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We evaluated a rapid immunoperoxidase technique for the detection of cytomegalovirus (CMV) antigenemia
in peripheral blood neutrophils of 56 transplant recipients (117 specimens) and 36 persons with AIDS (59
specimens). Antigenemia was 92% sensitive and 98% specific for the detection of clinical CMV infection in
transplant recipients and 100%Yo sensitive and 86% specific in persons with AIDS. Overall, CMV antigenemia
was a more rapid and sensitive method for the detection of clinical CMV infection than either shell vial culture
or conventional tube culture of blood.

Infection with human cytomegalovirus (CMV) continues
to be a major cause of morbidity and mortality in immuno-
compromised patients. Twenty to 60% of recipients of all
types of allografts and 25 to 90% of patients with AIDS may
develop active CMV infection (2, 15). With the introduction
of effective anti-CMV therapies, early and rapid diagnosis is
essential for proper management, because the benefit of
therapy is substantially increased by early administration
(7).
The detection of CMV in blood specimens (CMV viremia)

has been shown to be the most specific indicator of signifi-
cant CMV infection (10, 16). However, conventional tube
cultures (CCs) of blood may not yield results for several
weeks. Although shell vial culture (SV) techniques have
shortened the detection time for CMV infection considerably
(5, 6), they may be negative in 37% or more of blood
specimens that are positive by CC (11).

Recently, a diagnostic technique was developed that al-
lows for the rapid and quantitative detection of CMV anti-
genemia in peripheral blood polymorphonuclear leukocytes
(PMNLs) (1, 3, 13, 18, 19, 21-23). This technique uses a pool
of monoclonal antibodies directed against what was initially
thought to be CMV immediate early antigen but is now
recognized as being a lower-matrix phosphoprotein (pp65)
(8, 12). Using these monoclonal antibodies, we evaluated an
immunoperoxidase staining technique for the diagnosis of
CMV antigenemia in transplant recipients and human immu-
nodeficiency virus-infected patients, comparing the results
with those from SV and CC of blood. The results were
correlated with the presence or absence of clinical CMV
disease.
Between December 1991 and December 1992, blood spec-

imens from all organ transplant recipients with unexplained
fever 3 weeks to 3 months posttransplantation and persons
with AIDS with CD4+ lymphocyte counts of <100 cells per
mm3 were examined for the presence of CMV antigenemia
and viremia. Interpretation of the antigenemia assay slides
was made independent of the results of SV, CC, and the
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clinical status of the patients. Transplant recipients were
deemed to have clinical CMV infection if they had no other
cause of their fever identified, had evidence of CMV by
conventional culture or tissue biopsy, and responded to
ganciclovir therapy. Persons with AIDS were deemed to
have clinical CMV infection if they had signs or symptoms
(e.g., retinitis) suggestive of CMV disease and conventional
culture or tissue biopsy evidence of CMV. Among the
transplant recipients, patients receiving ganciclovir therapy
for .24 h at the time the blood specimen was drawn were
excluded from the study.

Preparation and staining of PMNL cytospins were carried
out in accordance with methods described by van der Bij et
al. (22), with slight modification. Cytospin preparations were
made with 100 ,ul of a suspension of 2 x 106 cells per ml
(Shandon cytospin III; Shandon/Lipshaw, Pittsburgh, Pa.),
and only monoclonal antibodies C10 and Cll (22) were used.
Specimens known to contain CMV antigen-positive cells
were used as positive controls. Negative control PMNL
slides were prepared from healthy donors.
For SV and CC, 5 ml of EDTA-treated blood was allowed

to sediment by gravity and the leukocyte-rich plasma was
removed and centrifuged. The pellet was washed twice with
minimal essential media (Bio Whittaker, Walkersville, Md.)
and then was resuspended in 2 ml of minimal essential
medium with 10% fetal bovine serum. CCs with human
embryonic lung fibroblast (HEL 299) cells (American Type
Culture Collection) were inoculated with 1 ml of the cell
suspension. Three SVs, prepared weekly in-house, with
MRC-5 cells (Viromed Laboratories, Minneapolis, Minn.)
were inoculated with 0.3 ml of the cell suspension and
centrifuged at 700 x g for 40 min at 20 to 30°C. CCs were
maintained for 4 weeks (or longer if there was evidence of
CMV-induced cytopathic effect). Coverslips from two SVs
were fixed, stained (with fluorescein isothiocyanate-labelled
CMV monoclonal antibody [Syva MicroTrak, Palo Alto,
Calif.]), and examined at 16 to 20 h, and the third SV was
examined at 48 h. Any specimen that was SV negative but
showed the characteristic cytopathic effect in CC was con-
firmed with the fluorescein isothiocyanate-labelled monoclo-
nal antibody.
One hundred seventy-six specimens from 56 transplant

recipients (117 specimens) and 36 persons with AIDS (59
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TABLE 1. Comparison of antigenemia assay, SV, and CC of blood for detection of clinical CMV infection'

Transplant recipients Persons with AIDS

Clinical CMV No clinical CMV Clinical CMV No clinical CMVAssay infection (no. infection (no. Sensitivity Specificity infection (no. infection (no. Sensitivity Specificity

positive/no. positive/no. (%) (%) positive/no. positive/no. (%) (%)
tested) tested) tested) tested)

Antigenemia 45/49 1/68 92 98 23/23 5/36 100 86
SV 9/40 0/57 23 100 4/10 0/10 40 100
CC 24/41 0/62 59 100 14/21 2/34 67 94

a Values are for specimens tested.

specimens) were evaluated for antigenemia. For 49 speci-
mens, SV was not performed, and for 18 of these specimens
CC was not performed. For an additional 10 SV specimens,
the inoculum was toxic for the fibroblast monolayer, making
them uninterpretable. Of the transplant recipients, there
were 19 liver, 19 kidney, 8 lung, and 10 heart allografts.
Thirty-five percent of transplant recipients and 30% of the
persons with AIDS were women.

Table 1 shows that in both transplant recipients and
persons with AIDS, the antigenemia assay was highly sen-
sitive (92 to 100%) and specific (86 to 98%) for the detection
of clinical CMV infection. The sensitivities of SVs and CCs
were very low (23 to 40% and 59 to 67%, respectively). CC
was positive a mean of 24 days (median, 20 days; range, 7 to
57 days) after the specimen was drawn.
The sensitivities of the antigenemia assay and SV for the

detection of CMV viremia by CC were 92 and 41%, respec-
tively, for transplant recipients and 100 and 44%, respec-
tively, for patients with AIDS. The specificities were 78 and
100%, respectively, for transplant recipients and 74 and
100%, respectively, for patients with AIDS (Table 2).
The mean number of antigen-positive cells per slide in the

six specimens from patients without clinical CMV infection
was 2.1 cells (range, 1 to 4; median, 2), compared with a
mean of 76 antigen-positive cells in the 68 specimens from
patients with clinical CMV infection (range, 1 to 600; me-
dian, 14) (P < 0.005, Mann-Whitney U test). The transplant
recipient in whom the antigenemia assay was positive, but
who had no evidence of clinical CMV infection, was CMV
seropositive and had received a liver from a CMV-seropos-
itive donor 30 days prior to the antigenemia test. Of the five
patients with AIDS with a positive antigenemia test but no
evidence of clinical CMV infection at the time of the test,

TABLE 2. Comparison of antigenemia assay and SV with CC for
detection of positive CMV blood culture

CC

Assay No. of transplant No. of persons with
result' recipients: AIDS:

Positive Negative Positive Negative

Antigenemia + 22 17 16 10
- 2 62 0 29

SV + 9 0 4 0
- 13 75 5 11

a The sensitivity and specificity of the antigenemia assay for the detection
of CMV viremia were 92 and 78%, respectively, in transplant recipients and
100 and 74%, respectively, in persons with AIDS. The sensitivity and
specificity of the SV for the detection of CMV viremia were 41 and 100%,
respectively, in transplant recipients and 44 and 100%, respectively, in
persons with AIDS.

two patients had a blood culture positive for CMV, two other
patients had positive blood cultures on a subsequent speci-
men, and the final patient developed CMV colitis within 2
months of the positive antigenemia result.
Of the four transplant recipients with negative antigenemia

but evidence of clinical CMV infection, all had negative SVs,
two had positive CCs (on days 10 and 57 of culture), and
three had positive antigenemia detected on a blood specimen
drawn within 10 days of the first negative assay. Three of
these patients had fever and leukopenia, and the fourth had
fever and elevated liver function tests. Forty-five specimens
from 26 transplant recipients with 36 episodes of clinical
CMV infection were antigenemia positive. Of these 26
patients, 15 (21 episodes) had fever and leukopenia (28
antigen-positive specimens, 14 positive CCs of blood for
CMV, 8 positive urine and/or throat cultures for CMV, 2
biopsies of the gastric antrum positive for CMV), 7 (11
episodes) had fever and elevated liver function tests with or
without leukopenia (13 antigen-positive specimens, 4 posi-
tive CCs of blood for CMV, 6 histologic and/or culture-
positive liver biopsies for CMV, 6 positive urine and/or
throat cultures), and 4 (4 episodes) had fever and pneumo-
nitis (4 antigen-positive specimens, 4 positive CCs of blood
for CMV, 2 bronchoalveolar lavage specimens positive for
CMV).
Antigenemia was positive in all 23 specimens from 13

persons with AIDS who had clinical CMV infection. Of
these 13 persons, 9 had CMV retinitis (15 antigen-positive
specimens, 9 positive CCs of blood for CMV), 2 had CMV
colitis (4 antigen-positive specimens, 1 positive CC of blood
for CMV), 1 had CMV pneumonitis (1 antigen-positive
specimen, 1 positive blood culture, and 1 positive broncho-
alveolar lavage culture for CMV), and 1 had unexplained
fever (3 antigen-positive specimens, 3 positive CCs of blood
for CMV). In all cases of CMV retinitis, the diagnosis was
made by an ophthalmologist. The diagnosis of CMV colitis
was based on endoscopic findings and histologic examina-
tion of biopsy specimens.

In nine transplant recipients (11 episodes of clinical CMV
infection) from whom a blood specimen was examined
during or immediately after ganciclovir therapy, antigenemia
levels fell rapidly and corresponded to clinical improvement.
In two persons with AIDS and CMV retinitis, a rapid rise in
antigenemia level while receiving ganciclovir therapy paral-
leled the development of progressive CMV disease.
The results of our study show that an antigenemia assay

for the detection of CMV in PMNLs is a sensitive and rapid
test for the diagnosis of CMV infection and disease. The
antigenemia assay provided positive results in 27 specimens
with negative SV and CC results. Clinical CMV infection
was present in all but four of these specimen donors at the
time. Others have also reported greater sensitivity of the
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antigenemia assay compared with both SV and CC tech-
niques (4, 14). Only one study thus far has reported poor
results with an antigenemia assay, detecting no CMV-posi-
tive transplant recipients (9). The poor results in this study
may have been due to less frequent testing than in other
studies, delays in processing specimens, differences in host
immunocompetence, and the use of different monoclonal
antibodies (9).

Patients in our study who were antigenemia positive and
had evidence of clinical CMV infection had a mean number
of antigen-positive cells per slide that was significantly
higher than those patients who had no evidence of clinical
CMV infection. Others have also reported that the presence
or absence of CMV disease is closely related to the number
of antigen-positive cells (18, 20). However, as in our study,
some patients with clinical CMV infection may have low
levels of antigenemia, suggesting that host factors have an
important role in determining the clinical impact of a given
level of antigenemia.
The quantitative nature of the antigenemia assay may give

an estimate of viral load, and this may be useful for moni-
toring patients before, during, and after therapy (18, 19).
Serial testing with the antigenemia assay of patients at risk
for CMV infection and disease may allow the detection of
important changes in the antigenemia level. Early positive or
rising antigenemia levels may signal the onset of active CMV
disease and allow early preemptive therapy to be initiated,
particularly in transplant recipients (18, 19). In our study,
transplant recipients with clinical CMV infection treated
with ganciclovir showed a rapid decline in antigenemia levels
which paralleled clinical improvement. A persistently high
or rising level of antigenemia despite appropriate CMV
therapy may signal progressive CMV disease or the devel-
opment of viral resistance. Further study, however, is
needed to determine the significance of persistently elevated
or rising antigenemia levels during or immediately after
therapy (4).
The CMV antigenemia assay is relatively simple to per-

form and may be completed in 5 to 6 h (22). Interpretation of
slides, however, may be difficult if there is a great deal of
background endogenous peroxidase staining (usually the
result of eosinophils in the preparation) or if the morphology
of the PMNLs is distorted (17). Despite these potential
problems, the CMV antigenemia assay appears to give
accurate results, making it useful for the rapid detection of
CMV disease in blood specimens from patients at risk.
Because the antigenemia assay may occasionally miss some
cases of clinical CMV infection, repeat testing should be
considered for patients for whom there is strong clinical
suspicion of active CMV infection. As was noted in our
study, the antigenemia assay was positive on a repeat
specimen drawn within 10 days of the initial negative result
in three of four patients with clinical CMV infection. The
lower level of sensitivity and lengthy time (an average of 24
days in our study) before CC of blood for CMV becomes
positive makes it clinically less useful than the antigenemia
assay in managing patients at risk for CMV disease.
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