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Cytomegalovirus and HIV: A Dangerous Pas de Deux

Sara Gianella and Scott Letendre

Department of Medicine, Division of Infectious Disease, University of California—San Diego, La Jolla

Human immunodeficiency virus (HIV)-infected adults who take stable antiretroviral therapy (ART) are at risk for early onset of age-

related diseases. This is likely due to a complex interaction between traditional risk factors, HIV infection itself, and other factors,

such as underlying immune dysfunction and persistent inflammation. HIV disrupts the balance between the host and coinfecting

microbes, worsening control of these potential pathogens. For example, HIV-infected adults are more likely than the general pop-

ulation to have subclinical bursts of cytomegalovirus (CMV) replication at mucosal sites. Production of antigens can activate the

immune system and stimulate HIV replication, and it could contribute to the pathogenesis of adverse outcomes of aging, like car-

diovascular disease and neurocognitive impairment. Further investigation of the relationships between CMV, immune dysfunction,

and unsuccessful aging during chronic HIV infection is warranted.
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Antiretroviral therapy (ART) improves health, prolongs life, and
reduces the risk of human immunodeficiency virus (HIV) trans-
mission [1]. Nevertheless, adult ART recipients living with HIV
have greater morbidity and mortality than the general population
[2]. Morbidities include metabolic and vascular disorders, frailty,
malignancies, and neurocognitive impairment, which have been
linked in part to persistent inflammation during long-term sup-
pressive ART [3]. Multiple mechanisms underlie the persistent
inflammation, including coinfection with cytomegalovirus
(CMV) and other human herpesviruses (HHVs) that lead to im-
mune dysregulation and senescence [4, 5].

As HIV-infected adults age into their sixth decade and beyond,
better understanding and management of aging-associated mor-
bidities is an urgent priority in HIV research and clinical care.
Successful aging is a multidimensional concept encompassing
the avoidance of disease and disability, maintenance of high phys-
ical and cognitive function, and sustained engagement in social
and productive activities [6]. Research has identified factors pre-
dictive of successful aging for HIV-infected and uninfected indi-
viduals [7-11]. Here, we review the existing literature on how
CMYV influences the course of HIV disease, and we summarize
steps that may influence disease outcomes in adults aging with
HIV disease, particularly those related to cardiovascular and neu-
rocognitive complications.

EPIDEMIOLOGY AND PATHOGENESIS OF CMV

Human CMV is a member of the -herpesvirus family and is com-
mon worldwide, particularly among those who have receptive

Correspondence: S. Gianella, Department of Medicine, Division of Infectious Disease, Uni-
versity of California—San Diego, 9500 Gilman Dr, MC 0679, La Jolla, CA 92093-0679 (gianella@
ucsd.edu).

The Journal of Infectious Diseases®  2016;214(S2):S67-74
© The Author 2016. Published by Oxford University Press for the Infectious Diseases Society of

America. All rights reserved. For permissions, e-mail journals.permissions@oup.com.
DOI: 10.1093/infdis/jiw217

sexual intercourse (women and men who have sex with men)
[12,13] or are of low socioeconomic status [13]. Primary CMV in-
fection elicits robust innate and adaptive immune responses and
can cause a febrile mononucleosis and hepatitis but is subclinical
for most healthy individuals [14]. Reactivation can cause life-threat-
ening complications in immunocompromised hosts [15]. The most
common manifestation in HIV-infected subjects with advanced
disease is CMV retinitis, which accounted for 85% of all CMV
complications, leading to blindness in many patients [15]. Gastro-
intestinal tract manifestations accounted for 10% of CMV disease
in AIDS patients, followed by neurological disorders, pneumonitis,
hepatitis, and adrenalitis [15]. The introduction of combination
ART in 1995-1996 substantially reduced the incidence of AIDS-
related, CMV-associated end-organ diseases [15]. CMV still con-
tributes to morbidity and mortality in patients who initiate ART
with low CD4" T-cell counts, occasionally as a result of immune
reconstitution inflammatory syndrome [16].

Many adults are initially infected with CMV during childhood
or early adulthood, although the incidence continues to rise
throughout adulthood, by approximately 1% annually [17].
About 70% of adults under good socioeconomic conditions and
90% under poor conditions become infected with CMV [13]. Fol-
lowing primary infection, the virus persists in a true latent form or
in a state of low-level replication made possible by multiple im-
mune evasion mechanisms [18, 19]. Latent CMV can reactivate
in response to inflammatory stimuli and other physiologic stress-
ors, releasing intact virions that can infect new cells, including
cells in the central nervous system (CNS) [20-23] and the vascular
endothelium [24,25]. Such episodic bursts of CMV replication are
typically asymptomatic, appear to occur repeatedly at unpredict-
able intervals, and are self-limited [13]. Subclinical shedding of
CMV has been described in genital secretions, saliva, urine,
blood, stool, and breast milk [13]. The frequency of CMV shed-
ding at mucosal sites varies and is dependent on the geographical
location, cohort characteristics, and detection methods [19].
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When the immune system is compromised, CMV shedding can
increase dramatically. We recently showed that nearly all sexually
active HIV-infected men who have sex with men (94%) in southern
California have detectable DNA from >1 HHV over 48 weeks [26].
The most common virus was CMV (85%), followed by Epstein-
Barr virus (EBV; 81%), HHV-7 (35%), HHV-6 (29%), HHV-8
(26%), and herpes simplex viruses (HSVs; 23%) [26]. Viral shed-
ding was associated with younger age but not with CD4" T-cell
count, HIV RNA levels, duration of HIV infection, or ART use.
Less is known about CMV shedding in HIV-infected women.
One recent study measured vaginal shedding of CMV DNA longi-
tudinally in Uganda [27]. Vaginal CMV was detected in over three
quarters (78%) at >1 assessment and was the highest shortly after
ART initiation, which may occur because immune reconstitution
increases the number of target cells for CMV.

Such asymptomatic CMV shedding is important for the hor-
izontal transmission and for the interplay between CMYV, reac-
tivation of other viruses, differentiation of naive T cells, and
monocyte/macrophage activation.

CMV AND THE HOST IMMUNE SYSTEM

Like other viruses causing chronic infection, CMV coevolved with
its host over millennia, developing complex strategies to allow viral
persistence and facilitate transmission [13]. CMV is one of the larg-
est and most immunogenic viruses to infect humans [28]. A recent
study using ribosome profiling and transcript analysis demonstrat-
ed that 751 unique viral messenger RNAs are translated in CMV-
infected fibroblasts, suggesting an even more complex biology than
previously recognized [28]. Many CMV-encoded proteins are not
essential for viral replication but allow the virus to avoid immune
recognition, protecting infected cells from destruction by host de-
fenses [19]. As part of this complex host-virus relationship, CMV
stimulates and maintains a high frequency of virus-specific T cells
that work to control CMV replication and prevent life-threatening
end-organ complications [29]. CMV-specific T cells can comprise
upward of 50% of circulating CD8" T cells and 30% of CD4" T cells
in HIV-uninfected donors [29], proportions that are higher in HIV-
infected adults [30, 31]. Epitopes recognized by these T cells are
present for CMV proteins expressed at all stages of the viral repli-
cation cycle [29], consistent with repeated exposure of the host im-
mune response to viral antigens. While some individuals also
develop clonal expansion against EBV, this is much smaller in
size [32]. CMV appears to be unique among chronic viral infections
in its profound effect on the T-cell repertoire [33]. Two reasons for
this may be its ability to upregulate the expression of several inflam-
matory mediators [34-37] while encoding its own cytokine and cy-
tokine receptor homologs, allowing it to create an environment that
favors its persistence and transmission [34, 38, 39].

CMV’s effects in immune-competent hosts seem to be age
dependent. The effects of CMV infection on host immunity
are not always deleterious, and CMV might have a beneficial ef-
fect on the immune system by providing immune protection

against other pathogens (so-called heterologous immunity
[40]) in younger healthy people. This could explain why humans
(and many other species) tolerate the very high prevalence of this
infection, and it is consistent with the notion of antagonistic plei-
otropy [41-43]. Certain biological features can be selected as fa-
vorable during youth but become harmful with age (ie, during a
stage of life that is neutral in terms of evolutionary selection)
[44]. Improved survival over the past century has revealed a set
of CMV-associated changes in the aging immune system that
might be associated with multiple disorders, including cardiovas-
cular disease and neurodegenerative disorders.

CMV, IMMUNOSENESCENCE, AND AGING

The progressive expansion of the T-cell repertoire committed to
CMV (referred to as CMV-specific CD8" T-cell memory infla-
tion [29]) can deplete naive T cells and is associated with the
immune risk phenotype in the general population [45]. The im-
mune risk phenotype includes expansion of late-differentiated
CD8" T cells and an inverted CD4"/CD8" T-cell ratio; is a
strong predictor of mortality; and is rarely seen in centenarians
[46]. The predominant senescent phenotype of CMV-specific
CD8" T cells (CD287CD57") has altered function, including
poor proliferative response and relative resistance to apoptosis,
which can in turn lead to adverse clinical outcomes [47]. The
accumulation of peripheral T cells lacking CD28 contributes
to inflammation and aging by producing large amounts of in-
terferon y (IFN-y), tumor necrosis factor oo (TNF-), interleu-
kin 1B, and interleukin 6 (IL-6) upon antigenic stimulation [48].
CMV infection together with elevated IL-6 dramatically in-
creases the risk for frailty, a state associated with increased mor-
bidity and mortality in older adults [49,50]. CMV infection may
also be important for telomere and telomerase dynamics, by in-
creasing the number of highly differentiated T cells with shorter
telomeres and decreased telomerase activity [51]. Aging and
chronic inflammatory conditions are associated with oxidative
stress, which may increase CMV reactivation [52]. In turn,
CMV replication can increase oxidative stress [53, 54], setting
up a possible positive feedback loop. Taken together, there is
strong evidence that CMV is implicated in immunosenescence
and aging [55, 56], but this is still a very dynamic topic, and the
exact clinical implications remain to be defined.

HIV VERSUS CMV

HIV-infected individuals are almost universally coinfected with
CMV [13], and both viral infections are associated with inflam-
mation and aging [44]. CMV seems to exert a more dramatic ef-
fect than HIV (in HIV RNA-suppressed individuals) and might
be the so-called “smoking gun” of immunosenescence among co-
infected persons [57-59]. The main differential effect between
CMYV and HIV seems to be their impact on CD8" T cells [33].
A recent study found elevated numbers of CD8" T cells and a
low CD4"/CD8" T-cell ratio in individuals coinfected with
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both viruses but not in persons infected with HIV alone or
CMYV alone [60]. Along the same line, HIV-infected individuals
who are seronegative for CMV show greater resilience and bet-
ter immune recovery following ART [61]. HIV infection seems
to also exert a distinct effect on the CD8" T-cell phenotype. Un-
like CMV and aging, which are associated with terminal differ-
entiation and proliferation of effector memory CD8" T cells,
HIV inhibits this process, expanding less well-differentiated
CD287CD8" T cells and decreasing the proportion of
CD287CDS8" T cells that express CD57 [62, 63].

CMYV is well known to induce high levels of multiple cytokines
(particularly IFN-y) [64], which seem to be much higher and
broader than that induced by HIV in vitro (Dr Rachel Schrier, un-
published observation). Blood plasma levels of IFN-y-inducible
protein 10, TNF-RII, and D-dimer are higher in people coinfected
with CMV and HIV as compared to those in HIV-monoinfected
subjects, suggesting that CMV might specifically drive expression
of these biomarkers [65]. No difference was observed for IL-6,
interleukin 18, or soluble CD14 between the 2 groups (ie, HIV-
monoinfected versus HIV/CMV-co-infected) [65]. While the com-
plex effects of CMV and HIV on immunosenescence continue to
be untangled, existing findings implicate CMV as an important con-
tributor to T-cell activation and adverse outcomesin treated HIV dis-
ease and an attractive target for therapeutic interventions (Figure 1).

CMV, HIV, AND CLINICAL OUTCOMES

In the setting of underlying immune deficiency, CMV is associated
with more-rapid HIV disease progression, more AIDS-related
events [66, 67], and a wide range of serious end-organ diseases
[13] . The incidence of life-threatening complications has decreased
dramatically with suppressive combination ART, likely due to res-
toration of CMV-specific immune responses that limit CMV reac-
tivation [68]. While the clinical importance of CMV in the setting
of ART-treated HIV disease is less clear, emerging evidence links
CMYV to suboptimal immune response to ART [61] and increased
risk of non-AIDS-related complications [69]. Interestingly, CD8"
T-cell activation was reduced by valganciclovir treatment in a
small clinical trial, suggesting that treatment of CMV (and other
valganciclovir-susceptible viruses) might be a viable strategy to re-
duce immune activation in HIV-infected adults [70].

A large, longitudinal study recently established CMV as a risk
factor for severe, non-AIDS-related adverse clinical events in
HIV disease [69]. The event most frequently associated with
CMYV was cardiovascular disease, which has been described fol-
lowing organ transplantation [71, 72] and with HIV disease [73,
74]. Given its ubiquity as a human pathogen and its ability to in-
fect endothelial cells and smooth-muscle cells [75], CMV is an
ideal candidate pathogen for atherosclerosis [76]. Several epidemi-
ologic and animal studies support this conclusion [59, 77-81], but
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Figure 1.

Proposed model connecting cytomegalovirus (CMV), human immunodeficiency virus (HIV), immune dysfunction and worse disease outcome. HIV infection induces CD4*

T cell loss and dysfunction, thereby failing to provide help to CD8* T cells and permitting more CMV replication. Both viral infections contribute to inflammation, immune senescence
and promote the expansion of CD8" T cells. Such 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. Additionally, CMV might cause direct cellular damage to endothelial cells and other cell types further contributing to end organ damage.
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the search for causal links is ongoing. CMV has been isolated
from atherosclerotic plaques [82] and predicts mortality in pa-
tients with coronary artery disease [83]. Among heart trans-
plant recipients, higher levels of anti-CMV immunoglobulin
G (IgG) and CMV DNA correlate with development of cardiac
allograft vascular disease and acute graft rejection [84]. When
prophylaxis was given to heart transplant recipients, the inci-
dence of posttransplantation CMV disease declined, along
with the incidence of acute and chronic graft rejection [85,
86]. CMV may also contribute to coronary artery restenosis
after coronary angioplasty [87].

In response to CMV infection, endothelial cells express proangio-
genic factors and proinflammatory molecules (eg, IL-6 and vascular
endothelial growth factor) [82, 88]. This promotes enhanced prolif-
eration and migration of monocytes and smooth-muscle cells into
the intima of the vascular wall, as well as lipid accumulation and
expansion of the atherosclerotic lesion [89]. Also, CMV-infected
smooth-muscle cells within vascular lesions have greater prolifer-
ation and impaired apoptosis (perhaps mediated by the CMV
US28 protein [90]), which may contribute to intima media thick-
ening, plaque formation, and restenosis [88, 89]. When peripher-
al blood cells from persons with strong anti-CMV T-cell response
are incubated with CMV antigens, an immune cascade results in
endothelial damage and increased expression of CX3CL1 and
other cytokines [91, 92]. CMV-specific T cells frequently express
the CX3CLLI receptor (CX3CR1), and a study linked CD4" T cells
expressing CX3CR1 to carotid intima media thickness [93]. Thus,
both CMV replication and the immune response to CMV may
promote changes in endothelial cells that contribute to the ath-
erogenesis [58,91]. Similar immune-viral interactions might also
underlie increased levels of inflammation linking CMV to other
age-associated diseases.

CMV AND NEUROCOGNITIVE COMPLICATIONS

Similar to cardiovascular disease, multiple clues about the impact
of CMYV infection on the CNS come from outside the HIV field.
For example, older adults with higher levels of anti-CMV IgG an-
tibodies or CMV-specific CD4" T cells in blood had worse perfor-
mance on the mini-mental status examination and worse activities
of daily living [94]. Consistent evidence also came from the Sacra-
mento Area Latino Study on Aging, a population-based study of
>1200 adults aged >60 years. Again, those who had the highest
anti-CMV IgG levels had the highest rate of cognitive decline
over 4 years, after accounting for the effects of age, sex, education,
income, and chronic health conditions [95]. In contrast, no asso-
ciation was found with anti-HSV-1 IgG concentrations. In a sep-
arate analysis from this cohort, higher serum anti-CMV IgG levels
were associated with all-cause and cardiovascular disease-related
mortality, and 2 proinflammatory cytokines, IL-6 and TNF-o, stat-
istically mediated part of this relationship [96].

Consistent with these findings, CMV has been recently implicat-
ed in the pathogenesis of Alzheimer disease. In one study of >800

adults followed for an average of 5 years, CMV seropositivity was
associated with a faster rate of cognitive decline, including a >2-fold
increased risk of developing Alzheimer disease, when accounting
for the influence of age, sex, race, vascular risk factors, and apolipo-
protein E genotype [97]. In a study of autopsy brain tissue donated
by Catholic clergy with few confounding conditions, higher serum
IgG levels in life against CMV but not those against HSV-1 were
associated with the presence of neurofibrillary tangles at death [98].

The direct effect of CMV on Alzheimer disease remains contro-
versial [99, 100]. Even though CMV can infect glia, neurons, and
neural precursor cells [20-23], CMV replication is rarely found
within the CNS in immune-competent hosts. Distinguishing the
effects of CMV from HSV-1 is important since prior studies have
also linked HSV-1 to Alzheimer disease [101-103] and because
the immune responses to these 2 viruses can overlap [104].

While HIV-associated neurocognitive disorder (HAND) is not
a primary amyloidopathy, recent evidence has identified amyloid
accumulation in brain tissue of adults dying with HIV disease
[105] and low amyloid B1-42 levels in cerebrospinal fluid from
HIV-infected adults who have a family history of dementia
[106]. Amyloid accumulation is also associated with vascular dis-
ease, which has been in turn linked to HAND [107, 108]. Consis-
tent with these findings, stronger CMV-specific, IFN-y CD8" T-
cell responses have been linked to worse carotid intima media
thickness [73],and higher anti-CMV IgG levels have been linked
to carotid atherosclerotic lesions in HIV-infected adults [74].
More recently, a large nationwide population-based cohort
study in Taiwan including >22 000 people living with HIV
found a significant association between CMV end-organ disease
and risk of ischemic stroke [109].

Our own data from the CNS HIV Antiretroviral Therapy Ef-
fects Research cohort identified consistent results in HIV-infected
adults [110]. Even though the 138 participants in this analysis
were younger than in the published analyses from the general
population (median age, 43 years), higher anti-CMV IgG levels
were associated with worse neurocognitive performance, but
only among those taking suppressive ART. In addition, the com-
bination of higher serum anti-CMV IgG titers and higher plasma
levels of the monocyte activation biomarker, soluble CD163, were
strongly associated with global neurocognitive impairment (odds
ratio, 5.7; positive predictive value, 83%). Another recent study of
91 HIV-infected adults taking suppressive ART found a consis-
tent association between higher anti-CMV IgG levels and worse
neurocognitive performance, although this weakened when age
was included in the model [111].

In summary, there is evidence that CMV could be associated
with adverse neurocognitive outcomes. CMV could injure the
CNS in multiple ways, including replication-mediated cell injury
and resulting inflammation, cerebrovascular disease, and perhaps
neurotoxic viral proteins. Larger observational and interventional
studies are needed to determine how CMV and other chronic in-
fections influence neurocognitive health.
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CMV AND HIV PERSISTENCE

The conclusion that chronic inflammation and immune activa-
tion drives HIV persistence during ART is supported by strong
evidence [112, 113]. To link CMV replication, systemic inflam-
mation, and maintenance of the HIV reservoir, recent studies
have identified that the presence of subclinical CMV replication
is associated with higher levels of HIV DNA in both ART-naive
adults [114] and in those taking long-term suppressive ART
[115]. More recently, in a longitudinal study of 108 individuals
followed since the earliest phase of HIV infection, intermittent
CMYV and EBV replication in blood cells was associated with
more HIV DNA in blood over time [116]. A recent study of 6
HIV-infected adults undergoing cytoreductive chemotherapy
demonstrated that the majority of HIV DNA after immune re-
constitution was detected in circulating CMV- and EBV-specific
CD4" T cells (as compared to those responding to c:CD3/c:CD28
stimulation or not expressing interleukin 2/IFN-y) [117]. Al-
though the observational design of these studies does not allow
causality to be inferred and they did not specifically evaluate the
replication competent HIV DNA subset, the findings support the
theory that asymptomatic CMV replication (especially during im-
mune reconstitution) could drive local and systemic immune ac-
tivation with a subsequent increase in the HIV DNA reservoir.
The effect of latency-reversing agents and immune-modulatory
therapies on CMV reactivation is currently unknown and should
be evaluated in the setting of ongoing clinical trials. Activation of
latent HIV DNA with immune modulatory interventions could
affect replication of CMV and other HHVs, which might in
turn limit HIV clearance.

CONCLUSIONS

Through millions of years of coexistence, CMV has developed
multiple strategies to coexist with the human immune system
[118]. The extended lifetime provided by medical and socioeco-
nomic advantages has revealed a set of CMV-associated changes
in the immune system, which are associated with multiple age-
related disorders and decreased survival. These relationships are
even more prominent in the setting of HIV infection. The mech-
anisms by which CMYV raises the risk of age-related morbidities
may be accelerated and more intense in the setting of HIV infec-
tion (Figure 1). A detailed knowledge of the interactions between
CMV, HIV, and host immune responses is necessary to under-
stand the complex mechanisms underlying aging-related compli-
cations during HIV infection and to develop new strategies to
prevent the premature occurrence of end-organ diseases that
may be linked to CMV. Also, because the prevalence of CMV in-
creases with age and varies according to socioeconomic factors
[13], distinguishing the effects of CMV on aging-related compli-
cations from the effects of other confounding variables is difficult.

Future studies should evaluate the relative contributions of
CMYV reactivation, CMV-specific T-cell response, and immune
dysregulation to determine the best targets for intervention.

Anti-CMV therapy in transplant recipients prevents long-
term complications, improves graft function, and reduces the
risk of other infections and overall mortality [119]. Whether
this will be true for other populations, including HIV-infected
people, is unclear. Clinical trials of newer, less toxic anti-CMV
drugs (eg, letermovir [120]) should evaluate the effects of CMV
suppression on immune activation and inflammation in the
HIV-infected population. This might be particularly true dur-
ing immune reconstitution in late presenters initiating ART.
Similarly, clinical trials should evaluate whether CMV control
during long-term suppressive ART might also prevent neuro-
cognitive and cardiovascular complications. As these agents
will not eradicate CMV, prolonged courses of therapy may be
needed, particularly when effects on clinical outcomes are the
end points.

Another important factor to be considered in designing fu-
ture studies is the timing of each viral infection. Since CMV in-
fluences aging-related changes of the immune system, the
duration of chronic CMV infection before acquisition of HIV
could influence the T-cell repertoire and affect other immune
system characteristics during ART.

HIV-coinfected individuals who have the strongest CMV-
specific immune response may be at greater risk for adverse
health outcomes, compared with those with less robust respons-
es. Additional analyses of the quantity and quality of the CMV
response and their relation to CMV replication will be needed
to explore this issue. In this regard, whether strategies to enhance
CMV -specific immune responses (eg, therapeutic immunization)
will (1) decrease viral expression and be beneficial or (2) enhance
CD8" T-cell expansion, inflammation, and non-AIDS-associated
comorbidities remains to be determined. Carefully designed clin-
ical trials targeting CMV replication and immune responsiveness
will be crucial to understand the complex relationships between
CMYV and HIV pathogenesis and to direct the design of clinical
strategies that will have a positive effect on HIV disease progres-
sion and aging-related complications.

Notes

Acknowledgments. We thank Rachel Schrier for her fantastic contribu-
tion and input.

Supplement sponsorship. This article appears as part of the supplement
“Persistent Inflammation in Treated HIV Disease,” sponsored by Case
Western Reserve University and supported by funds from the James B.
Pendleton Charitable Trust.

Financial support. This work was supported by the Department of Veter-
ans Affairs, the National Institutes of Health (grants AI43638, AI100665,
MHO097520, DA034978, Al036214, AI007384, Al027763, AI106039, Al1074621,
AI110181, 7-UM1 AI068636-07, AI-36219, P30-AI027763, K24 MH097673,
P30 MH62512, P50 DA26306, R0O1 MH107345, R01 MH099987, and U24
MH83506), a California Human Immunodeficiency Virus/AIDS Research
Program Innovative, Development Exploratory Award (ULITR000100 to Sara
Gianella Weibel [S. G.]).

Potential conflict of interest. Both authors: No reported conflicts. Both
authors have submitted the ICMJE Form for Disclosure of Potential Con-
flicts of Interest. Conflicts that the editors consider relevant to the content
of the manuscript have been disclosed.

Cytomegalovirus and HIV Interaction e JID 2016:214 (Suppl 2) e S71



References

1.

]

w

S

v

oo N

o

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Deeks SG, Lewin SR, Havlir DV. The end of AIDS: HIV infection as a chronic
disease. Lancet 2013; 382:1525-33.

. Hunt PW. HIV and inflammation: mechanisms and consequences. Curr HIV/

AIDS Rep 2012; 9:139-47.

. Deeks SG, Verdin E, McCune JM. Immunosenescence and HIV. Curr Opin Im-

munol 2012; 24:501-6.

. Unemori P, Leslie KS, Hunt PW, et al. Inmunosenescence is associated with

presence of Kaposi’s sarcoma in antiretroviral treated HIV infection. AIDS
2013; 27:1735-42.

. Appay V, Fastenackels S, Katlama C, et al. Old age and anti-cytomegalovirus im-

munity are associated with altered T-cell reconstitution in HIV-1-infected pa-
tients. AIDS 2011; 25:1813-22.

. Rowe JW, Kahn RL. Successful aging. Gerontologist 1997; 37:433-40.
. Montross LP, Depp C, Daly J, et al. Correlates of self-rated successful aging among

community-dwelling older adults. Am J Geriatr Psychiatry 2006; 14:43-51.

. Vance DE, McGuinness T, Musgrove K, Orel NA, Fazeli PL. Successful aging and

the epidemiology of HIV. Clin Interv Aging 2011; 6:181-92.

. Harmell AL, Jeste D, Depp C. Strategies for successful aging: a research update.

Curr Psychiatry Rep 2014; 16:476.

. Moore RC, Moore DJ, Thompson WK, Vahia IV, Grant I, Jeste DV. A case-

controlled study of successful aging in older HIV-infected adults. J Clin Psychi-
atry 2013; 74:e417-23.

. Seeman TE, McEwen BS, Rowe JW, Singer BH. Allostatic load as a marker of cu-

mulative biological risk: MacArthur studies of successful aging. Proc Natl Acad
Sci USA 2001; 98:4770-5.

. Bate SL, Dollard SC, Cannon M]J. Cytomegalovirus seroprevalence in the United

States: the national health and nutrition examination surveys, 1988-2004. Clin
Infect Dis 2010; 50:1439-47.

. Gianella S, Massanella M, Wertheim JO, Smith DM. The Sordid Affair between

Human Herpesvirus and Human Immunodeficiency. Virus J Infect Dis 2015;
212:845-52.

. Clinical Virology. In: Richman DD, Whitley R], Hayden FG., eds. 3rd ed. Wash-

ington, DC: ASM Press, 2009:1408, Illustrated.

. Springer KL, Weinberg A. Cytomegalovirus infection in the era of HAART: fewer

reactivations and more immunity. ] Antimicrob Chemother 2004; 54:582-6.

. Boulougoura A, Sereti I. HIV infection and immune activation: the role of coin-

fections. Curr Opin HIV AIDS 2016; 11:191-200.

. Griffiths PD, Baboonian C. A prospective study of primary cytomegalovirus in-

fection during pregnancy: final report. Br J Obstet Gynaecol 1984; 91:307-15.

. Sinclair J, Sissons P. Latency and reactivation of human cytomegalovirus. ] Gen

Virol 2006; 87:1763-79.

. Freeman ML, Lederman MM, Gianella S. Partners in crime: the role of CMV in

immune dysregulation and clinical outcome during HIV infection. Curr HIV/
AIDS Rep 2016; 13:10-9.

Zhang L, Li L, Wang B, Qian DM, Song XX, Hu M. HCMYV induces dysregulation
of glutamate uptake and transporter expression in human fetal astrocytes. Neuro-
chem Res 2014; 39:2407-18.

Alcendor DJ, Charest AM, Zhu WQ, Vigil HE, Knobel SM. Infection and upre-
gulation of proinflammatory cytokines in human brain vascular pericytes by
human cytomegalovirus. ] Neuroinflammation 2012; 9:95.

Kosugi I, Kawasaki H, Tsuchida T, Tsutsui Y. Cytomegalovirus infection inhibits
the expression of N-methyl-D-aspartate receptors in the developing mouse
hippocampus and primary neuronal cultures. Acta Neuropathol 2005; 109:475-82.
Odeberg J, Wolmer N, Falci S, Westgren M, Seiger A, Soderberg-Naucler C.
Human cytomegalovirus inhibits neuronal differentiation and induces apoptosis
in human neural precursor cells. ] Virol 2006; 80:8929-39.

Adler B, Sinzger C. Endothelial cells in human cytomegalovirus infection: one
host cell out of many or a crucial target for virus spread? Thromb Haemost
2009; 102:1057-63.

Revello MG, Gerna G. Human cytomegalovirus tropism for endothelial/epithelial
cells: scientific background and clinical implications. Rev Med Virol 2010;
20:136-55.

Morris SR, Smith DM, Vargas MV, Little SJ, Gianella S. Longitudinal Viral Dy-
namics in Semen of HIV+ Men before and after Early ART. 23th Conference on
Retroviruses and opportunistic infections (CROI) 2016; Boston.

Gianella S, Redd AD, Grabowski MK. Vaginal cytomegalovirus shedding before
and after initiation of antiretroviral therapy in Rakai, Uganda. J Infect Dis 2015;
212:899-903.

Stern-Ginossar N, Weisburd B, Michalski A, et al. Decoding human cytomega-
lovirus. Science 2012; 338:1088-93.

Sylwester AW, Mitchell BL, Edgar JB, et al. Broadly targeted human cytomegalo-
virus-specific CD4+ and CD8+ T cells dominate the memory compartments of
exposed subjects. ] Exp Med 2005; 202:673-85.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Naeger DM, Martin JN, Sinclair E, et al. Cytomegalovirus-specific T cells persist
at very high levels during long-term antiretroviral treatment of HIV disease. PLoS
One 2010; 5:e8886.

Stone SF, Price P, Khan N, Moss PA, French MA. HIV patients on antiretroviral
therapy have high frequencies of CD8 T cells specific for Immediate Early pro-
tein-1 of cytomegalovirus. AIDS 2005; 19:555-62.

Ouyang Q, Wagner WM, Walter S, et al. An age-related increase in the number of
CD8+ T cells carrying receptors for an immunodominant Epstein-Barr virus
(EBV) epitope is counteracted by a decreased frequency of their antigen-specific
responsiveness. Mech Ageing Dev 2003; 124:477-85.

Klenerman P, Oxenius A. T cell responses to cytomegalovirus. Nat Rev Immunol
2016; 16:367-77.

Lisco A, Vanpouille C, Margolis L. War and peace between microbes: HIV-1 in-
teractions with coinfecting viruses. Cell Host Microbe 2009; 6:403-8.

Almeida GD, Porada CD, St Jeor S, Ascensao JL. Human cytomegalovirus alters
interleukin-6 production by endothelial cells. Blood 1994; 83:370-6.

Suni MA, Ghanekar SA, Houck DW, et al. CD4(+)CD8(dim) T lympho-
cytes exhibit enhanced cytokine expression, proliferation and cytotoxic ac-
tivity in response to HCMV and HIV-1 antigens. Eur ] Immunol 2001; 31:
2512-20.

Iwamoto GK, Monick MM, Clark BD, Auron PE, Stinski MF, Hunninghake GW.
Modulation of interleukin 1 beta gene expression by the immediate early genes of
human cytomegalovirus. J Clin Invest 1990; 85:1853-7.

Chang WL, Baumgarth N, Yu D, Barry PA. Human cytomegalovirus-encoded
interleukin-10 homolog inhibits maturation of dendritic cells and alters their
functionality. J Virol 2004; 78:8720-31.

Kotenko SV, Saccani S, Izotova LS, Mirochnitchenko OV, Pestka S. Human cy-
tomegalovirus harbors its own unique IL-10 homolog (cmvIL-10). Proc Natl
Acad Sci USA 2000; 97:1695-700.

Welsh RM, Che JW, Brehm MA, Selin LK. Heterologous immunity between vi-
ruses. Immunol Rev 2010; 235:244-66.

Furman D, Jojic V, Sharma S, et al. Cytomegalovirus infection enhances the im-
mune response to influenza. Sci Transl Med 2015; 7:281ra43.

Barton ES, White DW, Cathelyn JS, et al. Herpesvirus latency confers symbiotic
protection from bacterial infection. Nature 2007; 447:326-9.

Pera A, Campos C, Corona A, et al. CMV latent infection improves CD8+ T re-
sponse to SEB due to expansion of polyfunctional CD57+ cells in young individ-
uals. PLoS One 2014; 9:e88538.

Effros RB. The silent war of CMV in aging and HIV infection. Mech Ageing Dev
2015; doi:10.1016/j.mad.2015.09.003.

Ndumbi P, Gilbert L, Tsoukas CM. Comprehensive evaluation of the immune
risk phenotype in successfully treated HIV-infected individuals. PLoS One
2015; 10:e0117039.

Strindhall J, Nilsson BO, Lofgren S, et al. No Immune Risk Profile among indi-
viduals who reach 100 years of age: findings from the Swedish NONA immune
longitudinal study. Exp Gerontol 2007; 42:753-61.

Bauer ME, Fuente M. The role of oxidative and inflammatory stress and persistent
viral infections in immunosenescence. Mech Ageing Dev 2016; doi:10.1016/j.
mad.2016.01.001.

Fulop T, Larbi A, Pawelec G. Human T cell aging and the impact of persistent
viral infections. Front Immunol 2013; 4:271.

Schmaltz HN, Fried LP, Xue QL, Walston J, Leng SX, Semba RD. Chronic cyto-
megalovirus infection and inflammation are associated with prevalent frailty in
community-dwelling older women. ] Am Geriatr Soc 2005; 53:747-54.

Wang GC, Kao WH, Murakami P, et al. Cytomegalovirus infection and the risk
of mortality and frailty in older women: a prospective observational cohort study.
Am ] Epidemiol 2010; 171:1144-52.

Dowd JB, Bosch JA, Steptoe A, et al. Cytomegalovirus is associated with re-
duced telomerase activity in the Whitehall IT cohort. Exp Gerontol 2013;
48:385-90.

Jaganjac M, Matijevic T, Cindric M, et al. Induction of CMV-1 promoter by 4-
hydroxy-2-nonenal in human embryonic kidney cells. Acta Biochim Pol 2010;
57:179-83.

Scholz M, Cinatl ], Gross V, et al. Impact of oxidative stress on human cytomeg-
alovirus replication and on cytokine-mediated stimulation of endothelial cells.
Transplantation 1996; 61:1763-70.

Lee YL, Liu CE, Cho WL, et al. Presence of cytomegalovirus DNA in leucocytes is
associated with increased oxidative stress and subclinical atherosclerosis in
healthy adults. Biomarkers 2014; 19:109-13.

Pawelec G, Derhovanessian E. Role of CMV in immune senescence. Virus Res
2011; 157:175-9.

Mekker A, Tchang VS, Haeberli L, Oxenius A, Trkola A, Karrer U. Immune sen-
escence: relative contributions of age and cytomegalovirus infection. PLoS Pathog
2012; 8:€1002850.

S72

e JID 2016:214 (Suppl 2) e Gianella and Letendre



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Pathai S, Bajillan H, Landay AL, High KP. Is HIV a model of accelerated or ac-
centuated aging? The journals of gerontology Series A, Biological sciences and
medical sciences 2014; 69:833-42.

Barrett L, Fowke KR, Grant MD. Cytomegalovirus, aging, and HIV: a perfect
storm. AIDS Rev 2012; 14:159-67.

Aiello AE, Simanek AM. Cytomegalovirus and Immunological Aging: The Real
Driver of HIV and Heart Disease? ] Infect Dis 2012; 205:1772-4.

Freeman ML, Mudd JC, Shive CL, et al. CD8 T cell expansion and inflammation
linked to CMV co-infection in ART-treated HIV infection. Clin Infect Dis 2015;
62:392-6.

Barrett L, Stapleton SN, Fudge NJ, Grant MD. Immune resilience in HIV-
infected individuals seronegative for cytomegalovirus. AIDS 2014; 28:
2045-9.

Lee SA, Sinclair E, Hatano H, et al. Impact of HIV on CD8+ T cell CD57 expres-
sion is distinct from that of CMV and aging. PLoS One 2014; 9:e89444.

Dan ], Massanella M, Spina C, et al. Effect of CMV and HIV replication on T cell
exhaustion and senescence during ART. ] Acquir Immune Defic Syndr 2016;
72:133-7.

Weinberg A, Spritzler ], Nokta M, et al. In vitro cell-mediated immune responses
of human immunodeficiency virus-infected and -uninfected individuals to whole
cytomegalovirus antigens and their subunits. Clinical and vaccine immunology:
CVI 2008; 15:1398-409.

Freeman ML, Mudd JC, Shive CL, et al. CD8 T-Cell Expansion and Inflammation
Linked to CMV Coinfection in ART-treated HIV Infection. Clin Infect Dis 2016;
62:392-6.

Webster A, Lee CA, Cook DG, et al. Cytomegalovirus infection and progression
towards AIDS in haemophiliacs with human immunodeficiency virus infection.
Lancet 1989; 2:63-6.

Detels R, Leach CT, Hennessey K, et al. Persistent cytomegalovirus infection of
semen increases risk of AIDS. ] Infect Dis 1994; 169:766-8.

Deayton J, Mocroft A, Wilson P, Emery VC, Johnson MA, Griffiths PD. Loss of
cytomegalovirus (CMV) viraemia following highly active antiretroviral therapy in
the absence of specific anti-CMV therapy. AIDS 1999; 13:1203-6.

Lichtner M, Cicconi P, Vita S, et al. Cytomegalovirus Coinfection Is Associated
With an Increased Risk of Severe Non-AIDS-Defining Events in a Large Cohort
of HIV-Infected Patients. ] Infect Dis 2015; 211:178-86.

Hunt PW, Martin JN, Sinclair E, et al. Valganciclovir Reduces T Cell Activation
in HIV-infected Individuals With Incomplete CD4+ T Cell Recovery on Antire-
troviral Therapy. J Infect Dis 2011; 203:1474-83.

Bruning JH, Persoons M, Lemstrom K, Stals FS, De Clercq E, Bruggeman CA.
Enhancement of transplantation-associated atherosclerosis by CMV, which can
be prevented by antiviral therapy in the form of HPMPC. Transpl Int 1994;
7(suppl 1):5365-70.

Watkins RR, Lemonovich TL, Razonable RR. Immune response to CMV in solid
organ transplant recipients: current concepts and future directions. Expert Rev
Clin Immunol 2012; 8:383-93.

Hsue PY, Hunt PW, Sinclair E, et al. Increased carotid intima-media thickness in
HIV patients is associated with increased cytomegalovirus-specific T-cell re-
sponses. AIDS 2006; 20:2275-83.

Parrinello CM, Sinclair E, Landay AL, et al. Cytomegalovirus immunoglobulin G
antibody is associated with subclinical carotid artery disease among HIV-infected
women. ] Infect Dis 2012; 205:1788-96.

Jarvis MA, Nelson JA. Human cytomegalovirus tropism for endothelial cells: not
all endothelial cells are created equal. ] Virol 2007; 81:2095-101.

Maniar A, Ellis C, Asmuth D, Pollard R, Rutledge J. HIV infection and atheroscle-
rosis: evaluating the drivers of inflammation. Eur J Prev Cardiol 2013; 20:720-8.

Epstein SE, Zhu J, Najafi AH, Burnett MS. Insights into the role of infection in
atherogenesis and in plaque rupture. Circulation 2009; 119:3133-41.

Rosenfeld ME, Campbell LA. Pathogens and atherosclerosis: update on the po-
tential contribution of multiple infectious organisms to the pathogenesis of ath-
erosclerosis. Thromb Haemost 2011; 106:858-67.

Simanek AM, Dowd JB, Pawelec G, Melzer D, Dutta A, Aiello AE. Seropositivity
to cytomegalovirus, inflammation, all-cause and cardiovascular disease-related
mortality in the United States. PLoS One 2011; 6:¢16103.

Cheng J, Ke Q, Jin Z, et al. Cytomegalovirus infection causes an increase of ar-
terial blood pressure. PLoS Pathog 2009; 5:e1000427.

Grudzinska MK, Bojakowski K, Soin J, Stassen F, Soderberg-Naucler C, Religa P.
RCMV increases intimal hyperplasia by inducing inflammation, MCP-1
expression and recruitment of adventitial cells to intima. Herpesviridae 2010;
1:7.

Melnick JL, Adam E, DeBakey ME. Possible role of cytomegalovirus in athero-
genesis. JAMA 1990; 263:2204-7.

Muhlestein JB, Horne BD, Carlquist JF, et al. Cytomegalovirus seropositivity and
C-reactive protein have independent and combined predictive value for mortality

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

in patients with angiographically demonstrated coronary artery disease. Circula-
tion 2000; 102:1917-23.

Grattan MT, Moreno-Cabral CE, Starnes VA, Oyer PE, Stinson EB, Shumway
NE. Cytomegalovirus infection is associated with cardiac allograft rejection
and atherosclerosis. JAMA 1989; 261:3561-6.

Potena L, Holweg CT, Chin C, et al. Acute rejection and cardiac allograft vascular
disease is reduced by suppression of subclinical cytomegalovirus infection.
Transplantation 2006; 82:398-405.

Valantine HA, Gao SZ, Menon SG, et al. Impact of prophylactic immediate post-
transplant ganciclovir on development of transplant atherosclerosis: a post hoc
analysis of a randomized, placebo-controlled study. Circulation 1999; 100:61-6.
Epstein SE, Speir E, Zhou YF, Guetta E, Leon M, Finkel T. The role of infection in
restenosis and atherosclerosis: Focus on cytomegalovirus. Lancet 1996; 348:S13-7.
Soderberg-Naucler C. Treatment of cytomegalovirus infections beyond acute dis-
ease to improve human health. Expert review of anti-infective therapy 2014;
12:211-22.

Popovic M, Smiljanic K, Dobutovic B, Syrovets T, Simmet T, Isenovic ER. Human
cytomegalovirus infection and atherothrombosis. ] Thromb Thrombolysis 2012;
33:160-72.

Gredmark-Russ S, Dzabic M, Rahbar A, et al. Active cytomegalovirus infection in
aortic smooth muscle cells from patients with abdominal aortic aneurysm. ] Mol
Med (Berl) 2009; 87:347-56.

Bolovan-Fritts CA, Spector SA. Endothelial damage from cytomegalovirus-spe-
cific host immune response can be prevented by targeted disruption of fractal-
kine-CX3CR1 interaction. Blood 2008; 111:175-82.

Bolovan-Fritts CA, Trout RN, Spector SA. High T-cell response to human cyto-
megalovirus induces chemokine-mediated endothelial cell damage. Blood 2007;
110:1857-63.

Sacre K, Hunt PW, Hsue PY, et al. A role for cytomegalovirus-specific CD4-
+CX3CR1+ T cells and cytomegalovirus-induced T-cell immunopathology in
HIV-associated atherosclerosis. AIDS 2012; 26:805-14.

Vescovini R, Biasini C, Telera AR, et al. Intense antiextracellular adaptive im-
mune response to human cytomegalovirus in very old subjects with impaired
health and cognitive and functional status. ] Immunol 2010; 184:3242-9.
Aiello AE, Haan M, Blythe L, Moore K, Gonzalez JM, Jagust W. The influence of
latent viral infection on rate of cognitive decline over 4 years. ] Am Geriatr Soc
2006; 54:1046-54.

Roberts ET, Haan MN, Dowd JB, Aiello AE. Cytomegalovirus antibody levels,
inflammation, and mortality among elderly Latinos over 9 years of follow-up.
Am J Epidemiol 2010; 172:363-71.

Barnes LL, Capuano AW, Aiello AE, et al. Cytomegalovirus infection and risk of
Alzheimer disease in older black and white individuals. J Infect Dis 2015;
211:230-7.

Lurain NS, Hanson BA, Martinson J, et al. Virological and immunological char-
acteristics of human cytomegalovirus infection associated with Alzheimer dis-
ease. ] Infect Dis 2013; 208:564-72.

Itzhaki RF, Klapper P. Cytomegalovirus: an improbable cause of Alzheimer dis-
ease. | Infect Dis 2014; 209:972-3.

Itzhaki RF, Klapper P. Comment on “cytomegalovirus infection and risk of Alz-
heimer disease in older black and white individuals,” journal of infectious diseas-
es, 8 august 2014. ] Infect Dis 2015; 211:2023-4.

Itzhaki R. Herpes simplex virus type 1, apolipoprotein E and Alzheimer’ disease.
Herpes 2004; 11(suppl 2):77A-82.

Jamieson GA, Maitland NJ, Wilcock GK, Yates CM, Itzhaki RF. Herpes
simplex virus type 1 DNA is present in specific regions of brain from aged people
with and without senile dementia of the Alzheimer type. ] Pathol 1992;
167:365-8.

Lin WR, Shang D, Itzhaki RF. Neurotropic viruses and Alzheimer disease. Inter-
action of herpes simplex type 1 virus and apolipoprotein E in the etiology of the
disease. Mol Chem Neuropathol 1996; 28:135-41.

Stowe RP, Peek MK, Cutchin MP, Goodwin JS. Reactivation of herpes simplex
virus type 1 is associated with cytomegalovirus and age. ] Med Virol 2012;
84:1797-802.

Soontornniyomkij V, Moore DJ, Gouaux B, et al. Cerebral beta-amyloid deposi-
tion predicts HIV-associated neurocognitive disorders in APOE epsilon4 carri-
ers. AIDS 2012; 26:2327-35.

Fazeli PL, Moore DJ, Franklin DR, et al. Lower CSF Abeta is Associated with
HAND in HIV-Infected Adults with a Family History of Dementia. Curr HIV
Res 2015; In press.

Wright EJ, Grund B, Robertson K, et al. Cardiovascular risk factors associated
with lower baseline cognitive performance in HIV-positive persons. Neurology
2010; 75:864-73.

Becker JT, Kingsley L, Mullen J, et al. Vascular risk factors, HIV serostatus, and
cognitive dysfunction in gay and bisexual men. Neurology 2009; 73:1292-9.

Cytomegalovirus and HIV Interaction e JID 2016:214 (Suppl 2) ¢ S73



109.

110.

111.

112.

113.

114.

Yen YF, Jen I, Chen M, et al. Association of Cytomegalovirus End-Organ Disease
with Stroke in People Living with HIV/AIDS: A Nationwide Population-Based
Cohort Study. PLoS One 2016; 11:¢0151684.

Letendre S, Bharti A, Perez-Valero I, et al. Higher CMV Antibody Concentrations
are Associated with Older Age, Lower Nadir CD4+ Cell Counts, and Worse Glob-
al Neurocognitive Functioning in People with HIV Disease. 20th Conference of
Retroviruses and Opportunistic Infections, 2012.

Brunt S, Cysique L, Lee S, Burrows S, Brew B, Price P. Do CMV antibody levels
associate with age-related syndromes in HIV patients stable on ART? AIDS Res
Hum Retroviruses 2016; 32:567-72.

Hatano H. Immune activation and HIV persistence: considerations for novel
therapeutic interventions. Curr Opin HIV AIDS 2013; 8:211-6.

Massanella M, Fromentin R, Chomont N. Residual inflammation and viral res-
ervoirs: alliance against an HIV cure. Curr Opin HIV AIDS 2016; 11:234-41.
Gianella S, Anderson CM, Vargas MV, et al. CMV DNA in Semen and Blood is
associated with Higher Levels of Proviral HIV DNA. J Infect Dis 2012;
207:898-902.

115.

116.

117.

118.

119.

120.

Gianella S, Massanella M, Richman DD, et al. Cytomegalovirus Replication in
Semen is Associated with Higher Levels of Proviral HIV DNA and CD4+ T
cell Activation during Antiretroviral Treatment. J Virol 2014; 88:7818-27.
Gianella S, Anderson CM, Var SR, et al. Replication of Human Herpesviruses Is
Associated with Higher HIV DNA Levels during Antiretroviral Therapy Started
at Early Phases of HIV Infection. ] Virol 2016; 90:3944-52.

Henrich TJ, Scully EP, Hobbs KS, et al. Restricted HIV-1 Diversity and Clonal
Expansion Following Cytoreductive Chemotherapy. 23th Conference on Retrovi-
ruses and opportunistic infections (CROI). Boston, 2016.

McGeoch DJ, Cook S, Dolan A, Jamieson FE, Telford EA. Molecular phylogeny
and evolutionary timescale for the family of mammalian herpesviruses. Journal
of molecular biology 1995; 247:443-58.

Hodson EM, Jones CA, Webster AC, et al. Antiviral medications to prevent cy-
tomegalovirus disease and early death in recipients of solid-organ transplants: a
systematic review of randomised controlled trials. Lancet 2005; 365:2105-15.
Verghese PS, Schleiss MR. Letermovir treatment of human cytomegalovirus in-
fection antiinfective agent. Drugs Future 2013; 38:291-8.

S74 e JID 2016:214 (Suppl 2) e Gianella and Letendre




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




