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Clinical evaluation in organ transplant 
patients of a polymerase chain reaction test 
for CMV 0 
and serun 

qA applied on white blood cells 

Abstract A polymerase chain reac- 
tion (PCR) test for CMV DNA was 
evaluated for clinical usefulness. 
Leukocytes and serum were sampled 
from 36 patients who had recently 
undergone organ transplantation. 
Clinical symptoms, virus culture, and 
IgG and IgM antibodies were used to 
identify, in retrospect, patients with 
CMV disease certified beyond all 
doubt, with probable disease, with 
asymptomatic infection, or without 
infection. PCR tests for CMV DNA 
in leukocytes (BC-PCR) and serum 
(SE-PCR) were then evaluated. BC- 
PCR was positive in all patients with 
certified CMV disease but also in 
31 YO of the samples from patients 

___ ~ 

Introduction 

Cytomegaloviral (CMV) disease is the most frequent in- 
fection occurring in transplant recipients and may cause 
life-threatening symptoms. The lack of an ideal method 
to establish a clinically relevant diagnosis is, therefore, a 
problem [5,18]. Virus culture is too time-consuming and 
IgG antibody titers rise too late for these tests to be use- 
ful in the clinical situation. CMV IgM antibody titers are 
specific but not sensitive enough. Tests of early antigens 
by immunofluorescence or immunoperoxidase are both 
rapid and sensitive [l, 91. When quantified, high levels 
correlate with significant disease [l, 91. However, in the 
lower range, the tests do not discriminate between sub- 
clinical viral reactivation and CMV disease. IgM im- 
munoblot is also very sensitive, turning positive in a high 
proportion of asymptomatic renal transplant patients [6]. 
We have investigated whether the results of a recently 
developed polymerase chain reaction (PCR) test for 

without infection. SE-PCR was posi- 
tive in 11/13 patients with certified 
disease and was concordant with 
CMV culture in 1921231 tests. Of the 
39 discordant cases, 27 had a positive 
SE-PCR with a negative culture. The 
effect of ganciclovir treatment could 
not be predicted by any test. In con- 
clusion, a negative BC-PCR is strong 
evidence against CMV disease and a 
positive SE-PCR strongly suggests 
CMV disease, but the opposite re- 
sults are of little clinical help. 

Key words CMV, PCR, organ 
transplantation . Organ trans- 
plantation, CMV, PCR ' PCR, CMV, 
organ transplantation 

CMV DNA [15], applied on blood buffy coat leukocyte 
preparations (BC-PCR) as well as on serum samples 
(SE-PCR) [16], could be used as guidelines for clinical 
decisions in organ transplant patients. 

Patients and methods 
Study design 

Patients undergoing kidney or liver transplantation were followed 
prospectively from the day of transplantation with sampling of 
serum, leukocytes, and urine twice weekly for CMV serology (IgM 
and IgG antibodies), CMV culture on blood and urine, and PCR 
tests on buffy coats (BC) and serum. In the same period, such sam- 
pling was also performed on patients admitted with symptoms in- 
dicating CMV disease. 

The diagnosis was re-evaluated in retrospect, based on clinical 
signs and symptoms, the results of CMV culture from BC, and anti- 
body titers. This evidence was used to evaluate the results of the 
PCR tests. 
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Table 1 PCR primer sequences 
Primer Sequence ( 5  ' + 3 ') CMV IEAl gene 

coordinates (bp) 

Table 2 Patients grouped ac- 
cording to clinical, serological, 
and virus culture findings 

CblV I CAA GCG GCCTCTGATAAC CAA G C  732-754 
CMV2 CTCTTCCTCTGG GGCAACTTCCTC 1167-1142 
CMV3 (nested) CCGATCCTCTGA GAGTCTGCTCTC 830-853 
CMV4 (nested) 1018-996 CAG CCA CAA TTA CTG AGG ACA G A  
CMV probe GAG GCTATTGTA GCCTAC ACTTTG 901-924 

Group Number Number of Febrile dis- CMV IgG CMV IgM CMV culture 

I 7 75 None None None None 
2 5 51 None 315 115 315 
3 13 73 All All 7113 All 
4 11 39 All 511 1 411 1 1/11 

of patients sample sets ease titer rise positive BC positive 

Patients 

Thirty-six patients were studied following transplantations per- 
formed between 1990 and 1992. Their median age was 42years 
(range 19-66 years). Eleven of these patients were females. Thirty- 
one received kidney transplants, in eight cases combined with a 
pancreas graft. Five patients received liver transplants. Main- 
tenance immunosuppression was based on cyclosporin in combina- 
tion with steroids and azathioprine, but antihymocyte globulin 
(ATG) was used initially as induction therapy in patients receiving 
liver transplants, combined kidney and pancreas grafts, and in kid- 
ney recipients with HLA antibodies. Solumedrone pulses, ATG, 
and OKT3 were used as antirejection therapy. 

CMV serology of recipients and donors 

Twenty-eight recipients were CMV IgG-seropositive at the time of 
transplant and eight were negative. Five of the latter received grafts 
from seropositive donors (D+ R-) and three from seronegative do- 
nors (D- R-). Except for one seropositive liver recipient, all blood 
transfusions were from CMV-seronegative donors and were done 
using leukocyte filters. 

Collection of blood and serum samples 

EDTA blood, serum, and urine samples were collected pro- 
spectively, scheduled twice weekly, from 19 patients, starting on 
the day of transplantation in all but 3. The median number of 
samples obtained per patient was 9.4 (range 5-16). In the remain- 
ing 17 patients, testing was initiated several weeks post-transplan- 
tation when CMV disease was suspected and then continued with a 
median of 4.0 tests per patient (range 2-8). After 1 year CMV IgG 
antibody titers were determined in all initially seronegative pa- 
tients. 

Serology and virus isolation 

The antigens for assay of antibodies against CMV were prepared as 
previously described [lO]. Determinations of IgG were performed 
by ELISA and determinations of IgM by immunofluorescence. 

For CMV culture, BC and urine samples were inoculated on 
monolayers of human fibroblasts. After fixation of fibroblasts with 

glutaraldehyde, suspected cytopathic plaques were confirmed by 
ELISA using monoclonal 1gG antibodies DDG9 and CCH2, re- 
active with CMV IE and E antigens (Dakopatts, Glostrup, Den- 
mark). 

PCR 

Serum samples and BC white cell blood preparations were analyzed 
by PCR. The PCR was performed in a two-step reaction, first with a 
pair of outer primers, and then with a pair of inner (i.e., nested) 
primers. The primers used in the nested PCR assay were selected 
from the fourth exon of the CMV IEA 1 gene (Table I ) .  The primers 
were synthesized and purified as described by the manufacturer 
(Scandinavian Gene Synthesis, Koping, Sweden). The amplification 
was performed in the Gene Amp PCR system 9600 (Perkin-Elmer 
Cetus, Goteborg, Sweden). With the first primer set, amplification 
was performed by 30 incubation cycles of thermal denaturation at 
92°C for 15 s, primer annealing at 66°C for 10 s, and primer exten- 
sion at 72°C for 15 s. Each extension time was increased by 1 s on 
each subsequent cycle. With the second primer set, DNA amplifi- 
cation was performed by 40 cycles, as described above. After the 
second amplification, the reaction mixture was analyzed by elec- 
trophoresis and the results photographed under ultraviolet illumi- 
nation. Strict precautions were taken to avoid contamination [ l l .  

The sensitivity of the PCR analysis was 5 fg of CMV,DNA, cor- 
responding to approximately 20 viral genomes. 

The total time required from sarnplingho result was 8 h for the 
SE-PCR and 30 h for the BC-PCR, the difference depending on se- 
parate methods for DNA extraction. 

121. 

Definitions of CMVinfection and disease 

Based on clinical symptoms and microbiologic tests other than BC- 
PCR and SE-PCR, patients were allocated to one of the four fol- 
lowing groups: 

No CMV infection (group 1) - asymptomatic patients lacking mi- 
crobiologic evidence of CMV activity, i.e., with negative BC cul- 
tures, absence of IgM antibodies, and no rise in IgG antibody titres. 

Asymptomatic CMV infection (group 2) - patients with micro- 
biologic signs of CMV infection in the absence of clinical signs or 
symptoms. 
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CMVdiseuse (groups 3 and 4) - a  clinical syndrome with fever and 
leukopenia (or intolerance to azathioprine), often with other organ 
involvement. When both BCculture and CMV IgG serology (sero- 
conversion or fourfold or greater increase in titers) were positive, 
CMV disease was considered certified (group 3). When the labora- 
tory confirmation was incomplete, the patient was assigned to the 
groupprobahle CMVdisease (group 4). 

BC cultures. Therefore, a positive BC-PCR does not per 
se indicate present or threatening CMV disease. In con- 
trast, SE-PCR is very rarely positive in patients without 

Or Other laboratory signs CMV infection' 

Table 2 summarizes the evidence in each group. Patients with asymptomatic CMVinfection (n  = 5 )  

Antiviral treatment 

The PCR data were not available for clinical decisions. Ganciclovir 
was used as treatment in all patients judged to have CMV disease, 
except for one who received foscarnet. The doses of both drugs were 
adjusted to renal function, most patients receiving 2.5 mgikg of 
ganciclovir IVevery 12 or 24 h. Treatment was given for a median of 
10.7 days (range 8-1 9 days). 

Results 
Following the creation of these groups, the tests for BC- 
PCR and SE-PCR were evaluated. 

Patients with no CMV infection (n  = 7) 

These patients, who were followed prospectively, did not 
develop clinical or laboratory signs of CMV infection. 
Three D- R- and one D+ R- remained CMV IgG-ne- 
gative, even after 1 year, and three seropositive patients 
had constant IgG titers. IgM antibodies were not de- 
monstrated in any of 76 serum samples, and CMV was 
never cultured from a total of 79 BC preparations. 

Viral cultures from 62 urine samples were negative for 
CMV, but 5 were positive. These were obtained from four 
different patients: on day 2 post-transplantation in one 
patient, on days 1 and 3 in another, on day 4 in a third 
patient and on day 14 in the fourth. Those with early po- 
sitive urine cultures were the three D- R- patients. 

By definition, none of these patients had febrile dis- 
ease, pulmonary, gastrointestinal or CNS manifestations, 
but two had temporary leukopenia and one had slightly 
elevated liver enzymes, considered to be side effects of 
the medication. 

In this group, BC-PCR tests were positive in 23/75 
samples (31 %), one obtained on the day of transplanta- 
tion. Only one of seven patients, the D+ R-, was con- 
sistently negative. The three D- R- patients had one, two 
and three positive tests each. The positive BC-PCR coin- 
cided with only one of the five positive urine cultures. SE- 
PCR was positive in 2 of 75 samples (2.6 Yo), each being 
the last sample in the series obtained from one patient 
and, therefore, not possible to classify as a false-positive. 

We conclude from this set of tests that CMV DNA can 
often be detected by BC-PCR in the absence of clinical 
disease, serologic evidence of CMV infection, or positive 

These patients had laboratory signs of CMVinfection but 
did not develop clinical CMV disease. The indications of 
CMVinfection were IgG seroconversion in one D+ R-, a 
significant increase in IgG titers in another three sero- 
positive patients, one of whom also had a positive IgM 
titer, and positive BC virus cultures in three patients, one, 
four, and seven times, respectively. 

In this group, eachpatient had at least two positive BC- 
PCR tests. Thirty-four of the 57 tests (60 Yo) were positive. 
Two patients had positive tests on the day of transplanta- 
tion and another on day 3 post-transplantation. 

SE-PCR was positive in samples from two of the five 
patients, both with a series of positive cultures on BC. In 
bothpatients, SE-PCR was negative formore than a week 
after the first positive BC culture but then became posi- 
tive and remained so until the culture turned negative. 

This series of tests reinforces the notion that the BC- 
PCR test is too sensitive for a positive test to be of value 
in the clinical situation. Reliance on SE-PCR would have 
indicated treatment in two patients who did not develop 
disease. 

Patients with certified CMV disease (n  = 13) 

This group included three D+ R- and ten seropositive 
patients. All patients had fever equal to or higher than 
38 "C. ten had leukopenia and/or azathioprine intoler- 
ance, seven had aminotransferase enzymes equal to or 
greater than 1.0 pkat/l, four had gastrointestinal disease, 
three lower respiratory tract symptoms, and two CNS 
symptoms. Signs of disease, usually fever, appeared 
38.0 k 15.9 days post-transplantation. BC cdltures were 
always positive at the time of disepse. Four patients were 
IgM-positive at the time of disease, and three more 
turned positive later. A significant increase in IgG titers 
was recorded in the follow-up of all patients. 

In this group of patients, BC-PCR was positive in 66/ 
73 tests (85 %). Six of seven negative tests were obtained 
on days 0-22 post-transplantation, and one during gan- 
ciclovir treatment. Thus, all patients had positive BC- 
PCR at the time they developed symptoms. All but one 
remained positive throughout follow-up (median 
67 days post-transplantation). 

SE-PCR was positive in 42/71 tests (59%). All pa- 
tients had at least one serum test performed in the inter- 
val between onset of symptoms and start of treatment. 
This was positive in 11/13. There was no definite time re- 
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SE-PCR 

Negative Positive 

Table 3 Results of PCR CMV 
on serum and CMV culture on 
buffy coats (231 concomitant 
samples obtained from 36 or- 
gan transplanted patients) 

- 
CMV culture 
Negative 162 27 
Posttive 12 30 

lationship between BC culture and SE-PCR. Three pa- 
tients were SE-PCR-negative while the corresponding 
BC culture was positive, but in another SE-PCR became 
positive 2 weeks before the BC culture. 

These tests show that a negative BC-PCR is rarely, if 
ever, found in patients with active CMV disease. SE-PCR 
is a sensitive, but not infallible, marker of CMV disease. 

Eleven of the 13 patients with certified CMV disease 
were treated with ganciclovir for a median of 11.1 days 
(range 8-19 days). Two were not treated. The interval 
between first symptoms and start of treatment was 
8.4 days (median). There was no mortality. SE-PCR re- 
mained positive in all seven patients tested during the 1st 
week of ganciclovir treatment and turned negative after 
2 weeks in all five tested. 

Following treatment, five patients had some indica- 
tion of CMV activity. Three patients had a relapse of 
CMV disease and received a second course of ganciclovir 
starting 15-16 days after the first. They had become 
negative in BC cultures as well as SE-PCR during, or 
shortly after, the first course, but SE-PCR again turned 
positive before the second. Two other patients had fever 
and prolonged fatigue, respectively, both with persis- 
tently positive SE-PCR and BC culture. 

The other patients treated did not have further clinical 
symptoms of CMV disease; two with positive SE-PCR 
tests spontaneously normalized after 2 or more weeks, 
while two with negative tests stayed negative. 

This series of tests shows that SE-PCR is a strong 
marker of active CMV disease but cannot be used to 
predict the prolonged effect of therapy. 

Patients with probable CMV disease (n  = 11) 

This group differed from those with certified disease in 
that the patients had clinical signs but not as convincing 
microbiologic evidence of CMV disease. All patients had 
fever. The symptoms included leukopenia in six and pul- 
monary involvement in three. The general clinical pic- 
ture motivated ganciclovir treatment in eight patients 
and foscarnet in one. Four developed CMV IgM anti- 
bodies and five others had a significant increase in IgG 
titers. BC culture was positive in one. 

In this group of patients, BC-PCR was positive in 22/ 
39 tests (56 %), and all patients had at least one positive 
test. However, three were negative on presentation, in- 
cluding the only patient with a positive BC culture. 

SE-PCR was positive in 3/40 tests, one from each of 
three patients, all in the interval between onset of symp- 
toms and treatment. In all three cases the test turned ne- 
gative after 6 days. 

This series of tests is more difficult to interpret than 
the previously presented groups because the CMV diag- 
nosis was not established in each case. However, since 
one must assume the majority to have had CMV disease, 
the proportion of positive SE-PCR is low and suggests 
that the test is not sensitive enough to discover all cases 
that will benefit from treatment. This is then also true for 
CMV culture on BC because only one of the CMV cul- 
tures in this group was positive. 

The total experience with SE-PCR as compared to 
CMV culture on BC is presented in Table 3. The majority 
of discordant cases were obtained from patients with in- 
creasing or decreasing disease activity. 

Discussion 

Several groups have already reported their experience 
with PCR tests for CMV DNA in solid organ transplant 
patients [2-4,7, 14, 171. The common experience is that 
the test applied on leukocytes is extremely sensitive, 
probably even more so than the early antigens tests [2, 
171. Thus, the test is positive in a high proportion of 
asymptomatic patients. This is in accordance with our 
experience. We even found positive tests in three sero- 
negative patients who received kidneys from sero- 
negative donors and seronegative blood transfusion, who 
did not develop disease and who were seronegative at the 
l-year control. False-positive PCR tests have been re- 
ported previously [I 71. contamination cannot be ruled 
out in spite of the extensive precautions taken, but the 
possibility of virus presence in spite of negative IgG titers 
must also be considered. In our patients this is supported 
by the positive urine CMV cultures in some cases. 

For clinical use, extreme sensitivity of a test is not an 
advantage. The purpose of testing is not to dFtect the 
virus, which is obviously present in the vast majority of 
patients, but to find indications oVsignificant involve- 
ment. One way is to develop a quantitative PCR method 
[7]. This still requires too extensive resources to be used 
in the clinical routine. As an alternative, we have studied 
whether the presence of CMV DNA in serum is a better 
indicator of viremia than its presence in leukocytes [16]. 
Our experience supports this hypothesis. The sensitivity 
of the SE-PCR is close to, and slightly better than, that of 
virus culture on BC. This conclusion can only be drawn if 
one accepts as a fact that there is no golden standard to 
the diagnosis, but that one must rely on a series of in- 
dications [18]. The number of patients with CMV-like 
disease, only partly confirmed by serologic tests and with 
negative BC culture and SE-PCR, suggests that the sen- 
sitivity of both tests is too low. 
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The PCR technique has also been used in attempts to 
monitor antiviral treatment, but without success [17]. 
One obstacle might be that demonstration of virus in vi- 
tro must be performed with methods unaffected by any 
presence of antiviral drugs in the specimens. It has been 
pointed out that isolation of CMVis uncertain in patients 
treated with acyclovir [S]. Ganciclovir inhibits herpes 
virus DNA polymerase, but the fact that the tests re- 
mained positive during treatment shows that ganciclovir 
does not significantly interfere with the polymerase used 
in our PCR test. 

Although CMV can be detected during treatment, the 
result could not be used to evaluate or predict the effect 
of treatment. Virus DNA was found to disappear from 
serum during treatment and then to reappear, causing 
disease, but it was also found to persist for weeks after 
treatment and then spontaneously vanish. On the other 
hand, in this series, the second treatment course always 
efficiently controlled the relapse. The risk of recurrence 
cannot be estimated with other tests, including virus cul- 
ture [17]. However, recently, quantitative CMV anti- 
genemia has been reported to predict the response to 
antiviral treatment in liver transplant patients [13]. 

We propose the following guidelines with regard to 
the use of our PCR tests for CMV DNA in kidney or liver 
transplant patients: 

1. A positive PCR test for CMV DNA on buffy coat does 
not, by itself, indicate CMV disease 
2. A negative PCR test for CMV DNA on buffy coat is 
strong evidence against CMV as the cause of a febrile 
disease. 
3. A positive PCR test for CMV DNA on serum in a pa- 
tient with a febrile disease strongly suggests CMVas the 
causative agent (in the absence of bacterial infection). In 
an asymptomatic patient, a positive test alone does not 
necessarily herald significant CMV disease and would 
not, in a kidney or liver transplant patient, indicate the 
need for active treatment. 
4. A negative PCR test for CMV DNA in serum does not 
rule out CMV viremia. 

When combined, the two applications of the test could 
prove valuable in making decisions on initiating anti- 
CMV treatment of recently transplanted patients with 
fever. 

References 
1. Berg AP van den, Bij W van der, Son WJ 

van, Anema J, Giessen M van der, 
Schirm J, Tegzess AM, The TH (1989) 
Cytomegalovirus antigenemia as a use- 
ful marker of symptomatic cytomegalo- 
virus infection after renal transplanta- 
tion - a report of 130 consecutive pa- 
tients. Transplantation 48: 991-995 

2. Boland GJ, Weger R A  de, Tilanus MG, 
Ververs C, Bosboom-Karlsbeek K, Gast 
GC de (1992) Detection of cytomegalo- 
virus (CMV) in granulocytes by poly- 
merase chain reaction compared with 
the CMVantigen test. J Clin Microbiol 
30: 1763-1767 

3. Delgado R, Lumbreras C, Alba C, Ped- 
raza MA, Otero JR, Gomez R, Moreno 
E, Noriega AR, Paya CV (1992) Low 
predictive value of polymerase chain 
reaction for diagnosis of cytomegalo- 
virus disease in liver transplant re- 
cipients. J Clin Microbiol30: 1876-1878 

4. Dorp WT van, Vlieger A, Jiwa NM, Es 
LAvan, Ploeg M van der, Saase JLCM 
van, Woude FJ van der (1992) The poly- 
merase chain reaction, a sensitive and 
rapid technique for detecting cytome- 
galovirus infection after renal trans- 
plantation. Transplantation 54: 661-664 

5.  Dunn DL, Mayoral JL, Gillingham KJ, 
Loeffler CM, Brayman KL, Kramer 
MA, Erice A, Balfour HH, Fletcher CV, 
Bolman RM, Matas AJ, Payne WD, 
Sutherland DER, Najarian JS (1991) 
Treatment of invasive cytomegalovirus 
disease in solid organ transplant pa- 
tients with ganciclovir. Transplantation 
51: 98-106 

6. Fischer L, Rautenberg P, Bienengraber 
H, Leimenstoll G (1993) Antigenemia, 
immunoblotting, and enzyme im- 
munoassay for early diagnosis of cyto- 
megalovirus infection in renal trans- 
plant patients. Transpl Int 6: 201-205 

7. Gerdes JC, Spees EK, Fitting K, Hiraki 
JD, Sheehan MA, Duda D, Jarvi T, 
Roehl C, Robertson AD (1993) Pro- 
spective study utilizing a quantitative 
polymerase chain reaction for detection 
of cytomegalovirus DNA in the blood of 
renal transplant patients. Transplant 
Proc25: 1411-1413 

8. Grundy JE, Griffiths PD (1989) Acy- 
clovir to prevent cytomegalovirus infec- 
tion in renal-graft recipients. Lancet 11: 
1268 

9. Koskinen PK, Nieminen MS, Mattila SP, 
Hayry PJ, Lautenschlager IT (1993) The 
correlation between symptomatic CMV 
infection and CMVantigenemia in heart 
allograft recipients. Transplantation 5.5: 
547-551 

10. Krishna RV, Meurman OH, Ziegler Y, 
Krech U H  (1980) Solid-phase enzyme 
immunoassay for determination of anti- 
bodies to cytomegalovirus. J Clin 
Microbioll2: 46-51 

11. Kwok S, Higuchi R (1989) Avoiding 
false positives with PCR. Nature 339: 
237-238 

12. Landgren M, Kyllerman M, Bergstrom 
T, Dotevall L, Ljungstrom L, Ricksten 
A (1994) Diagnosis of Epstein-Barr 
virus-induced central nervous system 
infections by DNA amplification from 
cerebrospinal fluid. Ann Neurol 
(in press) 

mela K (199 ) Quantitative CMV-anti- 

infection and in the monitoring of re- 
sponse to antiviral treatment in liver 
transplant patients. Transplant Proc (in 
press) 

Collins J, Doak PB, Williams LC, Munn 
S, Verran D, Croxson MC (1992) Poly- 
merase chain reaction in detection of 
CMV DNA in renal allograft recipients. 
Aust N Z J Med 22: 249-255 

15. Saiki R, Gelfand DH, Stoffel S, Scharf, 
Higuchi R, Horn GT, Mullis KB, Erlich 
H A  (1988) Primer-directed enzymatic 
amplification of DNAwith a thermo- 
stable DNA polymerase. Science 239: 
487491 

13. Lautenschlager I, Hockerdtedt K, Sal- 

genemia tes f+ in the diagnosis of CMV 

14. Lee WT, Antoszewska H, Powell KF, 



433 

16. Studahl M, Ricksten A, Sandberg T, 
Bergstrom T, Elowson S (1992) Cyto- 
megalovirus encephalitis in four im- 
munocompetent patients. Lancet 340: 
1045-1046 

17. The TH, Ploeg M van der, Berg AP van 
den, Vlieger AM, Giessen M van der, 
Son WJ van (1992) Direct detection of 
cytomegalovirus in peripheral blood 
leukocytes - a review of the antigenemia 
assay and the polymerase chain reac- 
tion. Transplantation 54: 193-198 

18. The TH, Berg AP van den, Son WJ van, 
Klompmaker IJ, Harmsen MC, Giessen 
M van der, Slooff MJH (1993) Monitor- 
ing for cytomegalovirus after organ 
transplantation: a clinical perspective. 
Transplant Proc 5 [Suppl4]: 5-9 


