately
30 million Chinese wild rhesus macaques) has become an
important alternative source [32]. Previous studies have
suggested that Chinese rhesus macaques (ChR) are better
models for AIDS vaccine research [33–35]. The current study

made use of the SHIV/Chinese rhesus model to evaluate
vaccine immunogenicity and protective eﬃcacy.
Previous studies have shown that natural viral antigen
may contain components with negative eﬀects on protective
responses including several immune suppression and immune pathological sequences. These components can interfere with the immune response and block the cell signaling
pathway, leading to loss of balance for Th1/Th2 type immune
response in the body [4, 36–39]. Consequently, this can
result in immune response deviation or defect. Therefore,
screening, alteration, or modification of the natural antigen
at the level of epitope to remove negative factors on immune
response while ensuring response specificity is extremely
important for vaccine designing. In addition, vaccines with
only single antigen gene have no significant immune eﬀects.
Thus, the vaccine design needs to incorporate multiple and
diﬀerent immunogens as well as structural variety to obtain
broad virus-specific immune response [17, 40, 41]. Thus,
the current research presents a multi-epitope gene based
on the advantageous HIV epitope using macromolecular
particle protein p24 as carrier molecule. The multi-epitope
gene contains HIV-specific T-cell epitope, HIV-specific B-cell
epitope, universal Th epitope, B-cell epitope, and one B-cell
epitope from tetanus toxin (TT). In addition to the function
of structural proteins such as Gag, Env, and Pol, the vaccine
also strengthens the important role of nonstructural proteins
(vpr, nef, tat, etc.) in immune response and viral replication
control. For chronic infections, such as HIV, the cellular
immune response, particularly CTL, is of considerable significance to clear virus-infected cells [42–44]. Thus, we
emphasized the epitopes of nonstructural proteins of HIV,
and these epitopes were selected mainly from the classic,
advantageous kind with conservation capacity, broad crossreactivity, and have been proven in both patients and animal
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Figure 4: Plasma viral load analysis post-SHIV-KB9 challenge. Viremia was quantified by RT-PCR. (a) Dynamics of viral load for each
group. (b) Average value of viral load for each group.

experiments. This will allow focusing on the nonstructural protein CTL of HIV. Considering the new features
of domestic and Asian HIV epidemic, the epitope was
adjusted based on the recently published HIV subtype at
GenBank (Genbank Accession Number AX149898). During
the vaccine construction, Kozak rules were considered.
Peptide signal sequence, codon preference, and other factors
that can increase antigen transcription and translation were
targeted, with the goal of achieving an eﬀective candidate vaccine with induction-specific immune response to
break the immune resistance to HIV antigens in the host.
Essentially, the aims are preventing and controlling HIV
infection as well as providing remedy to the disease after
vaccination.
“Prime-boost” immunization strategy is a sensational
topic in current vaccine study [45]. The first reported use
of this strategy was in the immunization of influenza virus
[46]. Currently, this immunization strategy is widely used in
the research of a variety of pathogen vaccines, especially in
AIDS vaccine study [17, 41, 47].

In the study, we used an rDNA/rFPV “prime-boost”
coimmunization strategy to immunize the Chinese rhesus
macaques. Moreover, we used the SHIV-KB9 infection
to analyze the immune protective eﬀect of the vaccine.
The results show that, during the primary immunization of rDNA/pVMp24 vaccine, the vaccine only induced
a relatively low level of IFN-γ-secreting T-cell immune
response in the immunized group, whereas after rFPV
booster immunization, the immune response significantly
increased. This is consistent with the related literature
[41, 48]. The primary immunization of DNA vaccines can
induce high-aﬃnity T cells, but with low levels of immunity.
However, after fowlpox virus booster immunization, the
fowlpox enhances the immune eﬀect of primary immunization through proinflammatory immune response of the
body.
IFN-γ-secreting T-cell immune response analysis performed one week and three weeks after the SHIV-KB9
virus attack shows that when exposed to the virus, all the
vaccinated groups quickly activated antigen-specific CD8+
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Figure 5: CD4/CD8 ratio analysis and total CD4 counts post-SHIV-KB9 challenge.

T-cell immunity. Rapid increase in ELISPOT response was
detected 7 days after infection and was maintained at an
appropriate response level at day 21. This indicates that the
vaccine eﬀectively extends the memory CD8+ T-cell survival
and maintains the capability of T-cell immune responses.
With regard to humoral immunity, we focused on the
production rate of p24 antibodies, antibody titers, and
antibody duration. The M1 and M2 in the negative control
group showed weak HIV-1 binding antibody response after
35 days of virus attack. M3 showed positive response at
days 28 and 35. However, the antibody titers did not
rise. M4 remained negative during the experiment. Three
animals in the immunized group (M5, M7, M8) showed
positive antibody response at day 21, and the antibody titers
exhibited a smooth, steady rise over time, indicating that
the immunized group eﬀectively induced the production of
specific antibodies.

Viral load is a major parameter which can be
used to evaluate whether HIV vaccine can induce immune
protection, and the viral load change after the viral attack
predicts the progress of the disease. In the present study,
the positive response of viral load appeared in the control
animals after 7 days of viral attack, and the peak value of
average load occurred at day 13. In contrast, the peak value of
the average load occurred at day 17 in the immunized group,
and the peak value was lower than that in the control group.
These results suggest that the vaccine delays the production
of virus peak point at the early-infection stage and reduces
the viral load at the peak point.
After virus infection, all the rhesus macaques in the
negative control group exhibited the inversion phenomenon
in CD4/CD8 ratio at day 13, and the ratio continued to
decline rapidly. No recovery of CD4/CD8 ratio was observed
during the experiment. However, in the immunized animals,

8
the average CD4/CD8 ratio decreased at first, subsequently
increased, and finally was restored to a relatively higher level
at day 35. This indicates that the vaccine eﬀectively induced
T-cell proliferation.
The fowlpox virus expression system in the study is a
newly developed poxvirus vector based on vaccinia virus vector [48, 49]. The vector inherits the same advantages of
vaccinia virus vectors. Furthermore, the fowlpox virus has
a narrow host range and more safe [50, 51]. Except for
consideration on vectors, the immunogen design is also
a crucial factor for good vaccine. In the present study,
we selected and designed an optimal antigen combination
containing HIV-1 advantageous epitope by scanning and
analyzing the entire HIV-1 genome, searching the authoritative database, and referring to the new features of Asian and
domestic HIV epidemic strains. In addition, we utilized p24
protein as a molecular scaﬀold. Based on the secure plasmid
DNA and the new FPV transfer vector, we constructed
the AIDS vaccine containing the above-mentioned antigens.
The preliminary monkey immune experiments and infection
study show that this vaccine can decrease the peak value of
viral load at acute phase, delay the peak time, and make
the viral load rapidly decline. The results indicated that the
vaccine constructed in the current study has certain immune
protection eﬀects. And this provides new ideas and methods
for AIDS vaccine development. We are currently conducting
the safety, quality control, and other preclinical researches for
this vaccine so as to move forward to the next phase of the
clinical study.
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Dendritic cells (DCs) modulate B-cell diﬀerentiation, activation, and survival mainly through production of growth factors such
as B lymphocyte stimulator (BLyS/BAFF). DC populations have been reported to be aﬀected in number, phenotype and function
during HIV infection and such alterations may contribute to the dysregulation of the B-cell compartment. Herein, we reflect on
the potential impact of DC on the pathogenesis of HIV-related B cell disorders, and how DC status may modulate the outcome
of mucosal B cell responses against HIV, which are pivotal to the control of disease. A concept that could be extrapolated to the
overall outcome of HIV disease, whereby control versus progression may reside in the host’s capacity to maintain DC homeostasis
at mucosal sites, where DC populations present an inherent capacity of modulating the balance between tolerance and protection,
and are amongst the earliest cell types to be exposed to the virus.

1. Introduction
Based on the study of natural correlates of protection against
HIV infection, the overall outcome of disease may depend
on the host’s capacity to control the extent of inflammation
and preserve systemic integrity by constraining immune
activity to mucosal tissues, where viral exposure occurs.
There, DCs are one of the earliest cell types to be exposed
to the virus and present an inherent capacity to orchestrate
a homeostatic balance between tolerance and protection
[1–4]. It is likely that the incapacity to keep a balance in
these homeostatic processes will promote inflammation and
lead to disease progression [5]. In contrast, the capacity to
maintain immune homeostasis at mucosal sites will probably
allow for better control of HIV-infection. The general eﬀects
of HIV-infection and disease on DC populations have
been recently reviewed [1–4] and are beyond the scope
of this work. This perspective review will focus on the
potential impact of DCs on HIV-related B-cell disorders and
responses.

Although the vast majority of HIV-infected individuals
can now achieve and maintain viral suppression with
modern antiretroviral therapy (ART), their life expectancy
remains much shorter than the general population and they
continue to be at much higher risk for non-AIDS-associated
diseases commonly associated with aging. B lymphocyte
dysregulations are often observed during HIV infection
(reviewed in [6]), contributing to abnormal levels of immune
activation and inflammation that may drive these clinical
events. Given that the requirements of B-cell populations
diﬀer according to their status and stage of diﬀerentiation,
they are likely to be aﬀected diﬀerentially by the HIV context,
a process reflected by events such as polyclonal activation,
breakage of tolerance, altered subpopulation dynamics,
exhaustion, and loss of the capacity to generate and maintain
memory. All of which contribute to a global impairment of
the humoral immune compartment, leading to deficiency in
the generation of eﬃcient anti-HIV responses.
Although the mechanisms involved in the triggering and
progression of HIV-related B-cell disorders remain largely
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unknown, it has been suggested that they result from high
viremia and an impaired CD4+ T cell compartment [6].
However, ART does not appears to fully restore the Bcell compartment since autoimmune manifestations and
malignancies are still detected despite recovery of CD4+ T
cell counts and suppression of viral replication by ART.
In fact, the B-cell disease seems to progress and diﬀer in
subtype depending on the level of CD4+ T cell compartment
alteration/reconstitution [6]. The fact that some B-cell
disorders can persist despite successful ART and in absence
of apparent disease progression [6–10] suggests that factors
other than and/or complementary to viral load and CD4+ T
cells may contribute to HIV-related B-cell dysregulations. It
is unlikely that they result from direct infection of B cells.
Indeed, despite the fact that HIV has been shown to replicate
in CD40-stimulated B cells in vitro [11–13], the virus has
not yet been shown to infect or replicate in B cells in vivo
[6, 11–17]. Moreover, although Epstein-Barr virus (EBV)
has been reported to be involved in the AIDS-related Bcell dysregulations leading to lymphomas, only 30–40% of
the complications are EBV related and more so the result of
chronic stimulation [18].
DCs are involved in the outcome of B-cell development, diﬀerentiation and survival, in T-dependent and Tindependent manners, mainly through production of the
tumour necrosis factor (TNF) family members B lymphocyte
stimulator (BLyS/BAFF) and a proliferation-inducing ligand
(APRIL) [19, 20]. BLyS is involved in transitional immature
(TI) B-cell survival and ontogenesis, and both BLyS and
APRIL have been shown to promote B-cell diﬀerentiation by inducing molecular events characteristic of class
switch recombination (CSR) leading to secretion of isotype
switched Ig when in conjunction with signals delivered via
the B-cell receptor (BCR) or Toll-like receptors (TLRs) [21–
24].
Interestingly, we have recently demonstrated that BLyS
overexpressing myeloid DCs (mDCs) are present in the
blood of HIV-infected rapid and classic progressors, as soon
as in the acute phase of infection and persisting despite
successful therapy. Accordingly, these individuals present
B-cell dysregulations favouring the overall inflammatory
burden and preventing eﬀective viral eradication. In contrast,
HIV elite controllers had normal levels of BLyS expression on
their blood mDCs, and presented an unaltered blood B-cell
compartment. These observations suggest that the extent to
which HIV disease progression is controlled may be linked
to the integrity of the DC compartment and to its capacity to
orchestrate B-cell population dynamics and responses.

2. Observations with the HIV Transgenic
(HIV-Tg) Mouse System
Early data supporting the hypothesis that DCs are involved in
the dysregulation of the B-cell compartment in the context
of HIV, were obtained with HIV-Tg mice expressing the
coding regions for proteins Rev, Env, and/or Nef of HIV1, under the control of the human CD4 promoter, and
mouse CD4 enhancer, which drive expression in CD4+ T
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cells, macrophages and DCs [25–27]. HIV-Tg mice develop
a disease, which is dependent on nef and comparable to
many aspects of human AIDS [25, 26]. In these animals, total
B-cell numbers were increased in lymph nodes (LN) and
spleen, the latter presented a particularly enlarged marginal
zone (MZ) [25, 26, 28]. Polyclonal B-cell activation was
reflected by hyperglobulinemia and accumulation of antidsDNA autoantibodies in serum, as well as by spontaneous
hyper-reactivity in vitro [28]. The capacity to generate
germinal center (GC) reactions and mount matured antibody responses following immunisation was also severely
impaired in these animals [28]. Soluble Nef has been shown
to penetrate B cells and/or to be propelled via macrophage
extensions, suppressing Ig CSR by blocking CD40 signalling
and thus impairing the capacity of generating high aﬃnity
T-dependent memory B-cell responses [29, 30]. However,
B cells enriched from the spleen of HIV-Tg mice behaved
similarly to those of littermate controls by CSR in response
to anti-CD40 stimulation in vitro, suggesting that soluble
Nef was not mainly responsible for the impaired capacity
of these animals to generate isotype-switched Ig following
immunisation [28]. Whether propelling of soluble Nef
operates in the context of DC collaboration with B cells
remains to be established. The direct eﬀects of Nef on
B cells are likely to vary with the status and activation
requirements of the diﬀerent B-cell subpopulations, and DCs
may modulate these responses accordingly.
Therefore, as reported in humans, HIV-Tg mice present
polyclonal B-cell activation and breakage of tolerance as well
as an impaired capacity to generate high aﬃnity adaptive
humoral responses. Interestingly, CD11c+ CD11bhi mDCs
from HIV-Tg mice accumulated at entry points of secondary
lymphoid organs (SLO) [31], in the LN subcapsular sinus
as well as in the MZ of the spleen [28, 32]. Also, mDCs
agglomerated among IgMbright plasma cell foci in the red
pulp adjacent to the MZ. The fact that blood derived
immature mDCs are the primary cells that eﬃciently capture
and transport particulate Ag to the splenic MZ, where they
provide signals to Ag-specific MZ B cells [33, 34], suggest
that their accumulation at such sites likely contributes to the
enlargement of the MZ B-cell population, as well as to the
polyclonal activation and breakage of tolerance observed in
HIV-Tg animals [28]. This most possibly involves delivery
of “altered and/or excessive” contact events and/or B-cell
growth factors, such as BLyS, as mDCs from HIV-Tg mice
were shown to be altered in their numbers, phenotype and
stimulatory functions [32].
BLyS overexpressing mice also present enlarged splenic
MZ, B-cell hyperactivity and autoimmunity [35], a phenotype also shared by autoimmune-regulatory-(AIRE)deficient mice, in which BLyS levels are elevated in serum
and overexpressed by peripheral blood CD11c+ DC and
stimulated bone marrow-derived DCs [36, 37]. Of note,
AIRE is involved in regulation of STAT1 signalling, a pathway
shown to be used by the HIV Nef protein to promote a
proinflammatory phenotype by human monocyte-derived
macrophages [38, 39] and likely in modulation of the overexpression of TNF-α by human monocyte-derived DCs [40].
The HIV protein Nef is released early and can be measured in
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the serum of HIV-infected patients [41]. Furthermore, Nef
was reported to penetrate DCs and to alter DC maturation
and function, and to induce distinct cytokine/chemokine
secretion patterns [1]. Thus early HIV-released products
such as Nef may play an important role in modulating DC
phenotype, likely influencing the outcome of B-cell disease
progression.
Several other HIV products are also likely to influence
DCs. Indeed, HIV ssRNA, gp120, and Tat are considered
to be major modulators of cellular activation via microbial
pattern recognition receptors (PRR), including TLRs, which
DC populations express in a wide range, and which prior
engagement leads to subversion of the immune response
[42]. Interestingly, HIV-ssRNA is recognised by TLR7, which
signalling was shown to regulate human monocyte-derived
DC-dependent B cell responses through upregulation of
BLyS [43]. As such, both mDCs and plasmacytoid (pDCs)
enriched from the blood of primary HIV-infected individuals were found to be hyperresponsive to TLR7 agonists
and produced high amounts of cytokines and chemokines
upon stimulation [44]. HIV-gp120 has also been shown
to mediate B-cell polyclonal activation, driving CSR in a
BLyS-dependent manner [45]. Altogether, these observations
support a role for DCs and BLyS in triggering and driving Bcell dysregulations in the context of HIV.

3. HIV Disease Progression: Role for BLyS
Overexpressing mDCs in Driving B-Cell
Dysregulations
In recent longitudinal studies involving HIV-infected individuals with diﬀerent rates of disease progression, we have
shown that mDC frequencies were reduced in the blood
of rapid and classic progressors, as soon as in the acute
phase of infection and persisting throughout the course of
disease despite successful therapy [46]. The low blood levels
of mDCs correlated with increased serum levels of DCtropic chemokines CCL2, CCL19, and CCL20, suggesting
drainage to peripheral sites [47]. Most importantly, our
studies have revealed increased levels of BLyS expression
in the plasma and on the surface of these blood mDCs
[7]. Therefore, mDCs may play a major role in perpetuating B-cell dysregulations, as they overexpress BLyS
and are recruited to peripheral sites. Furthermore there
might be a pressure towards monocyte-driven diﬀerentiation
into BLyS overexpressing mDCs, since BLyS overexpressing
CD11c+ CD14+ CD16− monocytes, precursors of DCs [48,
49], were increased in the blood of chronically infected
rapid and classic progressors [7, 46]. Interestingly the murine
analogue of the CD11c+ CD14+ CD16− population (Gr-1hi
monocytes) are linked to the formation of “Tip-DCs” which
are a source of inflammatory cytokines and TNF [49].
Consistently, in HIV progressors, B-cell dysregulations
were found throughout followup and were accompanied by
the increased frequency of a population presenting features
shared by both transitional immature (TI) and circulating
MZ-like B cells, bearing a CD1c+ CD21lo IgMhi CD10+ CD27+
phenotype, which we have termed “precursor/activated MZlike” B cells [7]. Of course, the human MZ is a complex
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heterogeneous niche, and MZ-like B cells have been shown
to recirculate in humans and are not restricted to the spleen
[50]. Further characterization is thus required to identify
the exact nature of these B cells. Nevertheless, we believe
these cells represent a “first-line” B-cell population that
increases in the context of inflammatory conditions such
as in HIV infection. These findings are in line with the
recently described defects of IgM+ “memory” B cells reported
for some HIV-infected individuals [6]. TI B cells have been
found to be elevated [51] and to preferentially give rise to
MZ type B cells in conditions of lymphopenia associated with
pathology [52]. The fact that TI B cells are hyperresponsive
to BLyS [21] and are increased in the blood of HIV-infected
patients with advanced disease [53], suggests that mDC
expressing high levels of BLyS may contribute to increased
survival of TI B cells and favoured selection into a MZ-like
“first-line” B-cell pool [54].
These observations suggest that the DC-mediated Bcell dysregulation process we are proposing would likely,
although not solely, aﬀect immature and “first-line” Bcell populations. Given their location in lymphoid organs
and mucosal-associated structures, “first-line” B-cell populations are highly influenced by DC and constitute early T
cell-independent defence against invading pathogens [22].
Also, given their frequent auto-reactive and cross-reactive
repertoires and their relative hyperactivity, these populations
are often found in pathologic conditions associated with
infections, autoimmunity and lymphomas [21, 22]. This
likely involves chronic stimulation and excessive delivery of
survival signals [16, 21, 22, 55], which altogether may overcome mechanisms of peripheral tolerance and homeostasis.
The aberrant expression of BLyS and/or its receptors is often
linked to B-cell autoimmunity and malignancies [21, 56–
58]. As such, anergic auto-reactive B cells were shown to
evade negative selection when provided with excess BLyS
[56, 57]. Recently, excess BLyS was found to be involved in
the breakdown of B-cell tolerance in Sjögren’s syndrome,
favouring expansion of TI and MZ-like B cells [21]. This
is reminiscent of events observed during the course of
HIV infection, and is in line with correlations between the
elevated blood levels of autoreactive antibodies (Abs) and
high levels of BLyS expression in the plasma and on the
cell surface of blood monocytes in HIV-infected individuals
[59, 60].
Altogether, the above observations are consistent with the
model by which, in the context of HIV disease progression,
the high turnover of peripheral DCs may promote the
recruitment of BLyS overexpressing monocytic precursors
and mDCs, likely contributing to an inflammatory milieu
and modulating the outcome of B-cell responses (Figure 1).
However, as to whether this process is regulated by the
host response and/or modulated by direct and indirect
viral eﬀects, remains to be established. Likely explanations
involve factors such as HIV-products, excessive apoptosis
and release of auto-Ag, as well as products from microbial
translocation resulting from breakage of mucosal integrity.
Interestingly, levels of products from microbial translocation
such as LPS, LBP, and sCD14 were elevated in the blood of
HIV progressors harbouring increased frequencies of BLyS
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overexpressing mDCs and of “precursor/activated MZ-like”
B cells [7, 46].

4. Control of HIV Disease Progression:
Preservation of BLyS Expression Status by
mDC Favours Efficient B-Cell Responses
In contrast to that observed in rapid and classic HIV
progressors, blood mDC levels and BLyS expression status
were unaltered in HIV elite controllers [7, 46]. However,
monocytic DC precursors of a CD11c+ CD14+ CD16+ phenotype, whose murine analogs are thought to settle peripheral
organs in steady-state conditions [48, 49], were found to
be significantly increased in their blood [46], suggesting
high turnover in absence of excessive inflammation. Also,
although the blood B-cell compartment remained unaltered
in HIV elite controllers, their blood level of mature MZlike B cells was lower when compared to that in both
rapid and classic progressors, as well as to healthy donors
[7]. This suggests that recruitment of this “first-line” population to peripheral sites may be beneficial to the host
and “control” process. Although our observations in HIV
elite controllers may reflect early stages of malfunction,
we rather favour the view by which HIV-mediated disease
control may be an active process involving DC populations,
preventing B-cell dysregulation and favouring the generation
of first line as well as eﬀective broadly neutralizing antiHIV antibody responses. In line with this, the capacity of
some HIV-infected individuals to produce potent broadly
neutralizing antibodies constitutes a good correlate of prognosis against disease progression [61]. Indeed, the relatively
poor antigenicity and silenced immunogenicity of HIV-Env
neutralization epitopes preclude the induction of eﬃcient
neutralising Abs in most HIV-infected individuals [62].
Needless to say that understanding the generation of such
antibodies has become pivotal to the pursue of HIV vaccine
research [63].
Given that mucosal DC populations are gate-keepers of
peripheral integrity and amongst the first to be involved in
the battle against HIV, it is likely that they influence the
outcome of mucosal B-cell responses against the virus. IgA
is the most abundant mucosal Ig and aids several functions
including immune-mediated exclusion of both pathogenic
and commensal microorganisms [22, 64]. High levels of
mucosal HIV-specific IgA have been found in highly exposed
persistently seronegative (HEPS) individuals [65], whereas
mucosal HIV-specific IgA responses are rather low in HIV
progressors [6]. Although the issue of “protection” conferred
by mucosal HIV-specific IgA remains controversial [65], in
many studies these Igs have been found to neutralize HIV
infection and inhibit viral transcytosis in vitro. A recent study
on HIV-gp41-specific mucosal IgA, produced by cervical
B cells from HEPS individuals, demonstrated evidence for
hypermutation and aﬃnity maturation [66]. These observations based on natural control/immunity versus HIV suggest
that eﬀorts to develop an eﬀective vaccine against HIV
should consider soliciting HIV-specific mucosal IgA production. In support of this are the recent findings by Bomsel
et al. demonstrating that mucosal IgA and IgG, elicited
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through mucosal vaccination with HIV-1 gp41 subunit
virosomes in nonhuman primates, prevented systemic invasion following vaginal simian-HIV challenge, by blocking
transcytosis and by mediating antibody-dependent cellular
cytotoxicity (ADCC) [67]. Importantly, these animals lacked
serum neutralizing antibody activity, highlighting the role of
eﬀector antibodies at the mucosal portal of entry, and their
importance in preventing dissemination of HIV infection
[68]. In humans, the Thai RV144 vaccine trial has been
raising some hope. Although the nature of the immune
responses responsible for the modest protection conferred
(31%) have yet to be unravelled, it appears that the RV144
vaccine regimen may have elicited transient protective Bcell responses, which nature in terms of generation and
eﬀector mechanisms has become critical to define, and
appears to involve short-lived antibody responses viewed to
block HIV transmission at mucosal surfaces [69]. However,
in light of the protection correlates data released at the
AIDS Vaccine 2011 meeting in Bangkok, (J. Kim, B. F.
Haynes and colleagues), high levels of plasma Env IgA,
most probably monomeric, correlated with a 54% increased
risk of infection. This is in line with our findings showing
that rapid and classic HIV progressors presented hyperIgA in their serum when compared to slow progressors
and elite controllers [7]. Moreover, the fact that BLyS levels
were increased in the blood and on the surface of mDC
in rapid and classic progressors may have favoured serum
hyper-IgA production. Indeed, overexpression of BLyS in
Tg mice has been shown to favour monomeric hyper-IgA
CSR by spleen MZ B cells [70], a population known to
present enhanced IgA CSR potential [71], and which we
have shown to be activated and increased in the blood
of rapid and classic HIV progressors [7]. Nevertheless,
production of serum and mucosal IgA appear to follow
diﬀerent circuits, and requirements may diﬀer depending
on the sites of induction, the immunomodulatory milieu,
and B-cell populations responding [72]. It is, therefore,
possible that high levels of monomeric IgA in the blood
may increase risk of infection and systemic invasion, whereas
the production of dimeric IgA at mucosal sites may confer
protection. Unfortunately, there were no mucosal samples
in the RV144 trial to assess mucosal dimeric Env IgA levels,
which we would predict may constitute better correlates of
protection.
Again, based on these observations, our model would
suggest that systemic and mucosal BLyS expression status,
likely contributes to the modulation of B-cell responses
against HIV. On one hand, BLyS expression patterns at
mucosal ports of entry may promote mucosal IgA and
also IgG, viewed to block systemic invasion by the virus.
On the other hand, the incapacity to control these levels
and constrain this immune activity to mucosal sites may
allow breaching systemic integrity and perpetuating disease
(Figure 1).

5. The Importance of DCs at Mucosal Sites
DCs are involved in maintaining a balance between tolerance
versus protective immunity at both the innate and adaptive

Clinical and Developmental Immunology

5
HIV infection

Nonprogression

Progression

Epithelium
Mucosa
Controlled
BLyS/BAFF

Excess of
BLyS/BAFF

High level of protective
HIV-specific IgA and IgG

DC

Dysregulation of
B-cell compartment
polyclonality and self-reactivity

Efficient first-line and adaptive
B-cell responses

Treg cell

Teff cell

Balanced functions

Treg cell
Teff cell
Unbalanced
functions

Figure 1: The implication of BLyS/BAFF expression status in the modulation of HIV-specific reponses. Control of HIV infection is reflected
by the capacity to regulate BLyS/BAFF expression status at mucosal sites, where the main battle against HIV takes place, promoting eﬃcient
HIV-specific B- and T-cell responses, viewed to block systemic invasion by the virus. In contrast, breaching of systemic integrity and
progression of HIV infection is reflected by the incapacity to control BLyS/BAFF levels at mucosal sites, leading to dysregulated B- and
T-cell responses, impairing the generation of highly protective HIV-specific immunity.

levels, which process is pivotal at mucosal sites, where
immune homeostasis processes warrant peripheral integrity,
and where the main battle with HIV takes place [1–
4]. Recent studies have demonstrated the importance of
cross-talk between epithelial cells and mDC populations in
maintenance of a homeostatic balance of regulatory versus
inflammatory responses at the mucosal level [73–75]. In the
murine gut, two mDC populations have recently been given
importance, the CD103+ and CD103− mDC populations
which derive from distinct precursors and are found in the
mucosal associated lamina propria and draining lymphoid
organs [76, 77]. Murine gut lamina propria CD103+ mDC
are known to support the generation and retention of IgAproducing B cells in the lamina propria through retinoic
acid (RA) production [78]. Also, the tolerogenic capacity
to modulate CD4+ T regulatory (Treg) lymphocytes is conferred by CD103+ mDC through transforming growth factor
(TGF)-β and RA-dependent mechanisms [73]. On the other
hand, the CD103− mDC population was shown to produce
higher levels of proinflammatory cytokines and generate
protective immunity [48], promoting the diﬀerentiation
of CD4+ T mucosal eﬀector lymphocytes [79]. Creating
imbalance in these mDC populations by favouring CD103−
mDC reconstitution leads to experimental-induced colitis in

a TNF-α-dependent manner [76, 77]. Analogous mucosal
mDC populations have been described in the human gut
[73] and more recently in the human lung, where they
have been shown to diﬀerentiate from monocyte populations
[80]. Based on these observations, it is tempting to speculate
that in the context of HIV infection, the incapacity to keep
a balance in homeostatic mucosal mDC populations, may
allow for increased “proinflammatory” mDC, possibly overexpressing BLyS, to accumulate at mucosal sites, where they
contribute to the imbalance of T regulatory/eﬀector ratios
and modulate the outcome of mucosal B-cell responses.
Although IgA+ plasma cells are generated mainly in the
mucosal-associated lymphoid tissue (MALT) through a Tdependent mechanism, IgA+ cell diﬀerentiation has also been
shown to be modulated in the MALT in a T-independent
fashion through factors such as RA and cytokines such as
BLyS and APRIL produced by mDCs. Also, mDCs were
found to support T-independent IgA class switch recombination in human lamina propria via production of APRIL
[22, 64]. Interestingly in mice, both conventional B2 and
first-line IgM+ peritoneal B1 cells, have been shown to
migrate directly to the gut lamina propria and diﬀerentiate
into IgA producing cells [64], through help provided by
lamina propria mDCs. Importantly, TLR-mediated epithelial
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cell:DC cross-talk at the level of human tonsillar crypts was
shown to orchestrate B-cell CSR through modulation of
BLyS levels via epithelial cell secretion of thymic stromal
lymphopoietin (TSLP) [75]. Work by Fontenot et al. [81]
demonstrated that HIV induces human genital mucosal
epithelial cells to produce TSLP, activating mDCs, which in
turn promote HIV-1 replication in CD4+ T cells. Furthermore, in rhesus macaques, increased TSLP expression was
found to be concurrent with viral replication in the vaginal
tissues within the first 2 weeks after vaginal SIV exposure.
Therefore, these studies suggest that levels of TSLP involved
in the cross-talk between mucosal epithelial cells and mDCs
may contribute to modulating BLyS levels, and this may
be important in modulating the fate of HIV infection in
mucosa, and the outcome of disease progression.
Based on these observations, it is reasonable to think that
the incapacity to keep a balance in homeostatic epithelial
cell:DC cross-talk processes, which is likely to occur in
individuals who progress with HIV infection, will promote
inflammation and lead to disease perpetuation. In contrast,
the capacity to maintain immune homeostasis at mucosal
sites may allow for better control of immune responsiveness
and HIV infection. This view is consistent with a report
showing that early prevention of macrophage inhibitory
protein (MIP)-3α (CCL20) production in the genital tract
of SIV-susceptible female macaques prevented excessive
recruitment of pDC and mDC populations, establishment
of an inflammatory milieu and infection, despite repeated
intravaginal exposure to high doses of SIV [82]. Furthermore, studies of SIV infection in nonpathogenic animal
models have shown that their control of disease progression appears linked to better management of the aberrant
immune activation by early onset of anti-inflammatory IL-10
production and T regulatory activity. Mucosal Th17 eﬀectors
are the main targets for HIV/SIV in the gut and massive
depletion of these cells [83–86] contributes to the breakage of
integrity of the mucosal barrier and microbial translocation
from the gut, characteristic of pathogenic infections [87].
Fewer, Th17 eﬀector target cells were generated in nonpathogenic than in pathogenic SIV infections [88], a process
linked to a low type I interferon- (IFN-) gene profile and
low TLR7-signalling [89]. Interestingly, both type I IFNand TLR7-signalling have been shown to be involved in
regulation of BLyS expression patterns by DC populations
[43, 90].

6. Role of DC in Modulating B-Cell
Effector/Regulatory Responses in the Context
of HIV
The influence of DC in the outcome of B-cell responses
against HIV may modulate the outcome of CD4+ T-cell
eﬀectors/targets for the virus. Indeed, there is an increasing
body of experimental evidence demonstrating the role of B
cells in regulating the development, proliferation and maintenance of CD4+ eﬀector, memory as well as regulatory T cell
populations, through both contact and/or cytokine mediated
eﬀector/regulatory functions [91, 92]. The increased lymphotoxin “eﬀector” to IL-10 “regulatory” B-cell ratio was
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recently demonstrated in the pathophysiology of multiple
sclerosis (MS), promoting proinflammatory T cell eﬀector
functions [93]. MS patients treated with a single course of
Rituximab, a monoclonal antibody that selectively targets
and depletes CD20+ B lymphocytes but not plasmablasts,
presented lower inflammatory brain lesions and clinical
relapses, characterised by the reduction in eﬀector T lymphocyte infiltrates as well as decreased proinflammatory Th1 and
Th17 responses [94].
Episodic depletion of B cells is an eﬀective therapy for
several T cell-mediated autoimmune diseases by promoting
the emergence of regulatory B-cell populations that will
hopefully prevent the reactivation of remaining autoreactive
T cells [91]. The fact that at low concentrations BLyS was
shown to favour IL-10-production by murine splenic MZ
“regulatory” B cells, whereas elevated BLyS concentrations
rather promoted MZ B-cell activation and diﬀerentiation,
suggests that BLyS may play an important role in modulating
the nature of B-cell functions and subsequently the outcome
of Treg/T eﬀector balance [95]. As such, blocking of BLyS,
which has been used as a therapeutic target in clinical trials
for the treatment of autoimmune disorders such as systemic
lupus erythematosus (SLE) [58], may also be eﬃcient in
modulating this balance. In this view, decreased eﬀector
CD4+ T cell functions and increased regulatory CD4+ T
cell functions were observed following treatment of NOD
mice (model for type I diabetes) with the B-cell maturation
antigen (BCMA)-Fc construct, which blocks BLyS-mediated
survival signals for B cells. In a collagen-induced model
of rheumatoid arthritis, BLyS overexpression was shown to
promote the expansion of Th17 eﬀector cells, and BLyS gene
silencing inhibited DC driving of Th17-cell diﬀerentiation
in vitro [96]. These observations suggest that DCs may
influence T cell diﬀerentiation and eﬀector target CD4+ T
cell availability for HIV in a BLyS-mediated manner either
directly and/or indirectly via modulation of B-cell functions.

7. Concluding Remarks
The extent to which HIV disease progression is controlled
may be linked to the integrity of the DC compartment and
BLyS expression status, and to its capacity of orchestrating
B-cell population dynamics and responses. This may be best
achieved at mucosal sites, where DC populations present
an inherent capacity of modulating the balance between
tolerance and protection, and are amongst the earliest cell
types to be exposed to the virus. It is, therefore, likely that
they influence mucosal B-cell responses against HIV, which
in turn modulate the outcome of CD4+ T cell eﬀectors,
prime targets for the virus. The early assessment of BLyS
levels as well as DC and B-cell population statuses have great
prognostic value in predicting the clinical course of HIV
infection. This should be borne in mind in the design of
future preventive vaccines, which should aim at inducing
first line as well as adaptive mucosal B-cell responses to
block systemic invasion by the virus at the initial site of
exposure. Therapeutic approaches viewed to control BLyS
levels may also be promising to reduce both HIV target cells
and systemic immune activation that are the hallmarks of
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HIV disease progression and AIDS-associated diseases such
as cancers, autoimmune, and cardiovascular disorders.
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We investigated the eﬀect of LPS in vitro stimulation on T-cell activation in HIV-infected patients with diﬀerent CD4+ recovery
on HAART. PBMCs from 30 HIV-positive, HAART-treated, aviremic individuals with diﬀerent CD4+ reconstitution (Low
Responders: CD4+ < 350/µL; Intermediate Responders: CD4+ 350–599/µL; High Responders: CD4+ ≥ 600/µL) were cultured
with LPS and the proportion of HLA-DR/CD38- and Ki67-expressing CD4+/CD8+ T-cells was measured (flow cytometry). Upon
LPS stimulation, significantly higher CD4+ and CD8+HLA-DR+ cells were shown in LR and IR versus HIV-negative controls.
While no diﬀerences in the proportion of LPS-stimulated CD4+CD38+ cells were recorded amongst HIV-positive subgroups,
CD8+CD38+ cells were more elevated in patients with lower CD4+ recovery on HAART (i.e., LR and IR). Upon in vitro LPS
stimulation, HLA-DR and CD38 expression on T-cells are diﬀerentially regulated. While HLA-DR induction reflects impaired
CD4+ reconstitution on HAART, cell-surface CD38 expression is increased only on CD8+ T-cells, allowing to speculate that the
sole induction of CD38 on CD4+ cells may not be suﬃcient to depict LPS-driven immune activation in HIV.

1. Introduction
Untreated HIV disease is characterized by high levels of Tcell activation which account for the progressive depletion of
CD4+ T-cells [1, 2].
Microbial translocation, which occurs following the
breakdown of the gastrointestinal barrier, has been put
forward as a possible mechanism underlying immune activation in HIV disease [2, 3]. Most interestingly, microbial
translocation-induced T-cell hyperactivation may also represent a cause of impaired immune restoration on virologically
suppressive HAART [4–6], as suggested by high levels of
circulating lipopolysaccharide (LPS) in patients with poor
CD4+ T-cell recovery in course of eﬀective treatment [4].
In keeping with these observations, in vitro exposure
of PBMCs to LPS and other Toll-Like Receptor (TLR)
agonists has been shown to induce the expression of CD38,
indicator of T-cell activation, on CD4+ and CD8+ T-cells
in healthy individuals [7], thus suggesting a model for HIV

pathogenesis. Indeed, CD38 upregulation on CD8+ cells has
been consistently described in HIV infection and correlates
with disease progression better than HIV RNA load [8–
11]; conversely, the issue of whether high CD38 expression
on CD4+ T-cells is a marker of poor prognosis [8, 9, 11,
12] has been debated for some time [13]. Taken together,
these findings imply that the actual biological significance
of CD38 in the context of HIV/AIDS remains elusive,
given the multiple functions it retains [14]. Indeed, along
with its association with T-cell activation, recent data have
demonstrated that CD38 on CD4+ cells may also identify a
hypoproliferating cell subset, thus oﬀsetting the paradigm of
CD38 as T-cell activation marker [13, 15].
In the light of these premises, we investigated the
dynamics of HLA-DR and CD38 expression on peripheral Tcells following selective in vitro LPS stimulation of PBMCs
from HIV-infected HAART-treated individuals. We hypothesized that LPS may account for diverse levels of immune
activation in HIV-infected patients according to the degree
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of immunological recovery in course of suppressive HAART.
We also hypothesized that HLA-DR and CD38 may not
be equivalent in reflecting the extent of T-cell activation
following in vitro stimulation with LPS in the setting of HIV
disease.

2. Materials and Methods
2.1. Patients. HIV-positive, HAART-treated patients for
at least 12 months, with undetectable HIV RNA load
(<40 cp/mL) and a CD4+ T-cell nadir <250/µL, were consecutively enrolled at the Clinic of Infectious Diseases and Tropical Medicine, “San Paolo” Hospital, University of Milan,
Italy. Patients were divided into 3 groups according to the
degree of immune-reconstitution in course of HAART: high
responders (HRs) with CD4+ ≥600/µL, and low responders
(LRs) with CD4+ <350/µL; intermediate responders (IR)
with CD4+ 350–599/µL. As controls, HIV-negative agematched subjects were studied. Written informed consent
forms approved by the Ethical Committee of the “San Paolo”
Hospital, University of Milan, Italy, were obtained from all
participants.
2.2. Laboratory Methods
2.2.1. Plasma HIV RNA Levels. Plasma HIV-1 RNA levels
were quantified by means of a nucleic acid signal amplification assay (Abbott Real-Time PCR assay), which has a lower
detection limit of 40 HIV RNA copies/mL of plasma.
2.2.2. Lymphocyte Immunophenotype Analysis. Fresh peripheral blood was drawn from all study participants in EDTAcontaining tubes and PBMCs were separated by FicollHistopaque technique (Biocoll separating solution, BIOSPA)
(T0). Cells were counted and 5×106 cells were cultured in
R10 medium alone (composition per 100 mL R10: 88 mL
RPMI, 10 mL fetal bovine serum, 1 mL [100 UI/mL] Lglutamine, and 1 mL [100 UI/mL] penicillin/streptomycin;
Euroclone, Italy) (unstimulated, US) or in medium supplemented with LPS for 24 hours (T1) and 48 hours (T2) (E.
coli; 026 : B6∗ C, Sigma-Aldrich, Milan, Italy, 20 ng/mL; stimulated, STIM). Prior to and following stimulation, cells were
recounted and stained (CD4+/CD8-PerCP Cy5.5, HLA-DRFITC, CD38-PE; Ki67-FITC, Becton Dickinson, San Josè,
CA, USA) for flow cytometric analysis of HLA-DR, CD38,
and Ki67 expression on T-cells (Cytomics FC500, Beckman
Coulter, Hialeah, FL, USA) using CXP 2.2. software.
2.3. Statistics. Data were analyzed with GraphPad 5
PRISM software. Mann-Whitney U-test, Kruskall-Wallis and
Wilcoxon tests were used for statistics. All statistical tests
were 2-sided and diﬀerences were considered statistically
significant at P < 0.05.

3. Results
3.1. Patients. 30 HIV-positive, HAART-treated patients with
undetectable HIV RNA load were enrolled. According to the
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degree of immune-reconstitution on HAART, 9 HIV-positive
patients were HR (CD4+ ≥600/µL), 9 resulted LR (CD4+
<350/µL), and 12 intermediate IR CD4+ 350–599/µL. 15
HIV-negative age-matched subjects were also studied.
Duration of HIV infection was comparable in all subjects
(LR: 7 months, IQR 5–19; IR: 13 months, IQR 8–22; HR: 12
months, IQR 6–23; P > 0.05 for all comparisons; Table 1).
All patients were on HAART for at least 12 months prior to
evaluation, with no diﬀerences in terms of HAART duration
(LR: 71 months, IQR 46–141; IR: 106 months, IQR 65–149;
HR 71 months, IQR 39–132; P > 0.05 for all comparisons;
Table 1) and drug regimen (Table 1).
HRs were significantly younger compared to LRs (HR:
39 years, IQR 35–44; LR: 50 years, IQR 45–56; P = 0.02;
Table 1) and presented higher absolute CD4+ T-cell counts as
defined by inclusion criteria (LR: 260/µL, IQR 215–339; IR:
498/µL, IQR 425–537; HR: 726/µL, IQR 608–863; P < 0.01
for all comparisons; Table 1). A trend to lower CD4+ Tcell nadir was found in patients with less eﬃcient immunereconstitution, (LR: 90/µL, IQR 51–179; IR: 105/µL, IQR 45–
208; HR: 204/µL, IQR 56–240; P > 0.05 for all comparisons)
reaching statistical significance for percentage values in LR
versus HR (LR: 8%, IQR 5–17; HR: 26%, IQR 22–30; P =
0.03; Table 1).
No other significant diﬀerences in demographic and
HIV-related parameters were observed among groups
(Table 1).
3.2. Lymphocyte Immunophenotype Analysis
3.2.1. HLA-DR Expression on CD4+ and CD8+ T-Cells upon
LPS Stimulation. At T0, HIV-positive patients displayed a
tendency to higher HLA-DR+CD4+/CD8+ compared to
controls, reaching significance for the CD4+ T-cell subpopulation (CD4+: 30%, IQR 20–54 versus 19%, IQR 5–28; P =
0.02; Figure 1(a); CD8+: 32%, IQR 18–50 versus 21% IQR
11–39; P = 0.07; Figure 1(c)), with no diﬀerences according
to immune-reconstitution (Figures 1(b), and 1(d)).
At T1, following LPS stimulation, HIV-infected individuals as a whole displayed a non-significant trend to increased
HLA-DR+CD4+ (19%, IQR 14–33 versus 13%, IQR 11–
26; P = 0.08; Figure 1(e)) and HLA-DR+CD8+ (23%,
IQR 17–37 versus 18%, IQR 13–29 P = 0.2; Figure 1(g))
when compared to healthy controls. Interestingly, when
analysing patients according to CD4+ recovery on HAART,
LPS stimulation resulted in significant upregulation of HLADR on CD4+ T-cells in LR (32%, IQR 19–50) compared
to HR (15%, IQR 11–21; P = 0.03; Figure 1(f)) and
controls (P = 0.03; Figure 1(f)). Conversely, no diﬀerences in
HLA-DR-expressing proportions upon LPS stimulation were
observed in the CD8+ compartment at this timepoint (LR:
28%, IQR 16–50; IR: 24%, IQR 18–50; HR: 18%, IQR 15–32;
P > 0.05 for all comparisons; Figure 1(h)).
At T2, HIV-positive subjects displayed significantly
higher LPS-induced HLA-DR+CD4+ (24%, IQR 14–44.3
versus 12%, IQR 8–23; P = 0.006; (i)) and HLA-DR+CD8+
cells (26%, IQR 18–34 versus 13%, IQR 7–25; P =
0.005; (k)). Following stimulation with LPS, a CD4+ Tcell activation hierarchy was maintained in LR (32%, IQR
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Table 1: Demographic characteristics and viro-immunological parameters of the patients in study.
Characteristic
Age, years (IQR)
Sex, F (%)
Risk factors for HIV infection
MSM, n (%)
heterosexual, n (%)
IDU, n (%)
Duration of HIV infection, years (IQR)
HAART duration, months (IQR)
Diagnosis of AIDS, n
Absolute T CD4+ cell counts, cell/µL (IQR)
at the time of study
nadir
Percentage T CD4+ cell counts, % (IQR)
at the time of study
nadir
Plasma HIV RNA, log10 cp/mL (IQR)
zenith
at the time of study
HAART regimen
Number of patients at the time of study
NRTI+PI
NRTI+NNRTI
Other

LR
(n = 9)
50 (45–56)
2 (22)

IR
(n = 12)
48 (38–60)
3 (25)

HR
(n = 9)
39 (35–44)a
3 (33)

2 (22)
6 (67)
1 (11)
7 (5–19)
71 (46–141)
4

5 (42)
4 (33)
3 (25)
13 (8–22)
106 (65–149)
3

1 (11)
3 (33)
5 (56)
12 (6–23)
71 (39–132)
2

260 (215–339)
90 (51–179)

498 (425–537)
105 (45–208)

726 (608–863)a
204 (56–240)

26 (16–34)
8 (5–17)

27 (22–33)
18 (13–22)

31 (25–43)
26 (22–30)

5.3 (4.5–5.9)
1.7

5.4 (4.1–5.7)
1.7

4.4 (3.9–5.2)
1.7

5
2
2

7
4
1

4
3
2

Data are presented as median and interquartile range (IQR). LR: Low Responders (CD4+ < 350/µL, HIV RNA < 40 cp/mL); IR: Intermediate Responders
(CD4+ 350–599/µL, HIV RNA < 40 cp/mL); HR: High Responders (CD4+ ≥ 600/µL, HIV RNA < 40 cp/mL); MSM: Men having sex with men; IDU:
Intravenous Drug Users; HAART: highly active antiretroviral therapy; NRTI: nucleoside reverse-transcriptase inhibitor; NNRTI: nonnucleoside reversetranscriptase inhibitor; PI: protease inhibitor. a P < 0.05 for diﬀerences among groups.

15–40) and IR (28%, 14–48) over HR (21%, IQR 13–37;
P = 0.4; P = 0.5, resp.; (j)), reaching statistical significance
in comparison with HIV-negative controls (P = 0.02 and
P = 0.03, resp.; (j)). Similar results were observed in terms
of LPS-induced expression of HLA-DR on CD8+ cells, with
increased levels in LR (28%, IQR 22–45) and IR (28%, IQR
15–33; (l)) compared to controls (P = 0.007 and P = 0.05)
(l).
A graphical time-course representation of the eﬀect of
LPS stimulation on HLA-DR in HIV-infected individuals
with diﬀerent response to HAART and in HIV-negative
controls is summarized in Figure 3.
3.2.2. CD38 Expression on CD4+ and CD8+ T-Cells upon LPS
Stimulation. Baseline (T0) CD38+CD4+ cells were comparable in HIV-positive and HIV-negative patients (66%,
IQR 58–80 versus 66%, IQR 54–75, P = 0.4; Figure 2(a)).
Conversely, CD38+CD8+ cells were higher in HIV-positive
patients (55%, IQR 38–71 versus 38%, IQR 30–59, P = 0.05;
Figure 2(c)). In both cases, no diﬀerences amongst HIVinfected subgroups were detected (Figures 2(b), and 2(d)).
Most interestingly, cells from HIV-infected patients failed
to respond to LPS stimulation at T1, displaying significantly
lower proportions of CD38+CD4+ (64%, IQR 55–72.7
versus 73%, IQR 70–82; P = 0.02; Figure 2(e)) and

CD38+CD8+ (54%, IQR 39–67 versus 65%, IQR 55–70,
P = 0.05; Figure 2(g)) compared to HIV-negative controls.
However, within HIV-infected subjects, LR and IR showed
higher CD38+CD8+ (65%, IQR 48–70 and 56%, IQR 45–
71, resp.) compared to HR upon LPS stimulation (41%,
IQR 25–55; P = 0.04 for both comparisons; Figure 2(h)),
while CD38+CD4+ cells did not vary according to immunereconstitution (LR: 64%, IQR 55–78; IR: 62%, IQR 55–
75; HR: 64%, IQR 51–67; P > 0.05 for all comparisons;
Figure 2(f)).
At T2, HIV-positive and healthy individuals displayed
comparable CD38+CD4+ and CD8+ following LPS stimulation (74%, IQR 65–80 versus 66%, IQR 61–77; P = 0.3;
Figure 2(i); 64%, IQR 50–70 versus 52%, IQR 42–63; P =
0.2; Figure 2(k)). similar to T1 data, LR presented higher
CD38+CD8+ than HR (66%, IQR 64–74 versus 49%, IQR
30–64, P = 0.01 Figure 2(l)) and controls (P = 0.02;
Figure 2(l)), whereas no diﬀerences in CD38+CD4+ cells
were noted amongst HIV-positive subgroups (LR: 74%, IQR
68–78; IR: 79%, IQR 71–83; HR: 60%, IQR 50–77; P > 0.05
for all comparisons; Figure 2(j)).
A graphical time-course representation of the eﬀect of
LPS stimulation on CD38 in HIV-infected individuals with
diﬀerent response to HAART and in HIV-negative controls
is summarized in Figure 3.

Clinical and Developmental Immunology

Intermediate responders
High responders, HR

40
20
HR STIM

HR US

IR US

IR STIM

LR US

0.02
0.007

40
20
HR STIM

HR US

0
IR STIM

HIV-positive STIM

0

60

0.04

IR US

20

80

LR STIM

40

100

LR US

60

0.05

HIV-negative US

0.01

(k)

LR STIM

0

HIV-negative STIM

0.005

80

HR

0.04

60

(h)
CD8+HLA-DR+ (%)

100

IR

LR

0.04

80

HIV-positive STIM

HIV-negative STIM

0

HIV-positive US

HR US

(j)

HR STIM

IR US

IR STIM

LR US

0

HIV-positive

0

HIV-negative US

20

HIV-negative STIM

20

HIV-negative

20

HIV-negative STIM

40

HIV-negative US

0.008

40

(i)

CD8+HLA-DR+ (%)

0.02

HR STIM

HR US

CD8+HLA-DR+ (%)

0.02

40

(g)

60

HIV-positive STIM

HIV-positive US

HIV-negative STIM

0

0.02

LR STIM

20

80

HIV-negative STIM

40

100

HIV-negative US

CD4+HLA-DR+ (%)

0.006

60

HIV-negative US

CD4+HLA-DR+ (%)

IR STIM

HIV-negative US

LR STIM

0

0.03
0.04

60

(d)

60

HIV-negative US

20

80

(f)
0.02

0.02

CD8+HLA-DR+ (%)

0.03
0.006

0.03

(e)

80

0

80

(c)

40

HIV-positive STIM

HIV-negative STIM

HIV-positive US

0

0.02

60

LR US

20

80

HIV-negative STIM

CD4+HLA-DR+ (%)

40

100

20

HIV-positive US

LR

HIV-positive

60

T2

40

(b)

80

HIV-negative US

CD4+HLA-DR+ (%)

(a)
T1

60

100

HIV-negative

0

CD8+HLA-DR+ (%)

20

80

HIV-positive

40

HIV-negative

0

60

100

HIV-negative

20

CD8+HLA-DR+ (%)

40

80

HR

60

100

IR

0.02

80

IR US

100

HIV-negative

CD4+HLA-DR+ (%)

T0

CD4+HLA-DR+ (%)

4

(l)

Low responders

Figure 1: HLA-DR-expressing CD4+/CD8+ T-cells in HIV-negative and HIV-positive patients prior to and following LPS stimulation.
HLA-DR expression was measured on freshly ficoll-separated CD4+ and CD8+ T-cells at baseline (T0, top), and following 24- (T1, middle)
and 48-hour (T2, bottom) LPS stimulation. PBMCs were cultured in medium alone (unstimulated, US) or in medium with 20 ng/mL LPS
(stimulated, STIM). At T0, HIV-positive individuals displayed higher HLA-DR+CD4+ (P = 0.02, (a)) and HLA-DR+CD8+ proportions
(c), with no diﬀerences amongst HIV-positive subgroups ((b) and (d)). At T1, HIV-positive patients maintained increased HLA-DR+CD4+
(e) and CD8+ cells (g); significantly higher HLA-DR+CD4+ levels were detected in LR versus HR and negative controls (P = 0.03 for both
comparisons, (f)). At T2, HIV-infected individuals displayed significantly higher HLA-DR+CD4+ (P = 0.006, (i)) and CD8+ cells compared
to controls (P = 0.005, (k)). Following stimulation, significantly greater proportions of HLA-DR-expressing CD4+ were measured in LR
(P = 0.02, (j)) and IR (P = 0.03, (j)) compared to controls. Comparable results were detected in the CD8+ compartment upon LPS
stimulation (LR versus HIV-negative, P = 0.007, (l); IR versus HIV-negative, P = 0.05, (l)). P values in the results section refer to stimulated
samples only.

3.2.3. HLA- DR/CD38 Co-expression on CD4+ and CD8+
T-Cells upon LPS Stimulation. At T0 comparable HLADR+CD38+CD4+ cells were observed in HIV-negative
(15.4%, IQR 2.1–25.9) and HIV-positive patients (23.5%,
IQR 7.2–48.8; P = 0.08) with no diﬀerences among HIV
subgroups (LR: 20.2%, IQR 6.9–42; IR: 24.5%, IQR 8.1–63.1;
HR: 41.5%, IQR 12.1–49.5; P > 0.05 for all comparisons).
At T1, LPS did not account for significant changes in
HLA-DR/CD38 coexpression on CD4+ T-cells compared to
baseline values.

A completely diﬀerent scenario was pictured upon
LPS stimulation at T2, with significantly higher HLADR+
CD38+CD4+ in HIV-positive patients as a whole (20.3%,
IQR 12.1–39.4) and in LR subjects (LR: 20.3%, IQR 12.8–
34.4) compared to controls (9.5%, IQR 6.6–19.0; P = 0.04
and P = 0.03, resp.).
Similar results were observed in HLA-DR/CD38 coexpression on CD8+ T-cells, given that no diﬀerences among
study groups were detected at T0: HIV-negative: 13.6%, IQR
4.0–24.9; HIV-positive: 18.3%, IQR 12.1–42.2; LR: 17.9%
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Figure 2: CD38-expressing CD4+/CD8+ T-cells in HIV-negative and HIV-positive patients prior to and following LPS stimulation. CD38
expression was measured on freshly ficoll-separated CD4+ and CD8+ T-cells at baseline (T0, top) and following 24- (T1, middle) and 48-hour
(T2, bottom) LPS stimulation. PBMCs were cultured in medium alone (unstimulated, US) or in medium with 20 ng/mL LPS (stimulated,
STIM). At T0, comparable CD4+CD38+ were detected in HIV-positive patients and controls (a); however, the former displayed markedly
higher CD8+CD38+ (P = 0.05, (c)), with no diﬀerences amongst HIV-positive subgroups. At T1, a significantly lower expression of CD38
was detected on CD4+ (P = 0.02, (e)) and CD8+ cells (P = 0.05, (g)) from HIV-positive individuals despite LPS stimulation. While no
diﬀerences in CD4+CD38+ were recorded amongst HIV-positive subgroups (f), CD8+CD38+ cells were significantly higher in LR and IR
compared to HR (P = 0.04 for both comparisons, (h). At T2, LR presented highest CD38+CD8+ compared to HR (P = 0.01, (l)) and
controls (P = 0.02, (l)) with no diﬀerences in CD4+CD38+ (j). P values in the results section refer to stimulated samples only.

IQR 12.2–28.7; IR: 14.1%, IQR 8.0–45.7; HR: 30.5%, IQR
12.8–46.7 (P > 0.05 for all comparisons).
While LPS stimulation did not lead to significant differences in terms of HLA-DR/CD38 induction on CD8+
cells at T1, significantly higher HLADR+CD38+CD8+ cells
were detected in HIV-positive patients compared to controls
(20.5%, IQR 10.5–29.0 versus 8.7%, IQR 4.9–20.1; P = 0.02)
at T2.
When examining patients with diﬀerent degree of immune-reconstitution, LR maintained activation CD8+ activation hierarchy over HIV-negative individuals, with signif-

icantly more HLADR+CD38+CD8+ cells (LR: 24%, IQR
14.6–36.4; P = 0.02).
3.2.4. Ki67 Expression on CD4+ and CD8+ T-Cells upon LPS
Stimulation. At T0, no diﬀerences between HIV-negative
controls and HIV-positive subjects were measured in Ki67
expression on CD4+ (8.2%, IQR 4.0–17.2 versus 12.7%, IQR
2.6–18.2, res.; P = 0.7; Figure 4(a)) and CD8+ T-cells (1.9%,
IQR 0.1–3.7 versus 1.25; IQR 0.0–4.8; P = 0.8; Figure 4(c)).
T-cell proliferation levels did not vary according to the degree
of immune-reconstitution in course of HAART, despite trend
to higher Ki67 expression on CD4+ T-cells in HR (17%, IQR
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Figure 3: Time course representation of the eﬀect of LPS on HLA-DR and CD38 expression on CD4+ and CD8+ T-cells. Median HLA-DR
((a) and (b)) and CD38 ((c) and (d)) expression on CD4+ and CD8+ T-cells in HIV-positive and HIV-negative individuals (left portion of
graphs) and in HIV-infected subjects with diﬀerent immunological outcome in course of HAART (right portion of graphs) at baseline (T0)
and following LPS stimulation (T1 stim, T2 stim).

12.6–18.9) compared to LR (5.5%, IQR 1.4–15.5; P = 0.07;
Figure 4(b)).
At T1, LPS stimulation did not account for significant
increases in cell proliferation (Figures 4(e)–4(h)). Interestingly, however at T2, a trend to increased Ki67 levels on
CD4+ T-cells upon stimulation was detected in LR (20.5%,
IQR 7.5–31.0) compared to HR (5.5%, IQR 2.0–12.6; P =
0.08) and negative controls (3.9%, IQR 0.4–18.7; P =
0.08; Figure 4(j)), thus mirroring the state of CD4+ T-cell
activation through the expression of HLA-DR (Figure 1(j)).
No diﬀerences were detected in terms of CD8+ Tcell proliferation among study groups following 48-hour
stimulation with LPS (Figures 4(k), and 4(l)).

4. Discussion
We hereby investigated the induction of CD38, HLA-DR
and Ki67 on CD4+ and CD8+ T-cells following selective in
vitro LPS stimulation in HIV-infected individuals with diﬀerent immunological recovery upon virologically suppressive
HAART.
We enrolled patients on stable antiretroviral therapy
and with comparable demographic and viro-immunological
parameters. Of note, patients with less eﬃcient immunereconstitution were significantly older and presented
decreased T CD4+ cell nadir compared to subjects displaying
sustained CD4+ T-cell recovery; this finding is in keeping
with literature data demonstrating that age and CD4+ cell
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Figure 4: Ki67-expressing CD4+/CD8+ T-cells in HIV-negative and HIV-positive patients prior to and following LPS stimulation. Ki67
expression was measured on freshly ficoll-separated CD4+ and CD8+ T-cells at baseline (T0, top) and following 24- (T1, middle) and 48-hour
(T2, bottom) LPS stimulation. PBMCs were cultured in medium alone (unstimulated, US) or in medium with 20 ng/mL LPS (stimulated,
STIM). At T0, no diﬀerences between HIV-negative controls and HIV-positive subjects were measured in Ki67 expression on CD4+ (a)
and CD8+ T-cells (c). T-cell proliferation levels did not vary according to the degree of immune-reconstitution in course of HAART ((b)
and(d)). At T1, LPS stimulation did not account for significant increases in cell proliferation ((e)–(h)). At T2, a trend to increased Ki67 levels
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counts at HAART initiation are determinants of incomplete
immunological reconstitution in course of suppressive
HAART [16].
Our data show a diﬀerential eﬀect of LPS in vitro stimulation on the cell-surface expression of two T-cell activation
markers, that is, HLA-DR and CD38: (i) despite an overall
reduction of HLA-DR+ T-cells, patients with an ineﬃcient
response to HAART display a higher proportion of activated
HLA-DR+CD4+/CD8+ compared to individuals with better
CD4+ recovery; (ii) CD38 expression is induced on T-cells,
and yet only the CD38+CD8+ pool is significantly expanded
according to the degree of immunological impairment.
HIV infection is characterized by high levels of immune
activation [1, 2] which is a major cause of the progressive

CD4+ T-cell loss in untreated disease [1, 2, 8–10] and
impaired immunological recovery in course of HAART
[5, 17]. A possible driver of immune activation is the
translocation of bacterial bioproducts, mainly LPS, through
the gastrointestinal barrier to the systemic circulation [2,
3]. Indeed, literature findings show that non-progressive
disease in SIV natural host primates associates with no
microbial translocation and/or immune activation [18, 19];
conversely, microbial translocation has been indirectly implicated in driving immune activation in chronically HIVinfected humans and SIV-infected Rhesus macaques [19].
In keeping with this model, in HIV-negative individuals,
PBMCs stimulated in vitro with LPS have been demonstrated
to increase the expression of CD38, and not HLA-DR [7].
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Consistent with these findings and with recent data
showing a dramatic decline in the percentages of DR+
subsets following PBMCs in vitro cultures [20], we hereby
show a reduction of HLA-DR+CD4+/CD8+ cells following
LPS in vitro stimulation in both healthy donors and HIVinfected individuals. Interestingly enough however, when
evaluating HIV-patients according to the degree of immune
recovery on HAART, while HLA-DR expression was reduced
in patients with good CD4+ recovery, subjects with lower
CD4+ reconstitution, (i.e., LR and IR) maintained stable
HLA-DR-expressing T-cells. The net outcome of such diverse
eﬀect of LPS stimulation according to the extent of CD4+
recovery, is that subjects with poor immunological recovery
display significantly higher HLA-DR+ T-cell proportions. Of
note, LPS accounted for a higher proportion of proliferating
Ki67+ T-cells in the CD4+ subset alone, thus suggesting
that the combined eﬀect of microbial stimulation on T-cell
proliferation and activation seems to be restricted to the
CD4+ cell compartment.
By demonstrating highest LPS-dependant HLA-DR+ Tcells exclusively in patients with lowest CD4+ recovery, our
findings add up to the consolidated bulk of evidence on
the inverse correlation between HLA-DR expression and
CD4+ lymphopenia [10, 17]. Thus, HLA-DR might be a
faithful marker of T-cell activation secondary to microbial
translocation in the setting of severe immune impairment.
A diﬀerent trend was shown in CD38-expressing T-cells
upon LPS stimulation.
The time-course analysis of the eﬀect of LPS stimulation
on CD38 expression showed an overall rise in CD38expressing T-cells that was, however, delayed in HIV-infected
patients compared to healthy controls (i.e., 48 versus 24
hours). Most interestingly, when investigating HIV-positive
subjects with diﬀerent immune recovery separately, only
patients with ineﬃcient CD4+ reconstitution (i.e., LR and
IR) displayed an expansion of the CD38+ T-cell pool,
whereas individuals with good immunological response
(HR) maintained a stable expression of CD38 on T-cells
overtime. Of note, although CD38 appeared selectively
induced on CD4+/CD8+ cells upon longer stimulation,
only CD38+CD8+ cells displayed a linear relationship
with immune impairment on HAART, with LR/IR patients
showing higher LPS-stimulated CD38+CD8+. Conversely,
no diﬀerences in CD38+CD4+ were shown according to the
degree of immune reconstitution.
These findings are consistent with in vivo data showing
that CD38+CD8+ T-cells are an independent predictor of
disease progression [8–11, 17]; although CD38 has been
described to have a similar prognostic value when expressed
on T CD4+ cells, this seems less consistent [8, 11, 12].
By showing higher LPS-induced expansion of
CD38+CD8+ cells, our findings suggest a diverse regulation
of CD38 in CD4+ and CD8+ T-cell compartments and
allow to speculate that the sole expression of CD38+ on
CD4+ T-cells may not be suﬃcient to portray the state of
immune activation in HIV disease. Indeed, CD38 has been
shown to be constitutively expressed on phenotypically
naı̈ve T-cells [13, 15, 21], thus oﬀsetting its role as an
activation marker in the CD4 pool. Indeed, in patients with
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impaired immunological recovery in course of HAART,
Massanella et al. recently reported lower proportion
of CD38+CD45RA+CD4+ and higher percentage of
CD38+CD45RA-CD4+ cells, probably reflecting a reduced
naive compartment and a higher level of activation in
CD45RA- cells [21]. This finding is in keeping with data
from Benito et al. [12] who showed that CD38 expression
on CD4+ cells correlated with disease progression when
associated with the expression of phenotypic markers of
mermory/activated (CD45R0 or HLA-DR).
In our study, the co-induction of HLA-DR and CD38
on CD4+ and CD8+ T-cells followed similar kinetics upon
longer (48 hours) stimulation with LPS, with increased
levels of both molecules in subjects with severe immune
impairment on HAART. This finding, together with the
diﬀerential expression of single cell surface molecules, once
again suggests that CD38 on CD4+ cells may not faithfully
mirror activation in HIV disease.
The present study has several limitations. Our finding
of an in vitro eﬀect of LPS stimulation in reducing the
expression of activation markers cannot exclude the possibility of increased cellular death following LPS challenge, as
previously shown in HIV-negative patients [7].
Our research was not designed to define the mechanisms
underlying variable LPS eﬀects and is therefore descriptive
in nature. Functional data on stimulated PBMCs, such as
the production of type I interferons and other cytokines,
would help give a qualitative answer to what activated cells
produce upon microbial challenge. In addition, data on
APC (macrophages, dendritic cells) activation and signalling
following TLR recognition and on the cooperation between
APCs and T-cells would shed light on the precise mechanisms underlying T-lymphocyte activation upon microbial
stimulation.
As a further limitation, we chose to investigate the eﬀect
of LPS alone on T-cell activation. However, given that the
composition of translocating microflora may influence the
immunological response in course of treatment [22], it
would be interesting to study the eﬀect of other stimuli
(e.g., PHA, anti-CD3, PMA) as well as other TLR ligands,
representing microbial components from Gram-positive
bacteria (e.g., Pam3CysK4, TLR1/2 agonist; FSL-1, TLR6/2
agonist) or viral agents (e.g., ssRNA40, TLR8 agonist; CpG
oligonucleotide, TLR9 agonist) on T-cell activation and
response to HAART.
Our results thus advocate further functional studies to
gain deeper insight into the regulation of T-cell activation
by TLR agonists in course of HIV disease and response
to therapy. These data might provide the scientific background to investigate/explore alternative/adjuvant therapeutical approaches in HIV infection aimed at manipulating the
negative eﬀects of LPS in inducing immune activation [23].

Acknowledgments
The authors are very thankful to all the patients participating
to the study and to all the staﬀ at the Clinic of Infectious
Diseases and Tropical Medicine, “San Paolo” Hospital,

Clinical and Developmental Immunology

9

University of Milan, Italy. This work was presented in part at
the 6th International AIDS Society (IAS) Conference, Rome,
Italy, 17–20 June, 2011.

[13]

References

[14]

[1] D. C. Douek, “Disrupting T-cell homeostasis: how HIV-1
infection causes disease,” AIDS Reviews, vol. 5, no. 3, pp. 172–
177, 2003.
[2] D. C. Douek, M. Roederer, and R. A. Koup, “Emerging
concepts in the immunopathogenesis of AIDS,” Annual Review
of Medicine, vol. 60, pp. 471–484, 2009.
[3] J. M. Brenchley, D. A. Price, T. W. Schacker et al., “Microbial
translocation is a cause of systemic immune activation in
chronic HIV infection,” Nature Medicine, vol. 12, no. 12, pp.
1365–1371, 2006.
[4] G. Marchetti, G. M. Bellistri, E. Borghi et al., “Microbial
translocation is associated with sustained failure in CD4+
T-cell reconstitution in HIV-infected patients on long-term
highly active antiretroviral therapy,” AIDS, vol. 22, no. 15, pp.
2035–2044, 2008.
[5] G. Marchetti, A. Gori, A. Casabianca et al., “Comparative
analysis of T-cell turnover and homeostatic parameters in
HIV-infected patients with discordant immune-virological
responses to HAART,” AIDS, vol. 20, no. 13, pp. 1727–1736,
2006.
[6] W. Jiang, M. M. Lederman, P. Hunt et al., “Plasma levels of
bacterial DNA correlate with immune activation and the magnitude of immune restoration in persons with antiretroviraltreated HIV infection,” Journal of Infectious Diseases, vol. 199,
no. 8, pp. 1177–1185, 2009.
[7] N. Funderburg, A. A. Luciano, W. Jiang, B. Rodriguez, S.
F. Sieg, and M. M. Lederman, “Toll-like receptor ligands
induce human T cell activation and death, a model for HIV
pathogenesis,” PLoS One, vol. 3, no. 4, Article ID e1915, 2008.
[8] J. V. Giorgi, L. E. Hultin, J. A. McKeating et al., “Shorter
survival in advanced human immunodeficiency virus type
1 infection is more closely associated with T lymphocyte
activation than with plasma virus burden or virus chemokine
coreceptor usage,” Journal of Infectious Diseases, vol. 179, no.
4, pp. 859–870, 1999.
[9] J. V. Giorgi, R. H. Lyles, J. L. Matud et al., “Predictive value
of immunologic and virologic markers after long or short
duration of HIV-1 infection,” Journal of Acquired Immune
Deficiency Syndromes, vol. 29, no. 4, pp. 346–355, 2002.
[10] Z. Liu, W. G. Cumberland, L. E. Hultin, H. E. Prince, R.
Detels, and J. V. Giorgi, “Elevated CD38 antigen expression
on CD8+ T cells Is a stronger marker for the risk of chronic
HIV disease progression to AIDS and death in the multicenter
AIDS Cohort study than CD4+ cell count, soluble immune
activation markers, or combinations of HLA-DR and CD38
expression,” Journal of Acquired Immune Deficiency Syndromes
and Human Retrovirology, vol. 16, no. 2, pp. 83–92, 1997.
[11] S. G. Deeks, C. M. R. Kitchen, L. Liu et al., “Immune activation
set point during early HIV infection predicts subsequent
CD4+ T-cell changes independent of viral load,” Blood, vol.
104, no. 4, pp. 942–947, 2004.
[12] J. M. Benito, J. M. Zabay, J. Gil et al., “Quantitative alterations
of the functionally distinct subsets of CD4 and CD8 T
lymphocytes in asymptomatic HIV infection: changes in the
expression of CD45RO, CD45RA, CD11b, CD38, HLA-DR,
and CD25 antigens,” Journal of Acquired Immune Deficiency

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Syndromes and Human Retrovirology, vol. 14, no. 2, pp. 128–
135, 1997.
A. Savarino, F. Bottarel, F. Malavasi, and U. Dianzani, “Role
of CD38 in HIV-1 infection: an epiphenomenon of T-cell
activation or an active player in virus/host interactions?”
AIDS, vol. 14, no. 9, pp. 1079–1089, 2000.
K. Mehta, U. Shahid, and F. Malavasi, “Human CD38, a cellsurface protein with multiple functions,” FASEB Journal, vol.
10, no. 12, pp. 1408–1417, 1996.
K. Scalzo-Inguanti and M. Plebanski, “CD38 identifies a hypoproliferative IL-13-secreting CD4+ T-cell subset that does not
fit into existing naive and memory phenotype paradigms,”
European Journal of Immunology, vol. 41, no. 5, pp. 1298–1308,
2011.
L. Gazzola, C. Tincati, G. M. Bellistrı̀, A. D. Monforte, and G.
Marchetti, “The absence of CD4+ T cell count recovery despite
receipt of virologically suppressive highly active antiretroviral
therapy: clinical risk, immunological gaps, and therapeutic
options,” Clinical Infectious Diseases, vol. 48, no. 3, pp. 328–
337, 2009.
P. W. Hunt, J. N. Martin, E. Sinclair et al., “T cell activation
is associated with lower CD4+ T cell gains in human
immunodeficiency vires-infected patients with sustained viral
suppression during antiretroviral therapy,” Journal of Infectious Diseases, vol. 187, no. 10, pp. 1534–1543, 2003.
J. D. Estes, L. D. Harris, N. R. Klatt et al., “Damaged
intestinal epithelial integrity linked to microbial translocation
in pathogenic simian immunodeficiency virus infections,”
PLoS Pathogens, vol. 6, no. 8, Article ID e1001052, pp. 49–50,
2010.
M. Paiardini, I. Pandrea, C. Apetrei, and G. Silvestri, “Lessons
learned from the natural hosts of HIV-related viruses,” Annual
Review of Medicine, vol. 60, pp. 485–495, 2009.
A. L. Meditz, M. K. Haas, J. M. Folkvord et al., “HLA-DR+
CD38+ CD4+ T lymphocytes have elevated CCR5 expression
and produce the majority of R5-tropic HIV-1 RNA in vivo,”
Journal of Virology, vol. 85, no. 19, pp. 10189–10200, 2011.
M. Massanella, E. Negredo, N. Perez-Alvarez et al., “CD4 Tcell hyperactivation and susceptibility to cell death determine
poor CD4 T-cell recovery during suppressive HAART,” AIDS,
vol. 24, no. 7, pp. 959–968, 2010.
E. Merlini, F. Bai, G. M. Bellistrı̀, C. Tincati, A. d’Arminio
Monforte, and G. Marchetti, “Evidence for polymicrobic flora
translocating in peripheral blood of HIV-infected patients
with poor immune response to antiretroviral therapy,” PLoS
One, vol. 6, no. 4, Article ID e18580, 2011.
S. Piconi, S. Parisotto, G. Rizzardini et al., “Hydroxychloroquine drastically reduces immune activation in HIV-infected,
antiretroviral therapy-treated immunologic nonresponders,”
Blood, vol. 118, no. 12, pp. 3263–3272, 2011.

Hindawi Publishing Corporation
Clinical and Developmental Immunology
Volume 2012, Article ID 784740, 8 pages
doi:10.1155/2012/784740

Review Article
HIV and Malnutrition: Effects on Immune System
Shalini Duggal,1 Tulsi Das Chugh,2 and Ashish Kumar Duggal3
1 Department

of Microbiology, Dr. Baba Saheb Ambedkar Hospital, Rohini, New Delhi 110085, India
of Microbiology, BLK Superspeciality Hospital, Pusa Road, New Delhi 110005, India
3 Department of Medicine, Dr. Ram Manohar Lohia Hospital & PGIMER, Baba Kharag Singh Marg, New Delhi 110001, India
2 Department

Correspondence should be addressed to Shalini Duggal, shaliniduggal2005@rediﬀmail.com
Received 1 September 2011; Accepted 22 November 2011
Academic Editor: Andrea Gori
Copyright © 2012 Shalini Duggal et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
HIV or human immunodeficiency virus infection has assumed worldwide proportions and importance in just a span of 25 years.
Continuous research is being done in many parts of the world regarding its treatment and vaccine development, and a lot of money
has flown into this. However, fully understanding the mechanisms of immune depletion has still not been possible. The focus has
also been on improving the quality of life of people living with HIV/AIDS through education, counselling, and nutritional support.
Malnutrition further reduces the capacity of the body to fight this infection by compromising various immune parameters.
Knowledge of essential components of nutrition and incorporating them in the management goes a long way in improving quality
of life and better survival in HIV-infected patients.

1. Introduction
HIV accounts for significant immunosuppression in an
infected individual. If the corroboratory indices of good
health are satisfactory, the suppression of immune defences
can be mitigated. One such index is nutrition. HIV, immune
expression, and nutrition interactions are complex and
related to each other. Malnutrition adds fuel to the fire
by accelerating the progress of HIV infection to AIDS.
HIV/AIDS is associated with biological and social factors that
aﬀect the individual’s ability to consume, utilize, and acquire
food. Once there is an infection with HIV, the patient’s nutritional status declines further leading to immune depletion
and HIV progression.

2. Review of the Literature
Acquired immune deficiency syndrome, or AIDS, is a disease
caused by a retrovirus, the human immunodeficiency virus
(HIV), which attacks and impairs body’s natural defence
system against disease and infection. Malnutrition is defined
as “the cellular imbalance between supply of nutrients and
energy and the body’s demand for them to ensure growth,
maintenance, and specific functions” [1]. Nutrition and
HIV are strongly related and complement each other. HIV

causes immune impairment leading to malnutrition which
leads to further immune deficiency, and contributes to rapid
progression of HIV infection to AIDS. A malnourished
person after acquiring HIV is likely to progress faster to
AIDS, because his body is weak to fight infection whereas a
well-nourished person can fight the illness better. It has been
proved that good nutrition increases resistance to infection
and disease, improves energy, and thus makes a person
stronger and more productive. Wasting syndrome is defined
by loss of more than 10% of the usual body weight with a
lack of other detectable cause of wasting other than the HIV
infection itself [2]. Nutritional improvement measures must
be initiated before a patient reaches this stage.
2.1. Malnutrition in HIV. One of the factors responsible for
malnutrition in an HIV-infected person is reduced appetite,
which could be due to diﬃculty in ingesting food as a
result of infections like oral thrush or oesophagitis caused by
Candida, a common opportunistic infection in HIV-infected
people and fever, side eﬀects of medicines, or depression.
Poor absorption of nutrients may be due to accompanying
diarrhea which may be because of bacterial infections like
Salmonella or Mycobacterium avium intercellular; viral like
CMV or parasitic infections like Giardia, C. parvum, and
E. Bieneusi; due to nausea/vomiting as a side eﬀect of
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medications used to treat HIV or opportunistic infections.
30–50% of HIV patients in developed and nearly 90% in
developing countries complain of diarrhoea and malabsorption [3]. Gastrointestinal tract is the largest lymphoid
organ in the body and is directly aﬀected by HIV infection.
HIV causes damage to the intestinal cells by causing villus
flattening and decreased D-xylose absorption. This leads to
carbohydrate and fat malabsorption thereby aﬀecting fat
soluble vitamins like vitamins A and E, which are important
for proper functioning of immune system. Whereas larger
amounts of nutrients are required during fever and infections that accompany an HIV infection, they are utilised
poorly by the body. This leads to loss of weight and lean
muscle tissue, further causing damage to the immune system.
Lack of iron in the diet and infections such as malaria
and hookworm lead to anaemia. Anaemia causes lethargy,
further reduces food intake and nutrient absorption, and
also causes disruption of metabolism, chronic infections,
muscle wasting, or loss in lean body tissue [4]. AIDS-related
dementia or neuropsychiatric impairment may make the
patients unable to care for themselves, forget to eat, or unable
to prepare balanced meals. Even in households with HIVinfected members, nutritional impacts can be seen if the
infected adult becomes too sick to work and provide food for
themselves and their families [5, 6]. Dietary intake also varies
inversely with level of virus, suggesting that viral replication
directly or indirectly suppresses appetite [7]. Malnutrition
is frequent and is considered a marker for poor prognosis
among HIV-infected subjects [8].
2.2. Immunology of HIV Infection. Both CD4+ and CD8+
T cells are important in controlling HIV infection. HIV
infection stimulates production of cytokines such as TNFα,
IL-6, IL-10, and IFNγ and a pool of activated target cells in
the lymphoid tissue which paradoxically help in establishing
and propagating HIV infection. Rosenberg et al. [9] observed
that HIV-specific CD4+ T-cell responses were of high magnitude in individuals who were HIV infected but not showing
progression over long periods (long-term nonprogressors).
Also, in acute viral infections such responses could be seen
but they were generally not present in patients with chronic
progressive infections. In a small number of individuals who
began treatment shortly after acute HIV infection, HIVspecific CD4+ T-cell responses were preserved. In addition,
these CD4+ T-cell responses seem to be important in
controlling viral replication after subsequent discontinuation
of antiretroviral therapy. However, it has also been found
that when discontinuation of antiretroviral therapy leads
to loss of virologic control, HIV-specific CD4+ T cells
are preferentially infected and depleted compared with
the CD4+ T cells of other antigen specificities. Antiviral
immunity involves both the arms of the immune system. The
protective component of cell-mediated immunity involves
the cytotoxic CD8 T-lymphocytes. Schmitz and colleagues
had demonstrated the eﬀects of CD8 T lymphocytes in
monkeys experimentally infected with simian immunodeficiency virus (SIV). They observed that prior to the depletion
of CD8+ T cells, SIV replication was well controlled but
after their depletion, control of viral replication was lost. In
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some of these monkeys, when the CD8+ T cells regenerated,
the control of viral replication was regained [10]. Humoral
immunity to HIV is expressed by neutralising antibodies.
Anti-HIV antibodies are able to bind cell-free virus and
potentially prevent established infection in the challenged
host. Neutralising antibodies attaching to CD4 binding site
of HIV have been identified which appear to prevent the
virus from attaching to and infecting T cells. These are natural human antibodies—named VRC01, VRC02, and VRC03
which can neutralize over 90% of circulating HIV-1 isolates
[11]. Though HIV-specific humoral immune responses can
be detected during primary infection, they mostly comprise
low-avidity env specific IgG antibodies with little or no
neutralising activity [12]. Significant neutralising titers are
believed to take place after chronicity has set in. HIV evolves
various strategies to establish chronicity in human body.
These include viral latency, inhibition of antigen processing
or presentation, mutations in viral epitopes, and rapid
clonal exhaustion/deletion of the initially expanded virusspecific CD8+ CTL clones [13]. Initial CTL responses cause
downregulation of viremia and prevent disease progression,
but later it induces the selection of virus mutants capable of
escaping the immune response [14]. HIV virions concentrate
on the surface of follicular dendritic cells in the germinal
centres of lymphoid organs from where they are shed
intermittently to establish a steady chronic state of infection
of CD4+ T cells, and to a chronic inflammatory reaction that
ultimately results in the destruction of lymphoid tissue [14].
Immune activation in HIV is supported by an experiment
by Pandrea et al. where induction of immune activation
was demonstrated in nonpathogenic SIV infection by an
increase in viral replication and CD4+ T-cell depletion in
gut associated lymphoid tissue [15]. Immune activation
is attributed to bystander activation in response to viral
products including gene products, immune response to HIV,
translocated microbial products, new viral target proteins,
epithelial or immune cells apoptosis, and/or self-antigens
[16]. High T-cell turnover in chronic HIV infection is
attributed to overlapping and nonsynchronized bursts of
proliferation, diﬀerentiation, and death in response to T-cell
receptor- (TCR-) mediated stimulation and inflammation
[16, 17]. Antiretroviral therapy (ART) results in a marked
reduction of T-cell activation and apoptosis and helps to
decrease naive T-cell consumption and restore their numbers
[18]. Chronic HIV infection also causes immunological or
direct virotoxic eﬀects on gastrointestinal tract which shows
blunted villi, crypt hyperplasia, and damaged epithelial
barrier with increased permeability and malabsorption of
bile acid and vitamin B12, microbial translocation, and
enterocyte apoptosis. There is a decrease of luminal defensins
and massive CD4 T-cell depletion but high concentration of
infected CD4 T cells [19].
2.3. Immunology of Malnutrition. Malnutrition is considered
to be the most common cause of immunodeficiency worldwide [20]. Malnutrition, immune system, and infectious
diseases are interlocked in a complex negative cascade
[1]. Malnutrition elicits dysfunctions in the immune system and promotes increased vulnerability of the host to

Clinical and Developmental Immunology
infections [21]. These immune dysfunctions are referred
to as nutritional-acquired immune deficiency syndrome
(NAIDS). Every type of immunological deficiency induced
by malnutrition can be included under the NAIDS umbrella.
2.3.1. PEM. Protein-energy malnutrition (PEM), now known
as protein-energy undernutrition, is an energy deficit due to
chronic deficiency of all macronutrients [22]. In children,
PEM causes widespread atrophy of lymphoid tissues, particularly T-lymphocyte areas. The thymus involutes causing
a reduction in the thymus-derived lymphocyte growth
and maturation factors, arrest of lymphocyte development,
reduced numbers of circulating mature CD4 helper cells,
and impairment of antibody production to T-dependent
antigens. Imbalance in Th1-Th2 activation occurs depending
on nature of stimuli and altered regulatory pathways,
including responses mediated by the nuclear factor-kB (NFkB) [23], a major transcription factor involved in the
development of innate and adaptive immunity. Hence the
patient’s ability to ward oﬀ infections and show recovery is
compromised. However, CD8 suppressor cells are relatively
preserved. The lymphocytes not only get reduced in blood,
but also impaired show T-lymphocyte mitogenesis and
diminished activity in response to mitogens [24]. According
to Chandra [25], in children with PEM, there is a decrease
or reversal of the T-helper-suppressor cell ratio and total
numbers of T-lymphocytes decrease due to reduced numbers
of these T-cell subpopulations. In malnourished children,
changes such as dermal anergy, loss of delayed dermal
hypersensitivity (DDH) reactions, and loss of the ability of
killer lymphocytes to recognize and destroy foreign tissues
were noted [20]. Necropsy studies on malnourished patients
have also shown profound depletion of the thymolymphatic
system and severe depression of cell-mediated immunity.
Chronic thymic atrophy with peripheral lymphoid tissue
wasting along with depletion of paracortical cells and loss of
germinal centres was noted. This was suggested to have led to
various types of infections from which these patients actually
died [26].
B-lymphocyte numbers and functions generally appear
to be maintained though immunoglobulin concentrations
get reduced including secretory IgA (sIgA), which is responsible for mucosal immunity. This may be due to increased
bacterial adherence to nasopharyngeal and buccal epithelial
cells or altered expression of membrane glycoprotein receptors [27]. It has been speculated that the existing antibody
production is conserved or even increased during generalized
malnutrition but new primary antibody responses to T-celldependent antigens and antibody aﬃnity are impaired [20].
The failure of antibody formation is reversed within a few
days of protein therapy as amino acids become available
for the synthesis of immune proteins [28]. It also reduces
complement formation, and interferon and lower interleukin
2 receptors [26]. In patients with severe generalized malnutrition, functional status of the immune system should be
assessed by simply looking at the tonsils in young children.
In adequately nourished children they are usually huge but
are virtually undetectable in children with severe PEM.
This would indicate atrophy in the child’s thymus, spleen,
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and lymph nodes, and severely compromised cell-mediated
immunity [24].
Deficiencies of other nutrients also adversely aﬀect the
immune mechanisms. Deficiencies of essential amino acids
can depress the synthesis of proteins responsible for production of cytokines released by lymphocytes, macrophages,
and other body cells, complement proteins, kinins, clotting
factors, and tissue enzymes activated during acute phase
responses [24]. Arginine deficiency diminishes the production of nitric oxide, and hence, the antioxidants, allowing
damaging eﬀects of free oxygen radicals [24]. Arginine has
also been shown to enhance phagocytes of alveolar macrophages, depress T suppressor cells, and stimulate T helper
cells [29]. The “nonessential” amino acid glutamine is
necessary for lymphocytes and other rapidly growing cells.
2.3.2. Essential Fatty Acids. Particularly the omega-3 fatty
acids, serve as the key precursors for the production of eicosanoids like prostaglandins, prostacyclins, thromboxanes,
and leukotrines that play a variety of host defensive roles.
Thus their deficiency in the diet can impair cytokine synthesis [30].
2.3.3. Vitamins. Vitamin A has an important role in nucleic
acid synthesis, and its deficiency is also characterized by lymphoid tissue atrophy, depressed cellular immunity, impaired
IgG responses to protein antigens, and pathologic alterations
of mucosal surfaces. Experimental animals with vitamin A
deficiency have decreased thymus and spleen sizes, reduced
natural killer cell, macrophage and lymphocyte activity,
lower production of interferon, and weak response to
stimulation by mitogens [31]. B-group vitamins like thiamin,
riboflavin, pantothenic acid, biotin, folic acid, and cobalamin
can influence humoral immunity by diminishing antibody
production. Pyridoxine deficiency has also been associated
with reduced cell-mediated immunity. Folic acid and vitamin
B-12 are essential to cellular replication. Experimental
deficiencies of these vitamins were shown to interfere with
both replication of stimulated leukocytes and antibody formation. In anemia due to folic acid deficiency, cell-mediated
immunity is depressed [32]. In vitamin C deficiency,
phagocytic cells cannot produce tubulin, therefore, with
impaired chemotaxis, microorganisms cannot be engulfed
and destroyed [33]. Vitamin D acts as an immunoregulatory
and a lymphocyte diﬀerentiation hormone [34]. In vitamin E
deficiency, leukocyte especially lymphocyte killing power gets
reduced. In animals it was shown to interfere with antibody
formation, plaque-forming cells, and other aspects of cellmediated immunity. At higher than recommended levels, it
has been shown to enhance immune response and resistance
to disease [35].
2.3.4. Minerals. Zinc is also the fundamental component of
thymic hormones and shares a similar role as vitamin A in
nucleic acid synthesis. Zinc deficiency influences both lymphocyte and phagocyte cell functions and aﬀects more than
100 metalloenzymes that are zinc dependent [36]. During
infections, reticuloendothelial cells sequester iron from the
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blood and phagocytes release lactoferrin with a higher iron
binding capacity than bacterial siderophores. The net eﬀect is
to deprive the infectious agent of iron for its replication and
inhibit the spread of infection [34]. Iron deficiency results
in impaired phagocytic killing, less response to lymphocyte
stimulation, fewer natural killer cells, and reduced interferon
production [37]. Selenium serves as an antioxidant and
contributes to antibody responses and cytotoxicity of natural
killer cells [38]. In children with HIV infection, selenium
concentration in plasma appeared to correlate with their
immune functions [39]. Similar changes were also seen in
patients with copper deficiency [40]. Copper concentrations
often increase during infection as a result of stimulation
of the hepatic production of ceruloplasmin. Conversely,
plasma zinc concentration often declines due to internal
redistribution to the liver. Antimicrobial systems in the
neutrophils are aﬀected by malnutrition. These include both
oxygen-dependent systems responsible for the respiratory
burst, and oxygen-independent systems, such as lactoferrin,
lysozymes, hydrolase, and proteases [34].
2.4. Cytokine Abnormalities in HIV and/or Malnutrition.
Cytokines are substances that play an important role in
coordinating inflammatory response of the body to various
external and internal stimuli. They may be proinflammatory, which are essential to initiate defence against various
pathogens, and anti-inflammatory, which downregulate the
inflammatory process by suppressing production of the
proinflammatory cytokines and balance the inflammatory
response. Excess production of both are counterproductive.
The proinflammatory cytokines include IL-1β, IL-6, IL8, TNF-α, and IL-2, and the anti-inflammatory cytokines
include IL-1 receptor antagonist, IL-4, IL-10, and IL-13
[41]. PEM diminishes immunoglobulin (IgA, IgM, and
IgG) concentrations and cytokine production [34]. Severe
malnutrition alters the ability of T lymphocytes to respond
appropriately to IL-1 rather than simply aﬀecting synthesis
of this monokine [42]. During catabolic states, interleukin
1 is released by leukocytes which causes endocrine changes
that lead to amino-acid mobilization, primarily from skeletal
muscle. These amino acids are used for gluconeogenesis
in the liver, and the nitrogen released is excreted in urine
[43]. Thus, a continual conversion of alanine carbon to
glucose carbon occurs with acute infection. Bell et al. [44]
observed that the immunosuppressive PGE2 production was
enhanced in malnutrition. In malnourished Africans without
overt infections, increased circulating levels of inflammatory
mediators (e.g., interleukin 6 (IL-6), the soluble receptors of
tumor necrosis factor (sTNFR-p55 and sTNFR-p75), etc.) as
well as C-reactive protein, were seen compared to healthy
controls [45]. In HIV infection, both CD4+ and CD8+ T cells
secrete interferon-γ (IFN-γ) in response to antigen-specific
stimulation. Another cytokine, tumor necrosis factor has
been suggested as a potential etiologic factor in HIV wasting
syndrome as it has been incriminated as an appetite inhibitor
[46].
2.5. Combined Eﬀect of HIV and Malnutrition on the Immune
System. Malnutrition and HIV form a vicious cycle and
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ultimately aim at reducing the immunity of the patient. In
both malnutrition and HIV there is reduced CD4 and CD8
T-lymphocyte numbers [47], delayed cutaneous sensitivity,
reduced bacteriocidal properties [24], and impaired serological response after immunizations. Some of the immunological parameters concerning these two entities have been
listed in Table 1. According to a study, approximately 30–
60% of asymptomatic children infected with HIV malabsorb
carbohydrates, 30% malabsorb fat, and 32% malabsorb
proteins [48, 49]. Whereas micronutrient deficiencies may
aﬀect replication of the invading virus, they also induce
several metabolic alterations in the body. This includes
changes in whole-body protein turnover, increased urinary
nitrogen loss, and elevated hepatic protein synthesis as
well as increased skeletal muscle breakdown providing for
proliferation of neutrophils, lymphocytes, and fibroblasts,
and for synthesis of immunoglobulins and hepatic acute
phase proteins, manifesting clinically as fever. It also includes
hypertriglyceridemia, elevated hepatic de novo fatty acid
synthesis, decreased peripheral lipoprotein lipase activity,
hyperglycemia, insulin resistance, and increased gluconeogenesis. Serum concentrations of iron and zinc fall dramatically
due to redistribution within the body, with accumulation
in the liver [50]. Glutathione, which is the principle intracellular antioxidant, was reported to be reduced in children
with HIV infection, especially those showing growth failure
[51].
During infections, reactive oxygen molecules and prooxidant cytokines are released from activated phagocytes
[56] leading to increased consumption of vitamins like
vitamin E and C, and β-carotene which serve as antioxidants
and minerals like zinc, copper, manganese, and selenium,
which serve as components of antioxidant enzymes [57].
Deficiencies of antioxidants cause increased oxidative stress
which leads to apoptosis of T cells and indirectly compromise
cell-mediated immunity and may stimulate HIV replication.
In cell cultures, HIV replication was shown to be inhibited
by various antioxidants but stimulated by reactive oxygen
radicals via activation of nuclear transcription factor cell
gene [58]. This oxidative burst may also increase viral
load of blood and body fluids, such as seminal fluid
and cervicovaginal secretions, and thus increase infectivity.
Maternal micronutrient deficiencies may also increase viral
load in blood, cervicovaginal secretions, and breast milk,
and hence aid in utero, intrapartum, and postnatal motherto-child HIV transmission, respectively, and aﬀect immune
functions and susceptibility of the unborn or young breastfed child. HIV infection in nutritionally deprived individuals
intensifies the nutritional deficits and further enhances cellular oxidative stress. This aﬀects the functions of transcription
factors as NF-kB and contributes to HIV replication and
progression. Although HIV attacks only a limited variety of
T-lymphocyte subspecies, AIDS-induced malnutrition can
lead to the secondary development of NAIDS through the
action of proinflammatory cytokines. Also, malnutrition
could hasten the development of AIDS in an HIV-infected
person [24].
Specific micronutrient deficiencies may also favour the
host and supplementation favour the virus. For example,
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Table 1: Comparison of eﬀects of HIV infection and malnutrition on various parameters of the immune system [20, 24, 47, 52–55].
Immunological parameter
Total lymphocytes
T lymphocytes
CD4 T lymphocytes

Eﬀect of HIV infection
Decreased
Decreased
Decreased
Transient increase, then
decrease
Inverted

Eﬀect of malnutrition
Decreased
Decreased
Decreased

Nutrient deficiency
PEM
PEM
PEM

Relatively maintained

—

Reversed

Reduced

Reduced

Compromised

Compromised

B lymphocytes

Polyclonal activation

Generally maintained

Immunoglobulin levels

Increased (IgA, IgG)

Reduced (IgA, IgG, IgM)

Increased
Reduced
Reduced
Decreases with increase
in HIV progression

Decreased
Reduced
Reduced

PEM
PEM, vitamin A, E, zinc,
iron
PEM, essential amino acids
(pyridoxine)
—
PEM, amino acids, vitamin
B complex
PEM
PEM,
PEM

Reduced

PEM

Increased

Reduced

Increased
Increased, marker of
HIV progression

Reduced

Vitamin A, C, zinc, iron,
selenium
PEM, essential amino acids

Increased

PEM

CD8 T lymphocytes
CD4: CD8 T-cell ratio
Lymphocyte responsiveness to mitogens/antigens
Cell-mediated immunity

Secretory IgA (sIgA)
B-cell activity
Primary antibody responses
Antibody aﬃnity
NK cell activity
Serum complement
Serum β-2 microglobulin
IFN-γ

Increased

Reduced

TNF-α, IL-6
Anti-inflammatory Cytokines (IL-4)
Soluble IL-2 receptors

Increased
Reduced
Increased

Increased
Increased
Reduced

Antioxidants

Reduced

Reduced

Increased, marker of
HIV disease progression

Increased

C-reactive protein

HIV replication was enhanced in monocytes cultured with
retinoid [59]. Similarly, HIV nucleocapsid protein binds zinc
and forms zinc finger structures. This might imply that
a high zinc intake increases the replication of HIV [60].
The role of iron in HIV infection is more complex, since
iron is important for optimal immune function, and is also
a pro-oxidant and may promote replication, as has been
shown following a U-shaped curve in laboratory studies
[61]. Though antioxidants inhibit HIV replication, they
may actually promote opportunistic infections by preventing
the oxidative burst which is considered important for the
bactericidal properties of phagocytes [56]. So, balanced
nutrition and dietary consultation with experts helps in
balancing immune eﬀects, malnutrition, and HIV infection.
FAO [62] had stated “Food is not a magic bullet. It won’t
stop people from dying of AIDS but it can help them live
longer, more comfortable and productive lives.” Evidencebased nutrition interventions should be part of all national

Amino acids, essential fatty
acids, iron
PEM
PEM
PEM
Essential amino acids
(arginine), selenium, zinc,
manganese, copper,
vitamins A, C, E
PEM

HIV care and treatment programmes. Routine assessment
should be made of diet and nutritional status (weight and
weight change, height, body mass index or midupper arm
circumference, and symptoms and diet) for people living
with HIV [63].
Baum et al. [64] had concluded that “intake of nutrients
at levels recommended for the general population does
not appear to be adequate for HIV-1-infected patients’.”
An active non-HIV-infected adult requires approximately
2070 kcal/day including about 57 grams/day of protein. An
HIV-infected adult requires 10 to 15 percent more energy
per day and approximately 50 to 100 percent more protein
[65, 66]. Diet given to such patients should be rich in
carbohydrates, proteins, vitamins, and minerals. A dietician
should be involved in guiding the patients or their relatives to prepare nutritious foods. In developing countries,
micronutrient supplementation to high-risk populations can
be provided via the primary health care system.
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Since the realization of HIV as a potential disaster for
the immune system, several advancements in its treatment,
diagnosis, and supportive regimens have been made, still
many deaths in AIDS are being attributed to malnutrition and its poor management. Biochemical evaluation of
the nutritional status must be done in AIDS patients by
testing blood haemoglobin and haematocrit and serum
levels of cholesterol, total protein, albumin, and transferrin.
Nutritional counselling and support could delay or even
prevent the development of NAIDS and could improve both
the quality and length of their lives. Therefore, early and
intensive dietary interventions should be a fundamental part
of the case management of HIV-infected individuals at the
level of ART centre itself.
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Highly active antiretroviral therapy has dramatically improved the morbidity and mortality of HIV-1-infected individuals. A total
of 25 licensed drugs provide the basis for an optimized virus-suppressive treatment of nearly each subject. The promises of immune
reconstitution and normal life expectancy, however, fall short for a number of patients, either through inadequate recovery of
CD4+ T-cell counts or the occurrence of non-AIDS defining malignancies. In this respect, the prevalence of Epstein-Barr virusassociated Hodgkin lymphoma and human papillomavirus-related anal neoplasia is rising in aging HIV-1-infected individuals
despite antiretroviral therapy. An important cause appears to be the HIV-1-induced chronic immune activation, propagated by
inappropriate release of proinflammatory cytokines and type I interferons. This immune dysregulation can be reduced in vitro by
inhibitors blocking the endosomal acidification. Recent data suggest that this concept is also of relevance in vivo, which opens the
door for adjuvant immunomodulatory therapies in HIV-1 infection.

1. Old Problems Solved: New Arise
In the past 15 years, the antiretroviral therapy has considerably advanced. Due to eﬀorts of basic and clinical sciences
and pharmaceutical companies, a total of 25 antiretroviral
drugs are available which target diﬀerent steps of the HIV-1
replication cycle, namely, entry, reverse transcription, integration, and processing of the gag-pol precursor [1]. This
variety of drugs allows to select the optimal antiretroviral
combination for nearly each HIV-1-infected individual [2],
promising an eﬃcient and long-term virus suppression with
reconstitution of the immune system and almost normal life
expectancy. With growing experience in antiretroviral treatment, however, evidence also increases that not all HIV-1-infected patients profit or continue to profit from the blessings
of antiretroviral therapy. Obviously, suppression of viral load
below detection limit does not completely reduce inflammation. As a result, long-term antiretrovirally treated patients
still have an increased risk of death due to non-AIDS complications, which are typically associated with aging, for example, cardiovascular disease, osteoporosis, and end-organ failure [3]. Most notably, the prevalence of non-AIDS-associa-

ted malignancies is increasing, for example, Epstein-Barr
virus-associated Hodgkin lymphoma and human papillomavirus-associated anal neoplasia [4].
Do HIV-1-infected subjects now just live long enough to
experience their tumor? Or are these complications a result
of the persistent immune activation? If this is the case, we
need to think about adjunctive therapeutical approaches to
limit the level of immune activation. One of the most proinflammatory messengers in the body is the type I interferons. Therefore, this review aims to link current models of
IFN-alpha induction and suppression in human and simian
models of lentiviral infections with the results of most recent
clinical studies. The readers are also referred to three excellent reviews which summarize the findings about the HIV-1induced immunopathogenesis [5–7].

2. Beyond HIV
“Complete” inhibition of viral replication—measured by the
reduction of the viral load below detection limit—is
obviously not suﬃcient to reverse the HIV-1-induced
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immunological damage in all patients. One reason may be
that the peripheral viral load does not reliably reflect the
situation in the lymphatic tissue [8]. Another explanation is
that the HIV-1-associated chronic immune activation, which
has recently come into the focus of scientific interest, plays a
more important role than previously thought. Early studies
in HIV-1-infected patients showed that the progression to
AIDS was more strongly associated with levels of chronic immune activation than with viral loads [9–13]. Not only in
humans, but also in the macaque model, it was shown that
immune activation played a crucial role in lentiviral pathogenesis. The infection with simian immunodeficiency viruses
(SIV) is usually apathogenic in the natural hosts like sooty
mangabeys or African green monkeys [14, 15], whereas the
infection of rhesus macaques with pathogenic SIV strains
resembles the progressive course of human HIV-1 infection
[16]. Pathogenic and apathogenic lentiviral infections are
characterized by comparable viral loads in acute and chronic
phases of the disease and a similar degree of CD4+ T cell destruction in cell culture [7]. In contrast, T-cell activation
and programmed cell death as well as the secretion of proinflammatory cytokines are significantly enhanced in pathogenic infections, which progress with a decline in helper T
cells and the occurrence of opportunistic infections [7].

3. Trigger of Immune Stimulation
An important stimulus for the chronic immune activation is
the massive destruction of CD4+ T cells in the gastrointestinal tract, which has been observed in primary and chronic
HIV-1 and SIV infections [17–22]. The resulting breach of
the mucosal barrier supports the translocation of intestinal
bacteria, which induces the production of proinflammatory
cytokines, type I interferons and a systemic immune activation through the lipopolysaccharide (LPS) of gram-negative species, and other microbial constituents [23]. As an
indicator of microbial translocation, circulating LPS levels
are elevated in HIV-1-infected individuals [17, 23] and SIVinfected rhesus macaques [24]. Increased LPS levels in the
plasma were correlated with chronic immune activation and
were only partially reduced after administration of antiretroviral therapy [23].
Another potent trigger of immune stimulation is the type
I interferons. In 1957, Alick Isaacs und Jean Lindenmann
discovered a soluble substance, termed “interferon”, which
interfered with the influenza virus infection in cell culture
[25]. Meanwhile, a whole family of interferons and interferon-like molecules have been identified [26]. Amongst
them are the strongly antiviral, antiproliferative, and immunomodulatory type I interferons, mostly comprising IFNalpha and IFN-beta. In 1999, the plasmacytoid dendritic cells
(PDC) were identified as major producers of these interferons in the blood [27, 28]. Although accounting for only 0.2–
0.5% of peripheral blood mononuclear cells, PDC produce
up to 1000-fold more IFN-alpha than any other cell in the
body [29]. Armed with the endosomal Toll-like receptors
(TLR) 7 and 9, PDC detect single-stranded RNA and CpGlike DNA molecules, respectively [30]. These cells drive
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a potent Th1 polarisation upon stimulation with respective
bacterial and viral ligands, thus acting as “watchdogs” of the
immune system [31, 32]. It should be considered that other
cell types besides PDC also produce type I IFN, which may
be important in particular on a tissue or host basis.

4. The Endosomal Enigma
High-titered infectious and noninfectious HIV-1 [33–38]
and in particular HIV-1-infected cells [39, 40] induce a robust IFN-alpha production. The attachment of virions to
PDC is crucially dependent on binding of the viral envelope
protein gp120 to the CD4 receptor on PDC, supported by
the finding that the degree of IFN-alpha induction is correlated with the aﬃnity of the virus to CD4 [41]. In addition, the
PDC-specific C-type lectin BDCA2 [42] and the mannose
receptor [43] were reported to be involved in the attachment
of HIV-1 to PDC. After binding, HIV-1 can interact with the
coreceptors and infect the PDC [44], which has been observed for CCR5- and CXCR4-tropic viruses [38, 40, 45–47].
Productive infection can be enhanced by maturation of PDC
via CD40 ligand, which reduces their capacity to produce
type I interferons, or by neutralizing secreted interferons using respective antibodies [34, 44].
The induction of type I interferon production by HIV-1,
however, is independent of coreceptor usage and fusion with
the plasma membrane [33, 37, 40, 41]. Notably, the IFNalpha induction could be blocked by drugs which interfere
with the endosomal acidification, for example, chloroquine,
bafilomycin, ammonium chloride, and chlorpromazine [33,
39, 40, 48]. Together with the colocalization of HIV-1 with
the early endosomal antigen 1 in PDC [49], these findings
suggest that virions are taken up into endosomal compartments of PDC. A key observation was that virions which were
no longer able to package viral RNA were severely impaired
in the IFN-alpha induction, indicating that viral nucleic acids
are required for the activation of PDC [33]. This finding is
consistent with the IFN-alpha induction by guanosin- and
uridine-rich single-stranded RNA motifs derived from the
5 untranslated region of HIV-1, which have been reported
to interact with TLR7 and TLR8 [50]. Whether TLR9 also
plays a role in this process is still controversially discussed.
In this respect, we observed that the IFN-alpha induction
by HIV-1-infected cells was blocked by lower concentrations
of chloroquine than a synthetic TLR7 ligand [40]. When
TLR-specific inhibitory oligonucleotides were used in the
macaque model, a role for TLR9 in the induction of IFNalpha production by SIV could not be excluded [51]. In a
most recent study, however, TLR7 was silenced by siRNA
in a plasmacytoid cell line; thereby, the authors could show
that the majority of IFN-alpha production by HIV-1-infected
cells is through TLR7 [39]. Moreover, when 293T cells, which
do not express endosomal TLRs, were transfected with CD4
and CXCR4 and subsequently exposed to HIV-1-infected
cells, an IFN-beta promoter was induced [39]. These findings
provide first evidence that HIV-1 RNA may be recognized by
cytosolic pattern recognition receptors, which induces a type
I interferon production through interferon response factor
(IRF) 3.
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Altogether, the data support a model (Figure 1), in which
the IFN-alpha production is initiated by the endocytic uptake of virions into PDC. Nucleic acids are released upon
endosomal acidification and preferentially interact with
TLR7 to promote a signaling cascade via MyD88 and IRF7.
The relevance of the TLR-independent recognition of HIV-1
in PDC still has to be analyzed.

5. The Vicious Circle of Type 1 Interferons
The induction of type I interferons has beneficial eﬀects, as
HIV-1-infected cells are driven into the programmed cell
death [6], and viral replication is reduced by 1(−2)log
[44, 52, 53]. However, the increased induction of IFN-alpha
production by infectious and noninfectious virions is also
detrimental, as addressed by several groups (reviewed in
[54]). In this respect, it was shown by the group of Gene
Shearer, NIH Bethesda, that the TNF-related apoptosis-inducing ligand (TRAIL) and its death receptor (DR) 5 was
induced on CD4+ T lymphocytes in the peripheral blood and
in secondary lymphatic tissue [36, 37, 55]. This mechanism
leads to the apoptosis of uninfected CD4+ T cells, thereby
contributing to the characteristic destruction of the
lymph node architecture in advanced stages of HIV-1 infection. Moreover, the PDC-derived IFN-alpha induces the immunosuppressive enzyme indoleamine-2,3-dioxygenase
(IDO), which leads to reduced CD4+ T-cell proliferation and
T-cell dysfunction [56, 57] and enhanced activity of T-regulatory cells [58]. Concomitantly with these findings, a signature of increased IFN-alpha production, namely, the upregulation of IFN-responsive genes, is observed in peripheral
cells and in the lymphatic tissue of HIV-1-infected individuals [36, 37, 55, 59, 60]. These data have been confirmed
in primate lentiviral models, in which pathogenic SIV infections were associated with increased IFN-alpha and TRAIL
levels [51, 61]. Further corroboration comes from studies of
apathogenic SIV infections, in which the strong type I interferon response in acute infections was quickly downregulated, whereas persistent IFN-alpha production was observed
during pathogenic SIV infection of rhesus macaques [62–
65].
Is the immune stimulation reflected by an elevated level
of circulating type I interferons in HIV-1-infected individuals? Older studies say so [66–68], but this has recently been
questioned when similar IFN-alpha levels were measured in
viremic and aviremic HIV-1-infected individuals and uninfected controls [69]. An explanation may be that elevated
IFN-alpha levels in the periphery are primarily present in
patients with end-stage disease. In countries with access to
highly active antiretroviral therapy, however, these individuals have become rare. Another important aspect is that HIV1-infected cells induce 10–100-fold more IFN-alpha compared to cell-free virions, as shown by the use of transwell
chambers and gentle shaking of cocultures [39, 40]. These
findings are consistent with an increased transfer of viruses
by filopodial bridges [70]. Thus, the major release of IFNalpha—and consequently its detrimental eﬀects—appear to
occur preferentially in the lymphatic tissue, where HIV-1infected cells are in close contact with PDC, which enhances
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cell-to-cell transfer of HIV-1 [71]. In a recent in vivo study,
PDC accumulated in the spleens of HIV-1-infected subjects
[72]. Interestingly, IFN-alpha did not colocalize with PDC
but other cells, for example, T and B cells, which may reflect
uptake of the cytokine via IFN-alpha receptors [72]. Another
important site is the mucosal tissue, to which PDC are
recruited in pathogenic SIV infection of rhesus macaques
[73].
The increased type I interferon production upon stimulation with HIV-1-infected cells in the lymphatic tissue is
faced by a decreased IFN-alpha response of peripheral cells
to TLR stimulation. On the one hand, this is due to reduced PDC counts in HIV-1 infection, which has been confirmed by many groups (reviewed in [5]). On the other hand,
progressive disease comes along with functional PDC deficits, in particular, reduced IFN-alpha production upon stimulation with TLR7 and TLR9 agonists [74–78]. In early
stages of HIV-1 infection (Fiebig V-VI), however, PDC retain the ability to respond to TLR7/8 stimulation [79]. Notably, numerical and functional PDC deficits are not completely restored by antiretroviral therapy [80, 81]. The ongoing innate immune defect may account for the increase of
viral infections and associated tumors that are in principle
susceptible to type I interferons. In this respect, it is intriguing to look at the spectrum of opportunistic infections in the
immune reconstitution inflammatory syndrome, which occurs in about 20% of HIV-1-infected individuals on newly
initiated antiretroviral therapy. Besides genital warts, there is
a high frequency of genital herpes, molluscum contagiosum,
and varicella-zoster virus [82], which are known or suspected
to be TLR9 agonists [83]. Similarly striking is the increase of
papillomavirus-associated anal neoplasia in HIV-1-infected
patients despite antiretroviral therapy; these lesions are
responsive to the TLR7 agonist imiquimod [4, 84].
How can the reduced responsiveness of PDC to TLR
stimulation in the periphery be put together with the enhanced IFN-alpha release particularly in the lymphatic tissue? Tilton and colleagues provided an appealing explanation
saying that PDC were preactivated via type I IFNs or virions
in vivo, which prohibited de novo stimulation in vitro
[60]. This has been questioned by a recent study, which
showed prolonged and repeated IFN-alpha signaling in PDC
exposed to HIV-1 due to an inability of endosomes to mature
[49]. Another hypothesis may be that the HIV-1-induced
immune stimulation somehow actively suppresses the induction of IFN-alpha production. As a result, PDC are no longer able to fulfill their purpose as “watchdogs” of the immune
system: they now resemble “a dog that bites its tail.” A model
for the ambiguous role of type I interferons in the immunopathogenesis of HIV-1 infection is proposed in Figure 2.

6. From Bench to Bedside
If one adopts the concept of chronic immune activation as a
major factor in the HIV-1 progression, the therapeutic consequence would be to limit this immune stimulation. A proof
of principle was provided by early studies using low-dose
prednisolone, which significantly stabilized CD4+ T-cell
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Figure 1: Proposed model of the type I interferon induction by HIV-1 and HIV-1-infected cells. Attachment to the CD4 receptor of
plasmacytoid dendritic cells (PDC) triggers the HIV-1 uptake into an endosomal compartment. Subsequent acidification releases nucleic
acids from lysed virions, preferentially recruits Toll-like receptor (TLR) 7, and activates the MyD88-dependent pathway. Translocation of
the interferon response factor (IRF) 7 into the nucleus activates production of type I interferons (IFN). HIV-1 can also infect PDC via
interaction with CD4 and the coreceptors. So far, it is unclear whether virions can escape from the endosomal compartment and initiate
productive infection. Another pathway of type I interferon production was recently described in the absence of endosomal TLRs, namely,
the recognition of HIV-1 RNA via cytosolic pattern recognition receptors (PRR) and IRF3 [39]. The role of this pathway for the IFN-alpha
induction in PDC needs to be further elucidated.
Table 1: Eﬀect of chloroquine on the HIV-1 and SIV-induced type I interferon production and/or subsequent immune activation in vitro
and in vivo.
Study
[33, 40]
[51]

Design
In vitro
In vitro

Species
Human
Rhesus

[89]

In vitro

Human

[91]

In vivo

Human

[92]

In vivo

Human

counts in otherwise untreated HIV-1-infected patients [85].
These data were corroborated in individuals on HAART,
although the eﬀect on the CD4+ T cells was smaller [86]. In
early studies by the group of Zagury, a total of 27 and 242
HIV-1-infected subjects were vaccinated against IFN-alpha2b in a phase I/II study and a double-blind placebo-controlled phase II/III clinical trial, respectively [87, 88].

Read-out
Reduced IFN-alpha production
Reduced IFN-alpha production
Reduced IFN-alpha production, reduced CD8+ T-cell
activation (CD38), block of negative modulators of the
T-cell response (IDO, PDL-1), reduced PDC activation
and maturation
Reduced CD8+ cell activation (CD38+ HLA-DR+),
reduced CD4+ and CD8+ T-cell proliferation (Ki-67)
Reduced CD4+ T-cell proliferation (Ki-67), reduced
activation of CD8+ T cells (CD38+ HLA-DR+) and
monocytes (CD69), reduced plasma LPS levels, reduced
proinflammatory cytokines (IL-6, TNF-alpha), increase
in CD4+ T-cell percentages

Although the immunogenicity of the vaccine was low, individuals who responded to vaccination had a lower rate of
disease progression.
A diﬀerent approach was used in recent studies, which
focused on the eﬀect of chloroquine on the HIV-1-related
immune activation (summarized in Table 1). Chloroquine,
which interferes with the endosomal acidification, is licens-

Clinical and Developmental Immunology

5

Lymphatic tissue

Periphery

Increased induction of
type I IFN by HIV-1infected cells

Decreased PDC counts
and function

Increased apoptosis
of noninfected cells

Decreased response to
viral and bacterial
pathogens

Impaired lymph node
architecture

Inhibition of NK cell
function

Inhibition of T-cell
function

Increase of type I IFNsensitive malignancies

Figure 2: Vicious circle of type I interferon (IFN) induction in HIV-1 infection. The IFN-alpha induction is no longer balanced in HIV-1
infection. In the lymphatic tissue, plasmacytoid dendritic cells (PDC) are activated through direct cell-to-cell contact with HIV-1-infected
cells, which creates an interferon-rich environment, promotes the apoptosis of uninfected T cells, inhibits T-cell functions, and destroys the
lymph node architecture. In the periphery, reduced PDC counts and function result in an impaired innate immune response to bacterial
and viral stimuli. Decreased natural killer (NK) cell functions may enhance the susceptibility to opportunistic infections and virus-induced
tumor growth. The occurrence of pathogens in the periphery further causes PDC activation and depletion into lymphatic tissues.

ed for the prophylactic treatment of malaria. It is also widely used in the treatment of autoimmune disorders, for example, the rheumatoid arthritis, to curb the chronic immune
activation. In cell culture, chloroquine inhibited the induction of IFN-alpha production by HIV-1 and HIV-1-infected
cells, as outlined above. Chloroquine also decreased CD8+
T-cell activation and blocked two negative regulators of the
T-cell response, IDO, and programmed death ligand 1 [89].
When mice were treated with chloroquine, the production of
proinflammatory cytokines upon stimulation with LPS was
reduced [90]. These data were recently supported and extended by two clinical trials with HIV-1-infected individuals.
In the first study, chloroquine was administered to 13
HAART-naı̈ve subjects for 2 months [91]. The patients showed immunological improvement, as the frequency of CD38+
HLA-DR+ CD8+ T cells, the proliferation of T cells, and circulating LPS levels were significantly reduced. The most
recent study included a total of 20 HIV-1-infected subjects,
who suﬀered from inadequate reconstitution of CD4+ T cells
despite suppressive antiretroviral therapy [92]. These immunological nonresponders received chloroquine for six
months in addition to HAART, which was well tolerated except for a skin rash in one case. Several immunological parameters improved as circulating LPS levels and activation of
CD4+ T cells and monocytes, and the production of inflammatory cytokines (IL-6, TNF-alpha) was reduced, documenting the immunomodulatory eﬀect of adjuvant chloroquine treatment. Of note, the percentage (however not the
absolute count) of circulating CD4+ T cells and PDC increas-

ed, suggesting that sustained reduction of immune activation
translates into clinical response. These preliminary data,
however, should be interpreted with caution and need to be
reproduced in larger cohorts of HIV-1-infected individuals.
Such studies are in progress (ACTG A5258, http://clinicaltrials.gov/ct2/show/NCT00819390; CTN 246, http://www.
clinical-studies/canadian-hivtrials-database/ctn-246/).

7. Immune Modulation In Vivo
The endosome is an interesting target for immune modulation, because drugs acting at this compartment are not
associated with broad immunosuppression, which is well
known for high-dose corticoid treatment. In this respect, it is
interesting that chloroquine was enriched in adenoid tissues,
thus being targeted to the center of the HIV-1-induced
immunopathogenesis [93]. It should be considered that
chloroquine may aggravate the peripheral unresponsiveness
of PDC to TLR stimulation, as the IFN-alpha induction by
CpG oligodeoxynucleotides and synthetic TLR7 agonists can
also be blocked by chloroquine. These findings may explain
why chloroquine administration in otherwise untreated
HIV-1-infected patients has not prevailed in the past 15
years. Thus, chloroquine appears to be promising only if
used in combination with suppressive antiretroviral therapy.
Long-term studies will show whether chloroquine will help
to restore PDC counts and function in the periphery, which
will hopefully also reduce the frequency of non-AIDS-associated tumors. It also needs to be investigated whether
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chloroquine suﬃces to revert all signs of chronic immune
activation. It may well be possible that a few HIV-1-infected
patients will profit from a more potent reduction of immune
activation. Potential candidates are biologicals used for the
treatment of autoimmune diseases, for example, IL-6 receptor antagonists, antibodies against TNF-alpha, or soluble
TNF-alpha receptors.

8. Concluding Remarks
The concept of chronic immune activation in the immunopathogenesis of HIV-1 infection has opened the door for adjuvant immunomodulatory therapies. Future will tell whether the antiretroviral therapy and quality of life of HIV-1-infected individuals can further be improved. Continuous efforts of basic and applied sciences and pharmaceutical companies are required to stay on an upward track.
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