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Comparison of Immunoperoxidase and Immunofluorescence Assays for pp65 Cytomegalovirus
Antigen in Immunocompromised Patients
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We compared the pp65 antigen detection by an in house method (immunoperoxidase assay) and by a commercial kit
(immunofluorescence assay) available for cytomegalovirus infection diagnosis in immunocompromised patients.
Sixty-four blood samples were analyzed in duplicate for both techniques. Eight-six percent of the samples had
concordant qualitative results. The discordant results occurred more frequently in samples with low quantity of
positive cells. There were no significant differences with qualitative and quantitative results of the methods.
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Human cytomegalovirus (CMV), Herpesviridae family, is
world widely distributed. It is responsible for asymptomatic
infection in many healthy people, congenital infection and
severe disease in immunosupressed hosts. Clinical
manifestations of CMV disease are pneumonia, hepatitis,
retinitis, myocarditis, pancreatitis, colitis, neurological,
urogenital or skin infections [1].

Seroepidemiologicals studies of CMV infection showed
that seroprevalence increases with the age. The rates of CMV
infection in adult population, over 40 years of age, are 60 to
100% [2-4]. Following primary infection, this virus persists
lifelong in a latent state [5,6]. The reactivation is the main
cause for severe disease in transplant recipients and other
immunocompromised patients [7]. The early diagnosis and
monitoring of antiviral treatment is important to prevent CMV
disease [8].

Different techniques are available for direct  blood
quantification of CMV viremia, DNAemia and antigenemia
[9-13]. CMV viremia determination by shell vial method is a
rapid technique for virus isolation, however its low sensitivity
has been a limitation, and it has been replaced by other
methods. DNAemia is the detection and quantification of
viral DNA in blood, it becomes positive before antigenemia
and remains positive longer [11], nevertheless its main
limitation is the low positive predictive value. Detection of
pp65 antigen (65 kD lower matrix phosphoprotein) in the
nucleus of peripheral blood leukocytes (pp65 antigenemia)
is considered the gold standard test for CMV infection
diagnose and treatment monitoring, mainly in transplant
recipients [8,14]. The antigen quantification by the number
of positive cells in blood samples showed direct correlation
with clinical manifestations of CMV disease [5,15,16]. CMV

antigenemia, despite lower sensitivity for the diagnosis of
active infection compared to DNA load has better qualitative
and quantitative correlation with the presence of the
symptoms than DNAemia [13].

In this study, it was compared two methodologies for CMV
antigenemia detection, one by immunofluorescence (Argene
CINA kitTM, IFA-Ag) and other by immunoperoxidase (PE-
Ag) assay (in house).

Material and Methods
The study group is composed of blood samples from 51

consecutive out and inpatients, mean age 28.6 + 17.3; twenty-
seven male and 24 female. All patients were CMV seropositive.
A total of 64 heparin blood samples, 43 from bone marrow
transplantation (BMT) recipients, 8 from hepatic
transplantation recipients, 5 from kidney transplantation and
8 from HIV positive pregnant were referred to the Virology
laboratory of Hospital de Clínicas - Universidade Federal do
Paraná, during a period of four months. Forty-three blood
samples were from 31 BMT patients, three autologous
transplantation patients and 28 allogenic transplantation
patients, which 17 are with related donors and 11 with
unrelated donors.

Immunofluorescence Assay
Immunofluorescence assay was performed using Argene

CINA kitTM (IFA-Ag). Samples were processed according to
the manufacturer’s instructions, as follows: Two ml of heparin
blood were lysed twice with 8 mL of a lysing solution and
incubated for 5 minutes at room temperature. This mixture
was centrifuged at 160 X g, ressuspended in 1 mL of Phosphate
buffered saline (PBS), the leukocytes were counted and
adjusted to 2 x 106 leukocytes/mL. Cells were deposited onto
microscope slides by cytocentrifugation, fixed and
permeabilized in formaldehyde and stained with a pool of CMV
pp65 antibodies (1C3 and AYM-1 clones). After incubation
with fluorescein-labed conjugate, the slides were examined
under an epifluorescence microscope, and positive cells were
quantified. Samples with one positive cell in 2 x 105 leukocytes
were considered positive. Each positive slide was counted



www.bjid.com.br

BJID 2009; 13 (April) 143

until 500 positive cells and results more than this was reported
as > 500 positive cells in 2 x 105 leukocytes.

In house Immunoperoxidase (PE-Ag) Assay
Immunoperoxidase assay was performed as previously

described [17] with the following alterations.
Polymorphonuclear and mononuclear leukocytes were isolated
from heparinized blood by spontaneous sedimentation or with
200 µL of 5% dextran solution. After 20 min, the supernatant
was harvested and lysed with NH4Cl solution at 4ºC for 5 min.
After washing in PBS, the leukocytes were counted, adjusted
to the same concentration of Argene CINA kitTM methodology
and applied to microscope slide by cytocentrifugation for 3
min at 900 rpm. The slides were fixed with acetone (10 min at
4ºC) and stored at –20ºC before staining. For immunoperoxidase
reaction, the slides were rinsed in HCl 0.001N solution and
incubated with a mixture of CMV pp65 antibodies C10 and
C11 clones (IQ® Products, Netherlands) for 30 min at 30ºC.
After washing in PBS, they were incubated with horseradish
peroxidase labeled rabbit antimouse immunoglobulin
(DakoCytomation Envision+TM, Dako Denmark A/S) for 30 min
at 30ºC. The enzymatic reaction was revealed with a 3-amino-
9-ethylcarbazole solution and H2O2 (30%) for 5 min at room
temperature and then washed with acetate buffer for 8 min at
4ºC, rinsed with distilled water and counterstained with
hematoxylin and mounted in glycerin buffer. Cells with red-
brown homogeneous or granular nuclear staining were
counted [18]. Samples with at least one cell with nuclear
staining in 2 x 105 leukocytes were considered positive. Each
positive slide was counted until 500 positive cells and  results
more than this was reported as > 500 positive cells in 2 x 105

leukocytes.
In the current study PE-Ag was considered the gold

standard, as previously described [16], to determine CMV
reactivation and calculate sensitivity, specificity, positive and
negative predictive value, Younden Index, presumptive
positive, detection rate, error ratio and combined error of IFA-
Ag assay.

Statistical Analysis
Data were analyzed using GraphPad InStatTM (GraphPad

software, V2.05). Univariate analyses were carried out using
McNemar test to compare qualitative differences and the
Wilcoxon signed rank test for comparison of positive cells
counts. The confidence interval was 95%; values of p<0.05
were considered significant.

Results
Results of pp65 antigen detection were in agreement in 55

samples (55/64 – 86%) processed by both assays. Seventeen
(26.5%) were positive and 38 (59.3%) were negative. There
were 9 discrepant results (14%), four samples were positive in
PE-Ag assay but negative in IFA-Ag assay and four samples
were positive in IFA-Ag but negative in PE-Ag; one sample
were indeterminate by IFA-Ag (Table 1). Comparison of

qualitative results does not show statistically significant
difference (p= 0.7237).

The number of positive cells,in matched samples studied
by both methods, was not the same. The absolute number of
positive cells was higher by PE-Ag (PE-Ag: mean 109 positive
cells – ranged 0->500; IFA-Ag: mean 93 positive cells – ranged
0->500), with no statistical difference (p= 0.4654) (Figure 1).

Sensitivity of IFA-Ag was 81.0%, specificity was 90.5%,
positive predictive value was 81.0%, negative predictive value
was 90.5%, Youden index was 0.72, presumptive positive was
0.33, detection rate was 0.27, error ratio was 0.38 and the
combined error was 0.13.

The time needed to process the blood sample by IFA-Ag
assay was 2 hours, sixty-six percent less than that by PE-Ag
assay, which was 6 hours.

Active CMV infection was present in 17 patients (21
positive samples). BMT recipients have the higher number of
positive cells. HIV positive pregnant patients did not have
CMV reactivation (Table 2).

pp65 CMV Antigen Detection

Figure 1. Number of positive cells for pp65 CMV antigen by
PE-Ag and IFA-Ag assays.
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Table 1. Analysis of CMV antigenemia results by
Immunofluorescence using Argene CINA kitTM (IFA –Ag) and
In house immunoperoxidase (PE-Ag) assay.

Positive Negative Total*
PE-Ag*  PE-Ag*

Positive IFA-Ag 17 4 21
Negative IFA-Ag 4 38 42
Total* 21 42 63**
*Number of samples; ** Indeterminate results were excluded.
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Table 2. Study population Characteristics and PE-Ag results by transplantation.

Discussion
The development of laboratory assays  for early detection

of CMV replication, has improved the clinical management of
immunocompromised patients, allowing pre-emptive therapy,
and consequently, reducing the risk of CMV disease [13].
Quantification of viral load is an important parameter to
monitoring CMV infections and antiviral treatment in
imunocompromised patients [11].

An optimal assay for CMV-monitoring should meet the
following criteria: (i) high sensitivity, (ii) quantitative, (iii) fast,
and (iv) a high degree of reproducibility [19-21].

The CMV pp65 antigenemia assay is a non-molecular
method that meets some criteria above: it is rapid, sensitive
and semi-quantitative. It remains the gold standard to which
new molecular methods are compared [8]. Many different
methods have been developed for pp65 detection. IFA-Ag to
PE-Ag assays differ in leukocytes isolation procedure. In IFA-
Ag assay erythrocytes are lysed, while in PE-Ag assay
leukocytes are isolated by dextran sedimentation of
erythrocytes. Other differentiations steps are in fixation,
washing and incubation times. The major advantages of the
kit are the reduced processing time and the smaller amount of
sample required (2 mL in Argene CINA kitTM and 5 mL for in
house PE-Ag) [7,22]. A common limitation of both assays is
that samples must be processed within 6 hours after the

collection to avoid loss of sensitivity. There is a decrease of
15% in the number of positive cells in samples processed
after 24h after collection [23].

The monoclonal antibodies (MAbs) used for PE-Ag were
a mixture of C10- C11 clones and for IFA assay were a pool of
IC3 and AYM-1 clones. Both MAbs have the same isotypes
that recognize pp65 epitope, although they bind on different
sites. The pp65 is expressed in the nucleus of
polimorphonuclear (PNM) and mononuclear leukocytes [24].
Both methodologies isolate total leukocytes (PNM and
monocytes) and use a pool of anti-pp65 antibodies, staining
on the same time different epitopes. Because of these, the
results of both assays can be compared. Furthermore negative
results are reliable, because double mutations on the specific
region of the antigen (pp65) were not described yet.

In this study, some discrepancies with the results were
observed, and it’s important to note that there was no identical
number of positive cells in matched samples. One difficult in
the CINA kitTM assay was the recognition of unspecific
reactions. Slides stained by immunoperoxidase assay showed
better morphologic aspect of the cells and may permit easily
recognition of backgrounds, which can explain these findings.
Furthermore, the immunoperoxidase assay detected more
positive cells than immunofluorescence, similar results were
previously reported [16].

pp65 CMV Antigen Detection

Bone Marrow Transplantation 31 patients
Age years (mean, range) 21, 2 – 62
Nº of men/nº of women 19 / 12
Median (range) months of post transplant follow-up 8 months (10 days – 10 years)

CMV reactivation
Number of patients 6
Number of positive cells (mean, range) 155, 2 – more than 500

Hepatic Transplantation 7 patients
Age years (mean, range) 55, 36 – 70
Nº of men/nº of women 4 / 3
Median (range) months of post transplant follow-up 19 (10 days – 11 years)

CMV reactivation
Number of patients 3
Number of positive cells (mean, range) 3, 1 – 5

Kidney Transplantation 5 Patients
Age years (mean, range) 40, 37 - 42
Nº of men/nº of women 4 / 1
Median (range) months of post transplant follow-up 3 (1 – 12 months)

CMV reactivation
Number of patients 4
Number of positive cells (mean, range) 20, 1 - 70

HIV-positive pregnant 8 Patients
Age years (mean, range) 26, 17 – 35
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A large number of other quantitative assays to detect CMV
reactivation have been reported, such as flow cytometry and
molecular methods, like hybridization of a RNA probe with
signal amplification of CMV-DNA, mRNA-based amplification
assay (NASBA), branched-DNA signal amplification assay
(bDNA) and, more recently real-time quantitative PCR methods
(qPCR) [8,25]. Real time quantitative PCR method is one of the
molecular methods that better correlates with antigenemia
assay [8,11-13,26]. There is still lack of consensus concerning
the selection of the optimal type and volume of sample material
for CMV DNA quantification: whole blood, leukocytes or
plasma [27]. Furthermore, the threshold for the prediction of
CMV disease, initiation and interrupting antiviral therapy
remains a question, because these methodologies are very
sensitive.  CMV DNA is detected earlier (about 2 weeks) than
pp65 antigen and persists longer [11,26]. It is important to
point out that for each CMV quantification method and organ
transplantation type, different threshold values must be
determined in order to predict which patient is at a higher risk
of developing CMV disease and may benefit from a timely
initiation of specific antiviral therapy [11,16,20,28,29].
Moreover the treatment is administered only during the period
needed to obtain antigenemia clearance, thus avoiding the
potential toxic effects of prolonged treatment [11].

The correlation between the number of pp65 positive cells
and CMV DNA load could guide the interpretation of results
for each group of immunosupressed patients. Therefore, each
center has to determine its own clinically relevant cut-off value
based on the antigenemia results [26,30]. Laboratories with
low frequency of  CMV quantification can use the labor-
intensive CMV pp65 antigenemia assay (PE-Ig or IFA-Ag
assay), because it is less expensive and correlates well with
clinical symptoms of CMV disease [13,14].

In all patient groups a higher level of positive cells by
antigenemia has a higher predictive value for disease [8]. Viral
reactivation occurs in 60%-85% of CMV seropositive transplant
recipients. In transplant recipients, CMV infection can mimic
the symptoms of allograft rejection, while differentiation is
crucial because intensification of immunosuppression would
only get worse CMV infection [7]. Approaches to reduce the
unnecessary CMV prophylactic treatment have relied on the
development of rapid, sensitive and reliable surveillance
methods to diagnose early CMV replication.

Considering PE-Ag assay the gold standard, IFA-Ag CINA
kitTM has good specificity and negative predictive value. The
presumptive positive, that is the percent of the total tested
that have positive test result, was equal for both
methodologies; the detection rate, that is the percent of the
total tested that are true positive, differed in 0.06% of PE-Ag
assay. PE-Ag is more time consuming to process, however
the IFA-Ag needs more expensive equipments and personal
training, the stained slides can not be stored for further result
reviews and the time necessary for the slide analyses is higher.

In conclusion, IFA-Ag and PE-Ag assays were
essentially statistically equivalent. Both methods can be

highly recommended for clinical use, although the choice
for one or other method will depend on the ability and
experience of the laboratory personal and equipments
available.
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