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Definitions of cytomegalovirus disease 
after heart transplantation: Antigenemia 
as a marker for antiviral therapy 

Abstract In this prospective study, 
cytomegalovirus (CMV) antigene- 
mia was defined as the marker for 
initiation and episodes of antigene- 
mia as the indicator for the dura- 
tion of antiviral therapy (CMV hy- 
perimmune globulin and ganciclo- 
vir). The CMV antigenemia assay 
and CMV-specific IgM and IgG 
antibody tests were used to moni- 
tor CMV infection in 22 heart 
transplant recipients who, between 
October 1992 and July 1994, were 
followed up for 6 months. A total 
of 178 out of 627 antigenemia as- 
says tested positive. The highest 
number of positive cells was great- 
er after primary infection than 
after either reactivation (43.3 vs 
0.3; P < 0.01) or reinfection (43.3 vs 
9.3; P = NS). Sixty episodes of an- 
tigenemia were observed. More 

episodes of antigenemia were seen 
after primary infection than after 
either reactivation (4.6 vs 0.2; 
P < 0.01) or reinfection (4.6 vs 2.2; 
P = NS). The detection of antige- 
nemia indicated the initiation of 
antiviral therapy within 24 h after 
the blood sample was harvested. 
Therapy was stopped immediately 
after a subsequent negative result 
became available. Our experience 
indicates that antigenemia directed 
antiviral therapy prevents CMV 
disease after primary and second- 
ary infection in heart transplant re- 
cipients. 
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Introduction 

After primary infection, cytomegalovirus (CMV) re- 
mains latent in various types of human cells. Polymor- 
phonuclear leukocytes harbor CMV in viremic patients 
but are not sites of persistent CMV [16]. The CMV-spe- 
cific structural phosphoprotein pp65 (CMV pp65) can 
be detected in the nucleus of circulating polymorpho- 
nuclear leukocytes by immunoperoxidase staining [4,6, 
171. CMV pp65-positive cells are not observed in heal- 
thy CMV-seropositive or seronegative individuals [16]. 
Evidence of the CMV pp65 antigen is defined as CMV 
antigenemia [ 101, and its presence indicates active 
CMV infection [3, 171. A relationship has been found 
between the number of CMV pp65-positive cells, the 

clinical course and the effect of antiviral treatment on 
CMV disease [1]. 

CMV-seronegative recipients of grafts originating 
from CMV-seropositive donors are at the greatest risk 
of developing primary CMV infection and are the most 
prone to severe CMV disease [13]. In the case qf pri- 
mary infection, antigenemia appears later than in rein- 
fection or reactivation; higher numbers of positive cells 
and higher and persisting anti-CMV-IgM titers are 
found [7]. The rate of CMVantigenemia and disease de- 
clines after the first 6 months following heart transplan- 
tation (HTX) [8, 9,171. 

In addition to avoiding CMV mismatches [9, 12, 181, 
preventive and therapeutic strategies with CMV-speci- 
fic immune globulin (CMVIG) and/or ganciclovir have 
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been proposed to help reduce CMV infection and dis- 
ease. After primary infection, passive immunization 
with CMVIG reduced the incidence of CMV-associated 
disease, leukopenia, and fungal and parasitic superin- 
fection but did not prevent CMV infection and disease 
[15]. Ganciclovir prophylaxis influenced secondary, but 
not primary infection after HTX [ll]. Questions remain 
regarding the optimal length of treatment and the cor- 
rect time period for administration [12]. 

Currently, treatment of CMV disease is initiated 
when the disease becomes clinical. After bone marrow 
transplantation, antigenemia directed pre-emptive gan- 
ciclovir treatment has been found to reduce the inci- 
dence of CMV disease [14]. The purpose of this prospec- 
tive study was to evaluate the effect of antigenemia di- 
rected antiviral therapy on primary and secondary 
CMV infection after HTX. 

Materials and methods 
Study protocol and antigenemia-directed antiviral therapy 

Starting in October 1992, we prospectively defined CMV antigene- 
mia as the marker for initiation of and episodes of antigenemia as 
the indicator for the duration of, antiviral therapy. This therapy 
consisted of the daily administration of intravenous CMVIG 
(2 mlikg per day; Biotest, Dreieich, Germany) and intravenous 
ganciclovir (1000 mgiday). Both drugs were given until the end of 
the episode of antigenemia. For the purpose of this study, patients 
were followed up for 6 months after transplantation. Patients who 
died within the 1st month after transplantation were excluded. Pa- 
tients were divided into four groups according to the CMV status 
(seropositive or negative) of donor and of recipient before trans- 
plantation. Group 1 (n  = 8) included seropositive recipients and 
seronegative donors (reactivation infection); group 2 (n = 5 )  inclu- 
ded seronegative recipients and seropositive donors (primary in- 
fection); group 3 (n = 8) included seropositive recipients and sero- 
positive donors (presumably reinfection); and group 4 (n = 1) in- 
cluded a seronegative recipient and seronegative donor. 

Immunosuppression 

Immunosuppression consisted of a loading dose of cyclosporin A 
and azathioprine. Methylprednisolone (500 mg) was given after 
weaning the patient from bypass. During the first 24 h, three doses 
of 125 mg were given. Immunosuppression was continued with a 
quadruple therapy that included horse antithymocyte globulin for 
7 days. During the first 6 months after HTX, cyclosporin A levels 
were slowly were tapered to 150-180 ngidl. Azathioprine was ad- 
ministered at a dosage of 0.0-2.5 mgikg per day to maintain a white 
blood cell count of 4000-6000 cells per mm3. Prednisolone was gi- 
ven orally at a dosage of 15 mg/day; after 3 months, it was tapered 
to 7.5 mg per day. Rejection grade 1 b [5] or 2 indicated intrave- 
nous pulsed doses of methylprednisolone (MP, 1000 mgiday) for 3 
days. When no improvement was noted in the control biopsy, MP 
was given for 5 days. A biopsy result of grade 3 a or higher indica- 
ted the administration of polyclonal antibodies. When rejection 
was refractory to repeated pulsed doses of steroids, however, anti- 
bodies were given regardless of the biopsy grade [7]. 

CMV and herpes prophylaxis 

Up until day 10 after HTX, CMV hyperimmune globulin 
(CMVIG; Biotest; Dreieich, Germany) was administered at a daily 
dosage of 2 mlikg. No prophylactic ganciclovir was given. CMV- 
negative, leukocyte-depleted, and irradiated blood products were 
used and noprospective matching for CMV was done. Herpes pro- 
phylaxis was given until day 10 after transplantation and consisted 
of a daily intravenous dose of 250 mg acyclovir. 

Methods of CMV monitoring 

The CMV antigenemia assay and CMV specific IgM and IgG anti- 
body tests were used for monitoring CMV infection. During hospi- 
talization, antigenemia, infection or rejection, samples were taken 
at least twice weekly. Outpatients were tested at least twice month- 
ly. The results were available within 24 h. 

CMVantigenemia was detected in polymorphonuclear cells re- 
covered from peripheral blood. The antigenemia assay is based on 
immunoperoxidase staining by means of monoclonal antibodies 
against the CMV specific structural 65-kD lower matrix protein [4, 
171. At each test two smears were examined. Each smear contained 
at least 50,000 leukocytes. After immunoperoxidase staining, posi- 
tively stained cells were counted. Results of the antigenemia assay 
were expressed as the number of CMV pp65-positive cells among 
50,000 polymorphonuclear leukocytes. For the purpose of this study, 
one or more positive cells indicated a positive result. 

CMV-specific IgM and IgG antibodies were determined by 
ELISA (microparticle enzyme immune assay, TMX, Abbott, Park, 
Illinois, USA). Results of anti-CMV-IgM testing were expressed 
as Index (I); values higher than 0.5 were defined as positive. Anti- 
CMV-IgG was expressed as antibody units (AU). Results higher 
than 15 AU were defined as positive. 

Detection of CMV by viral culture (blood, urine) was per- 
formed when antigenemia associated symptoms were seen or 
when other infectious complications occurred. 

Definititions of CMV infection and disease for the guidance of 
antiviral therapy 

For the purpose of this study, we introduced CMV antigenemia, 
and episodes of antigenemia as markers for the initiation and dura- 
tion of antiviral therapy after HTX. These and other current defi- 
nitions [lo] of CMV disease are described as follows: 

“CMV infection”, was defined by serology and/or convention- 
al isolation from blood or urine and/or demonstration of CMV 
from biopsy material [lo]. “Latent CMV infection”, or “latency”, 
was defined as the evidence of anti-CMV-IgG antibodies without 
the detection of antigenemia. “Active CMV infection”, was as- 
sumed when antigenemia was detected. “Primary CMV infec- 
tion”, was the name given to an infection occurring in a patient 
without preformed anti-CMV antibodies. “Secondary infection”, 
was an infection occurring in a patient with preformed anti- 
CMV antibodies. Active CMV infection occurring in seropositive 
recipients of a graft from a seronegative donor was defined as “re- 
activation infection”; in seropositive recipients of a graft from a 
seropositive donor it was defined as “reinfection”. “CMV dis- 
ease”, was defined by serology and compatible clinical symptoms 
without any other explanation and/or signs of the affected organs 
together with the detection of CMV [lo]. “CMV-associated symp- 
toms” [lo] were defined as general symptoms of illness that can 
be attributed to CMV disease without evidence of clinically overt 
CMV disease. 
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Table 1 Baseline demographic data and results (AG antigenemia, pos positive, neg negative) 
Patient number 2 4 9 10 14 19 21 22 6 8 13 16 17 1 3 5 7 12 15 18 20 11 
Age at  HTX 60 50 24 62 33 66 65 51 56 15 53 54 29 54 63 33 60 54 60 51 62 54 
Gender m m m m m m m m f  f m m r n f  f m m m f  m m m  
CMVstatusatHTX pos pos pos pos pos pos pos pos neg neg neg neg neg pos pos pos pos pos pos pos pos neg 
Donor CMV status neg neg neg neg neg neg iieg neg pos pos pos pos pos pos pos pos pos pos pos pos pos neg 
Maximum IgM index 0.7 0.7 1.1 1.1 1.7 0 0 1.5 4.4 7.2 3.5 3.6 4.9 1.7 0.6 2.7 0 2.4 1.0 0.9 2.9 0 
Maximum IgG AU 
Number of 
episodes of AG 0 3 1 5 1 0 3 1 5 6 3 4 6 2 1 2 4 4 1 2 6 0  
Highest number 0 8 2 5 1 0 1 1 15 49 1 6 5 7 0  18 4 2 1 1 0 0 5  5 3 10000 
of positive cells 
Number of episo- 
des of AG with CMV- 
associatedsymptoms 0 1 0 1 0 0 0 0 3 2 3 3 3 0 0 0 2 0 1 0 4 0 

> 250 > 250 > 250 > 250 > 250 > 250 > 250 > 250 151 190 153 137 155 > 250 > 250 > 250 > 250 > 250 > 250 > 250 > 250 160 

For the purpose of this study, we defined CMVantigenemia, as 
evidence of one or more positive polymorphonuclear leukocytes 
detected by means of the antigenemia assay. Antigenemia was the 
marker for initiation of antiviral therapy. We defined episodes of 
CMVantigenemia, as the time from detection of antigenemia until 
a subsequent result became negative again [8] .  Episodes of antige- 
nemia were defined as the marker for the duration of antigenemia 
directed antiviral therapy. 

"Other infections", (viral, bacterial, protozoal, or fungal) were 
defined as infections requiring intravenous antimicrobial therapy 
or as infections that were potentially life-threatening and that 
were treated with oral medication [12] or that required surgical in- 
tervention. 

Statistical analyses 

The influence of the preoperative serostatus of donor and recipient 
on anti-CMV-IgM, the number of episodes of antigenemia, the 
highest number of positive cells and the number of episodes with 
CMV-associated symptoms were calculated using a two-way analy- 
sis of variance (ANOVA). Significant differences between the sub- 
groups with evidence of CMV infection were calculated using the 
nonparametric multigroup comparison (Kruskal-Wallis). IgM va- 
lues were expressed as arithmetic means; the number of episodes 
of antigenemia, the highest number of positive cells, and the num- 
ber of episodes with antigenemia-associated symptoms were calcu- 
lated after logarithmic transformation - Y = log(X + 0.001) - and 
are presented as backtransformed means. Significance was as- 
sumed if P was below 0.05. Data are expressed as means k SD. 

week after HTX due to multiorgan failure and were ex- 
cluded from the study. Twenty-two patients are alive 
and well at the end of the observation period. Baseline 
demographic data and results are presented in Table 1. 

During the observation time, we performed 619 
screening tests that included the antigenemia assay and 
anti-CMV-IgM and -1gG. During episodes of antigene- 
mia or other infections, 31 CMV cultures were per- 
formed. 

The groups were comparable with respect to underly- 
ing disease, age, and gender. The therapeutic regimen 
was the same in all groups. Rejection rates were compar- 
able between the groups. 

Anti-CMV-IgM 

At the time of transplantation, anti-CMV-IgM was ne- 
gative in all recipients; it later became positive in 18 re- 
cipients (day 64 f 15 after transplantation). No IgM 
was found in two patients in group 1, one patient in 
group 3, or the one patient in group 4. After primary in- 
fection, we observed higher anti-CMV-IgM titers than 
after reactivation ( P  < 0.01) or reinfection ( P  < 0.05; Ta- 
ble 2). The serostatus of the graft but not of the recipient 
significantly influenced the anti-CMV-IgM titer (Ta- 
ble 2). 

Results 

Patients, survival and number of screening tests 

From October 1992 to July 94, 24 consecutive heart 
transplant recipients were operated on. At the time of 
transplantation, 8 of the 24 recipients were dependent 
on positive inotropic agents. Respiratory failure re- 
quired mechanical ventilation in three patients. Four 
were bridged to transplant by means of an intra-aortic 
balloon pump (IABP). Two patients died within the 1st 

Anti-CMV-IgG 

Preformed anti-CMV-IgG antibodies ( < 250 AU) were 
found in 13 of the 22 organ donors and in 16 recipients. 
Patients in group 1 (secondary infection, presumably re- 
activation) and group 3 (secondary infection, presum- 
ably reinfection or superinfection with a new CMV 
strain) maintained an anti-CMV-IgG titer above 250 
AU. After primary infection (group 2), all patients sero- 
converted after transplantation, but their anti-CMV- 
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Table 2 Influence of the preoperative serostatus of donor (D) and recipient (R) as determined by a two-way ANOVA (pos positive, neg 
negative) 
Group 1 2 3 4 Effects R Effects D Effects in- 

Maximum anti-CMV-IGM index” 0.85 4.72 1.53 0 P = N S  P<O.OOl P<O.Ol 

Highest number of positive cellsh 0.31 43.33 9.38 0 P = N S  P<O.OOl P<O.O5 

Number of episodes of antigenemiab 0.26 4.64 2.29 0 P =  NS P <  0.01 P<0.05 

teraction (RpodDneg) (Rneg/Dpos) Rpos/Dpos) (Rneg/Dneg) 

Number of episodes with 
CMV-associa ted symptoms 0.005 2.76 0.016 0 P = N S  P<0.05 P - N S  
a Arithmetic means ’ ANOVA was calculated after logarithmic transformation. Data are presented as backtransformed means 

IgG remained below 250 AU. Peak AU values were ob- 
served during CMVIG prophylaxis (157.2 f 19.6 AU). 
After stopping CMVIG, anti-CMV-IgG declined to 40- 
80 AU within 2-3 months. 

The patient in group 4 showed transient anti-CMV- 
IgG (up to 160 AU), which disappeared after stopping 
CMVIG prophylaxis. 

sodes consisted of more than one positive result 
(4.9f3.6, range 2-12). The initial number of positive 
cells was 5.0 k 10.8 (range 1-48). During these episodes, 
the lowest white blood cell count was 3460 f 1790/mm3. 
After antigenemia could no longer be detected, the leu- 
kocyte count was 6320 * 1870/mm3. 

Direct viral detection 
Antigenemia assay 

During the observation period, 627 antigenemia assays 
were performed. Eight assays yielded no result, due to 
coagulation of the blood or technical problems, and 
were successfully repeated 1 day later. A total of 178 an- 
tigenemia assays tested positive. After primary infec- 
tion, the highest number of positive cells was significant- 
ly higher than after reactivation (43.3 vs 0.3; P < 0.01) 
but did not reach statistical significance when compared 
to reinfection (43.3 vs 9.3; P = NS; Table 2). 

Episodes of antigenemia 

Sixty episodes of antigenemia were observed. After 
primary infection, more episodes of antigenemia were 
seen than after reactivation (4.6 vs 0.2; P<O.Ol) or 
after reinfection (4.6 vs 2.2; P =  NS; Table 2). The 
time until the first episode of antigenemia appeared 
was 38.2k20.9 days and the duration was 7.3k6.4 
days. It was longer after primary infection and compar- 
able to previous results [8]. Ninety percent of the epi- 
sodes of antigenemia were observed between days 30 
and 120 after transplantation. We observed no CMV- 
associated symptoms and no anti-CMV-IgM without 
preceding evidence of antigenemia. Towards the end 
of the episodes, the number of CMVpp65-positive cells 
declined. 

Thirty-one episodes consisted of a single positive re- 
sult (number of positive cells 1.5 f 0.85, range 1-4). 
The number of white blood cells was 5970 f 1790. Ther- 
apy was stopped again after 3 f 1 days. Twenty-nine epi- 

No evidence of CMV was found in any of the patients, 
by direct viral detection. 

Antigenemia-directed antiviral therapy 

The detection of antigenemia indicated the initiation of 
antiviral therapy within 24 h after the blood sample 
was harvested. Therapy was stopped immediately after 
a subsequent negative result became available. The do- 
sage was not adapted to the number of positive cells. 
The number and duration of the therapy courses were 
comparable to the number and duration of the episodes 
of antigenemia. Antigenemia disappeared in all epi- 
sodes. 

CMV-associated symptoms 

CMV-associated symptoms were only seen during epi- 
sodes of antigenemia. Leukopenia was the major symp- 
tom, less frequently, other nonspecific symptoms were 
observed. In 18 of the episodes, leukopenia indicated 
dosage reduction of azathioprine. Ganciclovir dosage 
was not adapted to the leukocyte count. Cytokine ther- 
apy (recombinant human granulocyte macrophage col- 
ony-stimulating factor) was used to treat leukopenia in 
five patients. Five patients had fever below 37.5 O for 1- 
3 days. General weakness or mild arthralgia was seen 
during seven and four episodes, respectively. Episodes 
with CMV-associated symptoms were observed more 
frequently after primary infection than after reactiva- 
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tion ( P  < 0.01) or reinfection (P i 0.05). All symptoms 
disappeared before the antigenernia assay tested nega- 
tive again. 

CMV disease 

We observed no CMV disease. Specifically, no CMV 
pneumonia, no CMV-associated gastrointestinal dis- 
ease, no hepatitis, no neurological disorder related to 
CMV, and no retinitis was observed. There was no death 
related to CMV. 

Major complications and other infectious diseases 

Major complications included herpes encephalitis in 
two patients (both requiring mechanical ventilation) 
and mediastinitis (re-sternotomy), myocardial toxoplas- 
mosis (biopsy proven), ileus (laparatomy), pancreatitis, 
and appendectomy, each in one patient. All patients re- 
covered and are well again. 

Late results 

Since the end of the observation period, all patients 
have been followed up to date. One patient died 
11 months after HTX due to myocardial infarction (do- 
nor transmitted disease, no evidence of CMV). All 
other patients are alive and well and are currently being 
followed up at our hospital. More than 6 months after 
HTX, four patients presented with antigenemia. Anti- 
genemia-directed antiviral therapy was given and anti- 
genemia disappeared. No CMV disease has been ob- 
served since the end of the observation period. 

Discussion 

CMV infection is the most commonly reported infec- 
tion after HTX [9], and CMV disease is one of the rea- 
sons for morbidity and death after HTX. Appropriate 
prophylaxis and therapy is still under investigation. 
Questions remain regarding the correct moment to be- 
gin therapy and the optimal length of treatment [12]. 
CMV disease is caused by latent CMV, either in var- 
ious cells of the recipient (reactivation) or in the trans- 
planted organ (primary infection or reinfection). CMV 
antigenemia implies active CMV infection [4]. No anti- 
genemia has ever been observed within the first 24 
days after transplantation. Antigenemia appears signif- 
icantly later after primary infection (day 43) than after 
reinfection (day 36) or reactivation (day 35) [S]. Up un- 
til now, antigenemia was not used as a marker for in- 
itiation and duration of preemptive antiviral therapy 

afterHTX. It reliably indicated active CMV infection 
before the disease became clinical and before serocon- 
version occurred, and it enabled tailored administra- 
tion of pre-emptive therapy. Ganciclovir prophylaxis, 
given until day 28 after HTX, was only able to prevent 
reactivation or secondary infection but not primary in- 
fection [ll]. 

At  the end of our observation period, CMV infection 
(latent infection originating from infection before trans- 
plantation or active infection after transplantation) was 
evident in all patients in groups 1,2, and 3. CMV-associ- 
ated symptoms and antigenemia disappeared after anti- 
viral therapy was initiated. Despite the evidence of ac- 
tive CMV infection, no patient suffered CMV disease. 
The number of episodes of antigenemia correlated to 
the amount of pre-emptive therapy. Patients presenting 
more episodes of antigenemia received more pre-emp- 
live therapy. This strategy seems to avoid higher num- 
bers of positive cells and this might, in fact, be the rea- 
son we observed relatively low numbers of positive cell- 
s.Antigenemia would, therefore, appear to be an appro- 
priate tool to guide antiviral therapy. We assume that 
antigenemia-directed antiviral therapy prevented the 
progression of antigenemia to CMV disease. 

The number of positive cells is an indicator of the ex- 
tent of CMV infection [1]. Antigenemia-directed ther- 
apy did not eliminate differences between the groups 
with regard to the extent of CMV disease as determined 
by the highest number of positive cells. However, anti- 
genemia-directed therapy does seem to be effective in 
preventing CMV disease after primary and secondary 
infection, and adapting the dosage of ganciclovir to the 
number of positive cells may reduce ganciclovir-induced 
side effects. 

Five or more positive cells observed at the beginning 
of an episode were followed by subsequent positive test 
results. Initial results with one and four positive cells 
did not exclude subsequent positive results. The defini- 
tion of five positive cells as the therapy threshold was 
supposed to reduce the number of antiviral therapy 
courses and ganciclovir-induced leucopenia. Neverthe- 
less, the progression of untreated episodes could have 
resulted in higher numbers of positive cells and in 
CMV disease [l]. In this preliminary study, the low 
threshold for initiating therapy (one positive cell as an 
indicator for antiviral therapy) and the standard admin- 
istration of high doses of ganciclovir might have in- 
creased the risk of drug-related side effects and the de- 
velopment of drug-resistant strains. Treatment after 
false-positive results cannot be excluded. 

Nevertheless, our strategy completely prevented 
CMV disease and favorable survival was observed. Our 
data cannot answer the question of what number of po- 
sitive cells can remain untreated without increasing the 
risk for CMV disease, nor can the effect of therapy on 
subsequent results (number of positive cells, duration 
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of the episode) be determined. The outcome of un- 
treated episodes remains unclear. 

All episodes of antigenemia were terminated by anti- 
genemia-directed antiviral therapy. Ganciclovir tem- 
porarily suppresses viral replication. Relapse rates of 
20 Y0-30 YO have been reported [2]. Our therapeutic 
strategy prevented neither the reappearance of antige- 
nemia nor the indication for repeated antigenemia di- 
rected antiviral therapy. Subsequent episodes were suc- 
cessfully terminated by antigenemia-directed therapy 
as well. Antigenemia was seldom found later than 
6months after HTX and no CMV disease occurred. 
CMV disease is not postponed by repeated antigenemia 
directed antiviral therapy. We found no signs for the de- 
velopment of drug resistant CMV strains. 

Questions remain the benefits regarding of hyperim- 
mune globulin prophylaxis. After primary infection, 
fewer and milder symptoms of CMV disease are ob- 
served [ E l .  On the one hand, the host immune response 
to infection might play a pivotal role in the appearance 
of symptoms. On the other hand, symptoms of CMV dis- 
ease might originate from the destruction of infected 
host cells. In the latter case, circulating anti-CMV-IgG 
antibodies would react with the cell surface antigens of 
infected host cells. One might speculate that this reac- 
tion would hamper the cellular host defense and that 
lesser infected host cells would be destroyed. Ganciclo- 
vir, given at the same time, temporarily suppresses viral 
replication. Both drugs, given during antigenemia, could 
effectively reduce the release of CMV into the circula- 
tion. We found that after primary infection, CMVIG ad- 
ministration resulted in detectable anti-CMV-IgG titers. 
After CMVIG was no longer given, we observed persist- 
ing low anti-CMV-IgG AU levels. The onset of IgG ser- 
oconversion remains unclear. The contribution of 
CMVIG to the results presented in our study cannot be 
determined. 

In addition to preventive and therapeutic strategies, 
matching for CMV has been suggested [12, 181. The or- 
gan shortage and a limited ischemia time hinder appro- 
priate organ exchange. In our study, the serostatus of 

the graft, but not of the recipient, influenced IgM values 
and antigenemia rates of the recipients. Seronegative 
grafts reduced the risk of CMV infection and disease in 
seronegative recipients (no primary infection at the 
time of HTX) and seropositive recipients (no reinfec- 
tion and no superinfection with a new strain). Primary 
infection induced more episodes of antigenemia, higher 
numbers of positive cells, and higher IgM values. No sig- 
nificant differences were found between reactivation 
and reinfection. Thus, the serostatus of the graft seems 
to be more important for seronegative than for seropo- 
sitive recipients. 

At  the time the study was designed, favorable results 
of previous, uncontrolled, antigenemia-directed therapy 
in liver and heart transplant recipients had been ob- 
served at our institution [8]. For ethical reasons, we con- 
tinued to treat all patients with evidence of active CMV 
infection as determined by the antigenemia assay. No 
placebo control group was defined. The high level of ba- 
sic immunosuppression and the low threshold for rejec- 
tion therapy in our patients did not result in higher rates 
of CMV disease or of other infectious complications. 

Our experience indicates, that CMV antigenemia is a 
suitable tool for the early detection of the activation of 
CMV infection and that antigenemia directed antiviral 
therapy, rather than offering protection from CMV in- 
fection, suppresses CMV disease. More episodes and 
higher numbers of positive cells were found after pri- 
mary infection, but no CMV disease was observed. 
While no general assumptions about the efficacy of our 
protocol can be drawn either from comparison with 
other protocols for CMV prophylaxis or from the study 
itself, due to the lack of a control group and the limited 
number of patients included in the study, we can assume 
that antigenemia-directed, pre-emptive antiviral ther- 
apy prevents the progression of antigenemia to CMV 
disease after primary and secondary infection in heart 
transplant recipients. A randomized, controlled study is 
needed to define more precisely the benefits of antige- 
nemia and episodes of antigenemia as the markers for 
initiation and duration of antiviral therapy. 
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