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Abstract. Cytomegalovirus (CMV) is the most common
opportunistic pathogen following renal transplantation
and remains a major concern in transplantation centers
owing to its high morbidity and impact on renal allografts.
Pending more effective antiviral drugs, efforts have been
directed toward prevention strategics. We conducted a
retrospective analysis to evaluate the efficacy of various
prophylactic options used at our institution during the
period April 1986 to August 1990. All CMV-negative pa-
tients with CMV-negative kidneys (D-R-) received
screened, CMV-negative blood products (n =19). CMV-
specific immunoglobulins (CMV Ig) were used in 6 pa-
tients at increased risk for primary CMV infection and
acyclovir was administered to 21 patients at an initial in-
travenous dose of 5 mg/kg body weight; then oral doses of
800-3200 mg per day were given according to the patients’
estimated creatinine clearance. Thirty-two patients did
not receive any CMV prophylactic treatment and served
as controls. CMV monitoring of the patients during the
first 6 months after transplantation showed an overall in-
fection and disease rate of 81 % and 38.1 %, respectively,
in the acyclovir-treated group. Compared with controls,
the incidences of infection and disease were higher in the
acyclovir-treated patients, with a significant difference for
CMYV infection (P =0.002, generalized Wilcoxon test).
Only 1 of the 19 D— R- patients presented with CMV in-
fection. CMV Ig-treated patients tended to have less
severe disease without any apparent reduction in infec-
tion incidence. Given the high rate of infection in patients
at risk, we infer that high-dose acyclovir does not prevent
CMYV infection in our setting of renal transplantation. We
advocate the use of screened, CMV-negative blood pro-
ducts in D~ R— patients.
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Introduction

In the era of cyclosporin therapy, cytomegalovirus
(CMV) still emerges as the most common opportunistic
pathogen following bone marrow or solid organ trans-
plantation. The ubiquity of CMV infection among renal
transplant patients has been well documented, with 60 % —
96 % of these patients demonstrating evidence of infec-
tion in the 1st year after transplantation [14, 18]. The spec-
trum of CMV infection ranges from asymptomatic viral
excretion or seroconversion to invasive disease of the
gastrointestinal tract, liver, eyes, and lungs, with life-
threatening interstitial pneumonia being the most fearful
event.

Recently, a new antiviral drug, ganciclovir, has been
found to be effective in the treatment of CMV disease and
has improved survival in patients with this disease [4, 12,
22]. Nevertheless, control over CMV replication still re-
mains a great concern in transplantation centers, owing to
its high morbidity and impact on renal allografts [8,17,19].
Pending more effective antiviral drugs, efforts are still
being focused on prevention strategies.

The demonstration that primary CMV infection
among seronegative patients with seronegative kidney
donors can be eliminated by the use of screened, sero-
negative blood products has been well documented [1].
However, because of various epidemiological factors, in-
cluding recipient and donor age and previous blood trans-
fusions, seronegative patients with seronegative donors
comprise a minority of the renal transplant population.
Moreover, matching for CMV serology among recipient-
donor pairs would cause unnecessary delays for transplan-
tation. This strategy would also be unfair to the seroposi-
tive recipients who would be given only seropositive kid-
neys since reinfection by the donor kidney is usually more
frequently symptomatic than endogenous reactivation
(11]

Other prophylactic measures for CMV infection in kid-
ney transplant recipients have yielded mixed results. In-
terferon alpha was not found to be effective and has been
associated with a high frequency of graft dysfunction [10].
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Passive and active immunizations with CM V-specific im-
munoglobulins (CMV Ig) and by the Towne strain vaccine
have provided conflicting results: they seem to protect
against severe primary CMV disease in seronegative re-
cipients but do not reduce the infection rate [3, 15, 16, 23].
More recently, acyclovir, given orally to kidney transplant
recipients, reduced the rate of infection from 61 % to 36 %
when compared to placebo. On the basis of these results,
high-dose acyclovir was used prophylactically in our cen-
ter in 21 kidney recipients at risk for CMV infection and
disease. We report our experience with this agent, com-
paring the results obtained with that from a control group
who had received no prophylaxis. Results obtained with
other preventive measures are also given.

Patients and methods

Study population

From April 1986 to August 1990, 88 renal transplantations were per-
formed at our institution. Records from all of the transplant recip-
ients were carefully reviewed and data collected for analysis. Except
for two patients who received grafts from living related donors, all
patients were transplanted with cadaveric kidneys. During that peri-
od different options for CMV prophylaxis were used and these
changed with time, according to what was reported in the literature.
Data from ten patients were excluded from final analysis either be-
cause of immediate postsurgical death (n =1) or because of early
transplantectomy or permanent graft dysfunction (n =9). The 78
remaining patients could be subdivided into four groups according
to the CMV prophylaxis they received.

Group 1. This group was comprised of all seronegative recipients of
seronegative donors (R—-D-), a group at low risk for CMV infec-
tion. Special efforts were made to ensure that they received only
screened, CMV-seronegative blood products. There was a total of
19 patients in this group.

Group 2. CMV prophylaxis in this group consisted of intravenous
CMV Ig. It was a small group of six patients who were considered as
being at increased risk for primary CMV infection, i.e.,seronegative
recipients of seropositive kidney donors (R— D+ ). This regimen was
used shortly before the use of high-dose acyclovir.

Group 3. Patients in this group received acyclovir (Zovirax) as pro-
phylaxis for CMV infection. This strategy was initiated after publica-
tion of the randomized, controlled study conducted by Balfour and
colleagues demonstrating the efficacy of high-dose oral acyclovir in
preventing CMV infection [16]. Twenty-one patients comprised this

group.

Group 4. A total of 32 patients, transplanted earlier, did not receive
any prophylactic treatment and were assigned to this group to serve
as controls. Data from this group could be compared to those of
group 3 since they were of comparable size and all patients had simi-
lar clinical and virological management.

Treatment protocols

The immunosuppressive regimen for allograft tolerance was con-
stant throughout the study period. All patients received prophylactic
antilymphocyte or antithymocyte globulins and triple maintenance
therapy with cyclosporin, azathioprine, and prednisolone. Rejection
episodes were treated with methylprednisolone boluses and corti-
costeroid-resistant rejections with OKT3 (n =2).

CMV Ig globulin (Transfusion Centre), Lille, France) was ad-
ministered intravenously at a dose of 500 units/kg body weight, start-
ing within 72 h following surgery and weekly thereafter for 6 weeks.
It was then reduced to 50 units/kg body weight per week for another
6 weeks.

Acyclovir was given intravenously at an initial dose of 5 mg/kg
body weight within the 6 h prior to surgery. Then, oral doses of
800 mg were given every 6, 8, or 24 h if the creatinine clearance was
greater than 25 ml/min, between 10 and 25 ml/min, or less than
10 ml/min, respectively. Patients on hemodialysis received 800 mg of
acyclovir every 12 h. Prophylaxis was intended to last for 3 months.
Acyclovir was discontinued whenever ganciclovir was used for treat-
ment of CMV disease.

Clinical management and virological studies

Whenever available, serum from donors was screened for CMV
antibody with the latex agglutination assay and, in all instances, re-
sults were obtained before surgery. Confirmation of the CMV serol-
ogy status was then obtained using an ELISA test. All recipients
were screened for CMV antibody using an ELISA test before trans-
plantation. No special effort was made to match donor-recipient
pairs according to CMV serology. All patients were followed from
the time of transplantation and were seen daily during the hospita-
lization period (mean 21 days), biweekly for the following 2 months,
then weekly until the 6th month, and twice monthly thereafter for
the 1st year.

Urine and blood specimens for viral isolation were routinely col-
lected weekly from the 1st month up to 3 months after transplanta-
tion and monthly thereafter until the 6th month. Additional virologi-
calstudies were done if CMV disease was suspected. The presence of
CMV was determined using both a rapid culture (detection of early
antigen fluorescent foci) and a standard culture (detection of cytopa-
thic effect on human fibroblasts) technique. All cultures were read
by the same virologist who was blind as to the patients’ treatment.

Definitions

CMYV infection was defined as the isolation of the virus from any site
and CMV disease as the occurrence of one or more symptoms attri-
butable to CMV concurrently with CMV isolation.

Each patient’s record was reviewed in retrospect for the presence
of fever, respiratory symptoms, gastrointestinal tract disorders,
transplantectomy, pancreatitis, ot superinfection. The severity of
CMYV disease was then scored according to the six criteria used by
the Minnesota Health Sciences Center, described elsewhere [14].

Time of onset of infection or disease was the time between trans-
plantation and the first CMV-positive culture or the first symptom,
respectively.

Statistical analysis

Values are expressed asmeans + standard deviation (SD). The main
objective of the analysis was to evaluate the efficacy of acyclovir in
preventing CMV infection and disease. Since group 3 (acyclovir-
treated) and group 4 (controls) were comparable in size, we decided
to compare data from these two groups. Student’s unpaired r-test
and Pearson’s chi-square (y?) test were used for comparison be-
tween groups.

The probability of surviving infection and disease in groups 3 and
4 was computed for the first 6 months after transplantation accord-
ing to Kaplan-Meier’s method and was compared using the gener-
alized Wilcoxon test.

A significant difference was defined as a P value less than 0.05.



Table 1. General characteristics of patients enrolled in the study

287

Table2. Data concerning CMYV infection and disease in the entire
study population

Characteristic Values
Mean ( £ SD) Range Values Range
— - S
Mean age (years) 382+ 12.4 15-63 CMV-positive patients 38/78 (48.7%) -
o o
Duration of dialysis (months) 36.8+ 483 1-240 ;MV'POS“WC do“"rsf 22’ ;2 (:jé %) s
. L 8+ B
No. of HLA-compatible matches 2043 0-6 ean time of onset of viruria (days) 3
No. of HLA mismatch 354 1.40 06 Mean time of onset of viremia (days) 5521277 22-10
0. oL HLA mismatehes s ot Infection incidence 3578 (44.9%) -
No.of un.lts (.)f bloo.d ) 36+28 B Disease incidence 14/78 (17.9%) -
No. of rejection episodes/patient 0.9+0.8 0-3 Disease severity
Time of onset of rejections (days) Mild 5(6.4%) -
First (n =52) 53.4+426 6-176 Moderate 6(77%) -
Second (n =18) 103.8+47.6 31-178 Severe 3(3.8%) -
Third (n =1) 105 Fatal 0 -
Results (38.1% vs15.6 % ). Severity of disease was not different be-
tween groups, but of the eight symptomatic patients in the
General trends acyclovir group, two had severe disease with life-threaten-

Table 1 summarizes the general characteristics of the pa-
tients enrolled in the study. An analysis of data obtained
from the 78 patients showed a global incidence of 44.9 %
for CMV infection and 17.9 % for CMV disease during the
first 6 months after transplantation (Table 2). There were
five mild, six moderate, and three severe cases of CMV
disease. There were no deaths attributable to CMYV infec-
tion. Viremia occurred on the average 12-13 days before
viruria (Table 2) and was present in all symptomatic pa-
tients regardless of prophylactic treatment used. The in-
cidence of CMV infection and disease was higher in the
subgroup atincreased risk for CMV infection, i. e., serone-
gative recipients of seropositive donors (R— D+ ): 64.7%
and 47.1 %, respectively.

The first rejection episode preceded the occurrence of
viremia by an average of 2-3 days. It was unclear whether
this was due to a causal temporal effect or whether it was
purely coincidental.

Effects of acyclovir

The acyclovir-treated group (group 3) and the controls
(group 4) were comparable with respect to recipient and
donor age, duration of dialysis, initial nephropathy, and
number of blood transfusions (Table 3). There were fewer
treated rejection episodes in the acyclovir group than in
the control group (0.6 £0.7 vs 1.1 £0.8); P <0.05). Sub-
group distribution differed slightly between the two
groups, with the acyclovir group containing more R— D+
recipient-donor pairs (patients at increased risk for pri-
mary infection) than the control group: 9/21 (42.9 %) ver-
sus 3/32 (9.4 %). This latter factor could have masked the
protective role of acyclovir.

Therate of infection and disease in acyclovir-treated pa-
tients was 81.0% and 43.8 %, respectively (Table 4). The
probability of surviving infection was significantly higher
in controls (P =0.002, generalized Wilcoxon=9.5). The
rate of CMV disease, although higher in acyclovir-treated
patients, was not statistically different from that of controls

inginterstitial pneumonia.

The time of onset of symptoms was delayed in the acy-
clovir group (56.7 days) compared to that in historical
controls (29.2 days), but the difference did not reach sta-
tistical significance.

Acyclovir was well tolerated and no patient had to sus-
pend treatment for drug toxicity. On the other hand, we
did not observe any recurrent mucocutaneous herpes sim-
plex infection in this treated group.

Seronegative blood products

Of the 19 seronegative patients who received kidneys
from seronegative donors, only one patient developed
CMV infection and disease. This patient had received two
unscreened units of blood, and it is quite likely that the un-
screened blood was the source of contamination. The use
of seronegative blood products in this subgroup of pa-
tients proved to be highly effective in preventing primary
CMYV infection.

CMV-specific immunoglobulins

Three patients out of six in this group (50 % ) showed evi-
dence of CMV infection, including one who developed
mild disease. The small size of this group did not allow any
statistical comparison to be made. Although the rate ofin-
fection did not seem to be reduced, the severity of disease
tended to be lowered (one mild disease out of six: 16.7 %),
the overall disease incidence in R—D+ patients being
47.1% in this study population.

Discussion

This retrospective analysis showed an overall incidence of
CMYV infection and disease of 44.9% and 17.9%, respec-
tively. These results are within the range of those reported
in the literature. The different prophylactic strategies
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Table3. Distribution of factors influencing CMV infection in the
acyclovir and control groups. * P <0.05

Acyclovir  Controls Pvalue
(n=21) (n=32)
Patient age (years) 416116 3681120 0.15
Donor age (years) 306126 292+107 0.67
Duration of dialysis
(months) 48.0+£654 31.9+39.7 0.27
No. of HLA-compatible
matches 1714 0.12
No. of HLA mismatches 3816 0.25
No. of units of blood 4042 0.46
No. of rejection cpisodces 0.6+0. 1.1£0.8 0.048*
Subgroup distribution
D+R+ 7 10 0.90
D+R- 9 3 0.01*
D-R+ 5 13 0.30

D? 6

Table4. Comparison of CMV infection and discase between acy-
clovir and control groups. * P <0.05

Acyclovir Controls  Pvalue
(n=21) (n=32)
Viruria
— Incidence (%) 81.0 40.6 0.004*
— Time of onset (days) 67.9 69.0 0.93
Viremia
— Incidence (%) 712 375 0.006*
- Time of onset (days) 56.0 56.3 0.98
Infection incidence (%) 81.0 43.8 0.007*
Discasc incidence (%) 38.1 15.6 0.10
Time of onset of first symptom ~ 56.7 29.2 0.128
Disease severity 0.29
- Mild 2 2
— Moderate 4 2
— Severe 2 1

used in our center were influenced by results obtained
from placebo-controlled, randomized trials and account
for our varying options with time. We confirm the high ef-
ficacy of screened, CM V-negative blood products in pre-
venting CMYV infection in the subgroup of R— D- recip-
ients. Indeed, only one patient out of 19 in this group
presented with CMV symptomatic infection. In retro-
spect, it is likely that this patient was contaminated by un-
screened blood products, although we cannot rule out
false CMV-negative serology during screening in recip-
ients or donors.

Six patients at increased risk for CMV primary infec-
tion received CMYV Ig. The size of this subgroup of pa-
tients was too small to allow any statistical comparison to
be made, but patients tended to have reduced disease in-
cidence and severity, while the infection rate was 50 %
(3/6). It is interesting to note that in a study conducted by
Snydman and colleagues [23], immunoglobulin prepara-
tions reduced the incidence of CMV disease from 60 % to
21% in renal allografts. More recently, Plotkin and col-

leagues demonstrated that previous vaccination of se-
ronegative renal transplant recipients with live Towne
strain CMV reduces disease severity without inducing
latency or increasing incidence of neoplasm [16]. The re-
sults of these studies and the fact that reinfection causes
less severe disease than primary infection [9, 10] confirm
the role of humoral immunity in controlling CMV infec-
tion [21].

We found considerably high infection and disease
rates in patients prophylactically treated with acyclovir.
In contrast to the results obtained by Balfour and
colleagues [2], acyclovir did not reduce the rate of infec-
tion or disease in patients at risk for CMV infection when
compared to patients without prophylaxis. It is possible
that the significantly greater number of patients at
increased risk for primary CMV infection (i.c., R—D+)
in the acyclovir group accounted at least in part for this
discrepancy in the present study. In addition, we cannot
completely exclude other biases due to retrospective
analysis. Although these factors could have masked a
protective role of acyclovir, we observed unacceptably
high rates of infection and disease in this treated group,
and it is unlikely that methodological biases alone could
have accounted for these unfavorable results. Patients at
increased risk for primary CMV infection were not pro-
tected by acyclovir. Five out of nine R—D+ patients in
this subgroup presented with CMV disease, including
two with severe interstitial pneumonitis. This obser-
vation contrasts with the previous study conducted by
Balfour and colleagues, who documented a greater pro-
tective effect of the same doses of acyclovir in this sub-
group of patients.

Whether acyclovir can really prevent CMV infection
and disease in every setting of renal transplantation re-
mains questionable. Thisissue will have to be addressed in
further randomized, controlled trials. In vitro anti-human
CMV activity of acyclovir is rather weak. Only at concen-
trations greater than 100 umol was a reduction in plaque
formation of more than 50 % observed in various clinical
isolates [5, 13]. Peak plasma concentrations with oral acy-
clovir are well below these values [7]. This agent, an anal-
ogue of 2’-deoxyguanosine, needs to be phosphorylated
by a viral thimidine kinase before it is converted to its tri-
phosphate, a potent inhibitor of viral DNA polymerase.
Unfortunately, CMV does not appear to code for a virus-
specific thymidine kinase [6]. The hypothesis that human
cells could monophosphorylate acyclovir [2] needs confir-
mation in further studies.

On the basis of these reported results, high-dose acy-
clovir for CMV prophylaxis was discontinued in our cen-
ter. Seronegative patients with seronegative kidney do-
nors (R— D—-) continue to receive screened, CMV-nega-
tive blood products, and high-risk patients (R—-D+) are
treated with hyperimmune CMV Ig. As for the other sub-
groups of patients, i.e., R+ D+ and R+ D—, they rely on
their pretransplant immunity to control, at least in part,
CMYV replication.

We conclude that given the observed high rate of infec-
tionin treated patients, high-dose acyclovir used for CMV
prophylaxis does not reduce the infection rate in our renal
transplant patients. These disappointing results call for



further clinical trials with newer antitiviral agents [20],
alone or in combination with immunization modalities.
The use of CMV-seronegative blood products should be
recommended in R— D— patients.
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