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A randomized prospective controlled trial
of oral ganciclovir versus oral valacyclovir
for prophylaxis of cytomegalovirus disease
after renal transplantation

Abstract Oral ganciclovir and valacyclovir reduce the incidence of cytomegalovirus (CMV) disease after
renal transplantation (RTx). Our
study was designed to compare the
efficacy, costs, and safety of oral
ganciclovir and valacyclovir in the
prophylaxis of CMV disease over
the first 6 months after RTx. A total
of 38 patients was randomized to
3-month treatment with either oral
ganciclovir (1 g t.i.d., n = 14, GAN
group) or oral valacyclovir (2 g
q.i.d., n= 12, VAL group). A third
group (C, n= 12) received no prophylaxis. The patients were monitored by CMV-nested PCR in whole
blood. No differences were found
between the groups in their demographic characteristics, immunosuppressive protocols, or donor and
recipient CMV serology. Thirty-six
out of 38 (94.7%) recipients were
CMV-seropositive. Over the 6month post-RTx period, there were
13 episodes of CMV disease in eight
(66.7%) patients of the C group
compared with none in the GAN
and VAL groups (P=0.0005, GAN
vs C; P = 0.001, VAL vs C). The incidence of CMV viremia was 30.8%,

Introduction
Despite advances in prophylaxis, cytomegalovirus
(CMV) continues to be the most frequent opportunistic pathogen in patients undergoing solid-organ

50.0%, and 91.7% in the GAN,
VAL, and C groups, respectively
(P = 0.004, GAN vs C; P = 0.07,
VAL vs C; P = N S , GAN vs VAL).
Treatment failure (death, graft loss,
CMV disease, or withdrawal from
study) occurred in 14.3%, 0% and
66.7% in the GAN, VAL, and C
groups, respectively ( P = 0.014,
GAN vs C; P=O.OOl, VAL vs C;
P = NS, GAN vs VAL). The average
CMV-associated costs per patient
(in 2001 euros) were 2,449 & 1,178,
2,485 581, and 4,259 +4,616 in the
GAN, VAL, and C groups, respectively. Ganciclovir and valacyclovir
were well tolerated, with ganciclovir
having had to be withdrawn shortly
in one patient only because of
thrombocytopenia. In conclusion,
oral ganciclovir and valacyclovir are
equally safe and effective in the
prophylaxis of CMV disease after
RTx. Both are cost-effective and
help reduce CMV-associated costs
by some 40% compared with
patients without prophylaxis.

*
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transplantation [30]. Acute CMV disease manifests itself
in a mild form (so-called CMV syndrome) including fever
and constitutional symptoms combined with laboratory
abnormalities such as leukopenia, thrombocytopenia,
and mild elevation of liver enzymes. However, severe
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life-threatening tissue-invasive CMV disease involving
various organs (e.g., pneumonitis, hepatitis, retinitis, and
gastrointestinal disease) may also develop [9,30]. Besides,
CMV enhances the net state of immunosuppression,
resulting in an increase in the incidence of opportunistic
super-infections [ l l , 291. CMV is associated with an
increased risk of acute and chronic rejection [13, 26, 27,
3 11. In renal transplantation (RTx) patients, CMV
disease ultimately leads not only to increased morbidity
and mortality rates [S, 241 but also to a marked increase in
transplantation-related costs [22].
Recently, oral ganciclovir, despite its low bioavailability [7], has been shown to reduce significantly the
incidence of CMV disease following RTx [l, 41. Despite
the inconsistent efficacy of acyclovir in the prophylaxis
of CMV disease [2, 12, 161, a large multicenter study has
demonstrated that oral valacyclovir (a valine ester of
acyclovir) is effective in the prevention of post-RTx
CMV disease [20]. The reason for this is the appreciably
higher bioavailability of acyclovir after valacyclovir
administration than can be obtained by the administration of oral acyclovir [32]. Flechner et al. have shown
that oral ganciclovir is more effective than oral acyclovir
[lo]; however, no study comparing ganciclovir and
valacyclovir has been conducted to date. Besides, use of
novel, more potent immunosuppressives requires continuous re-evaluation of the current protocols of CMVdisease prevention, as their efficacy may not be sufficient
[6, 15, 251. Our study was designed to compare the efficacy, safety, and costs of oral ganciclovir versus oral
valacyclovir in the prophylaxis of CMV disease in patients undergoing RTx and treated with mycophenolate
mofetil. Because of high CMV seroprevalence in our
country, this study mainly concerns the prophylaxis of
CMV disease in RTx recipients at risk of CMV superinfection and/or re-infection.

Patients and methods
Patients and study design
The study was conducted at the Charles University Teaching
Hospital, Pilsen, Czech Republic. Its protocol was approved by
the local ethics committee and complied with the 1964 Declaration of Helsinki. In the period from April 1999 through December
2000, a total of 38 adult renal graft recipients with serologic
donor (D) and recipient (R) D + R-, D + R + , and D-R + status
was randomized at a 1:l:l ratio to 3-month treatment with either

Table 1 Doses of antiviral
agents according to renal function (Ccr creatinine clearance)

oral ganciclovir (Cymevene; Hoffman-La Roche, UK) at a dose
of 1 g t.i.d. or oral valacyclovir (Valtrex; Glaxo Wellcome, UK)
at a dose of 2 g q.i.d.; the third group of patients did not receive
any CMV prophylaxis and their condition was managed by socalled deferred therapy [3]. Treatment with ganciclovir and valacyclovir was started within 3 days post-RTx, and the doses were
adjusted according to renal function (Table I). All patients signed
an informed consent form. Not eligible for the study were patients
with unknown or D-R- CMV serology rior to RTx, active viral
infection, leukopenia of below 4 . 0 10
~ sp/1, thrombocytopenia of
below 15Ox1O9/1, known allergy to ganciclovir or acyclovir, and
patients using systemic antiviral agents. Short-term treatment with
low-dose acyclovir in the event of herpes simplex virus (HSV)
infection was allowed.
Immunosuppression
All patients received, from RTx onward, cyclosporine (Neoral;
Novartis, Switzerland) at 10 mg/kg per day divided into two
daily doses with the following adjustments to maintain 12-h
whole-blood cyclosporine trough levels between 250 and 350 ng/
ml (monoclonal fluorescent polarization assay, TDx; Abbott
Laboratories) over the first 2 months post-RTx and between 150
and 250 ng/ml thereafter. Steroids were initiated with 250 mg
intravenous methylprednisolone from days 0 to 3 post-RTx, with
subsequent tapering to 30 mg of oral prednisone on day 6 and
10 mg at month 6 post-RTx. All patients but two were treated
with mycophenolate mofetil (CellCept; Hoffman-La Roche,
Switzerland) at a dose of 1 g b.i.d., with the remaining two
patients receiving azathioprine (Imuran; Glaxo Wellcome, UK)
at 1 mg/kg per day. Patients at immunologically high risk were
given 7-day induction therapy with OKT3 (Orthoclone; Cilag,
Switzerland). Acute rejection episodes were confirmed by biopsy
and initially managed by high doses of intravenous methylprednisolone; for steroid-resistant episodes, 10-day treatment
with OKT3 or 10 to 14-day treatment with rabbit anti-thymocyte
globulin (ATG; Fresenius, Germany) was instituted. For recurrent steroid-resistant and/or OKT3/ATG-resistant episodes, patients were switched to rescue therapy with tacrolimus (Prograf;
Fujisawa, Ireland).
Patient monitoring
Patients were prospectively monitored clinically and by laboratory
tests for 6 months post-RTx or until death. Nested PCR for CMV
DNA was performed from 2 ml of whole blood in EDTA tubes
once a week for the first 15 weeks and then at months 5 and 6. Two
sets of commercially synthesized primers complementary to DNA
sequence for major immediate early gene CMV were used in each
cycle of PCR. DNA was isolated from 200 pl of whole blood with a
QIAamp DNA Blood Kit (Qiagen, Germany) according to the
manufacturer’s instructions. Isolated DNA was initially amplified
in a reaction mixture with external primers 5-ATGGAGTCCTCTGCCAAGAG-3 and 5-CAATACACTTCATCTCCTCG-3 and
DNA polymerase. The second cycle was performed by use of
another pair of primers: 5-GTGACCAAGGCCACGACGTT-3
and 5-TCTGCCAGGACATCTTTCTC-3and other amplification

Ccr

Ganciclovir

Ccr (ml/min)

Valacyclovir

70
51-70
26-50
10-25
< 10 or dialysis

1,000 mg t.i.d.
500 mg t.i.d.
500 mg b i d .
500 mg qd
500 mg t.i.w.

> 75
51-75
26-50
10-25
< 10 or dialysis

2,000 mg
1,500 mg
1,500 mg
1,500 mg
1,500 mg

q.i.d.
q.i.d.
t.i.d.
bid.
qd
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cycle characteristics. The resultant amplification product was
visualized with ethidium bromide on 2% agar gel under UV light.
To minimize false-positive results, we observed predefined conditions [17]. If CMV disease was suspected, CMV pp65 antigenemia
was investigated by use of isolated polymorphonuclear cells and a
commercially available CINA kit (Argene BIOSOFT, France).
More than five positive cells per 100,000 tested were considered a
positive result. CMV cultures from bronchoalveolar lavage, biopsy
samples, and urine were performed in human fibroblasts. CMV was
identified by the cytopathic effect and immunofluorescence with the
help of monoclonal antibody (Monoffuokit CMV; Sanofi, Czech
Republic). Serological determination of anti-CMV IgM and IgG
was performed with ELISA (Test-Line, Czech Republic) and
indirect immunofluorescence (Vidia, Czech Republic).
Study end points

"Included induction or antirejection treatment with OKT3
or rabbit ATG

Statistical analysis
Data were analyzed on an intention-to-treat basis. Treatment
failure was defined as CMV disease, graft failure, and death and/or
exclusion from the study. Fischer's exact test was used for categorical variables and Kruskal-Wallis analysis of variance was used
to compare laboratory and other quantitative data among the three
groups. Data are expressed as means f SD. Calculations were
made using computer software Sigmastat for Windows Version
2.03. P values of below 0.05 were considered significant.

Results

The primary study end point was the incidence of CMV disease
over the first 6 months post-RTx. Secondary end points included
the incidence of CMV viremia, patient and graft survival, graft
function and safety profile, CMV-associated costs, incidence of
acute rejections, and other infections. CMV viremia was defined as
positive nested PCR. CMV disease was defined as CMV viremia
combined with the CMV syndrome or tissue-invasive CMV disease
[19]. The CMV syndrome included the presence of at least one of
the following: unexplained temperature over 38 "C for 2 or more
days, constitutional symptoms (fatigue, myalgia, arthralgia), leukopenia of below 4.Ox1O9/1on 2 consecutive days, thrombocytopenia
of below 15Ox1O9/1on 2 consecutive days, and elevation of liver
function tests. For fear of low nested-PCR specificity, CMV viremia before the final diagnosis of CMV disease was verified by
positive CMV pp65 antigenemia. CMV disease was treated by intravenous ganciclovir (Cymevene; Hoffnian-La Roche, Switzerland) at 5 mg/kg every 12 h for a minimum of 3 weeks or longer, if

Table 2 Baseline characteristics of the patients. None of
the differences was significant.
( P R A panel-reactive antibody,
M M F mycophenolate mofetil)

needed clinically. The doses were adjusted according to renal
function as recommended by the manufacturer.

Patient characteristics
A total of 38 patients was included in the study, with 14
receiving ganciclovir (GAN group) at an average daily
dose of 1.3*0.6 g, 12 receiving valacyclovir (VAL
group) with an average 5.5h1.3g per day, while 12
patients (C group) were given no prophylaxis. One
patient of the GAN group lost his graft due to renal vein
thrombosis on day 8 post-RTx and was assessed in the
intention-to-treat analysis only. The groups did not differ
significantly in basic demographic and immunological
characteristics, donor and recipient pre-RTx CMV
serology, or in immunosuppression therapy (Table 2).

Feature

GAN group
n= 14

VAL group
n= 12

Age (mean f SD; years)
Gender
Male (n, Yo)
Female (n,%)
Donor source
Cadaveric donor (n, YO)
Living donor (n, Yo)
Previous transplantation (n, "0)
Cause of renal failure
Chronic glomerulonephritis (n, YO)
Chronic interstitial nephritis (n, Y)
Diabetic nephropathy (n, YO)
Polycystic kidney disease (8, YO)
Hypertensive nephrosclerosis (n, %)
Other (n, Yo)
HLA-A,B,DR mismatches (mean & SD)
Pre-transplant PRA (mean 1SD; Yo)
Cold ischemia time (mean h SD; h)
CMV serologic status
D + R- (n, %)
D + R + (n, %)
D-R+ (n, %)
Immunosuppression
Antilymphocyte antibody therapya (n, YO)
Maintenance MMF therapy (n, Yo)
Tacrolimus rescue therapy (n, YO)

44.5*11.6

47.8

10 (71.4)
4 (28.6)

10 (83.3)
2 (16.7)

8 (66.7)
4 (33.3)

12 (85.7)
2 (14.3)
3 (21.4)

11 (91.7)
1 (8.3)
1 (8.3)

12 (100.0)
0 (0.0)
2 (16.7)

9 (64.3)
3 (21.4)
0 (0.0)
0 (0.0)
2 (14.8)
0 (0.0)
3.1 k 1.2
15.1 *25.6
17.7 8.0

*

6 (50.0)
2 (16.7)
2 (16.7)
1 (8.3)
0 (0.0)
1 (8.3)
3.2*0.8
9.5 f 18.9
18.9f7.2

5 (41.7)
5 (41.7)
0 (0.0)
2 (16.7)
0 (0.0)
0 (0.0)
3 . 6 1 1.3
7.3h11.4
20.3 f3.6

1 (7.1)
I1 (78.6)
2 (14.3)

0 (0.0)
9 (75.0)
3 (25.0)

1 (8.3)
8 (66.7)
3 (25.0)

6 (42.9)
13 (92. I)
2 (14.3)

3 (25.0)
11 (91.7)
0 (0.0)

4 (33.3)
12 (100.0)
2 (16.7)

* 12.4

C group
n= 12
46.0f 13.1
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CMV viremia and disease

undergo checks for the occurrence of late CMV disease.
CMV disease was observed in two (15.4%) patients in
CMV viremia occurred within the first 3 months post- the GAN group (pneumonitis + hepatitis in one patient
RTx in only one (7.7%) patient of the GAN group and and CMV syndrome in the second one) and in one
in no patient of the VAL group, compared with ten (8.3%) patient in the VAL group (pneumonitis). No late
(83.3%) patients of the C group (P=0.0002, GAN vs C; CMV disease occurred in the C group. However, over
P = 0.00007, VAL vs C). After the end of prophylaxis at the period of 12 months post-RTx, the incidence of
month 6 post-RTx, a significant decrease in CMV vire- CMV disease remained significantly lower in both promia persisted in the GAN group (4/13, 30.8%) com- phylactic groups compared with the C group (P= 0.015,
pared with the C group (11/12, 91.7%, P=O.OOl), while GAN vs C; P = 0.009, VAL vs C) (Fig. 2). The onset of
in the VAL group there was only a trend towards a CMV disease was delayed in the GAN and VAL groups
decrease in CMV viremia versus the C group (6/12, compared with the C group (mean 2865331 days vs
50.0%, P = 0.07). The differences between the GAN and 43k22 days post-RTx, P=O.OOOOOl). All first and reVAL groups were not significant ( P = 0.43) (Fig. 1). The current episodes of CMV disease showed a good reC group experienced, over the period of 6 months post- sponse to intravenous ganciclovir. No resistance to
RTx, a total of 13 episodes of CMV disease in 8/12 ganciclovir was noted.
(66.7%) patients. No case of CMV disease was seen in
either the GAN or the VAL group (P=0.0005 GAN vs
C; P=O.OOl VAL vs C). Of the total of 13 episodes, 11 Clinical outcome
cases involved the CMV syndrome, with tissue-invasive
CMV disease occurring in only two (16.7%) patients Patient and graft survival did not differ significantly
(gastrointestinal disease in each case). In no case was among the groups. One patient died suddenly from
life-threatening CMV disease involved. Fever was pre- pulmonary embolism at month 2 post-RTx and another
sent in 12 (92.3%), constitutional symptoms in 12 one lost his graft on day 8 because of renal vein
(92.3%), leukopenia in six (46.1 YO),thrombocytopenia thrombosis. Both were in the GAN group. The cumuin seven (53.8%), and elevation of liver enzymes in eight lative rates of treatment failure at month 6 were 2/14
(61.5%) of the 13 episodes of CMV disease. Apart from (14.3%), 0/12 (O.O%), and 8/12 (66.7%) in the GAN,
CMV viremia, at least two criteria of the CMV syn- VAL, and C groups (P=0.014, GAN vs C; P=O.OOl,
drome were always met. The first episode of CMV dis- VAL vs C; P= 0.48, GAN vs VAL), respectively. The C
ease occurred in all patients within 3 months (mean group showed a higher, yet not statistically significant,
43 + 22 days) post-RTx. Of the eight patients with CMV number of patients with biopsy-confirmed acute rejection (6/12, 50.0%) than did the other two groups (GAN
disease, four experienced recurrence.
In both prophylactic groups, CMV viremia tended to group 5/13, 38.4%; VAL group 4/12, 33.3%). No sigincrease after the end of prophylaxis. Therefore, patients nificant differences were observed in the incidence of
were further followed up to 12 months post-RTx to vascular and steroid-resistant acute rejection episodes.
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Fig. 2 Cumulative incidence of CMV disease. They axis represents
the percentage of patients free of CMV disease. P=O.O15, CAN vs
C ; P = 0.009, VAL vs C
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Table
Patient
outcomes in
control3 and
prophylactic
groups

Feature
CMV viremia at 3 months (n,

GANgroup

YO)

P

1/13 (7.7)

C group

10/12 (83.3)
0.0002

CMV viremia at 6 months (n, %)

4/13 (30.8)

0.001
. .~~

8/12 (66.7)

Treatment failure at 6 months (n, YO) 2/14 (14.3)

1/12 (8.3)
0.009

0.015

8/12 (66.7)
0.014

5/13 (38.4)

0/12 (0.0)
0.001

6/12 (50.0)

171 +75

4/12 (33.3)
NS

NS
Creatinine at 6 months (pmol/l)

0/12 (0.0)

8/12 (66.7)

2/13 (15.4)

Acute rejection at 6 months (n, %)

6/12 (50.0)
0.07

0.0005
CMV disease at 12 months (n, %)

0/12 (0.0)

11/12 (91.7)

0/13 (0.0)

VAL group

0.00007

0.001
CMV disease at 6 months ( n , YO)

P

169*42
NS

155+44
NS

Graft function was similar in all groups throughout the Cost analysis
study. The mean serum creatinine levels at month 6 postRTx were 171 &75, 155f44, and 169k42 pmol/l in the Over the 6-month post-RTx period, the mean CMVGAN, VAL, and C groups (P=NS), respectively associated costs per patient (expressed in 2001 euros)
were 2,449 + 1,178 in the GAN group, 2,485 k 581 in the
(Table 3).
VAL group, and 4,259 4~4,616 in the C group (including
patients both with and without CMV disease), which
Other infections
means savings of 42.5% and 41.7% of costs in the GAN
and VAL groups compared with untreated patients. The
No statistically significant difference was seen among the mean CMV-associated costs were lower in both progroups in the incidence of other bacterial, fungal, par- phylactic groups even within the 12-month post-RTx
asitic, and viral infections, apart from a decrease in the period (3,565 k 2,785, 3,710 + 4,096, and 4,997 + 5,792
incidence of clinical HSV infection in the GAN and euros in the GAN, VAL, and C groups, respectively).
VAL groups, with no case of HSV infection compared The average cost per patient who developed CMV diswith 5/12 (41.7%) patients in the C group (P=O.O15, ease in all groups was 8,323 k 5,865 euros.
GAN vs C; P=O.O37, VAL vs C) (Table 4).
Safety
The incidence of side effects was similar among the
groups. Both study drugs were well tolerated. Ganciclovir had to be reduced because of leukopenia and/or
thrombocytopenia in three (23.1YO)patients, with one of
them even requiring short-term discontinuation. Valacyclovir had to be reduced because of leukopenia in one
(8.3%) patient (P=NS). The cumulative rates of incidence of leukopenia ( < 3.Ox1O9/1), thrombocytopenia
( < 100x109/l),and anemia (hemoglobin < 80 g/l) did not
differ significantly among the groups (Table 5). There
was no case of thrombotic microangiopathy. GANgroup patients showed higher levels of uric acid at
months 1 and 3 post-RTx (P< 0.05) than did patients in
the VAL group; the differences were no longer evident at
month 6. Hallucinations and/or confusion were more
frequent, but not significantly so, in the VAL group (3/
12, 25.0%) than in the GAN (1/13, 7.7%) and C (Ojl2,
0.0%) groups. They invariably occurred within 1 week
post-RTx, subsiding quickly without the need for valacyclovir reduction.

Table 4 Cumulative incidence of other infections over the first 6
months after transplantation
Feature

GAN group VAL group C group
n = 13
n = 12
n=12

HSV (n,Yo)
Fungal infections
Mucocutaneous (n, %)
Invasive (n, YO)
Sepsis (a, YO)
Urinary tract infections (n, %)
Pneumonia (n, %)
Pneumocystis (n, YO)

0 (0.0)

0 (0.0)

5 (41.7)*

4 (30.8)
0 (0.0)
1 (7.7)
3 (23.1)
2 (15.4)
0 (0.0)

5 (41.7)
0 (0.0)
1 (8.3)
3 (25.0)
2 (16.7)
0 (0.0)

6 (50.0)
0 (0.0)
3 (25.0)
6 (50.0)
0 (0.0)
0 (0.0)

*P=0.015, GAN vs C; P=0.037, VAL vs C

Table 5 Hematological adverse events. None of the differences was
significant
Feature

GAN group VAL group
n = 13
n=12

Leukopenia (n, YO)
3 (23.1)
Thrombocytopenia (n, Yo) 5 (38.5)
Anemia (n, %)
3 (23.1)

4 (33.3)
3 (25.0)
3 (25.0)

C group

n = 12
4 (33.3)
4 (33.3)
5 (41.7)
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Discussion
CMV infection and disease is reported in 20%-70% of
renal graft recipients depending on D/R CMV serology
and the type of immunosuppression administered [28,29].
While current prophylactic protocols have improved
CMV control, CMV infection continues to pose a serious
problem. The advent of new, more effective immunosuppressives such as mycophenolate mofetil, sirolimus,
or tacrolimus may make the results of previous prophylactic regimens unsatisfactory. This applies primarily,
but not exclusively, to patients with D + R - CMV
serology prior to transplantation at risk of developing
primary CMV infection [5, 6, 151. The authors of a retrospective study, in which RTx patients were treated with
cyclosporine-based triple combination immunosuppression including mycophenolate mofetil and received no
anti-CMV prophylaxis, reported a 67% incidence of
primary CMV disease compared with 30% (P< 0.05) of
patients not given mycophenolate mofetil [23].
Our study demonstrated a high efficacy of 3-month
therapy with both oral ganciclovir and valacyclovir in
the prophylaxis of CMV disease in patients after RTx
who were treated with mycophenolate mofetil, with a
significant proportion of these patients receiving induction or anti-rejection therapy with anti-lymphocyte antibody. Moreover, both regimens were cost-effective and
were associated with savings of approximately 1,800
euros per patient compared with the control group. Both
ganciclovir and valacyclovir prophylactic regimens remained cost-effective, even at the 12-month evaluation,
in spite of the occurrence of late CMV disease in 3/25
(12%) patients receiving prophylaxis. However, it
should be noted that our results cannot be automatically
extrapolated to D + R- patients, as there were only 2/38
(5%) in our series (one from the GAN group did not
develop CMV disease and one from the C group suffered
from recurrent CMV disease). This was due to the naturally low proportion of CMV serology-negative patients in our population. The profile of our patients
represents the typical situation in continental Europe, in
which most renal transplant recipients are CMV-seropositive at risk of CMV superinfection and/or re-infection. Similarly to our study, other trials proved the
effectiveness of oral ganciclovir and/or valacyclovir
prophylaxis in R + patients [4, 201.
For the sake of maximum safety in the case of our
control group not receiving any anti-CMV prophylaxis,
we opted for the so-called deferred therapy approach
with frequent monitoring by highly sensitive nested PCR
for CMV DNA from whole blood and early therapy of
symptomatic CMV infections. Some authors suggest
that this therapy can be employed to control CMV infection and be ever less costly than pre-emptive therapy
[3]. In our study, while this policy was effective in

preventing the development of serious CMV disease, the
overall incidence of CMV disease (66.7%) was high. To
avoid misdiagnosis when using nested PCR, which may
occasionally detect even latent CMV in leukocytes [30],
we invariably confirmed active CMV infection, in cases
of suspected CMV disease, by pp65 antigenemia.
Moreover, all diagnosed episodes of CMV disease responded well to intravenous ganciclovir. However, the
incidence and early recurrence of CMV disease are
comparable with those reported by other authors [4, 141.
Brennan et al. [4] observed a 61% incidence of CMV
disease in patients with a proportion of D/R CMV serology similar to that seen in the group treated with lowdose acyclovir. In another study, also excluding patients
with D-R- CMV serology, the incidence of CMV disease was 28%, despite 12-week prophylaxis with ganciclovir. However, more patients had acute rejection and
more patients were treated with anti-lymphocyte antibody in that study than in our series [15]. A recently
published model of the cost-efficacy of various strategies
of CMV management supports the economic superiority
of prophylaxis of CMV disease, a concept consistent
with our findings [21]. However, in a multicenter trial
with economic evaluation of valacyclovir prophylaxis
after RTx, prophylaxis was cost-effective in the high-risk
D + R - group only. In the R + patients, prophylaxis
resulted in a modest incremental cost [lS]. Nevertheless,
the incidence of CMV disease in the R + patients not
receiving prophylaxis was very low (6%) in that study.
Furthermore, the investigators included total costs per
patient in the first 6 months post-RTx. In our study, we
calculated the real CMV-associated costs in each patient
studied, which included the costs of prophylaxis, CMV
monitoring, diagnostic procedures in cases of asymptomatic CMV viremia, and the costs of diagnosis and
treatment of CMV disease.
In our study, ganciclovir was also effective in preventing asymptomatic CMV viremia while, with valacyclovir, viremia occurred in 50% of the patients after
prophylaxis discontinuation. This was less than in the C
group (91.7%); however, the difference did not reach
statistical significance. Although an adverse indirect effect of CMV may also be present with asymptomatic
active CMV infection [30], we did not demonstrate an
adverse clinical impact over a period of 6 months postRTx. In addition to the expected reduction in the incidence of HSV infection in both treated groups, we did
not observe a higher incidence of other infections in the
C group than in patients receiving anti-CMV prophylaxis. This may be due not only to the size of our group
but also to the absence of serious episodes of CMV
disease and routine prophylaxis with low-dose trimethoprim-sulfamethoxazole against Pneumocystis carinii
infection and natamycin against oral and gastrointestinal fungal infections. Despite better results of oral
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ganciclovir than high-dose oral acyclovir in the prevention of CMV disease [lo], the efficacy of ganciclovir and
valacyclovir was comparable in our study. This is presumably due to the bioavailability of acyclovir, which is
increased several times when administered in its oral
form [32]. The ability of valacyclovir to reduce the incidence of CMV disease after RTx even in patients with
D + R- CMV serology has been demonstrated previously, although mycophenolate mofetil was given to
only a very small number of patients [20]. Another
finding was the lower incidence of acute rejection episodes in valacyclovir-treated patients [20]. The incidence
of acute rejection episodes in our patients treated with
ganciclovir and valacyclovir was non-significantly lower
than in those in the C group. However, the study was
not powered to demonstrate differences in this criterion.
The safety profiles of both drugs were acceptable.

As expected, hematological side effects requiring dosage
adjustment were more frequent with ganciclovir, while
hallucinations and confusion were seen more often with
valacyclovir [7, 201.
In summary; oral ganciclovir and valacyclovir are
equally effective in the prophylaxis of CMV disease in
patients undergoing RTx. Both prophylactic regimens
not only decrease the incidence but also delayed the
onset of CMV disease. Both drugs are safe and costeffective in saving over 40% of CMV-associated costs
over the first 6 months post-RTx.
Acknowledgements The authors gratefully acknowledge Ms. Gabriela Fikrlova for her assistance in data collection. This study was
supported by Research Project Number 206032 (1 11400002) “Renal Function Replacement by Blood Purification Methods and
Transplantation”, awarded by the Ministry of Education, Youth,
and Physical Training of the Czech Republic.

References
1. Ahsan N, Holman MJ, Yang HC (1997)
Efficacy of oral ganciclovir in prevention of cytomegalovirus infection in
post-kidney transplant patients. Clin
Transpl 11:633-639
2. Balfour HH Jr, Chace BA, Stapleton
JT, Simmons RL, Fryd DS (1989) A
randomized, placebo-controlled trial of
oral acyclovir for the prevention of cytomegalovirus disease in recipients of
renal allografts. N Engl J Med
320:1381-1387
3. Brennan DC, Garlock KA, Lippmann
BJ, Buller RS, Gaudreault-Keener M,
Lowell JA, Miller SB, Shenoy S, Howard TK, Storch GA (1996) Control of
cytomegalovirus-associated morbidity
in renal transplant patients using intensive monitoring and either pre-emptive
or deferred therapy. J Am Soc Nephrol
8~118-125
4. Brennan DC, Garlock KA, Singer GG,
Schnitzler MA, Lippmann BJ, Buller
RS, Gaudreault-Keener M, Lowell JA,
Shenoy S, Howard TK, Storch GA
(1997) Prophylactic oral ganciclovir
compared with deferred therapy for
control of cytomegalovirus in renal
transplant recipients. Transplantation
6411843-1846
5. Cailhier JF, Boucher A, Beliveau C,
Poirier L, Delorme J, Weiss K,
Laverdiere M, Hebert MJ, Pichette V,
Dandavino R (2001) CMV in kidney
transplants in the tacrolimus-mycophenolate era. Transplant Proc
33:119&1197

6. Conti DJ, Isenberg A, Shen GK, Hahn
A, Singh TP (1998) Failure of ganciclovir prophylaxis of primary cytomegalovirus disease in immunologic highrisk recipients. Transplant Proc
30: 131613 15
7. Crumpacker CS (1996) Ganciclovir. N
Engl J Med 335:721-729
8. Eriksson BM, Wirgart BZ, Claesson K,
Tufveson G, Magnusson G, Totterman
T, Grillner L (1996) A prospective study
of rapid methods of detecting cytomegalovirus in the blood of renal transplant
recipients in relation to patient and graft
survival. Clin Transpl 10:494-502
9. Fishman JA, Rubin RH (1998) Infection in organ-transplant recipients. N
Engl J Med 338:1741-1751
10. Flechner SM, Avery RK, Fisher R,
Mastroianni BA, Papajcik DA, O’Malley €3,
Goormastic M, Goldfarb DA,
Modlin CS, Novick AC (1998) A randomized prospective controlled trial of
oral acyclovir versus oral ganciclovir for
cytomegalovirus prophylaxis in highrisk kidney transplant recipients.
Transplantation 66: 1682-1 688
11. George MJ, Snydman DR, Werner BG,
Griffith J, Falagas ME, Dougherty NN,
Rubin RH (1997) The independent role
of cytomegalovirus as a risk factor for
invasive fungal disease in orthotopic
liver transplant recipients. Am J Med
103:106-113
12. Goral S, Ynares C, Dummer S,
Helderman JH (1996) Acyclovir prophylaxis for cytomegalovirus disease in
high-risk renal transplant recipients: is it
effective? Kidney Int 57 [Suppl]:S62-S65

13. Humar A, Gillingham KJ, Payne WD,
Dunn DL, Sutherland DER, Matas AJ
(1999) Association between cytomegalovirus disease and chronic rejection in
kidney transplant recipients. Transplantation 68:1879-1883
14. Humar A, Uknis M, Carlone-Jambor
C, Gruessner RW, Dunn DL, Matas A
(1999) Cytomegalovirus disease recurrence after ganciclovir treatment in
kidney and kidney-pancreas transplant
recipients. Transplantation 67:94-97
15. Isenberg A, Shen GK, Singh TP, Hahn
A, Conti DJ (2000) Failure of ganciclovir prophylaxis to completely eradicate CMV disease in renal transplant
recipients treated with intense anti-rejection immunotherapy. Clin Transpl
14:193-198
16. Kletzmayr J, Kotzmann H, PopowKraupp T, Kovarik J, Klauser R (1996)
Impact of high-dose oral acyclovir prophylaxis on cytomegalovirus (CMV)
disease in CMV high-risk renal transplant recipients. J Am SOCNephrol
7:325-330
17. Kwok S, Higuchi R (1989) Avoiding
false positives with PCR. Nature
3391237-238
18. Legendre CM, Norman DJ, Keating
MR, Maclaine GDH, Grant DM (2000)
Valacyclovir prophylaxis of cytomegalovirus infection and disease in renal
transplantation: an economic evaluation. Transplantation 70: 1463-1468
19. Ljungman P, Plotkin SA (1995) Workshop on CMV disease: definitions, clinical severity scores, and new syndromes.
Scand J Infect Dis 99 [Suppl]:87-89

622
~

20. Lowance D, Neumayer HH, Legendre
CM, Squifflet JP, Kovarik J, Brennan
PJ, Norman D, Mendez R, Keating
MR, Coggon GL, Crisp A, Lee IC
(1999) Valacyclovir for the prevention
of cytomegalovirus disease after renal
transplantation. N Engl J Med
340: 1462-1470
21. Mauskopf JA, Richter A, Annemans L,
Maclaine G (2000) Cost-effectiveness
model of cytomegalovirus management
strategies in renal transplantation.
Pharmacoeconomics 18:239-251
22. McCarthy JM, Karim MA, Krueger H,
Keown PA (1993) The cost impact of
cytomegalovirus disease in renal transplant recipients. Transplantation
555:1277-1282
23. Meulen CG ter, Wetzels JFM,
Hilbrands LB (2000) The influence of
mycophenolate mofetil on the incidence
and severity of primary cytomegalovirus
infections and disease after renal transplantation. Nephrol Dial Transplant
15:711-714

~~~

24. Murray BM (1997) Management of cytomegalovirus infection in solid-organ
transplant recipients. Immunol Invest
26:243-255
25. Paya CV (2001) Prevention of cytomegalovirus disease in recipients of
solid-organ transplants. Clin Infect Dis
321596-603
26. Pouteil-Noble C, Ecochard R,
Landrivon G, Donia-Maged A, Tardy
JC, Bosshard S, Colon S, Betuel H,
Aymard M, Touraine JL (1993)
Cytomegalovirus infection - an
etiological factor for rejection? Transplantation 55:851-857
27. Reinke P, Frietze E, Ode-Hakim S, Pro
S, Lippert J, Ewert R, Volk HD (1994)
Late-acute renal allograft rejection and
symptomless cytomegalovirus infection.
Lancet 344:1737-1738
28. Rondeau E, Bourgeon B, Peraldi MN,
Lang P, Buisson C, Schulte KM, Weill
B, Sraer JD (1993) Effect of prophylactic ganciclovir on cytomegalovirus
infection in renal transplant recipients.
Nephrol Dial Transplant 8:858-862

29. Rubin RH (1990) Impact of cytomegalovirus infection on organ transplant
recipients. Rev Infect Dis 12 [Suppl
7]:S754-S766
30. Sia IG, Patel R (2000) New strategies
for prevention and therapy of cytomegalovirus infection and disease in
solid-organ transplant recipients. Clin
Microbiol Rev 13:83-121
31, Toupance 0, Bouedjoro-Camus MC,
Carquin J, Novella JL, Lavaud S,
Wynckel A, Jolly D, Chanard J (2000)
Cytomegalovirus-related disease and
risk of acute rejection in renal transplant recipients: a cohort study with
case-control analyses. Transpl Int
13:413419
32. Weller S, Blum MR, Doucette M,
Burnette T, Cederberg DM, Miranda P
de, Smiley ML (1993) Pharmacokinetics
of the acyclovir pro-drug valacyclovir
after escalating single- and niultipledose administration to normal
volunteers. Clin Pharmacol Ther
54:595-605

