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which virus is hCMV

• Cytomegalovirus (CMV, also known as human herpesvirus 
5 or HHV-5) is a widespread β-herpesvirus that causes 
persistent infection and is often acquired during 
childhood or during sexual debut.  

• CMV seroprevalence can vary from 40 to 100% in the 
adult population depending on age, socioeconomic sta- 
tus, and geographical region  

• Primary CMV infection in immunocompetent hosts is often 
asymptomatic or minimally symptomatic, but morbidity 
and mortality dramatically increase during 
immunodeficiency (particularly transplant recipients and 
HIV-infected people) 
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FIGURE 1 | Worldwide CMV seroprevalence rates in adults. We have represented studies of adults aged 16–50 years published between 2005 and 2015 from

Australia, Belgium, Brazil, Canada, Cambodia, Chile, China, Finland, France, Gambia, Germany, Ghana, India, Israel, Italy, Japan, Kenya, Mexico, Nigeria, Panama,

South Africa, Spain, Sweden, Taiwan, Tanzania, Turkey, UK, USA, Zambia, and Zimbabwe (Chakraborty et al., 2003; Schlesinger et al., 2005; Miles et al., 2007, 2008;

van der Sande et al., 2007; Zhang et al., 2007; Dar et al., 2008; Alao et al., 2009; Compston et al., 2009; Micol et al., 2009; Pass et al., 2009; Cannon et al., 2010;

Chakravarti et al., 2010; Fielding et al., 2011; Brantsæter et al., 2012; Hsiao et al., 2013; Manicklal et al., 2013, 2014; Gumbo et al., 2014; Lanzieri et al., 2014;

Mwaanza et al., 2014; Schaftenaar et al., 2014; Lichtner et al., 2015; Tembo et al., 2015; Viljoen et al., 2015).

either due to primary CMV or reactivation of latent CMV, both
of which can lead to disease manifestations.

There is also evidence that CMV can impact on
immunological development, both in children and in adults
(Ben-Smith et al., 2008; Miles et al., 2008a,b). In one study of
adolescents, the CMV-positive group (mostly from Malawi) had
fewer naïve CD4+ and CD8+ T cells and more differentiated
memory T cells than CMV-negative subjects (Ben-Smith et al.,
2008). This immunological phenotype is in keeping with that
normally seen in older adults and equates with less robust T
cell responses to new pathogens. Interestingly, CMV infection
may also have a beneficial effect on immune responses to other
pathogens: there are data from the Gambia suggesting that CMV
infection can promote active T-cell responses in infancy, leading
to more robust CD8+ responses to measles immunization and to
staphylococcal enterotoxins (Miles et al., 2008).

Immunopathology of HIV/CMV Coinfection

One African study reports a strong correlation between peakHIV
viral load and peak CMV viral load (Slyker et al., 2009). There
are several possible explanations for this. First, a direct influence
may operate between HIV and CMV viraemia, although it
is impossible to infer causation or the direction of such a
relationship: whether symptomatic CMV disease is a cause or
effect of high HIV-p24 antigen concentration is not known.
Second, it is also likely that there is an indirect effect, whereby

systemic inflammation fuels the replication of both viruses
(Griffiths, 2006). Finally, similar host factors may affect the
containment of both viruses. Several direct influences of CMV
on HIV have been proposed, as follows:

Increased Infection of CD4+ T Cells by HIV
In vitro investigations suggest a synergistic effect of CMV
and HIV in infecting CD4+ T cells and mediating immune
suppression. CMV does not itself infect CD4+ T cells, but may
enhance the uptake of HIV into these cells by several different
mechanisms:

• The US28 gene of CMV encodes a chemokine receptor
that can act as a substitute for the HIV receptor CCR5, so
facilitating entry of HIV into CD4+ T cells (Pleskoff et al.,
1997).

• CMV encodes a molecule which can act as an alternative
receptor for HIV; HIV coated in non-neutralizing antibodies
can gain access to fibroblasts via this CMV-encoded Fc
receptor (McKeating et al., 1990). However, the significance
of this process is uncertain, as fibroblasts do not support
productive HIV infection.

• Active CMV infection can alter the cell tropism of HIV in
dually infected individuals by facilitating HIV DNA entry into
ordinarily non-permissive human fibroblasts (Margalith et al.,
1995). For example, activation induced by CMV upregulates
expression of CCR5 in CD4+ T central memory cells and
facilitates in utero transmission of HIV (Johnson et al., 2014).
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Human Cytomegalovirus (CMV) is a well-recognized pathogen in the context of HIV

infection, but since the roll out of ART, clinical and scientific interest in the problem of

HIV/CMV coinfection has diminished. However, CMV remains a significant cofactor in

HIV disease, with an influence on HIV acquisition, disease progression, morbidity, and

mortality. Disease manifestations may be a result of direct interplay between the two

viruses, or may arise as a secondary consequence of immune dysregulation and systemic

inflammation. The problem is most relevant when the rates of coinfection are high, most

notably in sub-Saharan Africa, and in children at risk of acquiring both infections early

in life. Understanding the interplay between these viruses and developing strategies to

diagnose, treat and prevent CMV should be a priority.

Keywords: HIV-1, CMV, coinfection, sub-Saharan Africa, pediatric infectious diseases, immune activation,

antiretroviral therapy

Introduction

Human cytomegalovirus (CMV) is a ubiquitous β-herpesvirus, also known as HumanHerpes Virus
5 (HHV5). It is the largest of the human herpesviruses with a 230 kb genome encoding 165 genes.
CMV is widely recognized as an opportunistic pathogen, and has a high profile as an agent of
disease in immunocompromised patients; much of the recent research literature addresses infection
in those undergoing solid organ and bone marrow transplantation (Crough and Khanna, 2009;
Gracia-Ahufinger et al., 2015; Itzykson et al., 2015; Stevens et al., 2015).

CMV disease in the context of HIV is equally well-established, although interest in the
manifestations of coinfection has substantially diminished in the ART era. However, the complex
interplay between these two chronic viral infections continues to be potentially highly significant,
both in adults and children, and particularly in certain vulnerable populations, including sub-
Saharan Africa, where both CMV and HIV are endemic in neonates and children, leading to a risk
of coinfection in utero and during the earliest days of life (King et al., 2013). There has recently been

Abbreviations: HIV, Human Immunodeficiency Virus (denotes HIV-1); CMV, Cytomegalovirus; HHV5, Human Herpes
Virus-5; ART, Antiretroviral Therapy; MSM,Men who have Sex with Men; HEU, HIV Exposed Uninfected; AICD, Activation
Induced Cell Death; PMTCT, Prevention of Mother-To-Child Transmission.



CMV latency and co-existance

• After primary infection, the virus establishes episomal latency in 
pluripotent CD34+ hematopoietic stem cells in the bone 
marrow 

• As these cells differentiate along the myeloid lineage to 
monocytes and macrophages, latent CMV can reactivate and be 
released in response to different (often inflammatory) stimuli to 
infect new cellular targets 

• CMV can infect a host of different cell types, including fibroblasts, 
endothelial cells, muscle cells, and brain-derived pericytes  

• Recent studies have added perivascular mesenchymal stroll cells 
that encircle capillaries and vessels throughout the body
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FIGURE 2 | Impact of the immune system on CMV. CMV immune control is reliant on both the innate and adaptive arms of the immune system. We have here

summarized the key elements, highlighting the complex interplay of multiple limbs of the immune system in containing CMV infection.

Re-activation of Latent HIV
CMV may activate latent proviral HIV DNA by several
different mechanisms at the molecular level, briefly
outlined below, and also explored by other reviews
(Griffiths, 2006):

• The CMV IE-2 gene can augment HIV gene expression within
the same cell (Davis et al., 1987).

• CMV infection causes release of cytokines from a
bystander cell, activating latent HIV provirus through
signal transduction (Clouse et al., 1989).

• Exposure to CMV antigen from a bystander cell could
promote activation of latent HIV in a T memory cell whose
cognate antigen receptor is CMV-specific (Peterson et al.,
1992).

• Intermediate and early CMV genes can increase HIV
expression by induction of NF-kappa B transcription factor,
activating transcription from a stably expressed HIV-1 long
terminal repeat (Davis et al., 1987).

• CMV upregulates cytokines including IL-2, IL-6, and TNFa
that may contribute to inducing HIV replication (Osborn
et al., 1989).

Cellular Immune Activation and Apoptosis
Cellular activation caused by CMV contributes to HIV
pathogenesis by depletion of T cells via apoptosis induced cell
death (AICD) (Slyker et al., 2012). Apoptosis is a hallmark of
HIV infection and increased AICD is thought to contribute to
the gradual loss of CD4+ helper cells during progression toward
AIDS. The CD95/APO-1/Fas receptor/ligand system is critically
involved in induction of apoptosis (Böhler et al., 2001; Cummins
and Badley, 2010). Dysregulation of this system contributes to
increased AICD of T cells in HIV infection and is associated
with disease progression (Sloand et al., 1997; Silvestri et al., 1998;
Böhler et al., 2001; Cummins and Badley, 2010).

In a cohort of Kenyan HIV-infected infants, the frequencies
of activated (CD38+ HLA-DR+) and apoptosis vulnerable
(CD95+Bcl-2-) CD4+ and CD8+ T cells increased substantially
during acute CMV infection (Slyker et al., 2012). Similar
observations were made in HEU infants (Slyker et al.,
2012). These data support the hypothesis that CMV-induced
T cell activation and Fas-mediated apoptosis potentially
contribute to the increased HIV disease progression observed
particularly in CMV coinfected infants (Kovacs et al.,
1999).
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CMV latency and co-existance

• Episodic bursts of asymptomatic CMV reactivation are 
frequently documented in the genital tract and in 
saliva and are rapidly controlled by cell-mediated 
immune-surveillance 

• When an infected person has a compromised immune 
system, shedding of CMV increases dramatically.  

• Almost half HIV-infected homosexual men 
asymptomatically shed CMV in their genital tract, 
regardless of CD4+ T cell counts or use of ART, at any 
time of their life



where does CMV reactivate?

• Other sites of CMV reactivation are:  

• oral mucosa in 15-30% of HIV 

• peripheral blood mononuclear cells in 13–20% of HIV 

• urine, in 10–30% of HIV 

• stool and breast milk - relevant to post-natal infection 

• Asymptomatic shedding at different mucosal sites is 
important for the natural history and transmission dynamics 
of CMV, and also for the interplay of CMV with other co-
infecting viruses as HIV



CMV genetics

• With a large 230-kB genome, CMV is one of the 
largest viruses to infect humans 

• CMV has as many as 751 CMV open-reading 
frames translated into CMV proteins in virus-
infected cells, suggesting that the CMV proteome is 
far more complex than recognized 

• many of these proteins are not essential for CMV 
replication and are thought to allow the virus to 
avoid immune recognition, protecting reactivating 
cells from attack and destruction by host defenses



strategies of CMV persistence in the 
human host

• success of CMV to persist in the human population is 
based on complex strategies of immune evasion, 
rather than rapid mutation of target proteins 

• Nonetheless, there is genetic and antigenic heterogeneity 
among CMV isolates, which likely affects and makes 
more complicated their interaction with the human host 

• Since CMV replication is enhanced by inflammatory 
stimuli, it is not surprising that the virus developed 
ingenious strategies to induce and augment 
inflammation in the host



CMV - cytokine interactions

• CMV is able to directly upregulate the expression of several 
cytokines and inflammatory mediators in host cells, including 
IL-1β, IL-6, and type I interferon 

• CMV infection has also been associated with increase of IL-15 in 
plasma, as  other herpesviruses 

• The elicitation of IL-15 and other common γ-chain cytokines 
including IL-2 and IL-7 can drive antigen non-specific 
activation, proliferation, and expansion of naïve and memory 
CD4 and CD8 T cells 

• CMV encodes its own cytokines and chemokine homologs as 
well as cytokine receptor homologs that can further modulate 
levels of human cytokines, chemokines, and growth factors



complex CMV immune modulation 

• CMV has also developed mechanisms to avoid 
immune recognition and protect infected cells from 
attack by host defenses 

• CMV impairs antigen presentation by inhibiting the 
expression of HLA class I and class II molecules 

• CMV can also induce immune-inhibitory pathways 
(PD-1 and IL-10) and inhibit activation of natural 
killer (NK) cells by virus-encoded HLA class I 
homologs and NK cell immune evasion proteins



Table 1 Summary of strategies of immune evasion and immune subversion/hijacking by CMV

Category Strategy Function CMV protein/gene References

Immune evasion MHC class I inhibition Destabilizes heavy chains US2 [103]

Impairs heavy chain transport and maturation US3 [104]

Inhibits peptide translocation by TAP US6 [105, 106]

Downregulates MHC-I heavy chains US11 [107]

Downregulates nonclassical HLA-G surface expression US10 [108]

MHC class II inhibition Induces degradation of HLA-DR and HLA-DM US2 [109]

Reduces peptide-loaded MHC-II complexes US3 [110]

Interruption of interferon signaling Blocks multiple levels of IFNα signal transduction UL83 [111]

Inhibits Stat2 signaling IE1 [112]

Inhibits NFκB binding to DNA IE2 [113]

NK cell evasion MHC-I homolog UL18 [114]

Prevents surface expression of NKG2D UL16 [115]

Downregulates MICA, leading to NKG2D reduction UL142 [116]

Downregulates MICB, leading to NKG2D reduction miR UL112 [117]

Downregulates NK cell activating ligand CD155 UL141 [118]

Inhibits NKp30 activating receptor UL83 (pp65) [119]

Promotes lysosomal degradation of MICA US18 [120]

Promotes lysosomal degradation of MICA US20 [120]

Encodes an MHC-like protein UL37 [121]

Immune Hijacking Interferon stimulation Mimics IFNγ-mediated host gene expression IE1 [122]

Cytokine and chemokine homologs IL-10 homolog UL111A [37]

CXCL1 homolog UL146 [123]

CXCL2 homolog UL147 [124]

CC chemokine receptor homolog US28 [125]

TNFR homolog UL144 [126]

Blocks apoptosis of infected Cells Prevents apoptosis IE1 [127]

Upregulates antiapoptotic molecule c- FLIP IE2 [128]

Inhibitor of caspase-8 mediated apoptosis UL36 [129]

Mitochondria-localized inhibitor of apoptosis UL37 [130]

Downregulates TRAILR1 and TRAILR2 UL141 [131]

Stabilizes mitochondrial membrane potential RNA 2.7 [132]

Host cytokine induction IL-6, IL-1β IE genes [32, 133]

TNFα, IFNγ, IL-15 Unknown [33, 134]

MHC major histocompatibility complex, NK cells natural killer cells, IFN Interferon
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is CMV role “that bad”?

• CMV had millions of years to optimize its interaction with homo 
sapiens and it is possible that beneficial effects during reproductive 
age might have favored its persistence 

• studies comparing young and old CMV-infected adults showed 
possible beneficial features in the youth, including: 

• increased antibody response to influenza vaccination 

• elevated levels of IFN gamma and increased CD8 Tcell sensitivity  

• as lifelong interaction between CMV and the host not only controls 
viral reactivation, but also modulates the immune system, the term 
“normal” immune system might include persistent infections as 
CMV



a costly equilibrium

• CMV elicits and maintains a high frequency of virus-specific 
T cells that engage in a life-long effort to restrain CMV 
replication and prevent life-threatening disease 

• In HIV-uninfected individuals, approximately 10% of both 
CD4 and CD8 memory T cells in the circulation target CMV 
antigens; these frequencies increase to about one third of 
CD4+ T cells and nearly half of CD8+ T cells in older 
persons 

• In HIV-infected adults, CMV-specific CD8 and CD4 T cell 
numbers are further elevated, similar to the proportions 
observed in the HIV-uninfected elderly, and remain high 
even after suppression of HIV replication



a huge army for life long

• As CMV-infected persons age, an increasing proportion of their 
T cell repertoire becomes CMV-reactive 

• as a result of repeated exposure to CMV peptides, these cells 
have a replicative exhaustion and senescence phenotype 
(loss of CD28 and the complex ADA/CD26) 

• in some individuals, the expansion of the T cell repertoire 
committed to CMV may compromise the ability to respond de 
novo to other antigens by decreasing diversity of naïve T cells 

• more profound influence of CMV infection occur in 
thymectomized individuals and in the elderly surviving decades 
of thymic involution
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Fig.! 1.! T! lymphocyte! regulation! of! cytokines! involved! in! bone! loss:! T! cells! produce! various! cytokines! that! regulate! the! maturation! and! activation! of! bone-! resorbing! osteoclasts.
Senescent! cultures! of! human! CD8! T! cells! secrete! several! factors! that! are! predicted! to! favor! bone! loss.! Stimulatory! factors! (red)! and! inhibitory! factors! (blue).! (For! interpretation
of ! the! references! to! color! in! this! figure! legend,! the! reader! is! referred! to! the! web ! version! of! this! article.)
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Fig.! 2.! Ecto-ADA! and! the! immunological! synapse:! the! ADA/CD26! complex,! which,
like! CD28,! is! a! component! of! the! immunological! synapse,! delivers! a! costimulatory
signal! upon! T! cell! stimulation! via! the! binding! of! the! T! cell! receptor! (TCR)! to! the
antigen-! MHC ! complex! on! the! antigen-presenting! cell.! (Parish! et! al.,! 2010).

However,! ADA,! present! both! intracellularly! and! on! the! surface,! as
ecto-ADA! that! is! bound! to! CD26! (Kameoka! et! al.,! 1993),! is! also
essential! for! optimal! function! of! mature! T! lymphocytes.! Indeed,
the! ADA/CD26! complex,! which,! like! CD28,! is! a! component! of! the
immunological! synapse,! delivers! a! costimulatory! signal! upon! T! cell
stimulation! (Aran! et! al.,! 1991;! Hovi! et! al.,! 1976;! Kameoka! et! al.,
1993;! Martin! et! al.,! 1995;! Pacheco! et! al.,! 2005)! (Fig.! 1).! Our! own
studies! documented! for! the! first! time! that! ADA! is! key! to! upregula-
tion! of! telomerase! activity,! and! that! both! intracellular! and! ecto-ADA
decrease! with! increasing! population! doublings.! Exposure! to! exoge-
nous! adenosine,! to! mimic ! the! in! vivo! environment,! was! shown! to
accelerate! the! progression! of! CD8! T! cells! to! replicative! senescence,
causing! more! rapid! loss! of! CD28! expression! and! telomerase! activity,
and! reduced! proliferative! potential! (Parish! et! al.,! 2010).

A! second! important! change! recently! documented! for! T! cells
relates! to! the! clinical! association! between! chronic! immune! acti-
vation! and! bone! loss! (Crotti! et! al.,! 2015).! Osteoporosis! is! a! systemic
disease! that! is! associated! with! increased! morbidity,! mortality! and
health! care! costs! (Pike! et! al.,! 2010).! Whereas! osteoclasts! and
osteoblasts! are! the! main! regulators! of! bone! homeostasis,! it! is
becoming! increasingly! clear! that! the! immune! system,! particularly
T! cells,! can! produce! both! stimulatory! and! inhibitory! factors! that
modulate! the! maturation! and! activation! of! bone-resorbing! osteo-
clasts! (Fig.! 2).! Interestingly,! a! small! study! on! post-menopausal
women! showed! a! correlation! between! bone! loss! and! the! presence

of! increased! proportions! of! CD8! T! cells! that! lack! CD28! expres-
sion! (Pietschmann! et! al.,! 2001).! This! report! is! consistent! with! the
increased! production! by! senescent! T! cells! of! several! soluble! factors
that! enhance! the! activation! of! bone-resorbing! osteoclasts,! includ-
ing! IL-6,! TNF!,! and! RANKL,! which! will! be! discussed! below.

The! complex! regulation! of! activation-induced! T! lymphocyte
production! of! Receptor! Activator! of! NF"B! Ligand! (RANKL)! in
chronically! stimulated! human! T! cells! has! recently! been! reviewed
(Crotti! et! al.,! 2015).! Given! that! lipid! oxidation! products! mediate
inflammatory! and! metabolic! disorders! such! as! osteoporosis! and
atherosclerosis,! and! since! oxidized! lipids! affect! several! T! lympho-
cyte! functions,! we ! hypothesized! that! RANKL! production! might
also! be! subject! to! modulation! by! oxidized! lipids.! Our! analysis
demonstrated! that! short! term! exposure! of! both! unstimulated! and
activated! human! T! lymphocytes! to! minimally! oxidized! low! density
lipoprotein! (LDL),! but! not! native! LDL,! significantly! enhances! RANKL
message! and! protein,! and! promotes! the! surface! expression! of! the
lectin-like! oxidized! LDL! (LOX-1)! receptor! (Graham! et! al.,! 2009).! The
link! between! oxidized! lipids! and! T! lymphocytes! was! further! rein-
forced! by! analysis! of! hyperlipidemic! mice,! in! which! the! loss! of! bone
mass! is! associated! with! both! increased! RANKL! mRNA! in! T! lympho-
cytes! and! elevated! RANKL! serum! levels! (Graham! et! al.,! 2009).! Our
results! suggest! a! novel! pathway! by! which! T! lymphocytes! contribute
to! bone! loss,! namely,! via! oxidized! lipid! enhancement! of! RANKL
production.! These! findings! may ! help! elucidate! clinical! associations
between! cardiovascular! disease! and! decreased! bone! mass,! and! may
also! lead! to! new! immune-based! approaches! to! osteoporosis.

6.! CMV ! and! immunosenescence

The! most! compelling! evidence! for! a! role! of! CMV ! as! a! driver! of
immune! system! aging! comes! from! the! Swedish! OCTO/NONA! stud-
ies,! which! identified! an! immune! risk! profile! (IRP)! present! in! 15–20%
of! 85! year! olds! that! was! associated! with! 2-,! 4-,! and! 6-year! mortality
at! follow-up.! The! major! risk! factors! included! an! inverted! CD4:CD8
ratio,! apparently! caused! by! accumulation! of! CD8! cells! lacking! CD28
expression,! poor! T! cell! proliferative! response! to! mitogen,! and! low
B! cell! numbers! (Pawelec! et! al.,! 2010).! It! was ! subsequently! shown
that! seropositivity! for! human! CMV ! (but! not! for! other! persistent
viruses,! such! as! EBV,! HSV! or! VZV)! was ! also! predictive! of! the! IRP.
Indeed,! it! turned! out! that! 100%! of! 85! year! olds! with! the! IRP! group
were! seropositive! for! CMV,! vs.! only! 85%! who! were! not! in! the! IRP
(Pawelec! et! al.,! 2010).! It! was! demonstrated! the! accumulation! of



aging and CMV pathogenesis

• Large population studies in Scandinavia demonstrated 
that infection with CMV makes a significant contribution 
to the so-called immune risk profile (IRP), predictive of 
increased mortality in old individuals 

• IRP includes expansion of CD8+ CD28 deficient T 
cells and inverted CD4/CD8 T cell ratio

• Two studies in the USA suggest that CMV infection itself 
might have a negative impact on survival, as higher 
levels of anti-CMV antibodies were correlated to poor 
survival in older adults with stable cardiovascular disease
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signal! upon! T! cell! stimulation! via! the! binding! of! the! T! cell! receptor! (TCR)! to! the
antigen-! MHC ! complex! on! the! antigen-presenting! cell.! (Parish! et! al.,! 2010).

However,! ADA,! present! both! intracellularly! and! on! the! surface,! as
ecto-ADA! that! is! bound! to! CD26! (Kameoka! et! al.,! 1993),! is! also
essential! for! optimal! function! of! mature! T! lymphocytes.! Indeed,
the! ADA/CD26! complex,! which,! like! CD28,! is! a! component! of! the
immunological! synapse,! delivers! a! costimulatory! signal! upon! T! cell
stimulation! (Aran! et! al.,! 1991;! Hovi! et! al.,! 1976;! Kameoka! et! al.,
1993;! Martin! et! al.,! 1995;! Pacheco! et! al.,! 2005)! (Fig.! 1).! Our! own
studies! documented! for! the! first! time! that! ADA! is! key! to! upregula-
tion! of! telomerase! activity,! and! that! both! intracellular! and! ecto-ADA
decrease! with! increasing! population! doublings.! Exposure! to! exoge-
nous! adenosine,! to! mimic ! the! in! vivo! environment,! was! shown! to
accelerate! the! progression! of! CD8! T! cells! to! replicative! senescence,
causing! more! rapid! loss! of! CD28! expression! and! telomerase! activity,
and! reduced! proliferative! potential! (Parish! et! al.,! 2010).

A! second! important! change! recently! documented! for! T! cells
relates! to! the! clinical! association! between! chronic! immune! acti-
vation! and! bone! loss! (Crotti! et! al.,! 2015).! Osteoporosis! is! a! systemic
disease! that! is! associated! with! increased! morbidity,! mortality! and
health! care! costs! (Pike! et! al.,! 2010).! Whereas! osteoclasts! and
osteoblasts! are! the! main! regulators! of! bone! homeostasis,! it! is
becoming! increasingly! clear! that! the! immune! system,! particularly
T! cells,! can! produce! both! stimulatory! and! inhibitory! factors! that
modulate! the! maturation! and! activation! of! bone-resorbing! osteo-
clasts! (Fig.! 2).! Interestingly,! a! small! study! on! post-menopausal
women! showed! a! correlation! between! bone! loss! and! the! presence

of! increased! proportions! of! CD8! T! cells! that! lack! CD28! expres-
sion! (Pietschmann! et! al.,! 2001).! This! report! is! consistent! with! the
increased! production! by! senescent! T! cells! of! several! soluble! factors
that! enhance! the! activation! of! bone-resorbing! osteoclasts,! includ-
ing! IL-6,! TNF!,! and! RANKL,! which! will! be! discussed! below.

The! complex! regulation! of! activation-induced! T! lymphocyte
production! of! Receptor! Activator! of! NF"B! Ligand! (RANKL)! in
chronically! stimulated! human! T! cells! has! recently! been! reviewed
(Crotti! et! al.,! 2015).! Given! that! lipid! oxidation! products! mediate
inflammatory! and! metabolic! disorders! such! as! osteoporosis! and
atherosclerosis,! and! since! oxidized! lipids! affect! several! T! lympho-
cyte! functions,! we ! hypothesized! that! RANKL! production! might
also! be! subject! to! modulation! by! oxidized! lipids.! Our! analysis
demonstrated! that! short! term! exposure! of! both! unstimulated! and
activated! human! T! lymphocytes! to! minimally! oxidized! low! density
lipoprotein! (LDL),! but! not! native! LDL,! significantly! enhances! RANKL
message! and! protein,! and! promotes! the! surface! expression! of! the
lectin-like! oxidized! LDL! (LOX-1)! receptor! (Graham! et! al.,! 2009).! The
link! between! oxidized! lipids! and! T! lymphocytes! was! further! rein-
forced! by! analysis! of! hyperlipidemic! mice,! in! which! the! loss! of! bone
mass! is! associated! with! both! increased! RANKL! mRNA! in! T! lympho-
cytes! and! elevated! RANKL! serum! levels! (Graham! et! al.,! 2009).! Our
results! suggest! a! novel! pathway! by! which! T! lymphocytes! contribute
to! bone! loss,! namely,! via! oxidized! lipid! enhancement! of! RANKL
production.! These! findings! may ! help! elucidate! clinical! associations
between! cardiovascular! disease! and! decreased! bone! mass,! and! may
also! lead! to! new! immune-based! approaches! to! osteoporosis.

6.! CMV ! and! immunosenescence

The! most! compelling! evidence! for! a! role! of! CMV ! as! a! driver! of
immune! system! aging! comes! from! the! Swedish! OCTO/NONA! stud-
ies,! which! identified! an! immune! risk! profile! (IRP)! present! in! 15–20%
of! 85! year! olds! that! was! associated! with! 2-,! 4-,! and! 6-year! mortality
at! follow-up.! The! major! risk! factors! included! an! inverted! CD4:CD8
ratio,! apparently! caused! by! accumulation! of! CD8! cells! lacking! CD28
expression,! poor! T! cell! proliferative! response! to! mitogen,! and! low
B! cell! numbers! (Pawelec! et! al.,! 2010).! It! was ! subsequently! shown
that! seropositivity! for! human! CMV ! (but! not! for! other! persistent
viruses,! such! as! EBV,! HSV! or! VZV)! was ! also! predictive! of! the! IRP.
Indeed,! it! turned! out! that! 100%! of! 85! year! olds! with! the! IRP! group
were! seropositive! for! CMV,! vs.! only! 85%! who! were! not! in! the! IRP
(Pawelec! et! al.,! 2010).! It! was! demonstrated! the! accumulation! of



CMV - HIV interactions

• Several studies suggested direct and indirect interactions between 
CMV and HIV influencing their replication and the resulting disease 
pathogenesis, through: 

• direct interaction between CMV-encoded regulatory proteins and 
the HIV LTR region, with transactivation of HIV gene expression 

• enhanced HIV replication through CMV-induced inflammatory 
cytokines and chemokines 

• upregulation of CCR5 expression in central memory T cells, by 
enhanced CMV-induced interferon production 

• clonal expansion of HIV-infected T cells through CMV-induced 
inflammatory cytokines and chemokines



CMV ed HIV: culprits in crime

• in the genital tract, the presence of detectable CMV 
DNA has been repeatedly associated with increased 
genital shedding of HIV RNA and increased HIV 
transmission

• detectable CMV DNA was associated with increased 
levels of HIV DNA in peripheral blood cells 

• this has been observed in both treated and untreated 
HIV infected individuals
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Epstein–Barr and Cytomegalovirus DNA Salivary
Shedding Correlate with Long-Term Plasma HIV
RNA Detection in HIV-Infected Men Who Have Sex
With Men
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The aim of the study was to evaluate cytomegalo-
virus (CMV) and Epstein–Barr virus (EBV) DNA
salivary shedding in HIV-positive men who have
sex with men (MSM) and to determine whether
viro-immunological parameters and long-term (24
months) plasma HIV RNA (pHIV) detection may
predict herpesviruses replication. A total of 193
HIV-positive MSM were consecutively recruited
(mean CD4þ cell count 607cells/mm3 and mean
nadir value 333cells/mm3); pHIV was analyzed for
24 months prior to saliva sampling: patients were
categorized as successfully suppressed (SS) and
not suppressed (NS). The EBV viral load was
categorized as high viral load (HVL), intermediate
(IVL), or low (LVL), CMV DNA as positive or
negative. NS patients experienced both herpesvi-
ruses detectability more frequently respect to SS
patients (P¼ 0.034); conversely, no salivary shed-
ding was more frequent in SS patients (P¼ 0.014).
HVL EBV was more frequent in NS patients than
in SS subjects (P¼ 0.038 for isolated EBV detec-
tion and P¼ 0.001 when CMV shedding was
associated). NS subjects with HVL EBV had a
median pHIV of 43,820copies/ml, significantly
higher respect to IVL and LVL patients (P¼ 0.027
and P¼ 0.0005, respectively). CMV shedding was
mostly associated to EBV shedding. NS patients
showed a significantly higher frequency of saliva
HVL EBV detection compared to SS patients;
moreover, NS patients with HVL EBV had a higher
pHIV respect to those with IVL and LVL shedding.
Our results suggest that a successful pHIV sup-
pression could reduce the burden of salivary EBV
replication and likely the risk of herpesviruses-
related cancers. J. Med. Virol. .
# 2015 Wiley Periodicals, Inc.

KEY WORDS: CMV DNA; EBV DNA; saliva;
HIV RNA; high EBV viral load

INTRODUCTION

Epstein–Barr virus (EBV) and cytomegalovirus
(CMV) can result in life-long infection and may
reactivate in immunocompetent and immunocompro-
mised patients, with clinically significant heterogene-
ity [Grinde, 2013].
EBV replicates in the salivary glands, oral mucosal

membrane, and nasopharyngeal epithelial cells. Ac-
cording to various studies, the prevalence of EBV in
the oral cavity of healthy subjects varies greatly; a
16.7% rate was reported in 30 Italian patients
[Ammatuna et al., 2001]; a 48% rate was shown in a
study of a North American population [Miller et al.,
2006]; and an extremely high prevalence (90%) was
found in Japanese adults [Ikuta et al., 2000].
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 516 
Table 2. Predictors of HIV DNA decay         

Fixed Effects  Individual Models± Multivariable Model 

(No. TP=515, No. Subjects = 107*) Unadjusted Effect P-value Adjusted Effect P-value 

Time (log2 months) -0.20 (-0.23 to -0.17) <0.001 -0.23 (-0.32 to -0.13) <0.001 

Intermittent CMV replication -0.40 (-0.86 to 0.07) 0.095 -0.41 (-0.87 to 0.04) 0.074 

Intermittent CMV replication x time 0.13 (0.03 to 0.22) 0.008 0.12 (0.03 to 0.21) 0.011 

Pre-ART detectable CMV DNA (N = 92) 0.29 (-0.05 to 0.62) 0.091 

EBV DNA (log10 copies/millions cells) 0.24 (0.17 to 0.32) <0.001 0.23 (0.14 to 0.32) <0.001 

High CD4:CD8 ratio (> 1) -0.54 (-0.69 to -0.40) <0.001 0.06 (-0.15 to 0.27) 0.586 

Interaction of EBV and low CD4:CD8 ratio -0.17 (-0.29 to -0.05) 0.006 

Early ART initiation (< 3 months) 0.16 (-0.21 to 0.53) 0.403 0.25 (-0.11 to 0.62) 0.175 

Early ART x time -0.05 (-0.11 to 0.005) 0.071 -0.08 (-0.14 to -0.02) 0.012 

Lengthy time to suppression (> 3.6 mos) 0.17 (-0.14 to 0.48) 0.284 

High peak HIV RNA (> 5.7 log10 copies/ml) 0.02 (-0.29 to 0.34) 0.879 

Low nadir CD4 (< 405 cells/µl) -0.26 (-0.57 to 0.05) 0.1000 

Older in age (> 35 years) -0.01 (-0.32 to 0.31) 0.964 

Detectable level of CMV IgG (N=102) 0.49 (-0.52 to 1.50) 0.329     
 517 
Legend: TP: timepoint, CMV: cytomegalovirus, EBV: Epstein-Barr Virus. *Unless specified otherwise. ±One individual 518 
longitudinal model for each covariate. 519 
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 Impact of CMV Co-infection on the 
Course of HIV Infection

• in untreated HIV patients, CMV is associated with a wide 
range of serious clinical diseases, such as retinitis, 
pneumonitis, colitis, and other end organ diseases 

• CMV is also associated with more rapid HIV disease 
progression and increased occurrence of AIDS-related 
events 

• ART decreases dramatically the incidence of such 
complications, as the consequence of restoration of 
CMV-specific immune responses and diminished CMV 
expression and viremia
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Ocular immune reconstitution inflammatory syndromes
Juliet Otiti-Sengeria, Christina Meenkenb, Gerardus J. van den Hornc and
John H. Kempend

Introduction
The advent of highly active antiretroviral therapy
(HAART) has led to a substantial reduction in the inci-
dence of opportunistic infections for HIV-infected
patients with access to such treatment [1]. The clinical
benefit of HAART in reducing the incidence of oppor-
tunistic infections is most apparent for patients with
baseline CD4þ counts fewer than 200 cells/ml. In
addition, HAART can lead to resolution of certain oppor-
tunistic infections, presumably by restoring effective
endogenous immunity to the pathogen.

Unfortunately, a subset of patients who are receiving
HAART show atypical presentations of opportunistic
infections, either early after initiation of HAART or after
prolonged treatment, including pathological inflamma-
tory reactions. These reactions may result in worsening of
the clinical manifestations of the opportunistic infection
(‘paradoxical reaction’), or in the appearance of new
manifestations shortly after the initiation of HAART

(‘unmasking syndromes’). An increased ability to mount
inflammatory responses in these cases (the apparent
pathogenic mechanism underlying these clinical entities)
is attributed to an at least partial restoration of the
immune system due to treatment with HAART.

A variety of names have been used to describe this
spectrum of disorders, including immune recovery syn-
drome (IRS), immune reconstitution or restoration dis-
ease (IRD), or immune reconstitution inflammatory
syndrome (IRIS). IRIS, which refers to the host inflam-
matory response [2], has become the most widely used
and accepted term to describe the clinical entity [3].

It is estimated that IRIS develops in 15–25% [4] of HIV-
positive patients receiving HAART, with the highest
incidence 8–16 weeks following initiation of treatment.
Patients with advanced HIV disease (CD4þ count of
fewer than 50 cells/ml) have an increased risk of IRIS
[5]. The Hirsch paper [5] is an important article that
supports our understanding and definition of IRIS.
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Purpose of review
The aim of this article is to review the current literature concerning immune
reconstitution inflammatory syndrome in relation to the eye. The definition, epidemiology,
pathophysiology, risk factors, clinical features, diagnosis and treatment are discussed.
Recent findings
Immune reconstitution inflammatory syndrome affecting the eye has been documented
in association with cytomegalovirus retinitis following the introduction of highly active
antiretroviral therapy in a large number of patients. This syndrome is referred to as
immune recovery uveitis, which is presumed to be mediated by recovery of immune
responses specific to residual cytomegalovirus antigen located in the eye. In addition to
improved immunity itself, risk factors include a low CD4þ T count at the time of initiation
of highly active antiretroviral therapy and involvement of a larger proportion of retina.
Immune recovery uveitis is a major cause of visual loss and morbidity among patients
with AIDS who are receiving highly active antiretroviral therapy.
Summary
Immune recovery uveitis is the most common form of immune reconstitution
inflammatory syndrome in HIV-infected patients with cytomegalovirus retinitis who are
receiving highly active antiretroviral therapy. Clear clinical definitions are required for
ocular immune reconstitution inflammatory syndromes to avoid misclassification of
other inflammatory conditions. A multidisciplinary approach is important in the diagnosis
and management of immune recovery uveitis.

Keywords
cytomegalovirus retinitis, HAART, HIV, immune recovery uveitis, ocular diseases
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Refractory Immune Thrombocytopenic Purpura and Cytomegalovirus Infection: A 
Call for a Change in the Current Guidelines 
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Abstract. Immune thrombocytopenic purpura (ITP) is characterized by a decreased platelet 
count caused by excess destruction of platelets and inadequate platelet production. In many 
cases, the etiology is not known, but the viral illness is thought to play a role in the development 
of some cases of ITP. The current (2011) American Society of Hematology ITP guidelines 
recommend initial diagnostic studies to include testing for HIV and Hepatitis C. The guidelines 
suggest that initial treatment consist of observation, therapy with corticosteroids, IVIG or anti 
D.  Most cases respond to the standard therapy such that the steroids may be tapered and the 
platelet counts remain at a hemostatically safe level. Some patients with ITP are dependent on 
long-term steroid maintenance, and the thrombocytopenia persists with the tapering of the 
steroids. Recent case reports demonstrate that ITP related to cytomegalovirus (CMV) can 
persist in spite of standard therapy and that antiviral therapy may be indicated. Herein we 
report a case of a 26-year-old female with persistent ITP that resolved after the delivery of a 
CMV-infected infant and placenta. Furthermore, we review the current literature on CMV-
associated ITP and propose that the current ITP guidelines be amended to include assessment 
for CMV, even in the absence of signs and symptoms, as part of the work-up for severe and 
refractory ITP, especially prior to undergoing an invasive procedure such as splenectomy. 
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Introduction. Immune thrombocytopenic purpura 
(ITP) is a common cause of acquired thrombocytopenia 
caused by auto-anti-platelet antibodies that destroy 
platelets, damage megakaryocytes and inhibit platelets 
production.  Viral infection such as rubella, varicella, 
mumps, cytomegalovirus (CMV) and Epstein-Barr 
virus are linked to ITP and thrombocytopenia.1 While 
the infections can be relatively asymptomatic, they can 
trigger an autoimmune process. In the past several 
years, cases of ITP have been reported secondary to 
unsuspected, persistent infections such as hepatitis C, 
HIV and Helicobacter pylori (H. pylori). The 
successful treatment of ITP in such cases may require 
recognition and eradication of the underlying infection. 

 

Several cases of thrombocytopenia and ITP, 
secondary to persistent CMV infection, in 
immunocompetent adults, have been reported in the 
literature.2 While the majority of cases describe 
patients that responded to standard ITP therapy, some 
reports describe patients who are dependent upon or 
worsen with corticosteroids.2-5 In a small case-series of 
four patients, steroids appeared to worsen CMV-
associated ITP and improvement in the platelet counts 
occurred after starting gancyclovir and Cytogam with 
steroid taper.6 Herein we describe a case of an 
immunocompetent adult female diagnosed with ITP, 
refractory to standard therapy, during her first 
pregnancy. The ITP improved following delivery of a 
CMV-infected neonate and the products of conception.  



 Impact of CMV Co-infection on the 
Course of HIV Infection beyond HAART

• in treated HIV patients CMV co-infection is linked to a 
more inflammatory profile  

• increased circulating levels of Interferon gamma-
induced protein (IP)-10 and D-dimer have been 
systematically documented in CMV-HIV coinfection 

• robust evidence indicates a profound expansion of 
circulating CD8 T cells and a reduced CD4/CD8 
ratio 

• this is linked to an increased morbidity and mortality



mechanisms include the secretion of pro-angiogenic factors
through CMV-infected endothelial cells (e.g., IL-6, GM-
CSF) and direct endothelial damage through CMV-induced
inflammation. Additionally, immune cells responding to
CMV infection can activate immune cascades resulting in en-
dothelial damage and aggravating the effect of CMV replica-
tion. For example, there is increasing evidence to support a
key role for fractalkine-fractalkine receptor (CX3CR1) inter-
actions in the host inflammatory response leading to vascular
injury [98, 99]. Interestingly, the expression of the host che-
mokine fractalkine (a key marker of inflammation in endothe-
lial cells) is strongly upregulated in the presence of PBMCs
from donors with a high frequency of CMV-specific T cells
[99]. The fractalkine-CX3CR1 interaction results in recruit-
ment of natural killer cells, monocytes and possibly also
CX3CR1+ CD8+ T cells [100] that may participate in driving
vascular inflammation, coagulation, and the formation of ath-
eromas. The cardiovascular complications associated with
CMVinfection are most likely multifactorial, and include con-
sequences of direct effect of CMV replication driving activa-
tion of immune cells and cytokine/chemokine-mediated ef-
fects as an additional risk factor for development of chronic
inflammation and endothelial cell injury.

Conclusions

Through millions of years of co-existence, CMV has devel-
oped a number of strategies to adapt and synergistically co-
exist with the human immune system. A detailed knowledge
of the interactions among CMV, HIV, and host immune re-
sponses is necessary to understand the complex mechanisms
underlying aging-related complications during HIV infection
and to develop new strategies to prevent the premature occur-
rence of end-organ diseases that may be linked to CMV infec-
tion. For example, it will be important to understand the di-
rectional relationships among CMV reactivation, inflation of
the CMV-specific T cell response, and immune dysregulation
to determine where intervention should be targeted to affect
these outcomes. Newer less toxic drugs with activity against
CMV (e.g., Brincidofovir [101] and Letermovir [102]) could
be applied in clinical trials to evaluate first the effects of CMV
suppression on immune activation and inflammation. As these
agents will not eradicate CMV, prolonged courses of therapy
may be needed, particularly when effects on clinical outcomes
are the endpoints. It remains to be seen if attenuation of CMV
expression will be sufficient to reverse the inflammatory pro-
cess initiated by CMV infection.

Fig. 1 Proposed model connecting CMV, HIV, CD4 T cell dysfunction,
and CD8 T cell expansion. We propose a model where HIV infection
itself drives inflammation and cytokine production (for example IL-15)
promoting CD8+ T cell expansion. HIV infection also induces CD4+ T
cell loss and dysfunction, thereby failing to provide help to CD8+ T cells
and permitting more CMVreplication, which contributes to inflammation
and further promotes the expansion of CD8+ T cells. Signals from CMV

infection may also promote HIV persistence in CD4+ Tcells (dotted line).
Expanded CD8+ T cells are unable to control CMV replication, contrib-
uting to the vicious cycle. In addition, CD8+ T cell expansion, coupled
with a loss of CD4+ T cells (leading to a lower CD4/CD8 T cell ratio) are
linked to morbid outcomes of CMV and HIV infections, including car-
diovascular risk (and other non AIDS events)
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CD8 T-Cell Expansion and Inflammation Linked to
CMV Coinfection in ART-treated HIV Infection
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Background. Persistent CD8 T-cell expansion, low CD4/CD8 T-cell ratios, and heightened inflammation persist in antiretroviral
therapy (ART)-treated human immunodeficiency virus (HIV) infection and are associated with increased risk of morbid outcomes.
We explored the role of cytomegalovirus (CMV) infection in CD8 lymphocytosis and inflammation in ART-treated HIV infection.

Methods. Absolute CD4 and CD8 T-cell counts were abstracted from clinical records and compared among 32 HIV-infected
CMV-seronegative subjects, 126 age, CD4 and gender-matched HIV-infected CMV-seropositive subjects, and among 21 HIV-
uninfected controls (9 CMV-negative, 12 CMV-positive). Plasma inflammatory indices were measured in a subset by ELISA.

Results. Median CD8 counts/µL were higher in HIV-positive/CMV-positive patients (795) than in HIV-positive/CMV-negative
subjects (522, P = .006) or in healthy controls (451, P = .0007), whereas CD8 T-cell counts were similar to controls’ levels in HIV-
positive/CMV-negative subjects. Higher plasma levels of IP-10 (P = .0011), TNF-RII (P = .0002), and D-dimer (P = .0444) were also
found in coinfected patients than in HIV-positive/CMV-negative subjects.

Conclusions. CMV infection is associated with higher CD8 T-cell counts, resultant lower CD4/CD8 ratios, and increased
systemic inflammation in ART-treated HIV infection. CMV infection may contribute to risk for morbid outcomes in treated
HIV infection.

Keywords. HIV; CMV; coinfection; CD8 T-cell expansion; inflammation.

In the era of combination antiretroviral therapy (ART), human
immunodeficiency virus (HIV)-infected individuals are living
longer and healthier lives. More HIV-infected people than
ever are entering old age, but due to increased inflammation
and elevated risks of cardiovascular disease that are linked to
HIV infection, even younger ART-treated patients are suc-
cumbing earlier to many of the same complications that affect
the HIV-uninfected elderly [1]. We and others have previously
linked persistent CD8 T-cell expansion and inflammatory
mediators such as interleukin (IL)-6, tumor necrosis factor
(TNF)-α, and type 1 interferons to the morbid outcomes of
HIV infection [2–5], and more recently, we have specifically im-
plicated the inflammatory mediators interferon (IFN)-α, IL-6,
and IL-1β in the pathogenesis of poor CD4 T-cell restoration
in the setting of sustained combination ART [6, 7]. In most
persons with HIV infection, expansion of the CD8 T-cell pool
is demonstrable early in infection as CD4 T-cell numbers

progressively fall, and this expansion typically persists even
when HIV replication is controlled with ART [8]. In ART-
treated patients, inversion of the ratio of CD4 T cells to CD8
T cells is associated with poor clinical outcomes, even in the
setting of normal CD4 T-cell counts [5, 9], suggesting that CD8
T-cell expansion is associated with and could be an important
driver of increased morbidity and mortality [5]. In ART-treated
HIV infection, the determinants of persistent CD8 T-cell
expansion are poorly understood.

Like HIV, human cytomegalovirus (CMV) is a lifelong viral
pathogen associated with inflammation and cardiovascular risk,
particularly in the elderly [10]. CMV infection is especially
prevalent in aging populations—increasing in prevalence from
36% in 6–11 year-olds to over 90% in those older than 80 years
old [11]—whereas approximately 90% of HIV-infected individ-
uals are coinfected with CMV, independently of age [12]. In im-
munosuppressed individuals, such as untreated HIV-infected
patients and organ transplant recipients, active CMV infections
can be particularly devastating, leading to severe end organ dis-
ease and death. Most HIV-infected persons experience inter-
mittent bursts of CMV replication (even during suppressive
ART) that might contribute to persistent stimulation of the
CD8 T-cell population [10].

Here, we sought to determine whether persistent CD8 T-cell
expansion and increased inflammation observed in ART-treated
HIV infection was associated with CMV coinfection.
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CMV-seronegatives. Expression of IL-18, a member of the
IL-1β family of cytokines, was not significantly elevated
(P = .0722). Plasma levels of IL-6, a powerful predictor of mor-
bid outcomes in treated HIV infection [3, 4] were not different
(P = .8389) between the CMV-seropositive and seronegative
HIV-infected groups, suggesting that the drivers of IL-6 expres-
sion might not be related to CMV coinfection in ART-treated
HIV infection. The soluble form of the lipopolysaccharide
(LPS) coreceptor, sCD14, is elevated in settings of microbial
translocation but also can be induced by other monocyte/mac-
rophage-activating stimuli [14]. Similarly, levels of sCD14 were
comparable between CMV-seronegative CMV-seropositive
ART-treated HIV-infected subjects (P = .4087), suggesting that
CMV coinfection is not central to microbial translocation/
monocyte activation in ART-treated HIV infection.

DISCUSSION

In our age-matched cohorts, we found elevated circulating CD8
T-cell numbers only in individuals coinfected with both CMV
and HIV but not in persons infected with HIV alone or CMV
alone. Although not associated with IL-6 or soluble CD14
levels, CMV coinfection was associated with lower CD4/CD8
ratios and higher plasma levels of interferon-inducible protein
10 (IP-10), tumor necrosis factor receptor – type II (TNF-RII),
and D-dimers, suggesting CMV coinfection in HIV-infected
persons is a potential contributor to increased inflammation
and coagulation observed in HIV disease [3, 5, 9, 15, 16].
These findings also suggest that the drivers of activation and
morbidities in treated HIV infection are likely to be multifacto-
rial [17, 18]. The mechanisms of how CMV coinfection drives
circulating CD8 T-cell persistence and increased inflammation
in HIV infection and the role of CMV in the morbid outcomes
of treated HIV infection merit further study.

CMV infection is linked to CD8 T expansion in the HIV-
uninfected elderly but less so among younger CMV-infected
adults [19–23]. In our slightly younger HIV-uninfected controls,

we saw no significant differences in CD8 T-cell counts between
CMV-seronegative and CMV-seropositive individuals. Yet CD8
T-cell expansion was striking in CMV/HIV coinfected subjects
but not in those singly infected with HIV, who presented normal
levels of circulating CD8 T cells. Barrett, et al reported that
among HIV-infected patients on ART but not necessarily with
controlled HIV replication, CMV coinfection was associated
with both diminished CD4 T-cell restoration and a modest
CD8 T-cell expansion that was characterized by increased expres-
sion of the senescence marker CD57 and decreased expression
of the coreceptor CD28 [24]—both indices that are linked to
CD8 T-cell expansion/maturation. That study did not include

Figure 1. Elevated CD8 T-cell counts and reduced CD4/CD8 ratio in human immunodeficiency virus (HIV)-positive/cytomegalovirus (CMV)-positive individuals. Absolute CD8
T-cell numbers (A), absolute CD4 T-cell numbers (B), or CD4/CD8 ratios (C) were determined for HIV-uninfected individuals (n = 21); HIV-infected CMV-seronegative subjects
(n = 32); and HIV-infected CMV-seropositive subjects (n = 126). (A and B) Significance was determined by Kruskal–Wallis test with Dunn’s correction for multiple comparisons;
(C) Significance was determined using Mann–Whitney U test.

Figure 2. Elevated expression of selected markers of inflammation. Donor plasma
was acquired from human immunodeficiency virus infected donors who were cyto-
megalovirus (CMV)-seronegative (CMV-negative; n = 32) or CMV-seropositive (CMV-
positive; n = 42) and tested by enzyme-linked immunosorbent assay for expression of
inflammatory mediators interferon-inducible protein 10 (A), tumor necrosis factor
(TNF)-RII (B), D-dimer (C), interleukin (IL)-18 (D), IL-6 (E ), and sCD14 (F ). Significance
was determined using Mann–Whitney U test.
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CMV-seronegatives. Expression of IL-18, a member of the
IL-1β family of cytokines, was not significantly elevated
(P = .0722). Plasma levels of IL-6, a powerful predictor of mor-
bid outcomes in treated HIV infection [3, 4] were not different
(P = .8389) between the CMV-seropositive and seronegative
HIV-infected groups, suggesting that the drivers of IL-6 expres-
sion might not be related to CMV coinfection in ART-treated
HIV infection. The soluble form of the lipopolysaccharide
(LPS) coreceptor, sCD14, is elevated in settings of microbial
translocation but also can be induced by other monocyte/mac-
rophage-activating stimuli [14]. Similarly, levels of sCD14 were
comparable between CMV-seronegative CMV-seropositive
ART-treated HIV-infected subjects (P = .4087), suggesting that
CMV coinfection is not central to microbial translocation/
monocyte activation in ART-treated HIV infection.

DISCUSSION

In our age-matched cohorts, we found elevated circulating CD8
T-cell numbers only in individuals coinfected with both CMV
and HIV but not in persons infected with HIV alone or CMV
alone. Although not associated with IL-6 or soluble CD14
levels, CMV coinfection was associated with lower CD4/CD8
ratios and higher plasma levels of interferon-inducible protein
10 (IP-10), tumor necrosis factor receptor – type II (TNF-RII),
and D-dimers, suggesting CMV coinfection in HIV-infected
persons is a potential contributor to increased inflammation
and coagulation observed in HIV disease [3, 5, 9, 15, 16].
These findings also suggest that the drivers of activation and
morbidities in treated HIV infection are likely to be multifacto-
rial [17, 18]. The mechanisms of how CMV coinfection drives
circulating CD8 T-cell persistence and increased inflammation
in HIV infection and the role of CMV in the morbid outcomes
of treated HIV infection merit further study.

CMV infection is linked to CD8 T expansion in the HIV-
uninfected elderly but less so among younger CMV-infected
adults [19–23]. In our slightly younger HIV-uninfected controls,

we saw no significant differences in CD8 T-cell counts between
CMV-seronegative and CMV-seropositive individuals. Yet CD8
T-cell expansion was striking in CMV/HIV coinfected subjects
but not in those singly infected with HIV, who presented normal
levels of circulating CD8 T cells. Barrett, et al reported that
among HIV-infected patients on ART but not necessarily with
controlled HIV replication, CMV coinfection was associated
with both diminished CD4 T-cell restoration and a modest
CD8 T-cell expansion that was characterized by increased expres-
sion of the senescence marker CD57 and decreased expression
of the coreceptor CD28 [24]—both indices that are linked to
CD8 T-cell expansion/maturation. That study did not include

Figure 1. Elevated CD8 T-cell counts and reduced CD4/CD8 ratio in human immunodeficiency virus (HIV)-positive/cytomegalovirus (CMV)-positive individuals. Absolute CD8
T-cell numbers (A), absolute CD4 T-cell numbers (B), or CD4/CD8 ratios (C) were determined for HIV-uninfected individuals (n = 21); HIV-infected CMV-seronegative subjects
(n = 32); and HIV-infected CMV-seropositive subjects (n = 126). (A and B) Significance was determined by Kruskal–Wallis test with Dunn’s correction for multiple comparisons;
(C) Significance was determined using Mann–Whitney U test.

Figure 2. Elevated expression of selected markers of inflammation. Donor plasma
was acquired from human immunodeficiency virus infected donors who were cyto-
megalovirus (CMV)-seronegative (CMV-negative; n = 32) or CMV-seropositive (CMV-
positive; n = 42) and tested by enzyme-linked immunosorbent assay for expression of
inflammatory mediators interferon-inducible protein 10 (A), tumor necrosis factor
(TNF)-RII (B), D-dimer (C), interleukin (IL)-18 (D), IL-6 (E ), and sCD14 (F ). Significance
was determined using Mann–Whitney U test.
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 Impact of CMV HIV Co-infection 
in african children

• in treated and 
untreated HIV infected 
children in Africa, the 
deleterious effect of 
CMV co-infection is 
well established 

• many cofactors, 
including malnutrition 
and early transmission, 
may well contribute

Adland et al. HIV/CMV coinfection in the ART era

Clinical Consequences of CMV/HIV
Coinfection

In the pre-ART era, end-organ disease caused by CMV
was the most common presentation of HIV infection,
particularly retinitis at absolute CD4+ T cell counts <50/mm3.
These manifestations are now much less frequent as ART
successfully preserves CD4 counts, but the more subtle
immune dysregulation associated with HIV-CMV coinfection
is now recognized as a cause for concern. There is good
evidence to support the relationship between CMV infection
and increased disease progression and mortality in HIV
infection (Table 1). However, it remains unknown whether
acquisition or reactivation of CMV infection are markers of
the immune dysfunction associated with HIV replication, or
whether CMV infection itself is a co-factor that promotes
HIV progression. These potential pathways are summarized
by Figure 3, highlighting the cross-talk between CMV and the
immune system.

In Western settings, active CMV disease in HIV-infected
patients has significantly declined in the ART era (Chakravarti
et al., 2010), perhaps providing false reassurance that CMV
is not a relevant co-pathogen. However, in resource poor
settings, including many parts of sub-Saharan Africa, there
are few data to inform our understanding of clinical interplay
between CMV and HIV. Furthermore, there is increasing
evidence to suggest that CMV remains a relevant co-factor
in disease progression in individuals with HIV, irrespective of
ART (Riou et al., 2015), highlighted by the following three
points:

Accelerated Rate of Progression of HIV
Progression to an AIDS-defining event has been significantly
and independently associated not only with HIV RNA viral
load and CD4+ T cell count, but also with CMV DNA
(Erice et al., 2003; Fielding et al., 2011). In a population of
HIV-infected hemophiliacs, coinfection with CMV adversely
influenced the course of the disease; in particular, the age-
adjusted relative risk of developing AIDS in CMV-seropositive
patients was 2.5 times that in CMV seronegatives (Webster
et al., 1989). Conversely, ART dramatically reduces HIV
replication, so delaying the development of immunocompromise
and disease. Immune reconstitution secondary to ART results
in a significant and progressive decline in blood CMV
viraemia even in the absence of specific anti-CMV therapy
(Connick, 2001).

Mortality
In studies conducted in developed countries, detectable CMV
DNA in plasma (Wohl et al., 2005) or in whole blood (Deayton
et al., 2004; Reus et al., 2004) have been shown to be independent
predictors of death even after adjusting for HIV RNA level or
CD4+ T cell count. Strikingly, a recent study of HIV-positive
adults in rural Tanzania that used dried blood spots to detect
CMV viraemia found a hazard ratio of 5 for mortality in the
presence of CMV (Brantsæter et al., 2012).

TABLE 1 | Association between CMV infection and disease progression

and mortality in HIV infection in African children.

Author Publication

Year

Study

Location

Population

Studied

Findings

Vilioen 2015 South

Africa

124

HIV-infected

mothers and

their babies

CMV is associated with

increased HIV shedding

in breast milk

Gumbo 2014 Zimbabwe 257

ART-naïve

HIV-positive

infants

79% CMV IgG positive

by age 6 weeks. No

increase in mortality

associated with CMV

Tembo 2015 Zambia 303 pediatric

inpatients,

age 3 weeks

to 2 years

CMV viraemia in 41%,

associated with being

underweight,

HIV-positive, or

suspected meningitis

Schaftenaar 2014 South

Africa

405

ART-naïve

HIV-positive

children

CMV IgG in 100%,

higher titres associated

with lower CD4+ T cell

count

Manicklal 2014 South

Africa

748 neonates

born to

HIV-infected

mothers

Congenital CMV in

2.9%, associated with

maternal CD4 count

<200 cells/mm3

Mwaanza 2014 Zambia 395 neonates Congenital CMV in

3.8%, maternal HIV

associated with

increased congenital

CMV infection

Hsiao 2013 South

Africa

425 HIV

exposed

infants

CMV viraemia is

associated with

pneumonia in HIV

exposed infants

Zampoli 2011 South

Africa

202 children

with

suspected

PCP

CMV associated

pneumonia more

common in HIV

infected children

Goussard 2010 South

Africa

25

HIV-positive

children with

suspected

PJP

CMV most likely cause

of pneumonia and is

associated with low

CD4 counts and

mortality

Slyker 2009 Kenya 64 infants

born to

HIV-positive

mothers

Maternal CMV

DNAemia is a

significant factor for

mortality in HIV infected

infants

Roxby 2014 Kenya 141 infants

born to

HIV-positive

mothers

66% acquired CMV by

1 year of age

Slyker 2012 Kenya 474 infants

born to

HIV-positive

mothers

CMV induced T cell

activation contributes

to rapid disease

progression in

coinfected infants

The studies summarized are conducted solely in African children and published between

2009 and 2015.

A recent large (n > 6,000) study of HIV infected individuals
in Italy, with high CMV seroprevalence (83.8%), demonstrated
an association between CMV IgG and time to a severe non-AIDS

Frontiers in Microbiology | www.frontiersin.org 5 September 2015 | Volume 6 | Article 1016



Table 2. Studies Evaluating the Effect of Early Cytomegalovirus (CMV) Infection on Human Immunodeficiency Virus (HIV) Disease Progression Among Infants Perinatally Infected With HIV

Reference,
Publication
Year

Study Site, Period,
Design

No. of HIV-Infected
Infants Followed Statistical Method(s) Disease Progression Result(s) Strength(s) Weakness(es)

Frenkel et al
[31], 1990

United States,
1983–1990,
retrospective
cohort study

24 HIV-infected infants
aged 0–39 mo at the
time of referral

None described; Fisher exact
testa was used to compare
proportions of infants who
died, by CMV status

11 HIV-infected children (46%) were
coinfected with CMV;

7 of 11 CMV-coinfected children (64%) died
as compared to 3 of 13 CMV-negative
children (23%); authors reported that the
difference was statistically significant
(P < .05), but P=.095 by the Fisher exact
test

Longitudinal study
among HIV-infected
children

Small sample of HIV-positive infants with
CMV results; not all children were
followed from birth; included CMV
infections acquired after age 1 y

Cooper et al
[27], 1992

United States,
retrospective
cohort study

39 HIV-infected infants
(38 infected perinatally
and 1 child infected via
blood transfusion in the
first week of life)

Fisher exact test was used to
compare proportions of
infants who died, by CMV
status

25 (64%) HIV-infected children were
coinfected with CMV; CMV disease was
identified in 5 children all of whom
acquired CMV in the first year of life; 6 of
25 coinfected children (24%) died as
compared to 1 of 14 children (7.1%)
infected with HIV alone (P = .39)

Longitudinal study
design

Small sample of HIV-positive infants with
CMV results (n = 39); timing of CMV
infection was unknown; 60% of CMV-
coinfected infants (15) were CMV
positive within first y of life, but results
were not stratified by age at CMV
infection

Chandwani
et al [26],
1996

United States,
1989–1993,
prospective
cohort study

37 HIV-infected infants
tested for CMV
infection by age 6 mo

Analysis of covariance was
used to evaluate age-
adjusted differences in
quantitative variables

11 HIV-infected infants (30%) were
coinfected with CMV in the first 6 mo of
life, of whom 5 (45%) developed
symptomatic disease, with 4 of these 5
dying within 10 mo of diagnosis; mean
p24 antigen concentrations were higher in
CMV-coinfected infants as compared to
CMV uninfected infants (313 pg/mL vs
212 pg/mL; P = .04) at age 6 mo; mean
CD8+ T-lymphocyte proportion was
significantly higher among CMV-
coinfected infants as compared to CMV-
uninfected infants (34% vs 24%; P = .03)
at age 6 mo; mean CD4+ T-lymphocyte
proportion was not different by CMV
status (30% vs 31%; P = .85) at age 6 mo

Longitudinal study Small sample of HIV-positive infants with
CMV results within first year of life
(n = 37); survival data were not provided
for CMV-negative infants; incident CMV
could not be assessed

Doyle et al
[21], 1996

United States,
1988–1995,
retrospective
cohort study

24 HIV-infected infants
tested for CMV during
age ≤2 mo

Student t test was used to
analyze quantitative
variables;

Kaplan–Meier method was
used to compare survival,
by CMV status

6 HIV-infected infants (25%) acquired CMV
infection during age ≤2 mo; mean
absolute CD4+ T-lymphocyte count was
significantly lower for CMV-coinfected
infants as compared to CMV-negative
infants (643 vs 1590 cells/m3; P = .004) at
age 6 mo; mean CD4+ T-lymphocytes
proportion was significantly lower for
CMV-coinfected infants as compared to
CMV-negative infants (16 vs 30%; P = .04)
at age 6 mo; mean ratios of CD4+ to CD8+

T lymphocytes were significantly lower for
CMV-coinfected infants as compared to
CMV-negative infants (0.48 vs 1.26;
P = .04) at age 6 mo; mean survival time
for HIV-positive infants coinfected with
CMV was 25 mo, while mean survival
time for CMV-negative was 39 mo
(P = .088)

Longitudinal study
focused on congenital
CMV infection

Small sample of HIV-positive infants with
CMV results
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Cytomegalovirus Infection in Human Immunodeficiency
Virus (HIV)–Exposed and HIV-Infected Infants: A
Systematic Review
Sascha R. Ellington, Kristie E. N. Clarke, and Athena P. Kourtis

Division of Reproductive Health, Centers for Disease Control and Prevention, Atlanta, Georgia

Cytomegalovirus is highly prevalent worldwide and an important opportunistic pathogen in human immunodeficiency virus (HIV)–
infected individuals. The effects of cytomegalovirus infection on HIV-exposed infants are poorly understood. We conducted a sys-
tematic review to assess the relationship between cytomegalovirus and HIV infections among HIV-exposed infants. Limited evidence
suggests that HIV-induced immunosuppression in the mother increases the rate of congenital cytomegalovirus infection, while ma-
ternal antiretroviral therapy may reduce it. Limited information exists on the direction of the relationship between cytomegalovirus
and HIV transmission among HIV-exposed infants. Only 2 studies have addressed this temporal sequence of events, and they suggest
that cytomegalovirus can lead to subsequent HIV infection in HIV-exposed infants. Most evidence suggests that early cytomegalo-
virus infection accelerates HIV disease progression in infants. Gaps remain in understanding the role that cytomegalovirus infection
plays in HIV-exposed infants. Decreasing cytomegalovirus transmission prenatally and in infancy might further decrease HIV trans-
mission and lead to better health among HIV-exposed infants.

Keywords. cytomegalovirus; HIV; mother-to-child transmission; HIV-exposed infant.

Cytomegalovirus (CMV) infection is highly prevalent world-
wide. In human immunodeficiency virus (HIV)–infected indi-
viduals, CMV is an important pathogen, even though the
advent of effective antiretroviral therapy (ART) has made op-
portunistic infections with CMV less common. CMV seroposi-
tivity is still associated with increases in non–AIDS-related
events and non–AIDS-related death among HIV-infected indi-
viduals [1]. CMV may also play a role in HIV disease progres-
sion [2–8].

CMV can be transmitted in utero, during the intrapartum
period, and postnatally via breastfeeding, and horizontally,
through contaminated secretions such as saliva or urine. Congen-
ital disease can be a source of considerable morbidity, whereas
postpartum infection is typically asymptomatic in healthy, full-
term infants [9]. However, in resource-limited settings, CMV
has been suggested as a cause for morbidity and decreased growth
in infants of HIV-infected mothers, even in HIV-uninfected
infants [10, 11].Additionally, symptomatic perinatal CMV infec-
tions have been described in infants exposed to but uninfected
with HIV (hereafter, “HIV-exposed-uninfected infants”) [12].
This population of infants is increasing in magnitude worldwide

because of the successes in decreasing mother-to-child transmis-
sion (MTCT) of HIV [13].

CMV has also been hypothesized as a cofactor in the trans-
mission of HIV from mother to child. There are several poten-
tial pathways that could mediate such an effect. CMV and HIV
can infect the same cell types, with direct coinfection leading to
enhanced HIV replication. CMV can also enhance other core-
ceptor pathways for HIV entry, transactivate viral long terminal
repeats, and cause inflammation and immune activation, all of
which can enhance HIV replication in vitro [2–8, 14, 15].

While there is evidence of an association of in utero CMV
and HIV infections in infants, the temporal sequence of trans-
mission events is not well understood. Whether the burden of
infant CMV infection is higher among infants of HIV-infected
mothers, particularly in the era of effective ART, is also unclear.
In addition, the role of CMV as a cofactor in HIV disease pro-
gression during infancy is not well characterized. We conducted
a systematic review of the published scientific literature to assess
the relationship between CMV and HIV infection in infants.

METHODS

Study Questions
We investigated 5 questions in this systematic review. For each
question, the study inclusion criteria are shown.

First, we sought studies that investigated whether HIV-
exposed infants are more likely to acquire CMV infection,
compared with HIV-unexposed infants. Studies were included if
they determined infant CMV infection by 6 months of age and
compared CMV infection rates by infant HIV-exposure status.
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 CMV Co-infection and cardiovascular 
disease

• A highly relevant finding is the consistent association between 
unfavorable glucose and lipid profiles with the accumulation 
of late stage CD8 T cells in a large cohort (n=400) of CMV+ 
individuals, as compared to uninfected controls matched for 
age, sex, sociodemographics and lifestyle  

• Both CMV replication itself and the immune response against 
CMV can promote changes in endothelial cells 

• secretion of pro-angiogenic factors as IL-6, GM-CSF 

• direct endothelial damage through CMV-induced 
inflammation and fractalkine-fractalkine receptor 
(CX3CR1) interactions



 CMV Co-infection and CX3CR1

• fractalkine is a key marker of inflammation in 
human endothelial cells 

• its expression is strongly upregulated in the 
presence of PBMCs from donors with a high 
frequency of CMV-specific T cells 

• the fractalkine-CX3CR1 interaction results in recruit- 
ment of natural killer cells, monocytes and 
possibly also CX3CR1+ CD8+ T cells driving 
vascular inflammation, coagulation, and the formation 
of atheromas
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Figure 1. Factors affecting levels of CMV lysate antibody. 1A: CMV lysate antibody levels 

are higher in HIV+ persons (n=90) than in controls (n=104). Solid lines indicate median 

antibody levels in CMV seropositive persons. Dotted line indicates cut-off for CMV 

seropositivity (1100 AU/mL, see methods). 23 controls are considered to be seronegative.  

1B: (ln)CMV lysate antibody are inversely correlated with nadir CD4 T-cell count in HIV+ 

persons (rho= -0.30, p=0.004). 1C: (ln)CMV lysate antibody levels are directly correlated 

with D:A:D scores, marking CVD risk in HIV+ persons (rho=0.22, p=0.04). 1D: (ln)CMV lysate 

antibody levels are directly correlated with HOMA-IR scores (rho=0.23, p=0.02). The dotted 

line indicates the cut off for insulin resistance for a body mass index of 27.5 kg/m2 (24). 

19/84 HIV+ persons had insulin resistance based on this criteria. Solid lines indicate a linear 

fit. 
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A Randomized Controlled Pilot Trial of
Valacyclovir for Attenuating Inflammation and
Immune Activation in HIV/Herpes Simplex
Virus 2–Coinfected Adults on Suppressive
Antiretroviral Therapy
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Background. Human immunodeficiency virus (HIV) is associated with increased systemic inflammation and
immune activation that persist despite suppressive antiretroviral therapy (ART). Herpes simplex virus type 2 (HSV-2)
is a common coinfection that may contribute to this inflammation.

Methods. Sixty HIV type 1 (HIV-1)/HSV-2–coinfected adults on suppressive ART were randomized 1:1:1 to 12
weeks of placebo, low-dose valacyclovir (500 mg twice daily), or high-dose valacyclovir (1 g twice daily) in this
18-week trial. Co–primary outcomemeasures were the percentage of activated (CD38+HLA-DR+) CD8 T cells in blood,
and highly sensitive C-reactive protein, interleukin 6, and soluble intercellular adhesion molecule 1 in plasma. Second-
ary outcomes included additional immune, inflammatory cytokine, and endothelial activation markers. The impact
of valacyclovir (both groups combined) on each outcome was estimated using treatment × time interaction terms in
generalized estimating equation regression models.

Results. Participants were mostly white (75%) men who have sex with men (80%). Median age was 51 (interquar-
tile range [IQR], 47–56) years, median duration of HIV infection was 15 (IQR, 8–21) years, median CD4 count at en-
rollment was 520 (IQR, 392–719) cells/µL, and median nadir CD4 count was 142 (IQR, 42–240) cells/µL. Valacyclovir
was not associated with significant changes in any primary or secondary immunological outcomes in bivariate or mul-
tivariable models. Medication adherence was 97% by self-report, 96% by pill count, and 84% by urine monitoring.
Eight patients had adverse events deemed possibly related to the study drug (5 placebo, 1 low-dose, 2 high-dose), and
6 patients reported at least 1 HSV outbreak (3 placebo, 3 low-dose, 0 high-dose).

Conclusions. Valacyclovir did not decrease systemic immune activation or inflammatory biomarkers in HIV-
1/HSV-2–coinfected adults on suppressive ART.

Clinical Trials Registration. NCT01176409.

Keywords. human immunodeficiency virus; herpes simplex virus type 2; valacyclovir; immune activation;
randomized controlled trial.

Human immunodeficiency virus (HIV) infection is
characterized by chronic immune activation and sys-
temic inflammation that are incompletely reversed des-
pite virologically effective antiretroviral therapy (ART)
[1–4]. This multifaceted inflammatory response in-
volves immune activation, inflammatory cytokines, acute
phase reactants, and endothelial activation markers [5],
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 is there any room for  prevention now?

• newer less toxic drugs with activity against CMV as 
Brincidofovir and Letermovir might be applied in 
clinical trials to evaluate the effects of CMV 
suppression on immune activation and inflammation 

• as these agents will not eradicate CMV, prolonged 
courses of therapy will be needed to gauge their 
effects on clinical endpoints and outcomes 

• it remains to be seen if attenuation of CMV expression 
will be sufficient to reverse the inflammatory process 
initiated by CMV infection in great advance





final remarks

• through millions of years of co-existence, CMV has 
developed a number of strategies to adapt and 
synergistically co-exist with the human immune system 

• detailed knowledge of the interactions among CMV, HIV, 
and host immune responses is necessary to understand the 
complex mechanisms underlying aging-related 
complications during HIV infection - vaccine prevention 
unlikely for both viruses 

• we are in urgent need to develop new strategies to prevent 
the premature occurrence of end-organ diseases that may 
be linked to CMV infection both in HIV infected and 
uninfected individuals -  further research warranted
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Partners in Crime: The Role of CMV in Immune Dysregulation
and Clinical Outcome During HIV Infection
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Abstract In the current era of combination antiretroviral
therapy (ART), human immunodeficiency virus (HIV)-in-
fected individuals are living longer and healthier lives.
Nevertheless, HIV-infected persons are at greater risk for
age-related disorders, which have been linked to residual
immune dysfunction and inflammation. HIV-infected indi-
viduals are almost universally co-infected with cytomega-
lovirus (CMV) and both viruses are associated with
inflammation-related morbidities. Therefore, a detailed in-
vestigation of the relationship between CMV and aging-
related morbidities emerging during chronic HIV infection
is warranted. Here, we review the literature on how CMV
co-infection affects HIV infection and host immunity and
we discuss the gaps in our knowledge that need
elucidation.

Keywords CMVinfection . HIVinfection . Inflammation .

Aging . Immune response

Introduction

Antiretroviral therapy (ART) can control HIV replication in-
definitely in most HIV-infected individuals who adhere to
their medications [1]. Nevertheless, and depending on timing
of ART initiation, HIV-infected persons may experience great-
er morbidity and mortality than the HIV-uninfected do. These
morbidities include non-AIDS defining disorders such as car-
diovascular disease, a spectrum of malignancies, frailty, and
neurocognitive impairment that are also seen as people age
[2]. This increased morbidity and mortality has been associat-
ed with residual immune dysfunction which persists in some
individuals despite long term suppressive ART [3]. Themech-
anisms of residual immune dysfunction are incompletely un-
derstood and most likely multifactorial in origin. Persistent co-
infections with other pathogens are common in HIV infection,
and likely contribute to overall immune dysfunction during
HIV disease [4, 5]. For example, HIV-infected individuals
are nearly universally co-infected with cytomegalovirus
(CMV), and both HIVand CMV infections are independently
associated with increased inflammation and inflammation-
related morbidities [6]. Therefore, a detailed investigation of
the relationship between CMV and aging-related morbidities
emerging during chronic HIV infection is warranted.

Epidemiology, Life Cycle, and Pathogenesis of CMV
Infection

Cytomegalovirus (CMV, also known as human herpesvirus 5
or HHV-5) is a widespread β-herpesvirus that causes persis-
tent infection and is often acquired during childhood or during
sexual debut. CMV seroprevalence can vary from 40 to 100%
in the adult population depending on age, socioeconomic sta-
tus, and geographical region [7–9]. Primary CMV infection in
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a ! b ! s ! t ! r ! a! c ! t

Human ! cytomegalovirus ! (CMV), ! the! prototypical ! !-herpervirus, ! is ! a ! widespread ! pathogen ! that ! estab-
lishes ! a! lifelong ! latent ! infection ! in! myeloid ! progenitor, ! and! possibly ! other ! cells ! as ! well. ! Although
immunocompetent ! individuals ! show ! mild! or! no ! symptoms ! despite ! periodic ! reactivation ! during ! myeloid
cell ! differentiation, ! CMV ! is! responsible ! for ! considerable ! morbidity ! and ! mortality ! in! older ! adults ! and ! in
persons ! chronically ! infected ! with! HIV. ! Indeed, ! in ! these ! individuals, ! reactivation ! of ! CMV ! can ! cause ! serious
complications. ! This ! review ! will ! focus! of ! the ! effects ! of! CMV ! during ! aging ! and ! HIV/AIDS, ! with ! particular
attention ! to! the ! cellular ! immunity ! and ! age-related ! pathology ! outcomes ! from ! this ! persistent ! infection.
The ! impact ! of! the! long-term ! chronic ! exposure ! to ! CMV ! antigens ! on ! the ! expansion ! of ! CD8! T! cells ! with
features ! of ! replicative ! senescence ! will ! be! highlighted.

©! 2015 ! Elsevier ! Ireland ! Ltd.! All ! rights ! reserved.
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1.! Introduction

Extensive! research! on! aging! and! HIV/AIDS! –! a! disease! associated
with! accelerated! aging! –! indicates! that! chronic! CMV ! infection! has
profound! effects! on! the! immune! system! (White! et! al.,! 2012).! Even! in
the! absence! of! overt! reactivation,! in! most! cases,! CMV ! seropositivity
is! associated! with! multiple! negative! health! and! longevity! outcomes.
Interestingly,! in! persons! with! chronic! infection! with! HIV-1,! long-

∗ Correspondence! to:! Department! of! Pathology! &! Laboratory! Medicine,! David! Gef-
fen ! School! of! Medicine! at! UCLA,! 10833! Le! Conte! Avenue,! Los! Angeles,! CA! 90095-1732,
USA.! Fax:! +1! 310! 206! 5178.

E-mail! address:! reffros@mednet.ucla.edu

term! administration! of! combination! antiretroviral! therapy,! which
controls! the! levels! of! HIV,! paradoxically,! accentuates! the! effect! of
CMV.! Given! the! increased! long-term! survival! of! persons! infected
with! HIV,! it! is! predicted! that! the! CMV ! immune! effects! associated
with! chronological! aging! may ! synergize! with! those! due! to! the! HIV
to! further! accelerate! immunosenescence.

This! review! will! focus! on! the! deleterious! effects! of! CMV! in
the! context! of! both! aging! and! HIV/AIDS! (Aramă! et! al.,! 2014;
Lichtner! et! al.,! 2015).! However,! it! should! be! noted! that! CMV
also! negatively! impacts! other! clinical! situations.! For! example,! in
the! case! of! inflammatory! bowel! disease,! CMV ! is! associated! with
steroid! resistance(Wu! et! al.,2015);! in! kidney! transplant! patients,
CMV ! induces! activation! of! several! human! endogenous! retroviruses
(Bergallo! et! al.,! 2015),! and! in! stem! cell! transplant! recipients,! CMV
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