
JOURNAL OF CLINICAL MICROBIOLOGY, Apr. 1994, p. 1119-1120 Vol. 32, No. 4
0095-1137/94/$04.00+0

Effect of Delayed Processing of Blood Samples on Performance
of Cytomegalovirus Antigenemia Assay
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This prospective, parallel, and blind study of 120 blood samples from immunocompromised patients
examined the influence of delayed sample processing on cytomegalovirus antigenemia assay. Cytomegalovirus
was detected in 49 samples (40.8%): 41 were processed within 2 to 4 h, and 40 were reprocessed the following
day. Results were discrepant in 17 of the samples with the lowest positive cell counts. Differences between the
two days did not reach statistical significance.

Cytomegalovirus (CMV) is a major cause of morbidity and
mortality in immunocompromised patients, such as allograft
recipients and those suffering from AIDS (6). Significant CMV
infections may be difficult to differentiate from other opportu-
nistic infections. In addition, new drugs active against CMV
are now available. Reliable laboratory diagnostic methods are
therefore required. Quantitative antigenemia assay (detection
of CMV antigens in leukocytes) has emerged as a valuable and
sensitive tool for early diagnosis and prognosis and for moni-
toring antiviral treatment (3, 4, 6, 9, 11-13). Although the test
is easy to perform, there are a number of different methods,
and several pitfalls have been described (1, 4, 7, 8, 11, 12, 14).
More specifically, results about the influence of delayed pro-
cessing for antigenemia assay have been contradictory (4, 7,
11-14). An 80% decrease in the detection rate when process-
ing samples 6 h after collection has even been reported (4).
This is important, because many laboratories have difficulty in
processing specimens within 2 to 4 h of collection, and it could
be a limitation for those referring specimens to other labora-
tories. In this prospective, parallel, and blind study, we exam-
ined the influence of overnight storage at 4°C of the blood
samples on performance of the antigenemia assay.

In all, 120 heparinized blood samples from 62 immunocom-
promised patients (15 liver, 9 kidney, 8 heart, and 5 bone
marrow transplant patients; 24 AIDS patients; and 1 patient
with lupus erythematosus) were sent to the laboratory from
July to August 1993. During the study period, there were eight
episodes of CMV disease (five of symptomatic viremia, two of
neumonitis, and one of hepatitis) which occurred in six patients
(five kidney transplant recipients, one liver transplant recipi-
ent, and one AIDS patient). All were treated with ganciclovir,
as was one seronegative liver transplant patient with asymp-
tomatic viremia who had received an organ from a seropositive
donor. Five heart transplant patients received prophylaxis with
ganciclovir for CMV infection. A total of 33 blood specimens
was obtained from these patients during antiviral agent admin-
istration.
One aliquot of each blood sample was processed for the

antigenemia test, shell vial technique, and tube culture within
4 h of blood sampling (day 0). The samples were then stored
overnight at 4°C, before complete and identical reprocessing of

* Corresponding author. Mailing address: Servicio de Microbiolo-
gia, Hospital "Princeps d'Espanya," Feixa Llarga s/n, 08907 L'Hospi-
talet de Llobregat, Barcelona, Spain. Phone: 34-3-3356111, ext. 2642.
Fax: 34-3-2631561.

another aliquot of the same heparinized blood sample for an
antigenemia test the day following collection (day 1). Shell vial
procedures and conventional cultures were not performed on
day 1.
For leukocyte extraction (mainly polymorphonuclear leuko-

cytes), we followed basically the protocol described by Gerna
et al. (4). Briety, 3 ml of blood was added to 1 ml of 6%
dextran solution in saline (Macrodex; Pharmacia, Uppsala,
Sweden) and left at 37°C for 30 min. The enriched leukocyte
supernatant was then transferred to another tube, washed in
phosphate-buffered saline (PBS), and gently centrifuged. Con-
taminating erythrocytes were lysed with 2 ml of 0.8% ammo-
nium chloride solution for 3 min. After further centrifugation,
the pellet was washed again and resuspended in PBS, the
leukocytes were counted in an automatic hematological
counter, and the concentration was adjusted to about 106 cells
per ml. For the tube and shell vial cultures, we used washed
leukocytes (not treated to lyse erythrocytes) resuspended in
Eagle's minimal essential medium with 3% fetal calf serum.
A total of 200 ,ul of the adjusted cell suspension (about 2 x

105 cells) was spotted onto one slide by means of a cytocen-
trifuge (Cytospin-2, Shandon Scientific, Runcorn, England) at
700 rpm for 7 min, allowed to dry, and then fixed in a solution
containing 5% formaldehyde and 2% sucrose in PBS for 10
min.(4). The slides were rinsed in PBS for 3 min, dried at room
temperature, and then stained by an indirect immunofluores-
cence assay with a commercially available monoclonal antibody
directed against CMV pp65-68 (Monofluokit CMV; Diagnos-
tics Pasteur, Marnes-la-Coquette, France). The same reagent
was used in each matched experiment, and all batches were
controlled for quality before their use. Only one slide per
specimen was made in each antigenemia assay on days 0 and 1.
The slides were screened at a magnification of x 160 and
confirmed at a magnification of x 400. Readings were always
taken blind by two experienced observers (J.L.P. and J.N.).
Only cells showing well-defined nuclear fluorescence were
recorded, and the results were expressed as positive cells per
105 total leukocytes. Vial and tube cultures were processed in
MRC-5 fibroblasts in accordance with standard procedures (5,
10). Briefly, vials (one per specimen) were inoculated with
approximately 3 x 105 to 4 x i05 leukocytes, incubated at
37°C for 18 h, and then stained with a monoclonal antibody
directed against the 72-kDa immediate-early CMV antigen (E
13; Biosoft, Paris, France). The same inocula were used for
tube cultures, which were incubated for at least 15 days and
read 4 days a week for the typical cytopathic effect.
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TABLE 1. Antigenemia assay: comparison of two different days of
processing in 120 matched experiments

No. of specimens

Day after . Mean positive
collectione Positive only on cell count/105

(% of total) indicated day (% of leukocytes
total positive tests)

0 41 (83.7) 9 (18.4) 18.1
1 40 (81.6) 8 (16.3) 15.7

Total 49 (100.0) 17 (34.7)

aDay 0, 2 to 4 h after collection; day 1, 24 h later.

Table 1 gives the assay results. CMV was detected by
antigenemia assay in 49 of the 120 samples (40.8%), 41 on day
0 and 40 on day 1. There were 32 concordant positive and 71
concordant negative results, whereas 17 samples (34.6% of
positive) gave discrepant results. Of these, nine were positive
only when processed on the day of collection; conversely, eight
had detectable CMV antigen only when reprocessed after
overnight storage. Differences were not statistically significant,
either for proportions (P = 1; McNemar test) or for the mean
positive cell counts (P = 0.181; paired t test). All discrepancies
occurred in samples with the lowest positive counts, 1 to 10
cells per 105 leukocytes; seven of the discrepancies were in
samples from patients with ganciclovir treatment or prophy-
laxis. All patients with confirmed CMV disease showed anti-
genemia counts equal to or higher than 20 cells per 105
leukocytes (range, 21 to 250), in contrast to those with
asymptomatic viremia and/or antigenemia (range, 1 to 13).
Consequently, discrepancies between antigenemia tests per-
formed on days 0 and 1 were not clinically relevant. In our
opinion, many of these discrepancies could be due to the
inherent variability of the antigenemia assay. Of course, per-
forming duplicate or multiple slides could reduce discrepan-
cies, but this practice should be analyzed from the cost-
effectiveness point of view.
CMV was isolated in culture or shell vial in 23 samples (19

by shell vial, 15 by tube culture, and 11 by both methods). All
except three were positive for antigenemia. Thus, there were
29 antigen-positive samples not confirmed by either culture
method. Of these, 16 specimens were obtained from patients
treated with ganciclovir. The remaining 13 discordant results
between antigenemia and culture methods were observed in
samples with the lowest antigenemia counts (equal to or fewer
than 3 positive cells per 105 total leukocytes). A higher
sensitivity of antigenemia assay in comparison with isolation
procedures has been reported in the literature (3, 11, 13) and
is a constant in our experience (data not shown).

Hospitals can expect an increasing number of immunocom-
promised patients; hence, there is a need for sensitive, specific,
easy-to-perform, and inexpensive methods for diagnosing and
monitoring CMV infections. The antigenemia assay has these
characteristics (4, 6, 9, 11-13), which could make it the method
of choice. We emphasize here that the test could be done by
most hospital laboratories without sophisticated facilities. Nev-
ertheless, the disagreements and controversial results pub-
lished in the literature (8, 11, 14) could discourage its use. For

practical reasons, the need for rapid processing of samples
would be a major limitation. However, our prospective study
shows that there were no differences, either qualitatively or
quantitatively, in assaying samples kept overnight. Although
we used a specific laboratory protocol, we believe that our
conclusions would be applicable to other laboratories and
procedures. In their indirect and retrospective study on the
influence of delayed processing, Erice et al. came to similar
conclusions (2). In any case, a small-scale comparison done by
each laboratory with their particular procedures would be
advisable before adoption of delayed processing.

REFERENCES

1. Bein, G., A. Bitsch, J. Hoyer, and H. Kirchner. 1991. The detection
of human cytomegalovirus immediate early antigen in peripheral
blood leucocytes. J. Immunol. Methods 137:175-180.

2. Erice, A., M. A. Holm, and H. H. Balfour, Jr. 1993. Specimens for
cytomegalovirus antigenemia assay. J. Clin. Microbiol. 31:1401.
(Letter.)

3. Erice, A., M. A. Holm, P. C. Gill, S. Henry, C. L. Dirksen, D. L.
Dunn, R. P. Hillam, and H. H. Balfour, Jr. 1992. Cytomegalovirus
(CMV) antigenemia assay is more sensitive than shell vial cultures
for rapid detection of CMV in polymorphonuclear blood leuko-
cytes. J. Clin. Microbiol. 30:2822-2825.

4. Gerna, G., M. G. Revello, E. Percivalle, and F. Morini. 1992.
Comparison of different immunostaining techniques and mono-
clonal antibodies to the lower matrix phosphoprotein (pp65) for
optimal quantitation of human cytomegalovirus antigenemia. J.
Clin. Microbiol. 30:1232-1237.

5. Gleaves, C. A., T. F. Smith, E. A. Shuster, and G. R. Pearson. 1985.
Comparison of standard tube and shell vial cell culture techniques
for the detection of cytomegalovirus in clinical specimens. J. Clin.
Microbiol. 21:217-221.

6. Mazzuli, T. 1993. Improved diagnosis of cytomegalovirus infection
by detection of antigenemia or use of PCR methods. Clin.
Microbiol. Newsl. 15:97-104.

7. Michalski, F. J. 1993. Specimens for cytomegalovirus antigenemia
assay. J. Clin. Microbiol. 31:1400. (Letter.)

8. Miller, H., E. Rossier, R. Milk, and C. Thomas. 1991. Prospective
study of cytomegalovirus antigenemia in allograft recipients. J.
Clin. Microbiol. 29:1054-1055.

9. Revello, M. G., E. Percivalle, E. Zavattoni, M. Parea, P. Grossi,
and G. Gerna. 1989. Detection of human cytomegalovirus imme-
diate early antigen in leukocytes as a marker of viremia in
immunocompromised patients. J. Med. Virol. 29:88-93.

10. Stagno, S., W. J. Britt, and R. F. Pass. 1989. Cytomegalovirus, p.
321-378. In N. J. Schmidt and R. W. Emmons (ed.), Diagnostic
procedures for viral, rickettsial and chlamydial infections. Ameri-
can Public Health Association, Washington, D.C.

11. The, T. H., W. van der Bij, A. P. van der Berg, M. van der Giessen,
J. Weits, H. G. Sprenger, and W. J. van Son. 1990. Cytomegalo-
virus antigenemia. Rev. Infect. Dis. 12:S737-S744.

12. The, T. H., M. van der Ploeg, A. P. van der Berg, A. M. Vlieger, M.
van der Giessen, and W. J. van Son. 1992. Direct detection of
cytomegalovirus in peripheral blood leukocytes-a review of the
antigenemia assay and polymerase chain reaction. Transplantation
54:193-198.

13. van der Bij, W., J. Schirm, R. Torensma, W. J. van Son, A. M.
Tegzess, and T. H. The. 1988. Comparison between viremia and
antigenemia for detection of cytomegalovirus in blood. J. Clin.
Microbiol. 26:2531-2535.

14. van der Giessen, M., T. H. The, and W. J. van Son. 1991.
Cytomegalovirus antigenemia assay. J. Clin. Microbiol. 29:2909-
2910. (Letter.)

1120 NOTES


