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Assessing the Full Impact of the Indirect Effects
of Cytomegalovirus Following Solid Organ Transplantation
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Abstract

Human cytomegalovirus remains the leading infectious complication following solid organ
transplantation and leads to a range of direct and indirect effects that contribute to patient
morbidity. The primary objective of this review is to provide an up-to-date evaluation of the
evidence base for the indirect effects of human cytomegalovirus in solid organ transplant
recipients. We shall review data from the rat cytomegalovirus model of transplantation and
also data from individual studies in human transplantation and controlled and non-con-
trolled antiviral intervention trials to argue that the burden of evidence supports a central
role for human cytomegalovirus in the indirect effects. In addition, we will review, where data
is available, the likely biological mechanisms that underlie the indirect effects after trans-

plantation. (Trends in Transplant. 2009;1:41-52)
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Human cytomegalovirus (HCMV) infection
is endemic worldwide, with rates of HCMV sero-
positivity ranging from 50-60% in adult popula-
tions in the developed world and up to 95% in
developing nations'3. The virus is a member of
Herpesviridae (family betaherpesvirinae), with a
large and complex genome with the ability to
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encode at least 167 unique proteins within a
genome of approximately 230 kbp*S. In recent
years, a number of clinical strains of virus have
been fully sequenced®®, and this is contributing
to our improved understanding of the pathogen-
esis in both the immunocompetent and the im-
munocompromised host. Consistent with other
members of the Herpesviridae family, HCMV es-
tablishes latency following primary infection. Al-
though the molecular aspects of latency and
reactivation have not been fully elucidated, la-
tency is maintained in cells of the myeloid lin-
eage, with the viral DNA being present in an
extrachromosomal circular form?”. In vitro, reac-
tivation and triggering of the immediate early
promoter is accompanied by chromatin remod-
eling and activation of histone deacetylase®.
However, in vivo, very little data in the human is
available, although inflammatory cytokines in-
cluding tumor necrosis factor alpha (TNFo) ap-
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pear to be important especially following organ
transplantation®. In the immunocompetent host,
primary infection with HCMV is either asymptom-
atic or can cause infectious mononucleosis-like
symptoms. However, in the immunocompro-
mised host, the virus is able to cause a variety
of diseases and contributes to morbidity and in
some cases mortality.

Cell-mediated immunity plays a critical
role in the control of HCMV replication as evi-
denced in murine model studies'®'! and in the
human system, where the adoptive transfer of
HCMV-specific CD8* T-cell clones provided pro-
tection against and control of viral replication'15,
Furthermore, increased rates of HCMV disease
have been seen in individuals with impaired T-
cell immunity as a consequence of HIV infection
or due to the profound immunosuppression in
organ transplantation (reviewed'®). Recent data
from our laboratory and others have shown that
the quality of the T-cell immune response is key
in minimizing high-level HCMV replication follow-
ing both renal and liver transplantation'”-1°, For
example, Mattes, et al. have shown that the pro-
portion of HCMV-specific T-cells that can se-
crete interferon gamma (IFNy) following peptide
stimulation is directly related to the appearance
and level of HCMV DNAemia. A reduced func-
tional capacity of HCMV-specific CD8* T-cells
has also been shown by Crough, et al. in a small
cohort of solid organ recipients with symptom-
atic CMV infection®. In addition, the early ap-
pearance of polyfunctional CD4* T-cells is also
important in the control of replication following
liver transplantation?’.

Human cytomegalovirus infection gener-
ally occurs in the first three months following
solid organ transplantation, but can be delayed
in patients receiving HCMV prophylaxis?®®. The
risk of developing symptomatic HCMV disease
is highest in heart-lung transplant (39-41%) and
lowest in the kidney and liver transplant recipi-
ents (8-32%)23. The risk of infection and disease
in solid organ transplantation depends on the
pretransplant HCMV donor/recipient (D/R) se-
rostatus, with the highest risk occurring with a
positive donor into a seronegative recipient (D*/
R"), and an intermediate risk when both donor
and recipient are seropositive (D*/R*) or only the
recipient is seropositive (D7/R*). In the first in-
stance, the recipient is at risk of primary HCMV
infection, and in the second scenario, the re-
cipient can reactivate their own latent virus or be

reinfected by the donor HCMV strain. The D*/R-
serostatus is associated with a relative risk of
infection more than twenty times higher than the
D-/R- combination®?. Our group showed in a
multivariate logistic analysis that the risk of
HCMV disease, in a solid organ transplant set-
ting, associated with donor-positive serostatus
was negated once controlling for HCMV load,
indicating that the association of D/R serostatus
was explained by elevated virus load?*2®. In fact,
HCMV load is quantitatively different in those
with (seropositive recipient) or without (serone-
gative recipients) immunity, with the maximum
viral load attained during active infection great-
est in patients who are immunologically naive.
Moreover, preexisting immunity against HCMV
reduces the replication rate, thus increasing the
virus doubling time, and the basic reproductive
number, thus reducing the number of newly in-
fected cells arising from a single infected cell?®.
The relationship between the probability of dis-
ease and the log viral load is best modeled by
a sigmoid curve where, above a critical thresh-
old, small increases in viral load result in a sig-
nificantly higher probability of disease®*?’. The
aim of the antiviral therapy is therefore to either
maintain the viral load at very low levels by pro-
phylaxis, or to intervene (preemptive therapy) as
soon as possible once the HCMV has been de-
tected.

Clinical effects of human
cytomegalovirus after organ
transplantation

The consequences of HCMV infection in
solid organ transplants have been divided into
the direct and indirect effects (Fig. 1). While the
direct effects have been shown to be linked to
the degree of virus replication, the indirect ef-
fects seem to result from the impact of the virus
on other host cell responses, including cytokine
networks and the host’s immune response in the
setting of low level of replication, which might or
might not be detectable in blood. A common
feature of the direct effects of HCMV infection is
the presence of fever associated with general
malaise, myalgia, or arthralgia. Studies have
shown that HCMV disease initially localizes with-
in the transplanted organ, causing, for example,
pneumonitis in lung transplant recipients or hep-
atitis in liver recipients, and subsequently
spreads systemically to other organs®. Under
these conditions, it is assumed that direct viral



replication in the target organ leads to tissue
damage, although a role for immune-mediated
pathology has also been implicated®®. Neverthe-
less, using sophisticated mathematical model-
ing approaches, cumulative viral load exposure
in addition to peaks in viral load are both impor-
tant in the pathogenesis of many of the direct
effects®. At the dawn of the 21%t Century, the
direct effects of HCMV can be minimized and in
some cases eradicated through the deployment
of antiviral chemotherapy, either in a preemptive
mode where initiation is based on markers of
viral replication such as viral load, or in a pro-
phylactic mode. Meta-analyses have indicated
that both approaches reduce the risk of HCMV
disease, with odds ratios of 0.28 for preemptive
trials and 0.20 for prophylactic trials®'. The pros
and cons of both of these approaches and their
cost effectiveness have been discussed exten-
sively®234 and, recently, two prospective studies
have provided further data highlighting the ad-
vantages and disadvantages of each therapeu-
tic modality®3. At the time of writing, ganci-
clovir and its prodrug valganciclovir remain the
agents of choice for treatment, preemptive ther-
apy, and prophylaxis of HCMV infection follow-
ing solid organ transplantation, but other drugs
are undergoing development, and maribavir, an
inhibitor of the HCMV UL97 protein kinase, is
currently undergoing phase Il studies in solid
organ recipients®’.

In contrast to the direct effects of HCMV,
it has been recognized for more than 20 years
that HCMV is also associated with a range of
other clinical conditions, which were termed the
“indirect effects” by Dr Robert Rubin. The indi-
rect effects of HCMV infection in solid organ
transplant recipients include acute and chronic
graft rejections (bronchiolitis obliterans in lung
transplant recipients, vanishing bile duct syn-
drome in liver transplantation, and transplant
vascular sclerosis), cardiovascular disease,
posttransplant diabetes, and a general nonspe-
cific immunosuppressive syndrome that leads to
an increased risk of superinfection by other op-
portunistic infections?28 and posttransplant lym-
phoproliferative disorder (PTLD). A few case
reports have also implicated HCMV infection
(based only on increased antibody titer) as a
trigger for the development of Guillain-Barré
syndrome in solid organ transplant recipients®e.

The “indirect effects” descriptor originat-
ed because HCMV could not be easily detected

Gaia Nebbia, Vincent C. Emery: Indirect effects of HCMV

in target organs, but recently, using more sensi-
tive methods including in situ hybridization and
immunohistochemical methods, there is a grow-
ing body of evidence indicating that the virus
can be detected in these tissues®®. Thus, a pre-
scient question is whether it remains valid to
refer to these effects as indirect, or whether they
are further direct effects that can give rise to
both acute and long-term system malfunction.
Despite this caveat, in this review we shall con-
tinue to use the term “indirect effects” and will
focus on the evidence for the involvement of
HCMV in these conditions and also how the ex-
tended suppression of viral replication through
prophylaxis can provide further evidence for
HCMV’s explicit involvement.

Human cytomegalovirus and graft
function in the short and long term

Potentially, and in reality, there is a com-
plex relationship between HCMV replication, or-
gan rejection, and augmented immunosuppres-
sion for the management of an acute rejection
episode. Thus, if acute organ rejection occurs in
the absence of viral replication, the treatment
may itself lead to an increased risk of viral
replication and an apparent association be-
tween HCMV and rejection. Alternatively, if the
rejection episode is actually due to micro-infec-
tion with HCMV at the organ level, which is
treated with enhanced immunosuppression,
then this may lead to an exacerbation of the
viral infection. It follows that temporal studies are
required to disentangle such scenarios, prefer-
ably studies that probe replication in the affect-
ed organ and in the blood rather than just the
latter. Needless to say, studies combining these
approaches have been very rare. Fortunately,
there is a substantial body of work with the rat
CMV organ transplant model, which contributes
to our understanding of the probable role that
human CMV plays in acute and long-term graft
malfunction. The work of the groups of Lauten-
schlager and Bruggeman, amongst others, have
shown that rat CMV infection of animals receiv-
ing kidney, liver, heart, aortic, and lung grafts
results in enhanced acute and chronic rejection,
including bile duct destruction after liver trans-
plantation®®44. In these and other studies, rat
CMV infection invariable reduces time to graft
loss and also accelerates the occurrence of poor
graft function as measured by creatinine level
post-kidney transplantation*®. Histopathologi-
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Figure 1. Schematic diagram showing how latent HCMV in the transplanted organ can be reactivated through a number of proinflamma-
tory cytokines and growth factors. Infection can remain localized in the organ, contributing to a range of direct and indirect effects, or lead
to HCMV DNAemia which will allow other organ involvement. The reader should note the differentiation of the indirect effects into those
occurring in the short term (typically within three months posttransplant) and those occurring over a much longer timescale.

cally, extensive vascular injury and fibrosis is
noted in the rat CMV-infected animals within 28
days of transplantation, usually leading to termi-
nal rejection®®. In some studies where rat CMV
infection in the transplanted organ has been in-
vestigated, it has been shown that rat CMV is
present in the allograft from early on posttrans-
plantation, but that it does not necessarily per-
sist at high levels*. Rat CMV can induce tubular
apoptosis via TNF-TNF receptor 1 in rat models
of chronic rejection*. Importantly, treatment of
rat CMV-infected animals with ganciclovir ne-
gates these effects. For example, in the heart
transplant model, ganciclovir therapy reduces
intimal thickness scores to the levels seen in
allogeneic transplants in the absence of rat CMV
infection®’.

In the human setting, data linking HCMV
with acute and chronic rejection has been more
controversial, partly for the reasons outlined at
the beginning of this section. Thus, many studies
have noted associations between HCMV infec-
tion and disease and rejection, but few have
addressed the temporal nature of virus replica-
tion and rejection. A prospective study by Saged-

al, et al.#” of 477 consecutive renal allograft re-
cipients, who were not receiving anti-HCMV
prophylaxis, showed that acute rejection was
associated with both HCMV infection (ODDS ra-
tio [OR]: 1.6; p = 0.02) and HCMV disease
(ODDS ratio [OR]: 2.5; p = 0.01). Work in our
centre has showed in prospective monitoring
studies in blood and in the organ that HCMV
DNAemia was associated with an increased in-
cidence of acute rejection, with ~ 50% of biop-
sies showing evidence of HCMV DNA by in situ
hybridization*®. The greatest proportions of biop-
sies were positive for HCMV DNA in the first 20
days posttransplant and intra-organ HCMV pre-
ceded DNAemia by around two weeks. Never-
theless, HCMV DNA could be found in biopsies
where histologic acute rejection was both pres-
ent and absent, indicating that a number of fac-
tors likely contribute to the clinical picture of
rejection. The question arises as to whether the
detection of HCMV DNA in these biopsies has
any long-term consequences for graft function.
This has been addressed in an elegant study by
Helantera, et al.*® who showed that renal trans-
plant recipients with persistent intra-graft HCMV
DNA had reduced graft survival and creatinine



clearance at both one and two years posttrans-
plant with odds ratios of 5.1 and 4.3, respec-
tively. Of note was that in multivariate analysis,
HCMV DNA in the graft was the only risk factor
for lower creatinine clearance at two years, with
an odds ratio of 4.9. Other workers have also
shown that HCMV infection and disease are as-
sociated with chronic allograft nephropathy. For
example, Boratynska, et al.%% analyzed the influ-
ence of HCMV on acute rejection and long-term
graft function in two renal transplant populations
stratified according to immunosuppressive ther-
apy (group 1 received cyclosporine A, azathio-
prine, and prednisolone, and group 2 received
a calcineurin inhibitor, mycophenolate mofetil,
and prednisolone). Serum creatinine levels were
significantly elevated at six months in patients
within both subgroups who had HCMV infection
versus those who remained HCMV replication
negative. The combination of an acute rejection
episode and HCMYV disease resulted in elevated
creatinine levels at both six and 12 months post-
transplantation. The importance of considering the
confounding effects of immunosuppressive thera-
py on HCMV replication should not be underesti-
mated, and we have recently shown some pro-
found differences in the relative rate of HCMV
infection in liver transplant recipients receiving dif-
ferent immunosuppressive regimens®'. A similar
role for HCMV as a factor for acute rejection has
been observed in the Euro-SPK study of simulta-
neous pancreas-kidney transplant recipients®?. In
patients with HCMV infection, 66% suffered acute
rejection compared to only 44% in the HCMV-free
group. The effects of prophylactic ganciclovir in
this study will be discussed later in this review.

In the liver transplant setting, associa-
tions between HCMV infection and graft rejec-
tion have been demonstrated. In studies where
detailed intra-organ analyses have been per-
formed, HCMV DNA can be detected at an
early stage posttransplant, while classical histo-
pathologic HCMV inclusions are a rare observa-
tion consistent with the high intra-organ load
needed for this classical appearance of HCMV®3,
One study has shown that this micro-infection in
the organ was associated with a significant in-
crease in the expression of a number of adhe-
sion molecules, including intercellular adhesion
molecule (ICAM)-1 and vascular cell adhesion
molecule (VCAM)-1 and their ligands lympho-
cyte function antigen (LFA)-1 and very late anti-
gen (VLA)-4, although there was no association
with long-term clinical outcome®*.
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Human cytomegalovirus
and transplant vascular sclerosis

Transplant vascular sclerosis, also called
transplant-associated arteriosclerosis and trans-
plant vasculopathy, has been identified as the
most important cause of graft failure following
the first posttransplant year. Although transplant
vascular sclerosis is the hallmark of chronic re-
jection in cardiac transplantation, it also manifest
following transplantation of all solid organs in-
cluding liver, kidney, and small bowel. Trans-
plant vascular sclerosis can affect the whole
length of the vessel and it is characterized by
concentric neointimal smooth muscle cell prolif-
eration, resulting in vessel occlusion and ulti-
mately graft failure®.

A number of clinical studies suggested
that HCMV significantly accelerates transplant
vascular sclerosis and chronic rejection in solid
organ allografts. Grattan, et al. showed that graft
atherosclerosis occurred more frequently and
was significantly more severe, as judged by an-
giographic criteria or by pathology, in the HC-
MV-infected heart transplant recipients than in
noninfected recipients®. Similar findings were
subsequently reported by other investigators®6-63,
In renal transplant recipients, some studies®*6°
found a strong correlation between HCMV dis-
ease and atherosclerotic vascular events,
whereas Hernandez, et al. found no link between
HCMV disease and ischemic heart disease in a
similar cohort of patients®®.

The mechanism by which HCMV infection
accelerates transplant vascular sclerosis may
involve a direct effect of HCMV, the recipient’s
immune response to HCMV, or an interaction of
HCMV and the recipient’s alloreactivity to donor
tissue. The HCMV infects cells that are important
in the pathogenesis of vascular diseases: en-
dothelial cells, smooth muscle cells, and mono-
cytes/macrophages. The HCMV infection of en-
dothelial cells can release viral proteins, which
can then be processed by other endothelial cells
and presented to the HCMV-specific CD4+ T-
cells circulating in the peripheral blood. The pro-
duction of IFNy and TNFo. causes upregulation
of several adhesion molecules on the surface of
endothelial cells, such as ICAM-1 and VCAM-
16769 and fractalkine (CX3CR1)7°, which contrib-
ute to leukocyte adhesion. These chemokines
can be also secreted to form a gradient to in-
duce migration of monocytes and natural killer
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(NK) cells (as reviewed’"). Recently it has been
shown that antibodies against CX3CR1 reduce
chemo-attraction and protect against damage’.
The HCMV also induces the production of cytok-
ines, growth factors, and extracellular matrix
components involved in the process of angio-
genesis and wound healing, which are likely to
contribute to and accelerate the vascular dis-
gase’s. The migration of smooth muscle cells
from the media to the intima space and their
subsequent accumulation constitutes a hallmark
of the vascular lesion. The HCMV could contrib-
ute to this process by encoding inhibitors of cell
death and by sequestering the tumor suppres-
sor gene p53 and therefore contributing to the
accumulation of smooth muscle cells. Further-
more, the production of fibroblast growth factor
and platelet-derived growth factor by infected
endothelial cells can also contribute to the pro-
liferation of smooth muscle cells™. Following the
infection of smooth muscle cells by HCMV, the
expression of virally encoded chemokine recep-
tor US28 stimulates cellular migration toward the
site of the vascular injury”®76. A direct link be-
tween HCMV infection and local inflammation in
the vasculature, which is a key element in the
development of atherosclerosis, has been re-
cently shown by Qiu, et al.””. These authors have
demonstrated that HCMV infection of human
vascular smooth muscle cells is able to directly
contribute to the inflammation process by induc-
ing the expression of 5-lipoxygenase and the
subsequent production of leukotriene, which in
turn promotes leukocyte infiltration.

The HCMV infection of macrophages con-
tributes to the formation of foam cells, which are
a key element in the initial formation of the ather-
omatous plaque. Carlquist, et al.”® have demon-
strated that HCMV infection of tryptophan hydrox-
ylase-1 monocytes/macrophages cell line induces
the expression of scavenger receptor CD36,
which binds to oxidized low-density lipoprotein
and contributes to foam cell development.

Human cytomegalovirus,
the immune system, and other
pathogens

Immune modulation mediated
by human cytomegalovirus

Human cytomegalovirus devotes a large
part of its genome to produce proteins which

have the ability to interfere with all arms of the
immune response. The HCMV encodes four gly-
coproteins (US2, US3, US6, US11), which can
interfere and disrupt major histocompatibility
complex (MHC) class | antigen production, with
the net result of decreasing the cell-surface ex-
pression of MHC class | (reviewed’). Two of
these glycoproteins also modulate the expres-
sion of MHC class IlI; gpUS2 is able to impede
the translocation of MHC class Il gene prod-
ucts® and gpUS3 prevents antigen presentation
by disrupting the invariant chain interaction with-
in intracellular compartments (reviewed?®').

Human cytomegalovirus has evolved sev-
eral strategies to modulate NK cell responses. A
total of six genes (UL16, UL18, UL40, UL8S,
UL141 and UK142) and a micro RNA in the UL12
have been characterized to date (reviewed®).
The HCMV encodes a viral interleukin-10 (cm-
vIL-10) homolog of the human IL-108, which can
inhibit immune cell proliferation, inflammatory cy-
tokine synthesis, and MHC class | and Il antigen
expression®. Also, HCMV contains four open
reading frames with homology to G-protein-cou-
pled receptors, one of which (US28) shares ho-
mology to the CC chemokine receptor CCR1 and
is capable of binding macrophage inflammatory
protein-1a, monocyte chemoattractant protein-1,
and regulated on activation, normal T-cell ex-
pressed and secreted (RANTES) and the
CX3C chemokine fractalkine 888, and inhibits
chemokine-mediated monocyte migration by se-
questering CC chemokines monocyte chemoat-
tractant protein-1 and RANTES produced by
infected cells®”. Another protein, pUL21.5 that is
secreted also selectively binds RANTES®,

Human cytomegalovirus can also inter-
fere with dendritic cell function, therefore pre-
venting the delivery of the signals required for
T-cell activation. Thus, HCMV-mediated impair-
ment of dendritic cell function may contribute to
virus-mediated immunosuppression8%91.

Despite this large array of immune eva-
sion strategies, a strong CD4+ and CD8* T-cell
immune response is elicited upon primary HCMV
infection, and it is able to control the viral rep-
lication while HCMV persists in the host in latent
form®. Interestingly, and in contrast with the
general view of HCMV as the facilitator of other
opportunistic infections, herpesvirus latency in
the mouse model has been recently found to be
associated with host resistance to some bacte-



rial pathogens®. Its ability to modulate the ex-
pression of the MHC molecules, cytokines, and
NK cells has led to HCMV being defined as “im-
munosuppressive”. Indeed, HCMV infection in
solid organ transplantation has been shown to
facilitate susceptibility to opportunistic bacterial
and fungal infections®*% although the mecha-
nistic basis for these effects has not been fully
elucidated. Consistent with these observations
is the demonstration that prophylactic treatment
for HCMV following solid organ transplantation
decreases the incidence of bacterial and fungal
infection in meta-analysig3199.100,

Human cytomegalovirus
and hepatitis C virus

Human cytomegalovirus infection has
also been associated with an increased risk of
fibrosis progression caused by HCV infection in
liver transplant recipients'01%4 However, this
has not been a consistent finding. For example,
our group'™ and others'1% showed that, at
least at one year posttransplantation, HCMV in-
fection does not influence HCV replication and
fibrosis outcome. The adverse outcome in long-
term allograft survival described in other studies
might be explained by variables such as differ-
ences in the immunosuppression regimens used
for patient management. Although the mecha-
nistic basis for the apparent link between HCMV
and HCV pathogenesis is not known, it is plau-
sible that their respective mechanisms to ma-
nipulate the immune response might lead to
altered pathogenicity, especially within the liver
transplant recipient.

Human cytomegalovirus
and posttransplant
lymphoproliferative disease

Posttransplant lymphoproliferative dis-
ease is a severe complication following solid
organ transplantation that occurs in 1-20% of
transplant recipients. This disease encompass-
es a heterogeneous group of lymphoproliferative
disorders, predominantly B-cells, of which 90%
is Epstein-Barr virus (EBV)-driven B-cell lym-
phoma'®. Epstein-Barr virus infection, in par-
ticular primary EBV infection after transplanta-
tion, is recognized as the principal risk factor for
the development of PTLD. The use of immuno-
suppressive treatment is thought to down-mod-
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ulate the EBV-specific CD8* T-cells, which are
then unable to contain the proliferation of the
EBV-infected B-cells. Other chronic infections
such as HCMV have been reported as risk fac-
tors for the onset of PTLD in liver transplant re-
cipients who developed primary EBV infec-
tion"0.111 Because high levels of IL-10 have
been measured in the serum of transplant re-
cipients with PTLD'"2"13 it has been suggested
that HCMV could contribute to the increased
incidence of PTLD by the production of the viral
IL-10 by latently infected cells'“.

Human cytomegalovirus
and diabetes

New-onset posttransplant diabetes is a
common complication following kidney trans-
plantation, with an incidence ranging from 3-44%
depending on the studies. Intriguing data sug-
gest that there may be an association between
HCMV infection and posttransplant diabetes
mellitus'>1"8. The prospective study of a cohort
of 160 nondiabetic renal transplant recipients
showed a significantly increased risk of new-
onset posttransplant diabetes mellitus in patients
who developed asymptomatic HCMV infection
(26%) compared to patients without HCMV in-
fection (6%)'"6. More recently, two cases of late-
onset HCMV infection (i.e. after discontinuation
of valganciclovir prophylaxis) associated with
the onset of diabetes mellitus after kidney trans-
plantation were reported'®. The distinct caus-
ative relationship is yet to be determined. The
possible link between HCMV infection and the
development of diabetes mellitus was initially
suggested in a case report of a child with con-
genital HCMV who developed diabetes at the
age of 13 months'®. Other studies''23, but not
all'?2123 - support this association. The HCMV
may damage the pancreatic B-cell in various
ways, either (i) directly by infecting pancreatic
B-cells with cytopathic effects, (i) by induction
of proinflammatory cytokines caused by infec-
tion of B-cells or infiltrating leukocytes leading to
altered B-cell function or apoptosis, or (iii) by
molecular mimicry between viral proteins and
autoantigens. Pak, et al.”* showed that the
HCMV antibody can recognize the islet cell-
specific protein in vitro. In addition, T-cell cross-
reactivity was demonstrated between UL57 and
GADB5'. Interestingly, the rat CMV model also
supports the role of CMV in the pathogenesis of
diabetes mellitus (as reviewed'?).
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Impact of antiviral therapy
on the indirect effects of human
cytomegalovirus

An alternative approach to ascertain
whether HCMV is intimately involved in the range
of indirect effects is to provide definitive data
from antiviral intervention studies. However, the
study design is important if one does not fully
appreciate the pathogenesis. For example, if a
prolonged period of viral replication is necessary
to give rise to the indirect effects, a preemptive
approach is probably unlikely to have a signifi-
cant impact, whereas if early high-level replica-
tion triggers a set of subsequent effects driven
by cytokine and other autocrine networks, then
both preemptive therapy and prophylaxis may
impact on the indirect effects. Suffice to say, very
few studies have been specifically initiated to
address this issue. Rather, investigators have
performed studies to either determine the effects
of prophylaxis on the direct effects of HCMV and
then analyzed indirect effects as secondary end-
points, or compared preemptive therapy and
prophylaxis and then investigated long-term graft
function. Nevertheless, these studies have pro-
vided important and in some cases unexpected
data supporting the role of HCMV replication in
the indirect effects. In this context it is worth not-
ing the impact that ganciclovir therapy had on
rejection in the rat CMV model systems summa-
rized under the previous heading of “Clinical ef-
fects of HCMV after organ transplantation”.

One of the earliest studies to show that
prophylactic control of HCMV replication impact-
ed on the indirect effects was the study of high-
dose valacyclovir (8 g/day) in renal transplant
recipients'?”. In the D*R- group, valacyclovir
therapy reduced the incidence of acute rejection
by 50%, with the Kaplan Meier curves diverging
relatively early posttransplantation, which is con-
sistent with the in situ hybridization data indicat-
ing that HCMV replication is occurring at the
earliest times posttransplant in the kidney*® (Em-
ery, et al. unpublished data). Two aspects of
valacyclovir study are noteworthy. Firstly, in the
D*/R patients, HCMV replication contributed to
acute rejection in 50% of cases, i.e. HCMV is a
significant contributor to acute rejection but not
the only cause, and secondly, the inhibition of
HCMV replication in the D*/R* group made no
impact on the incidence of acute rejection. Sim-
ilar reductions (50%) in acute rejection have
been observed in nonrandomized studies of

ganciclovir prophylaxis in kidney-pancreas trans-
plant recipients®. In liver transplant recipients,
ganciclovir prophylaxis for three months has been
shown to reduce the incidence of acute rejection
by approximately 50%'?. The administration of
HCMV prophylaxis with ganciclovir in the heart
transplant setting has been shown to reduce the
incidence of transplant vasculopathy in a retro-
spective study'?®. While this study was based on
the long-term follow-up of a cohort of patients
transplanted in the early 1990s'® and managed
on a prophylactic strategy that would be regard-
ed as suboptimal by today’s standards, it pro-
vided the first evidence that inhibition of HCMV
replication in the early phase after heart trans-
plantation could have a significant long-term ben-
efit on transplant vasculopathy. More recently,
this work has been extended by comparing pro-
longed prophylaxis with an initial period of intra-
venous (V) ganciclovir followed by two months
of valganciclovir prophylaxis to standard four-
week IV ganciclovir therapy in patients undergo-
ing heart transplantation. In the patients receiving
prolonged therapy, acute rejection was de-
creased (relative risk: 0.55; p = 0.03) and it was
also associated with reduced coronary artery
lumen loss (=10 vs. =21%; p = 0.05) and vessel
shrinkage (-3 vs. =11%; p = 0.03)'3'. While this
study has some drawbacks since all high-risk
transplants (D*/R") received prolonged therapy
and standard treatment was reserved for the
lower-risk D*/R* group, it provides further evi-
dence for HCMV replication during the early pe-
riod posttransplantation, giving rise to longer-
term pathological consequences.

In the lung transplant setting, Chmiel, et
al. have reported that HCMV prophylaxis with
ganciclovir or valganciclovir significantly re-
duced the occurrence of bronchiolitis obliter-
ans™2. This reduction (from 60% incidence to
43%; p = 0.002) and a concomitant increase in
patient five-year survival (an improvement of ~
55%) was impressive for this patient population.
Interestingly, anti-HCMV prophylaxis has consis-
tently been associated with improvement in graft
survival and patient survival in both meta-analy-

ses and in a range of other controlled stud-
ieSSG,66,99,1OO,133_

Concluding comments

Human cytomegalovirus continues to cre-
ate challenges for the management of the solid
organ transplant recipient. The availability of



more sensitive detection methods is providing
new insight into the relationship between low-
level replication and pathology in the short, me-
dium, and long term. In addition, substantial
progress is being made in understanding the
molecular mechanisms that underlie the indirect
effects of HCMV. With these data in hand, opti-
mal patient management strategies can continue
to be refined so that both the direct and indirect
effects of HCMV can be minimized, but not at
the cost of increasing antiviral drug resistance.
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