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In transplantation of utmost importance are the
interactions among immunologically active cells
capable of responding to and destroying foreign tis-
sues, the immunosuppressive therapy aimed at con-
trolling these cells and certain infectious agents that
are modulated by both factors.

Cytomegalovirus acquisition by humans (HCMV)
is more common in lower socioeconomic groups.
Natural routes of transmission include intrauterine,
perinatal and horizontal in childhood and in the sexu-
ally active people'. Other routs of transmission are
solid organ transplantation, blood transfusion and
semen used for in vitro fertilization.

The post-transplant immunocompromised state
provides an environment in which HCMV can exert
its full pathogenic potential>. HCMV disease is a
major cause of morbidity and mortality in solid or-
gan transplantation. It is also associated to an in-
creased risk of opportunistic infections, allograft in-
jury and higher transplantation costs. HCMYV infec-
tion also seems to increase the risk of acute and
chronic rejection of the allograft via immune — me-
diated vascular injury®*. Recent evidence suggests
that influence of HCMV disease on graft survival is
apparent only in patients with zero HLA-DR
matches and this calls for new prophylaxis treatment
and allocation strategies>.

Donor and recipient serostatus before
transplantation

Measurement of the serostatus of donor and re-
cipient at the time of transplant provides prognostic
information about the risk of developing HCMV dis-
ease'l. Most of the renal transplant recipients
(>90%) are seropositive before transplantation.
These patients should be regarded as possessing la-
tent HCMV capable of reactivation when become
immunocompromized because of immunosuppres-

In solid organ transplantation the term “cytome-
galovirus infection” refers to asymptomatic HCMV
infection and the term “cytomegalovirus disease”
refers to symptomatic HCMYV infection. Disease
manifestations appear most frequently between the
end of the 1st and the end of the 4th month® after
transplantation and include interstitial pneumoni-
tis, hepatitis, gastrointestinal disease, arthritis, chori-
oretinitis, leukopenia and pyrexial debilitating ill-
ness, whose incidences and relative frequencies vary
among transplant groups under consideration. In the
absence of antiviral prophylaxis, the risk of symp-
tomatic infection is highest in heart — lung recipients
(39%) and lowest in kidney transplant recipients
(8%)’. As many as 70 — 80% of kidney transplant
recipients may show laboratory evidence of HCMV
infection after renal transplantation and a signifi-
cant number develop tissue invasive disease with
considerable morbidity and occasional mortality®®,
Recently it has been suggested that within the first
three months after transplantation 20% to 60% of
the recipients develop HCMV disease, with a mor-
tality rate 1% to 4%*'. Therefore, prophylaxis with
antiviral therapy has been recommended in patients
at risk.
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sion. In these cases HCMV may reactivate from la-
tency and may cause disease. Also, organs harvested
from seropositive for HCMYV individuals for trans-
plantation may transmit virus, irrespective of whether
the recipient is seronegative or seropositive. It has
been observed that recipients with HCMV seroposi-
tive and zero HLA — DR matched kidneys are at a
considerably increased risk of HCMV associated
graft loss’. Seropositive recipients frequently excrete
HCMYV in the urine but have a low risk of HCMV
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disease unless the donor is seropositive'®. The risk
for HCMYV disease is highest in donor — seropositive
and solid organ transplant recipient — seronegative
(D+/R-). In spite of this, many raise the question
whether prophylaxis with antiviral therapy should be
recommended for all seronegative patients on con-
ventional immunosuppression who receive a kidney
from a seropositive donor. In seronegative patients
receiving a seronegative kidney and in seropositive
recipients, the risk of HCMYV disease is low. There-
fore, no antiviral therapy is required.

Immunosuppression

The recipient’s overall status of immunosuppres-
sion determined by the immunosuppressive proto-
col (e.g. type of the drug, dose, timing, duration),
age, primary renal disease, co-morbidity is another
risk factor. Increasing immunosuppression to lower
the risk of acute rejection or to treat episodes of acute
rejection increases the incidence of infections and
malignancies!>!*.

Regarding the type of immunosuppression, anti-
lymphocyte antibodies (ALA) and monoclonal anti-
bodies (such as OKT3) as either induction or
antirejection therapy cause a high incidence of HCMV
disease. The risk is maximal when ALA therapy is
used for the treatment of organ rejection, with HCMV
disease being diagnosed three to four times more fre-
quently than in patients not receiving antilymphocyte
antibody therapy®. Transplant recipients in whom
primary infection develops at the time of transplanta-
tion (donor: cytomegalovirus antibody positive; recipi-
ent: cytomegalovirus antibody negative) or who test
HCMYV antibody positive before transplantation and
require antilymphocyte antibody therapy after trans-
plantation have a greater than 50% attack rate of cy-
tomegalovirus disease!. There is agreement that all
recipients treated with antilymphocyte antibodies
should receive prophylaxis independently of recipi-
ent and donor seropositivity'”. The use of
interleukin — 2 receptor monoclonal antibodies
does not seem to augment the incidence of HCMV
infection'® but a long-term follow up period is cru-
cial to draw firm conclusions. Cyclosporine,
tacrolimus, rapamycin and prednisone do not acti-
vate latent virus but once replicating virus is present
these drugs potent amplification. Azathioprine and
cyclophosphamide have moderate effect on both
reactivation and replication. Mycophenolate
mofetil has been suggested to increase the inci-
dence of HCMYV infection compared with azathio-
prine regimens®.

Other risk factors

Kidney transplant recipients appear to be at in-
creased risk of HCMYV infection and disease when
there is zero HLA matching® and more recently
when there are zero HLA — DR matches and serop-
ositive donors®.

In the steady state of a latent HCMYV infection,
HCMV-specific CD4+ T cells dominate the immune
response. A loss of these cells in the first months
after transplantation of HCMV seropositive renal
transplant recipients not only correlates with an un-
controlled viral replication but also with an increased
incidence of HCMV-related disease?'. In contrast,
during primary HCMV infection, the cellular im-
mune response is dominated by HCMV - specific
CD8+ T cells®

It has been shown that peak HCMYV load during
active infection is a major risk factor that correlates
with the development of HCMYV disease. Also, it has
been shown that the classical risk factors of donor /
recipient serostatus were entirely explained by viral
load*-*s,

Data from the USRDS database showed an in-
creasing number of rejections due to infections in
older recipients, whereas the number of rejections
decreased with age®*.

Management of HCMV

Prevention of infections is one of the primary goals
in the management of renal transplant recipient.
Theoretically the best chance of prevention is repre-
sented by low immunosuppression. However, avoid-
ing rejection, without exposing the patient to infec-
tion or re — infection, remains a difficult task even
with modern immunosuppressive therapy. A num-
ber of measures may be taken to prevent infections.

The principles of managing HCMYV infection and
disease in the immunocompromised host are to an-
ticipate their development, to define policies for
monitoring patients routinely for the presence of vire-
mia according to their baseline risk of HCMV dis-
ease and to enhance surveillance if patients develop
a condition likely to increase their risk of HCMV
disease. The patients then will be offered prophy-
laxis or preemptive therapy based on an assessment
of their individualized risk of disease, together with
data from controlled clinical trials in the same pa-
tient group supporting the efficacy and safety of pos-
sible antiviral interventions.

Prophylaxis and preemptive therapy are strate-
gies used for managing patients at risk for HCMV
disease. Each therapy has advantages and disadvan-
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tages that must be considered in the context of the
patient and the allograft as well as the laboratory
facilities at any time point. Preemptive therapy re-
quires a rapid and sensitive assay to detect HCMV
infection sufficiently in advance of symptoms. Pre-
emptive therapy avoids unnecessary exposure to a
drug in patients who are not at increased risk of
HCMYV disease or HCMYV - associated death.

Several prophylactic, preemptive and deferred
therapeutic regimens are in use, with variable suc-
cess”!%?, Deferred therapy (started when overt
HCMYV disease manifestations are present) was
shown to be inferior to prophylaxis with oral
ganciclovir®. Prophylaxis with ganciclovir, which is
the reference treatment for HCMYV disease, fre-
quently results in unnecessary, potentially harmful
treatment. Furthermore, long — term antiviral treat-
ment may expose some patients to drug toxicity, re-
quires maintenance access, is expensive and may
lead to generation of resistant viruses. The problem
of intravenus access should be resolved with oral
valganciclovir (Valcyte®), which seems as efficient
as intravenous ganciclovir.

True and delayed prophylaxis

We say true prophylaxis when the drug is adminis-
tered from the first day of transplantation before there
is any active viral replication. This strategy may be
used where an assessment at baseline shows that the
risk of disease is high, the chance of severe disease is
also high, and at least one double — blind, random-
ized, pladebo — controlled trial supports the efficacy
and safety of prophylaxis in the target population.
The patient then will be given the drug from the time
of transplant onward and continued for the duration
studied in the controlled clinical trial that provided
evidence for its use. Immunoglobulins, acyclovir,
ganciclovir, valaciclovir and valganciclovir have
been used for prevention of HCMV infection in or-
gan transplant patients. In delayed prophylaxis, at
baseline a decision was made that true prophylaxis
was not necessary. However the patient’s immuno-
logical status for some reason has changed and is
decided that prophylaxis therapy must start now.

The major disadvantage of true prophylaxis is
that a large number of patients that is not going to
develop HCMYV disease will receive unnecessary
therapy. This, together with the cost, the risk for side
effects of the antiviral compound (ganciclovir toxic-
ity)*" and the possibility of emergence of resistant
HCMV strains® implies that it is not an ideal ap-
proach. Also, prophylactic therapy can not com-

pletely prevent primary infection of the recipient®*.

Among seronegative patients undergoing
seroconversion, the median time until viral DNA was
detectable appears to be approximately 25 to 30
days*. This time was similar in patients who received
three month true prophylaxis. Thus prophylaxis re-
duces the incidence of primary infection and delays
the event of it to a time period of less intense immu-
nosuppression and improved immunocompetence.
We already know that the prolongation of prophy-
laxis treatment is beneficial in some cases®.

Acyclovir (Zovirax®) in a dose of 800-3200 mg
per day depending on renal function, for 12 weeks,
reduced the incidence of HCMYV infection and dis-
ease after kidney transplantation in a trial by Balfour
and colleagues®. The most striking benefit of high —
dose acyclovir was the prevention of acquisition of
primary HCMV disease from a seropositive donor .
Moreover, acyclovir had an effect on the incidence
of HCMV infection and disease in seropositive re-
cipients.

True or delayed prophylaxis with ganciclovir in
renal transplant recipients, HCMV antibody posi-
tive before transplantation, during antilymphocyte
serum administration showed a significant reduction
in the incidence of HCMV disease®®. Intravenous
ganciclovir is given at doses ranging between 5 and
10 mg/kg/d for 10 — 14 days. Oral ganciclovir is given
at doses of 1.5 — 2.0 g / d for 14 — 90 days. A recent
meta analysis of 13 controlled trials showed that pro-
phylactic treatment with acyclovir or ganciclovir
could significantly reduce the risk of HCMV disease
and infection, with no difference between the two
agents®’.

High dose of oral acyclovir is not as effective as
oral ganciclovir in preventing HCMYV infection and
disease in kidney transplant recipients who have
received muromonab CD3 for induction®. In these
high-risk patients, acyclovir for three months pro-
vided effective prophylaxis only for recipients of
seronegative donor kidneys. In contrast ganciclovir
given for three months was an effective prophylac-
tic agent for recipients of seropositive donor kid-
neys.

Valaciclovir, 2 g four times per day, adjusted for
renal function, administered for three months
posttransplantation reduced the incidence of, and
increased the time to, HCMYV disease in seroposi-
tive donor and seronegative kidney transplant re-
cipients. At the end of treatment period, 45% of se-
ronegative receiving placebo recipients had con-
firmed HCMYV disease versus 3% of seronegative
patients receiving valaciclovir. In seropositive pa-
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tients, the incidence of HCMYV disecase was 6% in
those receiving placebo and 0% in valaciclovir re-
cipients*. Prophylaxis for HCMV with both
valaciclovir and intravenous ganciclovir was less
costly and at least as effective as preemptive therapy,
adjusting the immunosuppression and wait — and —
treat strategies®’. Routine HCMV pp65 antigenemia
monitoring shows that some patients develop posi-
tive pp65 antigenemia during valaciclovir treatment
or after prophylaxis cessation. These cases can be
efficiently treated by reduction of immunosuppres-
sion therapy without immunologic complication. This
strategy may prevent abusive use of IV ganciclovir
and eventually the occurrence of HCMYV resistance
to this drug*. At least one multicentric study has con-
firmed the beneficial effect of valaciclovir in reduc-
ing and delaying the onset of HCMYV disease after
kidney, heart and bone marrow transplantation*!.
However, the report of cases of haemolytic uremic
syndrom in HIV - positive patients taking
valaciclovir has made its use questionable*

A significant reduction of the incidence of HCMV
infection and disease has been obtained with intra-
venous immunoglobulins!’. A drawback of immuno-
globulins is that treatment should be prolonged for
at least 16 weeks!”. Other disadvantages of using
immunoglobulins are the cost of treatment and the
heterogeneity of the preparation.

HCMYV - seropositive patients were associated
with a significantly higher incidence of delayed graft
function, lower rates of HCMYV - disease, a lower
incidence of graft loss and lower medicare costs than
seronegative recipients. HCMV - seronegative re-
cipients with HCMYV - seropositive donors compared
to seronegative recipients with seronegative donors
were associated with significantly higher incidence
of HCMV disease, graft loss, and higher costs. Do-
nor serology has a larger impact than recipient se-
rology and the donor effects are more pronounced in
HCMYV - seronegative recipients®.

Suppression and preemptive therapy

In suppression therapy the patient has been moni-
tored weekly for viral replication and the measure-
ments have shown that there is moderate predictive
positive value for HCMYV disease (for example 30%).
Then, an antiviral agent is given with the intension
to suppress viral replication below the level needed
to cause viremia. Suppression requires a drug more
potent than that needed for prophylaxis.

The term preemptive therapy describes interven-
tion when the results of laboratory tests indicate that

the patient is at imminent risk of HCMYV disease. It
is used after detection of viremia in any
immunocompromised patient. In this case the pa-
tient has been monitored by collecting weekly
samples of blood processed by laboratory methods
known to provide a high positive predictive value for
HCMYV disease (e.g. 50 — 60%). In this case it is
decided to give an antiviral agent with the intention
of halting HCMYV viremia before it reaches the high
viral loads required to cause disease (Table 1).

Table 1. Guidelines to prophylaxis and preemptive
therapy

Antiviral prophylaxis
Donor*/Recipient”
ALA induction therapy
Rejection therapy with ALA
Preemptive therapy
When significant virus replication before
onset of symptoms
Concomitant lowering of
immunosuppression

Decision points for starting preemptive therapy
must be based on the results of clinicopathologic stud-
ies with the assay under evaluation. Antigenemia
recorded by pp65 antigen test is closely correlated
with symptomatic HCMYV infection. This rapid diag-
nostic method has replaced cell culture procedures
to a large extent. Examples include detection of vire-
mia by PCR or antigenemia above a cutoff value
associated with a high risk of disease* or two con-
secutive samples HCMV PCR-positive. In the study
of Koetz* preemptive therapy was started in the high-
risk patients (D+/R-) at the first pp65 antigen — posi-
tive test result. In contrast, to prevent HCMV - asso-
ciated symptoms in pretransplantation seropositive
patients, it was sufficient to start preemptive therapy
at pp65 — antigen levels of >5 positive cells /2X10°.
More recently, the results of viral dynamic assess-
ments have been applied to this problem. Patients at
risk of disease can be identified by the absolute value
of viral load found in the first HCMV PCR-positive
sample, coupled with an assessment of individual
viral dynamics by calculating the rate of increase
from the last HCMV PCR-negative sample.

The existing data suggest that ganciclovir reduces
the viral load during the primary viremia and indi-
rectly assists both in rapid induction and maintenance
of HCMYV - specific cellular immune responses. Af-
ter acute HCMYV infection the decrease in viral load
and the reappearance or stabilization of HCMV -
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specific CD4+ T cells may serve as a combined pa-
rameter to define the time point at which therapeu-
tic antiviral treatment can be withdrawn or preemp-
tive monitoring of HCMV load may be stopped?®.

While drug costs for antiviral prophylactic therapy
are not insignificant, the alternative approach, pre-
emptive therapy to prevent HCMYV disease does not
eliminate HCMV disease and HCMYV viremia may
recur in up to 25% of patients'®. HCMV treatment
after the detection of HCMYV infection necessitates
the use of more potent antiviral agents. The only
agent currently licensed for this indication is intra-
venous ganciclovir which is associated with a signifi-
cant risk of neutropenia and increased need for pa-
tient hospitalization. Underdosing of ganciclovir can
lead to development of resistant HCMV populations.
Foscarnet and cidofovir are alternative options for
patients with resistance to ganciclovir but their use
in transplantation is of limited value because of their
nephrotoxicity. Valganciclovir, an orally adminis-
tered prodrug of ganciclovir (Table 2) has excellent
bioavailability and achieves serum levels similar to
intravenous ganciclovir®*., Valganciclovir has re-
cently shown similar efficacy as i.v. ganciclovir in
the treatment of HCMV chorioretinitis in HIV —
positive individuals®’.

The preemptive therapy must be accompanied
by reduction of immunosuppressive therapy until
documented control of HCMYV infection. The de-
crease or discontinuation of MMF is suggested.
Calcineurin inhibitors are maintained at therapeu-
tic levels except of cases with interstitial pneumoni-
tis in which they must be reduced or stopped. In these
cases steroids are given in a dose of 16 mg /d
methylprednizolone or equivalent.

Prophylaxis of the fetus
Because pregnancy is recommended two years

after successful transplantation, HCMV infection in

Table 2. Dose adjustment of valganciclovir according
to renal function

Creatinine Starting dose Maintenance
clearance dose
MIl/min mg mg

> 60 2x900 1x900
40-59 2x450 1x450
25-39 1x450 450 oad
10-24 450 oad 450 tw
haemodialysis 450 following dialysis sessions

oad: on other days, tw: twice weekly

pregnant renal transplant recipients seems to be low.
At 2 years, the risk of HCMYV infection is less than in
the first post — transplant year. However, primary
HCMYV infection or reactivation can be transmitted
to the fetus*®. Congenital HCMYV infection is associ-
ated with perinatal death, microcephalus or mental
retardation in 10% of cases, and some children ap-
parently normal at delivery, may show hearing loss
and learning problems later on. Culturing of amni-
otic fluid is essential to allow HCMV diagnosis in
the fetus®. The efficacy and safety of treating the
mother with ganciclovir or HCMV hyperimmuno-
globulin to prevent fetal HCMV disease are not
known. This therapy should be only started after con-
sidering the safety of the mother, as ganciclovir can
induce birth defects in animals. Hou recommended
measuring titers of anti — HCMV IgG and IgM ev-
ery three months during pregnancy®.

A center without access to molecular methods or
pp65 antigenemia assay should use prophylaxis
rather than pre — emptive therapy for HCMV dis-
ease prevention.

Methods used for viremia detection

Early initiation of antiviral therapy offers the
greatest benefit for the patient. Hence, regular
screening of transplant patients, especially during
the critical three — month posttransplant period, for
the presence of HCMYV in blood and other speci-
mens is of utmost importance for effective patient
management.

Increasing levels of HCMYV load in the leuko-
cytes or in the serum precede overt HCMYV disease.
Thus primary HCMYV infection can be diagnosed
at the beginning and HCMV reactivation can be
assessed quantifying HCMV load. Pre — emptive
therapy is based on quantifying systemic viral load
and initiating therapy at a given threshold. Sero-
logical diagnosis of HCMYV infection in the
immunocompromised is both insensitive and sub-
ject to distortion by passive antibody administra-
tion. Sensitive tests are now available to diagnose
HCMYV infection or disease and hence lead a) to
the initiation of treatment, b) to monitor antiviral
treatment strategies ¢) to determine treatment fail-
ures.

Assays using leukocytes are more sensitive and
more rapidly positive after transplantation than those
using plasma or serum. The tests for detection of
HCMYV infection fall into three broad categories:
molecular assays, non — molecular assays and other
assays (Table 3).
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Table 3. Assays for the detection of HCMYV infection

Molecular assays

Non - Molecular assays

Other assays

CMV-DNA Quantitative PCR assay
CMV-DNA Qualitative PCR assay
NASBA CMYV pp67 assay

Hybrid Capture CMV DNA assay
Branched - DNA (bDNA) assay

Conventional cell culture
Shell vial assay
pp65 antigenemia assay

Serology
Histopathology

There are some prerequisites for an assay for
guiding pre — emptive therapy. The most important
are a) high sensitivity that allows early detection of
HCMYV infection in patients at high risk of disease,
b) the potential to quantify the results, to increase
the positive predictive value and to measure viral
load during treatment, c¢) to allow early initiation or
change of treatment rapidly and d) to have high de-
gree of reproducibility™.

The low sensitivity and low reproducibility of con-
ventional cell culture and the shell vial assay limit
their role in the management of HCMV infection to
the one of diagnosis of disease. Even for this pur-
pose, the turnaround time of the assay, which can be
up to 4 weeks for conventional cell culture, must be
considered. Newer diagnostic assays (for example
pp65 antigenemia assay and molecular assays) have
improved the ability to diagnose HCMV quickly and
accurately. These methods fulfill most of the require-
ments for a diagnostic assay: they have high sensitiv-
ity, they can quantify viral load, and they are rapid
and reproducible. Their characteristics should allow
the assays to be used to predict the development of
HCMV disease and monitor response to therapy.

Weekly monitoring of HCMYV viremia using pp65
antigenemia assay or a molecular method during
the first 3 months after transplantation or longer dur-
ing intensification of immunosuppression is recom-
mended. Although molecular methods are more sen-
sitive than the pp65 antigenemia assay, the choice of
test must consider availability and cost. The detec-
tion of pp65 is accomplished by using indirect immu-
nofluorescence’. A threshold of = 10 positive cells/
2x10° cells is required to guide pre — emptive therapy
for solid organ transplant recipients®,
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