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Surveillance blood cultures for human cytomegalovirus (HCMYV) are commonly used to identify the bone
marrow transplant (BMT) recipients with the highest risk of serious HCMV disease and for whom early
interventional ganciclovir therapy would be beneficial. We monitored 36 allogeneic BMT recipients weekly for
the presence of HCMY in the blood from 0 to 100 days posttransplantation. Viable HCMY in leukocytes (WBC)
was detected by shell vial and tube culture methods. HCMV DNA in WBC and plasma was detected by PCR
and DNA hybridization using primers and a probe from the EcoRI fragment D region of HCMV AD169. A
uracil-N-glycosylase-dUTP PCR protocol was used to prevent false-positive results due to amplicon carryover.
Seventeen patients had multiple consecutive positive samples containing HCMV DNA in plasma or WBC. In
14 of 17 patients, HCMV was also detected by blood culture. HCMV DNA was detected sporadically in six
patients, none of whom had positive cultures. One patient had HCMYV viremia detected by WBC culture only.
The remaining 12 patients had no positive PCR assays or blood cultures. For the patients with positive blood
cultures, PCR detection of HCMV DNA in plasma preceded detection of HCMYV in culture by a mean of 8 days
and detection in WBC preceded detection in culture by 6 days. HCMYV disease (interstitial pneumonia) was
documented for two patients with viremia (blood culture and PCR positive) and one patient without viremia
(blood culture and PCR negative). The earlier recognition of high-risk patients provided by detection of HCMV

DNA in plasma or WBC may improve the efficacy of early interventional antiviral therapy.

Human cytomegalovirus (HCMV) is a significant cause of
morbidity and mortality in solid-organ transplant and bone
marrow transplant (BMT) recipients (8, 16, 25, 27). Although
the virus can be isolated from a variety of different specimens,
demonstration of viremia is generally considered to have the
best correlation with clinically significant infection (16, 17).
Optimal detection of HCMV viremia by culture requires iso-
lation of peripheral blood leukocytes (WBC) by gradient cen-
trifugation and the use of both shell vial and conventional tube
culture methods (9, 11).

The availability of specific antiviral therapy for HCMV in-
fections has created a need for rapid and specific tests for
monitoring patients at risk for developing disease (22). Detec-
tion of HCMV immediate early antigen by immunohistochem-
istry (2, 24) and detection of HCMV DNA (6, 12, 14) or
mRNA (1) in WBC are promising approaches to the problem.
Recently, HCMV DNA has been detected in sera from con-
genitally infected infants and from renal transplant recipients
with active HCMV infections (3), in plasma from AIDS pa-
tients with acute visceral disease (23), and in sera from BMT
recipients and patients with leukemia who had HCMV pneu-
monia (13, 28). These studies suggest that the presence of
HCMYV DNA in cell-free fractions of the blood correlates well
with the onset of visceral disease.

Two approaches are currently employed to prevent HCMV
disease in seropositive BMT recipients. One approach involves
the use of either acyclovir or ganciclovir given prophylactically
to all patients (10, 18, 26). The other approach involves early or
preemptive use of ganciclovir in patients with HCMV detected
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in bronchoalveolar lavage fluid, blood, urine, or throat speci-
mens (19, 22). Although there is no consensus on the relative
merits of prophylaxis versus early interventional therapy, early
intervention based on HCMYV surveillance culture results has
the advantage of sparing a sizeable number of patients not
destined to develop disease from the cost and toxicity of gan-
ciclovir therapy. The success rate for early interventional ther-
apy may be improved if the patients at highest risk for devel-
oping HCMYV disease could be identified earlier.

Surveillance blood cultures for HCMV are used routinely at
Emory Clinic to identify those allogeneic BMT recipients with
the highest risk of developing serious HCMYV disease. Patients
with positive blood cultures are treated preemptively with gan-
ciclovir. In this study, we compared conventional virological
blood culture methods with a PCR-based assay for detection of
HCMYV DNA in both WBC and plasma samples obtained from
36 allogeneic BMT recipients. The patients were monitored
weekly for HCMYV viremia from 0 to 100 days posttransplan-
tation. We found that detection of HCMV DNA in plasma or
WBC is more sensitive than culture for detection of viremia
and provides for earlier recognition of these patients at highest
risk for HCMYV disease.

(This work was presented in part at the 33rd Interscience
Conference on Antimicrobial Agents and Chemotherapy, New
Orleans, La., 17 to 20 October 1993 [20]).

MATERIALS AND METHODS

Patients and specimens. Blood samples were collected from 36 allogeneic
BMT recipients once a week from 0 to 100 days posttransplantation. Twenty-one
patients were HCMYV seropositive before transplantation, and 3 of the 15 initially
seronegative patients received bone marrow from a seropositive donor. The
lithium-heparin anticoagulated whole blood was delivered promptly to the lab-
oratory. WBC were recovered from 3.5 ml of blood by a single-step centrifugal
technique (Polymorphprep; Nycomed, Oslo, Norway). The mononuclear and
polymorphonuclear cell bands were removed from the gradient, pooled, and
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TABLE 1. Correlation of HCMV PCR and WBC culture results
for 36 allogeneic BMT recipients

No. of patients with indicated PCR result

WBC culture result WBC Plasma
Positive Negative Positive Negative
Positive 13 2 14 1
Negative 6 15 8 13

washed twice in tissue culture medium. The washed WBC were used to inoculate
shell vials and cell culture tubes, and an aliquot was frozen at —80°C for PCR.
The number of WBC in each sample was not determined. Plasma obtained from
the same blood specimens was also frozen at —80°C for PCR.

Clinical and laboratory data for all patients were compiled by a research nurse.
The patients were evaluated for increased liver function tests, graft-versus-host
disease, rash, enteritis, hemorrhagic cystitis, retinitis, interstitial pneumonia,
antiviral history, WBC count, and HCMYV culture results. The research nurse and
the clinicians caring for the patients were blinded to the HCMV PCR results.

Blood cultures. A 200-pl volume of the washed WBC was inoculated into each
of three shell vials containing MRC-5 cells, and 300 .l was inoculated into each
of two human foreskin fibroblast roller tube cultures. The shell vials were stained
after 36 to 72 h of incubation in an indirect immunofluorescence assay (DuPont,
Doraville, Ga.) to detect HCMV infection of the monolayers. The roller tube
cultures were examined for a total of 21 days for the appearance of characteristic
cytopathic effects.

PCR. Frozen 100-pl aliquots of WBC and plasma were thawed and heated at
95°C for 10 min. Plasma was diluted 1:1 with a Tris-Triton-EDTA buffer (10 mM
Tris [pH 8.0]), 1% Triton X-100, 1 mM EDTA) prior to being heated. A 10-pl
sample of these crude lysates was added directly to the PCR cocktail.

PCR was carried out by the method of Hsia et al. (12), with minor modifica-
tions. The primer pair used (primers 459 and 627) amplifies a 152-bp band from
EcoRI fragment D of the HCMV genome. All reactions were hot-started to
decrease nonspecific amplification. False-positive results due to amplicon cross-
contamination were controlled by standard practices (19) and the use of dUTP
and uracil-N-glycosylase (15).

A low positive control and a reagent blank were included in each run. A
second amplification reaction using primers (PCO4 and GH20) that amplify a
segment of the human B-globin gene was performed for each specimen for which
the WBC culture was positive and PCR results were negative and for specimens
for which there were discrepancies between the WBC and plasma PCR results
(21). This was done to detect the presence of PCR inhibitors.

Amplified DNA was separated by agarose gel electrophoresis, and the 152-bp
band was visualized by ethidium bromide staining and UV light transillumina-
tion. The DNA was then transferred to nylon membranes by Southern blotting.
Detection of specific probe hybridization on Southern blots was accomplished
with biotin-labeled internal probe 628 (12) and an avidin-alkaline phosphatase,
chemiluminescent substrate detection system (Southern Lights; Tropix, Bedford,
Mass.). Blots were imaged on X-ray film. The PCR assay reliably detects 0.01 pg
of purified DNA from HCMYV strain AD169. Purified HCMV DNA was kindly
provided by P. Pellet, Centers for Disease Control and Prevention, Atlanta, Ga.

RESULTS

HCMYV was detected by WBC culture in 15 patients (42%)
and in 22 of 371 specimens (6%). Sixteen of the positive cul-
tures were detected by the shell vial technique, and six required
conventional tube cultures and extended incubation for detec-
tion of the virus. The average time for detection of a positive
shell vial was 2.8 days, and that for conventional tube cultures
was 13.8 days.

PCR of WBC detected HCMV DNA in 19 patients (53%)
and in 74 of 371 specimens (20%). In 68% of these patients,
HCMYV was also detected by WBC cultures. PCR of plasma
detected HCMV DNA in 22 patients (61%) and in 110 of 368
specimens (30%). WBC cultures were also positive for 64% of
these patients. Southern blotting and hybridization with the
labeled probe were required to detect 30% of the PCR-positive
specimens regardless of the specimen type.

The correlation of PCR and culture for detection of HCMV
in the blood is shown in Table 1. With WBC culture used as the
“gold standard”, the sensitivity and specificity of WBC PCR
were 87 and 71%, respectively. The sensitivity and specificity of
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FIG. 1. Schematic representation of the temporal relationship of the detec-
tion of circulating DNA, viremia, and ganciclovir treatment for 24 BMT recip-
ients from whom at least one sample was positive for HCMV. Open circles,
positive WBC cultures; solid lines, positive interval WBC PCR; open bars,
positive interval plasma PCR; shaded bars, ganciclovir treatment.

plasma PCR were 93 and 62%, respectively. For 16 patients,
HCMYV DNA was detected in multiple consecutive WBC sam-
ples, and 13 of these patients had at least one positive WBC
culture. HCMV DNA was detected in multiple consecutive
plasma samples from 17 patients, and viremia was found in 14
of these patients by culture. There were six patients who had
HCMYV DNA detected sporadically in plasma and WBC (two
patients), plasma only (three patients), or WBC only (one
patient). None of these patients had positive WBC cultures,
and only one of the patients was positive when the PCR assay
was repeated. One patient had HCMYV viremia documented 13
days posttransplantation by culture only. Twelve patients had
no HCMYV DNA detected in WBC or in plasma and no posi-
tive WBC cultures at any point during the study period.

The mean times to onset of viremia as detected by WBC
culture, WBC PCR, and plasma PCR were 49, 43, and 41 days
posttransplantation, respectively. For patients with positive
WBC cultures, detection of onset of viremia by plasma PCR
preceded that by culture by a mean of 8 days, and detection by
WBC PCR preceded detection by culture by 6 days. The tem-
poral relationship of the detection of circulating DNA, vire-
mia, and ganciclovir therapy for the 24 patients who had at
least one sample positive for HCMYV is represented schemat-
ically in Fig. 1.

Preemptive ganciclovir therapy was initiated in 15 patients in
response to positive WBC cultures. An additional seven pa-
tients received ganciclovir because of a high index of clinical
suspicion of HCMV disease. Although the physicians caring
for the patients were not aware of the PCR results, ganciclovir
was given to all patients with multiple consecutive blood sam-
ples containing HCMV DNA regardless of the WBC culture
results.

Objective evidence for HCMV disease was found in only
three patients. All three had HCMYV interstitial pneumonia
documented by hypoxia, interstitial infiltrates, a positive cul-
ture of bronchoalveolar lavage fluid, and absence of other
pathogens. In two patients, viremia preceded the development
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of pneumonia and was documented by both culture and PCR.
For the remaining patient, antecedent viremia was not de-
tected by culture or PCR.

HCMYV DNA persisted in plasma or WBC in five patients at
the end of ganciclovir therapy. One patient also had a positive
blood culture for HCMV at the end of treatment. None of the
three patients thought to have developed HCMV interstitial
pneumonia had detectable HCMV DNA in the blood after
ganciclovir therapy.

DISCUSSION

The aim of this study was to compare conventional virolog-
ical techniques with a PCR-based assay for detection of
HCMV in blood samples used to monitor BMT recipients.
Weekly surveillance blood cultures for HCMV are done rou-
tinely in our hospital to identify the BMT recipients with the
highest risk of developing severe HCMV infections and for
whom preemptive ganciclovir treatment would be beneficial.
On the basis of the PCR results, the patients fell into three
groups: patients with viral DNA detected in multiple consec-
utive samples, patients with viral DNA detected sporadically in
blood, and patients with no viral DNA detected during the first
100 days posttransplantation.

We found that the onset of viremia was preceded by the
presence of HCMV DNA in multiple consecutive WBC or
plasma samples for 14 of 15 patients. The remaining patient
had a positive WBC culture 13 days posttransplantation, but no
DNA in WBC or plasma was detected at any time. The virus
was recovered only from tube cultures after 3 weeks of incu-
bation, indicating that the quantity of virus was small and that
the false-negative PCR results were probably due to sampling
error. HCMV was not isolated from any other body site or fluid
sample from this patient during the study.

In the patients with both positive blood cultures and positive
PCR results, detection of the onset of viremia by PCR of either
WBC or plasma preceded detection by culture by 6 to 8 days
on average. For two of the patients who developed HCMV
pneumonia, viremia was documented approximately 2 weeks
earlier by PCR. Although the physicians were not aware of the
PCR results, ganciclovir was given to all patients with multiple
consecutive blood samples containing HCMV DNA, including
three patients with negative WBC cultures. The low incidence
of HCMYV pneumonia in our study patients was probably due
to the preemptive use of ganciclovir in patients with WBC
cultures positive for HCMV. Earlier recognition of high-risk
patients through the use of PCR methods may improve the
effectiveness of preemptive ganciclovir therapy and prevent the
development of HCMV pneumonia in some patients.

There were six patients in whom HCMV DNA was detected
sporadically during the study period. For five of these patients,
the results are probably due to DNA cross-contamination of
PCR assays. Only one patient was positive on repeat, and that
patient received ganciclovir because of a high index of clinical
suspicion (negative WBC culture). The false-positive rate for
the PCR assays was 1.3% (10 of 739 assays). The source of the
sporadic false-positive reactions was probably template cross-
contamination rather than amplified-product contamination,
because our assay employed dUTP and uracil N-glycosylase to
limit false-positive results due to carried-over PCR product.
The uracil N-glycosylase protocol effectively inactivated at
least 10° copies of deoxyuridine-containing product in inten-
tional-contamination experiments (data not shown). In prac-
tice, the specificity of the PCR assay could be improved by
performing all assays in duplicate and requiring that the results
of the duplicate assays agree before positive results are re-
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ported. Although this approach adds considerable expense, it
increases confidence in the positive results by providing a level
of control for random contamination events.

Twelve patients had no HCMV DNA detected and no pos-
itive WBC cultures at any time. Only three (25%) of these
patients received ganciclovir therapy, indicating a low index of
clinical suspicion of HCMV infection in this patient group.
However, one patient in this group developed interstitial infil-
trates and had HCMV demonstrated in bronchoalveolar la-
vage fluid, histologically, on day 34 posttransplantation. The
patient was started on ganciclovir on day 42 for presumed HCMV
pneumonia, and therapy continued until the patient expired. Both
culture and PCR failed to document an antecedent viremia.

Culture of plasma for HCMV is generally considered to be
a low-yield procedure and was not done in this study (23).
However, plasma may be the best specimen for detection of
circulating HCMV DNA. Our data indicate that the yield by
PCR from plasma is better than the yield from WBC pellets.
This may reflect a larger number of copies of target DNA in
plasma or differences in efficiencies and kinetics of amplifica-
tion of DNA from the two types of specimens. Another poten-
tial advantage to using plasma rather than WBC for DNA
detection is that patients can be monitored for circulating
HCMYV during periods of neutropenia. However, almost all of
the plasma specimens that contained HCMV DNA were ob-
tained from patients after bone marrow engraftment.

Although few data that allow direct comparison of PCR
results for plasma and WBC fractions of blood are available,
several groups of investigators have compared the results of
plasma PCR with WBC cultures for HCMV. Spector et al.
found a good correlation between the two procedures for de-
tection of HCMV in 23 AIDS patients with visceral disease
(23). Brytting et al. found a correlation between HCMV DNA
in serum specimens and isolation of the virus from WBC for
four renal transplant recipients with HCMV disease (3). Wolf
and Spector studied the utility of plasma PCR in the early
diagnosis of active HCMYV infection in 83 BMT recipients and
found that PCR was more sensitive than WBC culture for
diagnosis of visceral disease (28). Their plasma PCR had a
positive predictive value of 60% for disease development and
a negative predictive value of 97%.

One potential concern with applying a technology as sensi-
tive as PCR to the detection of a virus that latently infects large
number of individuals is that the viral genome would be fre-
quently detected in antibody-positive, asymptomatic individu-
als. We found no HCMV DNA in plasma or WBC from single
blood specimens obtained from 24 healthy, HCMV antibody-
positive blood donors (data not shown) and did not consis-
tently find HCMV DNA in specimens from antibody-positive
BMT recipients without a high index of suspicion of HCMV
disease. In fact, for 32% of the HCMV-seropositive patients,
blood specimens collected during the first 100 days after trans-
plantation remained negative for HCMV DNA. Other inves-
tigators have used detection of viral mRNA (1) or quantitative
PCR methods (7) to facilitate the differentiation between la-
tent and active HCMV infection. We found that the demon-
stration of HCMV DNA in multiple consecutive plasma sam-
ples can also be used to accurately identify the BMT recipients
at the greatest risk of developing viremia.

HCMYV DNA was demonstrated in the blood samples of five
patients after the cessation of preemptive antiviral therapy. No
adverse outcome was associated with the persistence of circu-
lating HCMV DNA in these patients. Conversely, viral DNA
was not detected in the blood after completion of ganciclovir
therapy in the two patients with HCMV pneumonia who had
antecedent viremia. Our data suggest that PCR is a poor pre-
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dictor of the efficacy of early ganciclovir therapy in BMT re-
cipients. In contrast, Einsele et al. (5) found that persistence of
HCMYV DNA in blood after cessation of antiviral therapy was
associated with an adverse outcome in 6 of 15 BMT recipients
with symptomatic infections (40%). Three patients died after
initial improvement, and three patients had early relapse of
HCMYV disease. Einsele et al. found that PCR was a better
predictor of the efficacy of antiviral therapy than culture or
clinical assessment. It is difficult to compare the results of the
two studies, since ours included relatively few patients with
HCMV disease and theirs included no patients with asymp-
tomatic HCMV infections.

Plasma PCR is a practical and cost-effective alternative to
WBC cultures in our laboratory setting for monitoring BMT
recipients. WBC cultures are labor-intensive because of the
cumbersome WBC preparation protocol, processing of multi-
ple shell vials, and the inoculation and repeated examination of
conventional tube cultures. The HCMV PCR assay can be
completed in 2 working days. The current direct cost of re-
agents, supplies, and labor for an HCMV blood culture in our
hospital is $122.25. The direct cost of a plasma PCR assay for
HCMYV DNA, done in duplicate, is estimated to be $12.13. The
average time for detection of positive shell vials in this study was
2.8 days, and that for conventional tube cultures was 13.8 days.

Traditional methods for DNA extraction from peripheral
blood WBC and plasma have employed proteinase K digestion
followed by phenol-chloroform extraction (4). However, these
methods are lengthy, complex, and costly. In addition, they
may cause inhibition of DNA amplification because of organic-
solvent carryover and are relatively inefficient for recovery of
small number of target molecules. We found no difference in
target recovery or analytical sensitivity when we compared our
simple sample extraction protocol with a traditional proteinase
K-phenol-chloroform protocol using a limited number of
HCMV-positive WBC and plasma samples. In addition, we
found no evidence of inhibition due to heparin in our assay
system as judged by experiments in which CMV DNA was
added to heparinized plasma and serum specimens obtained
from the same individuals.

In conclusion, detection of circulating HCMV DNA in ei-
ther plasma or WBC is more sensitive than culture for detec-
tion of HCMV in the blood of BMT recipients. Onset of
viremia was preceded by detection of circulating DNA in all
but one of the patients. The predictive value of a positive test
for circulating DNA is improved if patients are monitored over
time and have multiple consecutive positive samples. We an-
ticipate that the earlier recognition of high-risk patients pro-
vided by the detection of circulating DNA may improve the
efficacy of preemptive ganciclovir therapy. Future studies will
focus on this important issue.

REFERENCES

1. Bitsch, A., H. Kirchner, R. Dupke, and G. Bein. 1993. Cytomegalovirus
transcripts in peripheral blood leukocytes of actively infected transplant
patients detected by reverse transcription-polymerase chain reaction. J. In-
fect. Dis. 167:740-743.

2. Boeckh, M., R. A. Bowden, J. M. Goodrich, M. Pettinger, and J. D. Meyers.
1992. Cytomegalovirus antigen detection in peripheral blood leukocytes after
allogeneic marrow transplantation. Blood 80:1358-1364.

3. Brytting, M., W. Xu, B. Wahren, and V. Sundqvist. 1992. Cytomegalovirus
DNA detection in sera from patients with active cytomegalovirus infections.
J. Clin. Microbiol. 30:1937-1941.

4. Casareale, D., R. Pottahil, and R. Diaco. 1992. Improved blood sample
processing for PCR. PCR Methods Applic. 2:149-153.

5. Einsele, H., G. Ehninger, M. Steidle, A. Vallbracht, M. Muller, H. Schmidt, J. G.
Saal, H. D. Waller, and C. A. Muller. 1991. Polymerase chain reaction to
evaluate antiviral therapy for cytomegalovirus disease. Lancet 338:1170-1172.

6. Einsele, H., M. Steidle, A. Vallbracht, J. G. Saal, G. Ehninger, and C. A.
Muller. 1991. Early occurrence of human cytomegalovirus infection after
bone marrow transplantation as demonstrated by the polymerase chain re-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

J. CLIN. MICROBIOL.

action technique. Blood 77:1104-1110.

. Gerdes, J. C., E. K. Gill, K. Fitting, J. Hiraki, M. Sheehan, D. Duba, T. Jarvi,

C. Roehl, and A. D. Robertson. 1992. Prospective study utilizing the poly-
merase chain reaction for detection of cytomegalovirus DNA in the blood of
48 renal transplant recipients. Transplant. Proc. 25:1411-1413.

. Gerna, G., D. Zipeto, M. Parea, M. G. Revello, E. Silini, E. Percivalle, M.

Zavattoni, P. Grossi, and G. Milanesi. 1991. Monitoring of human cytomeg-
alovirus infections and ganciclovir treatment in heart transplant recipients by
determination of viremia, antigenemia and DNAemia. J. Infect. Dis. 164:
488-498.

. Gleaves, C. A., T. F. Smith, E. A. Schuster, and G. R. Pearson. 1985.

Comparison of standard tube culture and shell vial cell culture techniques
for the detection of cytomegalovirus in clinical specimens. J. Clin. Microbiol.
21:217-221.

. Goodrich, J. M., R. A. Bowden, L. Fisher, C. Keller, G. Schoch, and J. D.

Meyers. 1993. Ganciclovir prophylaxis to prevent cytomegalovirus disease
after allogeneic marrow transplant. Ann. Intern. Med. 118:173-178.
Howell, C. L., M. J. Miller, and W. J. Martin. 1979. Comparison of rates of
virus isolation from leukocyte populations separated from blood by conven-
tional and Ficoll-Paque/Macrodex methods. J. Clin. Microbiol. 10:533-537.
Hsia, K., D. Spector, J. Lawrie, and S. Spector. 1989. Enzymatic amplifica-
tion of human cytomegalovirus sequences by polymerase chain reaction. J.
Clin. Microbiol. 27:1802-1809.

Ishigaki, S., M. Takeda, T. Kura, N. Ban, T. Saitoh, S. Sakamaki, N. Wa-
tanabe, Y. Kohgo, and Y. Nitsu. 1991. Cytomegalovirus DNA in the sera of
patients with cytomegalovirus pneumonia. Br. J. Haematol. 79:198-204.
Jiwa, N. M., G. W. Van Gemert, A. K. Raap, F. M. Van de Rijke, A. Mulder,
P. F. Lens, M. M. M. Salimans, F. E. Zwan, W. Van Dorp, and M. Van der
Ploeg. 1989. Rapid detection of human cytomegalovirus DNA in peripheral
blood leukocytes of viremic transplant recipients by the polymerase chain
reaction. Transplantation 48:72-76.

Longo, M. C., M. S. Berninger, and J. L. Hartley. 1990. Use of uracil DNA
glycosylase to control carry-over contamination in polymerase chain reac-
tions. Gene 93:125-128.

Marsano, L., R. P. Perrillo, M. W. Flye, D. W. Hanto, E. D. Spitzer, J. R.
Thomas, P. R. Murray, D. W. Windus, E. M. Brunt, and G. A. Storch. 1990.
Comparison of culture and serology for the diagnosis of cytomegalovirus
infection in kidney and liver transplant recipients. J. Infect. Dis. 161:454-461.
Meyers, J. D., P. Ljungman, and L. D. Fisher. 1990. Cytomegalovirus excre-
tion as a predictor of cytomegalovirus disease after marrow transplantation:
importance of cytomegalovirus viremia. J. Infect. Dis. 162:373-380.
Meyers, J. D., E. C. Reed, D. H. Shepp, M. Thronquist, P. S. Danliker, C.
Vicary, N. Flournoy, L. E. Kirk, J. H. Kersey, E. D. Thomas, et al. 1988.
Acyclovir for prevention of cytomegalovirus infection and disease after al-
logeneic marrow transplantation. N. Engl. J. Med. 318:70-75.

National Committee for Clinical Laboratory Standards. 1994. Molecular diag-
nostic methods for infectious diseases; proposed guideline. NCCLS document
MM3-P. National Committee for Clinical Laboratory Standards, Villanova, Pa.
Nolte, F. S., R. K. Emmens, C. Thurmond, P. S. Mitchell, C. Pascuzzi, S. M.
Devine, R. Saral, and J. R. Wingard. 1993. Early detection of cytomegalo-
virus viremia in bone marrow transplant recipients by DNA amplification,
abstr. 1545, p. 401. In Program and abstracts of the 33rd Interscience Con-
ference on Antimicrobial Agents and Chemotherapy. American Society for
Microbiology, Washington, D.C.

Saiki, R. K., D. H. Gelfand, S. Stoffel, S. J. Scarf, R. Higuchi, G. T. Horn,
K. B. Mullis, and H. A. Erlich. 1988. Primer mediated enzymatic amplifica-
tion of DNA with a thermostable DNA polymerase. Science 239:487-491.
Schmidt, G. M., D. A. Horak, J. C. Miland, S. R. Duncan, S. J. Forman, J. A.
Zala, and The City of Hope-Stanford-Syntex CMV Study Group. 1991. A
randomized, controlled trial of prophylactic ganciclovir for cytomegalovirus
pulmonary infection in recipients of allogeneic bone marrow transplants. N.
Engl. J. Med. 324:1005-1011.

Spector, S. A., R. Merrill, D. Wolf, and W. M. Danker. 1992. Detection of
human cytomegalovirus in plasma of AIDS patients during acute visceral
disease by DNA amplification. J. Clin. Microbiol. 30:2359-2365.

Van der Bij, W., R. Toresma, W. J. Van Son, J. Anema, J. Schrim, A. M.
Tegzess, and T. H. The. 1988. Rapid immunodiagnosis of active cytomega-
lovirus infection by monoclonal antibody staining of blood leukocytes. J.
Med. Virol. 25:179-188.

Wingard, J. R., S. Piantadosi, W. H. Burns, M. Zahurak, G. W. Santos, and R.
Saral. 1990. Cytomegalovirus infections in bone marrow transplant recipients
given intensive cytoreductive therapy. Rev. Infect. Dis. 12(Suppl. 7):S793-S804.
Winston, D. J., W. G. Ho, K. Bartoni, C. Du Mond, D. F. Eberling, W. C.
Buhles, and R. E. Champlin. 1993. Ganciclovir prophylaxis of cytomegalo-
virus infection and disease in allogeneic bone marrow transplant recipients.
Ann. Intern. Med. 118:179-184.

Winston, D. J., W. G. Ho, and R. E. Champlin. 1990. Cytomegalovirus
infections after allogeneic bone marrow transplantation. Rev. Infect. Dis.
12(Suppl. 7):S776-S792.

Wolf, D. A., and S. A. Spector. 1993. Early diagnosis of human cytomegalo-
virus disease in transplant recipients by DNA amplification in plasma. Trans-
plantation 56:330-334.



