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Acyclovir plus CMV immunoglobulin
prophylaxis and early therapy
with ganciclovir are effective
and safe in CMV high-risk renal
transplant pediatric recipients
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Introduction
Despite the fact that more selective immunosuppressive
drugs and antiviral agents active against cytomegalovirus (CMV) have recently become available, CMV infection is still a major cause of morbidity following solid or-

gan transplantation. A total of 30-50% of all renal
transplant recipients experience infections caused by
CMV; in particular, the frequency of infection among
seronegative recipients of kidneys from CMV seropositive donors is between 60 and 88 %, with symptomatic
disease occurring in approximately 60 % of these [l-41.
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Table 1 Details of serological and clinical data regarding cytornegalovirus (CMV) infection in 79 renal transplant pediatric recipients
Patient group

Donor

Recipient

Patient number
and (% 1

CMV infection

I
I1

-

-

111
IV

-

6 (7.6 % )
33 (41.8%)
12 (15.2%)
28 (35.4%)

0
18 (54.5 %)
1 (8.3 % )
11 (39.3%)

a

+
+

~

+

+

CMV syndrome"

CMV minor
symptoms"

2(11.1%)

5 (27.7 Yo)
2 (18.1 Yo)

Patient number and percentage within CMV-infected patients belonging to each group

In this regard, pediatric patients are at higher risk of infection because of their lower rate of CMV seropositivity. Furthermore, primary CMV infection is often clinically more severe than reactivation or superinfection,
thus increasing the possibility of severe CMV disease.
In addition, CMV-positive donor kidneys seem to negatively influence graft and patient survival rates in certain
categories of patients [5].
For the above reasons and in an effort to prevent serious clinical CMV disease in high-risk recipients, inimunological and pharmacological strategies have been
developed. As it is not feasible to only transplant organs
from seronegative donors to seronegative recipients,
various approaches have been adopted: (1) passive antibody protection with polyspecific Ig or CMV hyperimmune immunoglobulins (HIg), either alone or in association with other antiviral agent, (2) active immunization
with a live attenuated vaccine, or (3) antiviral agents
such as high-dose oral acyclovir or pre-emptive ganciclovir [6-171. Finally, the early diagnosis of CMV infection remains an additional important goal, with a view
to starting antiviral therapies as soon as possible
[18-2 11.
In the present report, we have reviewed our records
of renal transplant recipients since 1991, when we started a policy of CMV-infection prophylaxis constituting
high-dose oral acyclovir plus CMV HIg followed by early i. v. ganciclovir therapy in the presence of infection in
high-risk CMV-seronegative patients.

Materials and methods
The records of 79 renal transplant pediatric recipients who received a kidney between July 1991 and August 1996, were reviewed.
All patients were followed up for a minimum of 12 months. There
were 45 males and 34 females with a mean age at the time of kidney transplantation of 14.1 & 4.9 years (range 2.5-20). Four patients received a kidney from a living relative, 2 patients had had
one previous transplant, and 1 patient had a combined liver-kidney
transplantation. Patients were subdivided into four groups according to the CMV infection antibody status of the donors and recipients and the details of the CMV serological data and CMV infection are listed in Table 1. The high-risk recipient group, i.e.,
CMV-seronegative recipients receiving a CMV-positive graft, consisted of 33 patients (group 2).

The immunosuppressive regimen included cyclosporine and
steroids, with the addition of azathioprine in the 4 patients who received a living donor-related kidney. Acute rejection episodes
were treated with i. v. methylprednisolone pulses; 4 patients received adjunctive therapy with antilymphocytic serum (Lymphoglobuline; Pasteur MCrieux, 2 patients) or monoclonal antibodies [Ortochlone (OKT3); Cilag, 2 patients] for steroid-resistant rejection
(CMV constellation: D +/R - in 3 patients, D -/R + in I patient).
Three patients received antilymphocytic serum for acute tubular
necrosis (1 D +/R -, 2 D +/R +).
The CMV prophylactic regimen in seronegative recipients consisted of oral acyclovir (Zovirax; Wellcome, 40 mgikg per day until
January 1995 and subsequently 80 mg/kg per day) associated with
CMV HIg (Cytotect; Biotest) as follows. A dose of IS0 mgikg was
given on the first postoperative day, 100 mgikg o n days 15 and 30
after transplantation, and 50 mgikg on days 45, 60, and 120. Since
February 1995 dosage was modified as follows: a dose of 150 mg/
kg was given on the first postoperative day and twice monthly for
2 months after transplantation, and 100 mgikg in the 3rd and 4 t h
month after transplant. CMV-seropositive patients received only
oral acyclovir at the same dosage. During OKT3 or antilymphocytic serum therapy, prophylactic i. v. ganciclovir (Cymevene; Biotest)
was administered (half dose).
In the presence of CMV infection, 10 mgikg body weight per
day i.v. ganciclovir was administered for at least 2 weeks, or until
negative antigenemia was obtained. Ganciclovir and acyclovir dosages were adjusted in response to renal failure according to the
manufacturers' schedules. In these patients, in the presence of
CMV seroconversion, prophylactic CMV HIg were discontinued.
Specific patients' informed consent was not obtained as this protocol is a part of the routine posttransplant management of high-risk
patients and i s in accordance with the Helsinki Declaration of
1975.
Antibody titers for CMV were determined by an enzymelinked immunoadsorbent assay (ELISA) technique for the IgG titer and DS ELISA for the IgM titer. An immunocytological assay
was used for the detection of CMV antigens (pp 65 KD) in circulating peripheral blood leukocytes (PBL). By the use of a mixture of
monoclonal antibodies and a second step fluorescence antibody
as a detection system, CMV lower matrix protein pp 65 was detected in cytocentrifuged PBL and the results expressed quantitatively
by reporting the number of CMV antigen positive cells per
200000 PBL [17]. The presence of five or more positive cells per
200000 PBL was considered to define CMV infection and prompted ganciclovir treatment. All patients were monitored for CMV
antigenemia (and CMV antibody level) for 6 months after transplantation.
CMV-related symptoms were classified as a CMV syndrome if
the patients showed unexplained fever for more than 2 days accompanied by CMV infection, as described above. and one of the
following symptoms: arthralgia, leukopenia (< 3 x lOq/l),or thrombocytopenia (< 100 x 1OY/I).CMV disease was defined as a CMV
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syndrome plus pneumonia, hepatitis, o r central nervous system involvement.

Results

A total of 79 records were reviewed: among these 30 patients (38%) suffered CMV infection, while 49 (62 % )
did not (Table 1). Among recipients who were CMV seronegative before transplantation, none of those who
received the graft from a CMV-seronegative donor
(group I) developed CMV infection; of the 33 recipients
who received the graft from a CMV-seropositive donor
(group II), 18 (54.5 Y O ) experienced CMV infection,
while 15 (45.5 YO) did not. Among CMV-seropositive recipients, 1 of the 12 who received a kidney from a CMVseronegative donor developed infection (group 111): of
the 28 recipients who underwent kidney transplantation
from a CMV-seropositive donor (group IV), 11 (39.3 % )
experienced CMV infection, while 17 (60.7%) did not.
Of the 7 patients who were treated with adjunctive immunosuppressive therapy (antilymphocytic serum or
monoclonal antibodies) for steroid-resistant rejection
or acute tubular necrosis, 4 developed CMV infection
(2 from group 11, both treated for rejection; 1 from
group 111, treated for rejection: 1from group IV, treated
for acute tubular necrosis).
The median time to onset of CMV infection was
48 f 4.1 days (range 14-105); no statistically significant
difference was seen between seronegative and seropositive recipients (45.4 5.8 and 58.2 k 8.2 days, respectively). With regard to CMV-related symptoms, only
2 patients from group 11 (Table 1) experienced CMV
syndrome (fever and leukopenia in one case, fever and
arthralgia in the other). In no case did the spectrum of
CMV disease occur and only minor symptoms were present in 7 of the remaining CMV-infected recipients: in
particular, fever in 6 ( 4 patients from group I1 and 2 patients from group IV) and leukopenia in l (group 11)
(Table 1).
Six patients (4 in group 11, 2 in group IV) required
two (4 patients) or three (2 patients) separate courses
of ganciclovir therapy for relapsing CMV infections
(i. e., recurrent rises and falls in CMV antigenemia
count); the median time to recurrence of CMV infection
was 14.1 k 4.3 days (range 4-33). None of these patients
manifested CMV syndrome or disease when CMV infection relapsed or they experienced the emergence of
CMV strains resistant to ganciclovir. Acyclovir, CMV
HIg, and ganciclovir were generally well tolerated: in
addition there were no clinical adverse events that required a patient to discontinue the treatment. All
CMV-infected patients seroconverted; moreover a different pattern was observed in CMV-relapsing recipients characterized by a persistent IgM titer and a later
shift to IgG response. Acute rejection episodes occurred

*

in 33.3 YO (10 out of 30) of the CMV-infected recipients
and in 51 % (25 out of 49) of the non-infected ones, but
the difference did not appear statistically significant.
Renal function in the 61 recipients with a follow up of
at least 1 year was no different between CMV-infected
and non-infected patient groups: the mean calculated
creatinine clearance was 77.6 ml/min per 1.73 m' +_ 17.3
SD (range 29.8-105) in the infected patients and
73.2 ml/min per 1.73 m' 2 17.4 SD (range 37.3-120) in
the non-infected ones.

Discussion

CMV infection is still a major cause of morbidity in
high-risk renal transplant recipients. CMV serological
matching and type and intensity of immunosuppression
play an important role in the incidence of symptomatic
CMV infections [ 1-41, Since the policy of transplanting
only kidneys from seronegative donors to seronegative
recipients is not feasible, various strategies have been
developed. These strategies, which are not mutually exclusive, include the induction of a CMV immunological
protection that can obtained actively, with attenuated
Towne strain, or passively, through the administration
of intravenous standard or hyperimmune immunoglobulin preparations. Furthermore, the administration of
high-dose acyclovir or pre-emptive ganciclovir is also
widely used [6-171.
As a result of successful prophylactic strategies, serious symptomatic CMV infections have now been significantly reduced at most transplant centers, but none of
these strategies has proved entirely satisfactory in the
management of high-risk recipients. Such prophylactic
strategies have not been made redundant by the availability of specific antiviral agents active against CMV,
such as ganciclovir, since, in addition to producing clinical syndromes, CMV infection may have indirect effects
on the outcome of transplantation. In fact, kidney grafts
from CMV-positive donors have been shown to have a
lower survival rate than those from CMV-negative donors [S] and there is a relationship between CMV infection and rejection. The above observations have indicated CMV infection as an important risk factor for subsequent rejection episodes, [22]. As far as the concomitant
presence of acute rejection episodes, despite antiviral
therapy, in a proportion of CMV-infected patients the
same authors have suggested that antiviral therapy, given once the CMV infection is overt, cannot prevent rejection episodes [22]. Furthermore, recent data from
Murray have shown relapsing CMV infections only in
patients who received a kidney from a seropositive donor; in the same study the infection developed despite
early therapy with ganciclovir, and morbidity, hospitalization, and graft losses were greater [23]. Finally, a
striking concomitance of severely symptomatic active
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CMV infection and Epstein-Barr virus ( E B V ) reactivation has been demonstrated [24], thus raising another intriguing problem regarding the possibility of the development of posttransplant lyrnphoproliferative disorders.
Bearing in mind the great potential morbidity related
to CMV infection in high-risk renal transplant recipients, the controversial effect of acyclovir and CMV
HIg prophylaxis, and the limited efficacy of pre-emptive
or early therapy with ganciclovir, we decided to start the
following anti-CMV-infection scheme: acyclovir plus
CMV HIg as prophylaxis, in accordance with previous
studies by Carrieri [25]and Uber [%I, followed by early
therapy with ganciclovir in the presence of infection, as
determined by positive CMV antigenemia. Although
the protocol reported in our study was expensive and required frequent laboratory tests, the cost was outweighed by its effectiveness. Only 18 out of 33 seronegative recipients who received a kidney from a seropositive donor experienced CMV infection and in no case
did significant symptomatic infection occur and no adjunctive hospitalization was required for CMV infection. There were no graft losses due to CMV infection
and no differences in the incidence of acute rejection
episodes between CMV-infected and non-infected patients. In this regard, although the rejection episodes reported in our patient series were not all biopsy proven, it
is tempting to speculate that the absence of a difference
in the rejection incidence between CMV-infected and
non-infected patients could be due to the effect of our
combined anti-CMV-infection treatment.

Renal function at 1 year was no different between infected and non-infected recipients. In our experience,
relapsing CMV infection did not carry a risk of increased morbidity. No patient experienced the emergence of CMV strains resistant to ganciclovir, and generally this therapeutic scheme was well tolerated. Finally, no differences in EBV concomitant infection episodes were observed (data not shown). Similar results
have been achieved in marrow and liver transplant recipients through long-term administration of i. v. ganciclovir [27-291, however, this involves maintaining intravenous access for a long time and exposes the patients
to the toxicity of ganciclovir. Oral ganciclovir could be
an effective means of preventing CMV infection in renal
transplant recipients, however, despite a few promising
data [30,31], the question requires further clinical studies. Until such time as a more economical and equally
efficacious therapeutic option becomes available, we
recommend the use of prophylactic acyclovir plus HIg
followed by early therapy with i. v. ganciclovir to combat
the risk of increased morbidity in high-risk renal transplant recipients.
Acknowledgements This study was partially supported by a grant
from the Istituto Superiore di Sanita’ (ISS). Rome, Project: Sostituzioni funzionali, Organi artificiali e Trapianti d’organo. This
work has been made possible by means of the organ sharing policy
of the North Italy Transplant Program, Milan, whose contribution
is gratefully acknowledged.

References
1. Ho M (1990) Epidemiology of cytomegalovirus infections. Rev Infect Dis 12:
S701-S710

2. Weir MR, Irwin BC, Maters AW,
Genemans G, Shen SY, Charache P,
Williams GM (1987) Incidence of cytomegalovirus disease in cyclosporinetreated renal transplant recipients
based on donorirecipient pretransplant
immunity. Transplantation 43: 187-193
3. Rubin R H (1994) Infection in the organ
transplant patient. In: Rubin RH,
Young LS (eds) Clinical approach t o
infection in the compromised host. Plenum Medical Books, New York.
pp 6’9-705
4. Mustafa MM (1993) Cytomegalovirus
infection and disease in the immunocompromised host. Pediatr Infect Dis J
13: 249-259
5. Hirata M, Terasaki PI, Cho YW (1996)
Cytomegalovirus antibody status and
renal transplantation: 1987-1 994.
Transplantation 62: 34-37

6. Snydman D R , Rubin RH, Werner BG
(1993) New developments in cytomegalovirus prevention and management.
A m J Kidney Dis 21: 217-228
7. Plotkin SA, Starr SE, Friedman HM.
Gonczol E, Brayman 1.; (1990) Vaccines
for the prevention of human cytomegalovirus infection. Rev Infect Dis 12:
S877-SX38
8. Snydman D R (1993) Review of the efficacy of cytomegalovirus immune
globulin in the prophylaxis of CMV
disease in renal transplant recipients.
Transplant Proc 125: S75-S26
9. Conti DJ, Freed BM, Lempert N (1993)
Prophylactic immunoglobulin therapy
improves the outcome of renal transplantation in recipients at risk for primary cytomegalovirus disease. Transplant Proc 25: 1421-1422

10. Glowacki LS, Smaill FM (1993) Metaanalysis of immune globulin prophylaxis in transplant recipients for the prevention of symptomatic cytomegalovirus disease. Transplant Proc 25:
1408-1410
11. Legendre C, Ducloux D, Ferroni A,
Chkoff N, Valette C, Geffrier C, Rouzioux C, Kreis H (1993) Acyclovir in
preventing cytomegalovirus infection in
kidney transplant recipients: a casecontrolled study. Transplant Proc 25:
133 1-1 133
11,. Kletzrnayr J, Kotzmann H, PopowKraupp T, Kovarik J, Klauser R (1996)
Impact of high-dose oral acyclovir prophylaxis on cytornegalovirus (CMV)
disease in CMV high-risk renal transplant recipients. J A m Soc Nephrol 7:
325-330

13 Goral S, Ynares C, Durnmer S. Helderman J H ( I 996) Acyclovir prophylaxis

for cytomegalovirus disease in high-risk
renal transplant recipients: is it effective'? Kidney Int SO: S62-S65
14 Son WJ van, Berg AP van den, The TH,
Tegzess AM (1993) Preemptive therapy
with ganciclovir for early high-risk
CMV infection allows effective treatment with antihymocyte globulin of
steroid-resistant rejection after renal
transplantation. Transplant Proc 25:
1436-1438
15 Hibberd PL. Tolkoff-Rubin NE, Conti
D, Stuart F, Thistlethwaite JR, Neylan
JF, Snydrnan D R , Freeman R , Lorber
MI. Rubin R H (1995) Preemptive
ganciclovir therapy to prevent cytomegalovirus disease in cytomegalovirus
antibody-positive renal transplant recipients: a randomized controlled trial.
Ann Intern Med 123: 18-26
I6 Winston DJ (1995) Prevention of cytomegalovirus disease in transplant recipients (commentary). Lancet 346: 25
17. Crumpacker CS (1996) Drug therapy:
ganciclovir. N Engl J Med 335: 721-729
18. Bij W van der, Torensma R, Son WJ
van. Anema J, Schirm J, Tegzess AM,
The TH (1988) Rapid immunodiagnosis
of active cytomegalovirus infection by
monoclonal antibody staining of blood
leukocytes. J Med Virol25: 179-188
19. The TH, Ploeg M van der, Berg AP van
den, Vlieger AM, Giessen van der, Son
WJ van (1992) Direct detection of cytomegalovirus in peripheral blood leukocytes. A review of the antigenemia
assay and polymerase chain reaction.
Tansplantation 54: 193-198

20. Halwachs G , Zach R, Pogglitsch H,
Holzer H, Tiran A, Iberer F, Wasler A.
Tscheliessnigg HP, Lanzer G, Folsch B,
Wilders-Truschnig M (1993) A rapid
immunocytochemical assay for CMV
detection in peripheral blood of organtransplanted patients in clinical practice. Transplantation 56: 338-342
21. Murray BM, Brentjens J, Amsterdam
D , Myers J, Gray V, Pawlowski 1,
Schewegler K, Sing JP, Venuto RC
(1994) The cytornegalovirus-antigenemia assay in the diagnosis of posttransplant cytomegalovirus infection.
J Am Soc NephroI4: 1615-1622
22. Pouteil-Noble C, Ecochard R, Landrivon G, Donia-Maged A, Tardy JC,
Bosshard S, Colon S, Betuel H , Ayrnard
M, Touraine J L (1993) Cytomegalovirus infection - an etiological factor for
rejection? Transplantation 55: 851-857
23. Murray B, Blas S, Venuto R, Myers J ,
Amsterdam D (1996) Relapsing cytomegalovirus infection: etiology and
consequences (abstract). J Am Soc Nephrol7: 1937
24. Hornef MW, Bein G , Fricke L, Steinhoff J, Wagner HJ, Hinderer W, Sonneborn HH, Kirchner H (1995) Coincidence of Epstein-Barr virus reactivation, cytomegalovirus infection and rejection episodes in renal transplant recipients. Transplantation 60: 474-480
25. Carrieri G, Jordan ML, Shapiro R ,
Scantlebury VP, Vivas C. Kusne S.
Magnone M, McCauley J, Starzl T E
(1995) Acycloviricytomegalovirus immune globulin combination therapy for
CMV prophylaxis in high-risk renal allograft recipients. Transplant Proc 27:
961-963

26. Uber L, Cofer J , Baliga P, Rajagopalan
PR (1995) Effectiveness of combination
prophylaxis with cytornegalovirus hyperimmune globulin and acyclovir in
the high-risk kidney transplant recipient. Transplant Proc 27: S42-S43
27. Winston DJ, Ho WG. Bartoni K, Mond
C du, Ebeling DF, Buhles WC, Champlin R E (1993) Ganciclovir prophylaxis
of cytomegalovirus infection and disease in allogenic bone marrow transplant recipients. Results of a placebocontrolled double-blind trial. Ann Intern Med 118: 179-184
28. Goodrich JM, Bowden RA, Fisher L,
Keller C, Schoch G, Meyers J C (1 993)
Ganciclovir prophylaxis to prevent cytomegalovirus disease after allogenic
marrow transplant. An Intern Med 118:
173-178
29. Winston DJ, Wirin D, Shaked A, Busuttil RW (1995) Randomized comparison of ganciclovir and high-dose acyclovir for long-term cytomegalovirus
prophylaxis in liver-transplant recipients. Lancet 346: 69-74
30. Nasimul A, Holman MJ. Dhilon S,
Ream L, Yang HC (1996) Oral ganciclovir (Cytovene) effectively prevents
cytomegalovirus (CMV) infection in
renal transplant patients (abstract). J
Am Soc Nephrol7: 1929
31. Singer GG. Storch GA, Burton G,
Lippmann BJ, Buller RS, GaudreaultKeener M. Lowell JA, Shenoy S. Howard TK, Brennan D C (1996) Prophylactic oral ganciclovir prevents cytomegalovirus disease in high-risk renal
transplant recipients (abstract). J Am
Soc Nephrol7: 1941

