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Serological detection of human cytomegalovirus (HCMV)-specific antibody varies greatly because of antigen
composition and the lack of antigen standardization. Antigenic materials composed of single well-character-
ized viral proteins or portions of them, produced via molecular biology, have proven to be promising tools in
improving serodiagnosis. We constructed a recombinant protein containing two regions of ppUL32 (p150) and
half of ppUL44 (p52) and compared the immunoglobulin M (IgM) reactivity of this triple-antigen fusion
protein with that of a double-antigen fusion protein containing the two ppUL32 fragments and that of a
monoantigen fusion protein containing half of ppUL44. We also constructed and tested two other monoantigen
fusion proteins containing a large fraction of ppUL80a and a fraction of ppUL83. More than 700 serum
samples from different groups of immunocompetent and immunosuppressed subjects were tested for the
presence of HCMV IgM by recombinant enzyme immunoassay (rec-EIA) and by a commercially available EIA.
Western blotting (immunoblotting) and (in the case of immunosuppressed individuals) antigenemia tests by
immunofluorescence and PCR of polymorphonuclear leukocytes were also carried out. The results obtained
demonstrate that (i) the triple-antigen fusion protein can replace the individual proteins; (ii) the triple-antigen
fusion protein cannot be used alone to replace the virus or infected cells in the serological detection of
anti-CMV IgM; (iii) the addition of the fusion proteins containing portions of ppUL83 and ppUL80a is
essential for the formation of an antigenic mixture that can replace the virus for the search of HCMV-specific
IgM; (iv) rec-EIA is very specific and is more sensitive than the commercially available EIA, and the results
obtained are consistent with those obtained by Western blotting; and (v) rec-EIA can reliably be used to detect
HCMV-specific IgM in different groups of patients with active HCMV infection.

Human cytomegalovirus (HCMV) is an ubiquitous herpes-
virus in humans. It is rarely pathogenic in healthy adults, but it
is associated with several diseases in immunocompromised in-
dividuals (such as human immunodeficiency virus-infected
people and transplant recipients). Furthermore, HCMV is the
most common cause of congenital infection in humans. Pri-
mary intrauterine HCMV infections are second only to Down’s
syndrome as a known cause of mental retardation (for a re-
view, see reference 8). Because infections either are asymp-
tomatic or are accompanied by symptoms that are not specific
for HCMV (such as fever and leukopenia), laboratory tech-
niques are the sole means of diagnosing acute HCMV infec-
tion. Diagnosis of HCMV infection can be obtained by direct
demonstration of the virus or virus components in pathological
materials or indirectly through serology (13). Diagnosis of pri-
mary HCMV infection is exclusively accomplished by serolog-
ical methods. HCMV-specific immunoglobulin M (IgM) is a
sensitive and specific indicator of primary HCMV infection in
immunocompetent subjects, while it is very often produced
during viral reactivation in transplant recipients (2, 21). How-
ever, detection of HCMV-specific IgM varies widely, and poor
agreement has been found among the results obtained with
different commercially available kits (18). Antigenic materials
composed of single well-characterized viral proteins or por-
tions of them, produced via molecular biology or peptide
chemistry, have proven to be promising tools for improving

HCMV serology (for a review, see reference 13). The aim of
the present work was the large-scale testing of the most prom-
ising recombinant antigens for the detection of HCMV-specific
IgM in sera from different groups of subjects.
The analysis of the humoral immune response elicited dur-

ing natural infection has repeatedly shown that the basic phos-
phoprotein of 150 kDa encoded by UL32 (ppUL32) (9) and
localized in the viral tegument is highly immunogenic and is
recognized by sera from nearly 100% of the HCMV-seropos-
itive subjects tested (10, 16). In this molecule at least two
epitopes have been identified and shown to react efficiently
with human immunoglobulins. In particular, the analysis of
several ppUL32 fusion proteins showed that a region localized
in the last 43 amino acids at the carboxy terminus of the
molecule (amino acids 1006 to 1048) reacts with more than
80% of IgM-positive serum samples (17, 27). When chemically
synthesized, another region localized between amino acids 595
and 614 gave a positive reaction with almost 100% of IgG-
positive serum samples (22). When it is expressed as recombi-
nant protein, this region also reacted efficiently with HCMV-
specific IgM (27). The two coding regions were recently fused
together and were shown to produce a double-epitope fusion
protein which can replace the entire p150 molecule in its IgM-
binding ability (28). Another HCMV protein which reacts very
well with IgM is ppUL44 (14, 26, 33), the nonstructural DNA-
binding protein of 52 kDa. The carboxy-terminal part of the
molecule was chosen because it does not contain relevant
amino acid sequences cross-reacting with the homologous pro-
tein of other members of the Herpesviridae family (12). The
carboxy-terminal half of this protein was expressed and tested
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with human sera alone and in combination with the double-
ppUL32 epitope fusion protein. Besides ppUL32 and ppUL44,
two other HCMV proteins were chosen: the major matrix
protein ppUL83 and the assembly protein (ppUL80a). The
first is known to induce a strong IgM response, and antibodies
reacting exclusively to this protein were described during pri-
mary infection (15). The second protein was included in the
study because in HCMV-seropositive transplant recipients un-
dergoing viral reactivation, IgM to this protein is very often the
first marker to be detected (12a).
Fusion proteins were purified and used in an enzyme immu-

noassay (EIA) to detect IgM antibodies in more than 700
serum samples from healthy individuals and from subjects with
different clinical conditions.

MATERIALS AND METHODS

Virus propagation and preparation of viral cDNA. HCMV AD169 was prop-
agated in human embryo fibroblasts by standard methods. Five days after infec-
tion at a multiplicity of infection of approximately 1 PFU per cell, the infected
cells were harvested, washed with phosphate-buffered saline, and homogenized
with a glass-Teflon homogenizer. Total RNA was isolated from the homogenized
cells by using an RNA isolation kit (Stratagene Cloning Systems, La Jolla, Calif.),
and poly(A)1 RNA was isolated by using an mRNA isolation kit (Pharmacia
Biotech, Piscataway, N.J.). HCMV cDNA was synthesized from purified viral
mRNA by using a ZAP-cDNA Synthesis Kit (Stratagene Cloning Systems).
Cloning and expression of HCMV genes. All HCMV gene fragments encoding

antigens were obtained by PCR amplification with PCR primers designed to
amplify specific nucleotide sequences. These gene fragments were cloned into an
Escherichia coli CMP–2-keto-3-deoxyoctulosonic acid synthetase (CKS) expres-
sion vector as described previously (4), resulting in the expression of the HCMV
polypeptides in fusion with CKS. Standard hot-start PCR (Perkin-Elmer, Nor-
walk, Conn.) was used to generate the HCMV DNA fragments encoding fusion
proteins 1A, 3B, 4, and 26, and DNA plasmids pMB33 (28), pMB33 (26), pMB33
and pMB13 (26, 28), and pMB38 (13a), respectively, were used as templates.
Nested hot-start PCR (Perkin-Elmer) was used to amplify the UL83 fragment
encoding fusion protein 9, and viral cDNA was used as template DNA. The DNA
sequences of all cloned HCMV genes were determined and confirmed. Bacterial
clones expressing HCMV fusion proteins and the control bacterial strain express-
ing unfused CKS were grown to the log phase in rich medium containing ampi-
cillin, and the synthesis of the CKS-HCMV fusion proteins was induced by the
addition of isopropyl-b-D-thiogalactopyranoside as described previously (29).
After 4 h postinduction, the cells were harvested and the cell pellets were stored
at 2808C until protein purification.
Purification of recombinant CKS-HCMV fusion proteins. Insoluble CKS-

HCMV fusion proteins (1A, 3B, 4, and 9) were initially purified after lysis by a
combination of detergent washes and then solubilization in 8 M urea (29). After
solubilization in 8 M urea, the fusion proteins were purified by Q-Sepharose
chromatography (Pharmacia Biotech). Fusion proteins 4 and 9 were subjected to
additional purification by Sephacryl S-200 chromatography (Pharmacia Biotech).
Soluble CKS-HCMV fusion protein 26 was purified after cell lysis by preparative
sodium dodecyl sulfate-polyacrylamide gel electrophoresis with a Bio-Rad Prep
Cell (Bio-Rad, Richmond, Calif.). Soluble CKS protein was purified after cell
lysis by ammonium sulfate precipitation and then DEAE chromatography.
Human serum samples. Many groups of human serum samples were used in

the present work. The first group of samples, which was used for the determi-
nation of the cutoff values, consisted of 210 serum samples from blood donors (n
5 150) and healthy adults (n 5 60). While 68 serum samples were IgG and IgM
negative, 142 serum samples were IgG positive and IgM negative, as judged by
both a commercially available EIA (conv-EIA) and Western blotting (immuno-
blotting). The second group of serum samples consisted of 150 HCMV-positive
serum samples from immunocompetent subjects (50 with a high IgM titer to
HCMV, as detected by conv-EIA, 50 with a medium level of HCMV-specific
IgM, and 50 with a low level of HCMV-specific IgM). The presence of HCMV-
specific IgM in this group of sera was determined by conv-EIA and was con-
firmed by Western blotting. A third group of serum samples consisted of 51
serum samples from pregnant women (18 were from HCMV-uninfected women,
26 were from HCMV-infected women who did not transmit the infection to their
offspring, and 7 were from HCMV-infected pregnant women who transmitted
the infection to their offspring). All of these serum samples were obtained
between 22 and 24 weeks of gestation. We also tested a group of 35 serum
samples from 35 newborns. Six serum samples were obtained during the first
week of life from 6 congenitally infected newborns; 19 serum samples were from
newborns (1 to 8 months of life) from whom the virus was repeatedly isolated
from their urine. Twelve newborns had different symptoms (maculopapular rash,
encephalopathy, growth delay); the others were asymptomatic shedders. Among
the 35 serum samples obtained from newborns, only 2 were from the newborns
of the pregnant women studied. Finally, 10 serum samples were from HCMV-

uninfected newborns during the first 8 months of life. Another group of samples
consisted of 104 serum samples from 23 transplant recipients (20 heart and 3
kidney transplant recipients) who were found to have HCMV infection during
the first 3 months after transplantation. Eight patients had a primary infection,
while infection in 15 patients was a result of viral reactivation. The last group of
serum samples consisted of 200 serum samples randomly selected among sera
from renal transplant recipients (n 5 150) and pregnant women (n 5 50) which
came to our diagnostic laboratory for HCMV monitoring after transplantation
and during pregnancy.
Determination of HCMV infection in pregnant women and newborns. HCMV

infection in pregnant women was determined by one or more of the following
parameters: virus isolation from urine, saliva, or blood or seroconversion for
anti-HCMV antibodies. A congenital HCMV infection in a newborn was deter-
mined by HCMV isolation from urine during the first week of life. An HCMV
infection in newborns was determined by virus isolation from urine.
Determination of HCMV infection in transplant recipients. HCMV infection

in transplant recipients was determined by the presence of pp65-positive poly-
morphonuclear leukocytes (PMNLs) (antigenemia) in peripheral blood, as de-
termined by indirect immunofluorescence, and the presence of the HCMV
genome in the same cells, as determined by PCR.
HCMV serology. (i) Conv-EIA. The evaluation of anti-HCMV IgG was carried

out with a commercially available kit (Enzygnost anti-HCMV/IgG EIA alpha
method; Behring AG, Marburg, Germany). Plates were read on a microEIA
automatic reader (Behring AG). The evaluation of anti-HCMV IgM was per-
formed by using the Enzygnost anti-HCMV/IgM kit (Behring AG). Both kits
were used, and the results were interpreted as suggested by the manufacturers.
IgM-positive sera were divided into three groups on the basis of the EIA titer. In
particular, sera with optical densities (ODs) of between 210 and 400 were con-
sidered to have a low IgM titer, those with ODs from 401 to 800 were considered
to have a medium titer, and those with ODs greater than 800 were considered to
have a high IgM titer.
(ii) Western blotting. Protein extracts from purified viral particles (Towne

strain) were run in a 9% acrylamide gel, and the electrophoretically separated
polypeptides were then transferred to nitrocellulose paper. Infection of cells,
virus purification, protein extraction, blotting, and immune reaction with sera
were done as previously described in detail (16).
(iii) Rec-EIA. Recombinant EIA (rec-EIA) was performed as described pre-

viously (25) with the reagents from the commercially available Enzygnost anti-
HCMV/IgG and anti-HCMV/IgM kits (Behring AG). For each sample the im-
munoreaction level was considered to be the difference between the measured
absorbances (absorbance of the recombinant antigen 2 absorbance of the con-
trol antigen) that were obtained. The cutoff value for each individual fusion
protein was determined by testing 210 serum samples that did not contain IgM
to HCMV (determined by both conv-EIA and Western blotting). For the deter-
mination of IgM antibodies, the rheumatoid factor absorbent (Behring AG) was
used to remove rheumatoid factor from the serum samples. To perform linear
regression analysis and to standardize the test run, three serum calibrators were
included on each plate. Reproducibility was controlled by including in each EIA
plate six standard serum samples whose reactivities were previously assayed in
four independent experiments. Test runs were considered acceptable when the
value for the internal control serum sample was within an interval of 2 standard
deviations from the mean value established previously.
Virological detection of HCMV. (i) HCMV isolation. The shell vial procedure

(6) was used to isolate HCMV from urine and saliva. The inoculated cells were
fixed 24 to 48 h after inoculation and were stained in an indirect immunofluo-
rescence assay by using a monoclonal antibody reacting with the gene products
of HCMV immediate-early genes 1 and 2 (E13; Bioline, Paris, France).
(ii) Antigenemia. The presence of HCMV pp65 (ppUL83) in PMNLs was

determined as originally described by van der Biji et al. (32) and modified by
Revello et al. (24) by using an HCMV pp65-specific pool of two monoclonal
antibodies (Biotest, Frankfurt, Germany) in indirect immunofluorescence tests.
(iii) Determination of the presence of HCMV genome by PCR. Aliquots of 5

3 105 PMNLs were used for PCR assay. Sequences were from the fourth exon
of the HCMV immediate-early I gene (EcoRI-J fragment of the AD169 strain)
and correspond to nucleotides 1767 to 1786 and nucleotides 1894 to 1913. With
these primers, a fragment of 147 bp was amplified. A third oligonucleotide
consisting of nucleotides 1807 to 1847 was complementary to the antisense DNA
strand in the region between the binding sites of the other oligonucleotides and
was used for hybridization (11). PCR was carried out, and its specificity and
sensitivity were determined as described previously (19).

RESULTS

Five different fusion proteins were obtained and used in the
study. The first fusion protein (fusion protein 1A) carries the
two ppUL32 major antigenic regions (amino acids 595 to 614
and 1006 to 1048) fused together. The second fusion protein
(fusion protein 3B) carries the carboxy-terminal half of
ppUL44 (amino acids 202 to 434). The third fusion protein
(clone 4) carries three regions (two regions of ppUL32 and one
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of ppUL44) fused together. Fusion proteins 9 and 26 carry
large fragments of ppUL83 (amino acids 297 to 510) and
ppUL80a (amino acids 117 to 373), respectively. These regions
were chosen because of their high degree of reactivity to IgM,
as determined in previous studies (14). As described in the
Materials and Methods section, 210 human serum samples
defined as IgM negative to HCMV by both conv-EIA and
Western blotting were used to determine the rec-EIA cutoff
values for each individual fusion protein. The cutoff values
correspond to OD values higher than the maximum OD ob-
tained among the 210 serum samples (they approximately cor-
respond to the mean of the negative values plus 4 to 5 standard
deviations).
To evaluate the sensitivity of the rec-EIA, 150 serum sam-

ples were selected among several hundred serum samples be-
cause they contained IgM to HCMV, as determined by the fact
that they gave an IgM-positive result by both conv-EIA and
Western blotting. As shown in Table 1, all serum samples with
medium and high IgM titers to HCMV reacted with one or
more fusion proteins. Among the serum samples with a low
IgM titer, only two were not detected by any fusion protein.
The reactivity is therefore greater than 98%. The highest de-
gree of reactivity obtained was against fusion proteins 3B and
4, and the combination of proteins 4, 9, and 26 gave a reactivity
of 98%. Only one serum sample did not react with this com-
bination and was found to be reactive with fusion protein 3B
alone.
After determining the sensitivity of rec-EIA compared with

that of conv-EIA, we tested several serum samples obtained
from different groups of subjects. Table 2 compares the results
obtained by rec-EIA with a group of 51 serum samples from
pregnant women with the results obtained by conv-EIA.
Among 18 HCMV-uninfected pregnant women, none was
found to be IgM positive by either conv-EIA or rec-EIA. On
the contrary, among 26 HCMV-infected pregnant women who

did not transmit the infection to their offspring, rec-EIA de-
tected IgM in 20 women, while conv-EIA detected IgM in only
12 women. Among a group of eight HCMV-infected pregnant
women who transmitted the infection to their offspring, all
eight women were found to be IgM positive by rec-EIA and six
were found to be IgM positive by conv-EIA. The highest de-
gree of reactivity was always obtained with the triple-antigen
fusion protein (fusion protein 4). The combination of proteins
4, 9, and 26 gave the maximum reactivity. As shown in Table 2,
a significant difference in IgM titer to fusion protein 4 was
observed between HCMV-infected pregnant women who did
not transmit the infection (lower titers) and those who trans-
mitted the infection (higher titers). While the antibody titer
against clone 26 was also significantly different in the two
groups, the differences in titers to fusion proteins 3B and 9
were not significant.
We also tested a group of 35 serum samples from newborns

(Table 3). Among 10 HCMV-uninfected newborns, none was
found to be IgM positive by either conv-EIA or rec-EIA. On
the contrary, among six serum samples obtained from six con-
genitally infected newborns during the first week of life, two
gave a positive reaction by rec-EIA and none gave a positive
reaction by conv-EIA. The maximum IgM reactivity that was
observed was specific for fusion proteins 9 and 26. In another
group of 19 serum samples from newborns persistently excret-
ing HCMV in urine during the first year of life (these newborns
were not checked for HCMV at birth), rec-EIA detected IgM
in 10 newborns, while conv-EIA detected IgM in only 2 new-
borns. The maximum IgM reactivity obtained was against fu-
sion proteins 4 and 26, and the combination of fusion proteins
4, 9, and 26 gave the maximum reactivity.
Results of IgM detection by rec-EIA compared with that by

conv-EIA in a follow-up study of a group of 23 transplant
recipients with HCMV infection are provided in Table 4. The
patients were also followed by the pp65 antigenemia test and

TABLE 1. Rec-EIA results obtained by testing 150 IgM-positive serum samples

No. of serum
samples

HCMV serologya No. (%) of serum samples positive for:

IgG IgM 1A 3B 4 9 26 4 1 9 1 26 All fusion proteins

50 1 High 42 49 49 44 39 50 50
50 1 Medium 31 47 44 42 37 50 50
50 1 Low 29 40 42 31 32 47 48

Total (150) 102 136 135 117 108 147 (98) 148 (98.7)

a Sera were divided into three groups on the basis of IgM titers determined by EIA. All serum samples were confirmed to be positive for IgM by Western blotting.
They were all IgG positive, as shown by EIA.

TABLE 2. Comparison between conv-EIA and rec-EIA with sera from pregnant women by determination of
IgM titers to individual fusion proteins

Group of subjectsa No. of
women

No. of positive samples

Conv-EIA

IgM titers (OD [103]) detected by rec-EIA
with fusion protein:Rec-EIA with fusion protein(s):

1A 3B 4 9 26 4 1 9 1 26 All 3B 4 9 26

HCMV-infected pregnant women
who did not transmit the infection

25 1 15 19 9 10 20 20 12 461 (6211) 838 (6324)b 164 (659) 487 (6220)c

HCMV-infected pregnant women
who transmitted the infection

8 1 6 8 3 6 8 8 6 724 (6344) 1,450 (6379) 191 (652) 1,064 (6490)

HCMV-uninfected pregnant women 18 0 0 0 0 0 0 0 0 NDd ND ND ND

a Samples were obtained at 22 to 24 weeks of gestation.
b P 5 0.012.
c P 5 0.023.
d ND, not done.
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by the detection of the HCMV genome by PCR in PMNLs.
PCR detected HCMV infection in all 23 patients, the antigen-
emia test and rec-EIA detected HCMV infection in 22 pa-
tients, and conv-EIA detected HCMV infection in 17 patients
(data not shown). No false-positive reactions occurred by the
rec-EIA testing blood samples obtained from 21 patients be-
fore infection (these samples were all PCR and antigenemia
test negative and were obtained 0 to 12 days after transplan-
tation), while conv-EIA gave a false-positive reaction for one
serum sample. At the very beginning of infection, when only
PCR could detect the HCMV genome in PMNLs (eight serum
samples from 14 to 40 days after transplantation), rec-EIA
detected two patients who were IgM positive, while conv-EIA
judged one patient to be IgM positive; the latter patient cor-
responds to the same patient in the previous group whose
serum was false positive for IgM. When PCR positivity was
accompanied by the antigenemia assay positivity (in 21 pa-
tients, from 10 to 78 days after transplantation), conv-EIA and
rec-EIA detected IgM in 9 and 15 patients, respectively. Later
during infection, when PCR positivity was still accompanied by
positivity by the antigenemia assay (in 19 patients), conv-EIA
and rec-EIA detected IgM in 9 and 17 patients, respectively.
We obtained a third sample from 12 patients at 36 to 82 days
after transplantation, and these samples were still positive by
the antigenemia test and PCR. Among these samples, 11 and
8 samples were IgM positive by rec-EIA and conv-EIA, respec-
tively. At the end of the acute phase of infection, when the
antigenemia test gave a negative result and PCR was still
positive (in 17 patients, 42 to 158 days after transplantation),
conv-EIA and rec-EIA detected IgM in 14 and 15 patients,
respectively. Finally, at the end of infection (69 to 185 days
after transplantation) when PCR and the antigenemia test
were both negative (we only had six patients), conv-EIA de-
tected IgM in one patient, while rec-EIA detected IgM in 5

patients. The highest degree of reactivity obtained was against
fusion protein 4, and the combination of fusion proteins 4, 9,
and 26 gave the maximum number of positive reactions.
Among the 23 transplant recipients with HCMV infection (8
with primary and 15 with secondary infections), 17 experienced
symptomatic infection (8 with primary and 7 with secondary
infections) and were treated with ganciclovir. The results of
IgM detection by conv-EIA and rec-EIA at the time of symp-
toms are given in Table 5. In the first serum sample taken when
symptoms appeared (17 patients), conv-EIA detected IgM in 9
patients, while rec-EIA detected IgM in 13 patients. The an-
tigenemia test was positive for 13 patients, and PCR was pos-
itive for all 17 patients. At 3 to 7 days after the onset of
symptoms, we obtained samples from 10 patients. PCR and the
antigenemia test gave positive results for 10 and 8 patients,
respectively, while conv-EIA and rec-EIA detected IgM in 7
and 9 patients, respectively. Also, in this case the highest de-
gree of reactivity was obtained with fusion protein 4, and the
combination of proteins 4, 9, and 26 detected the maximum
number of positive samples.
In the same group of patients, we compared the ability of the

antigenemia test and rec-EIA to be the first indicators of an
active HCMV infection in relationship to the serological sta-
tus of the donor and the recipient and the development of
a symptomatic or asymptomatic infection. The antigenemia
test detected three symptomatic infections earlier than rec-
EIA, and rec-EIA detected three symptomatic infections
and one asymptomatic infection earlier than the antigenemia
test. Furthermore, among eight patients with primary infec-
tion, the antigenemia test detected four symptomatic infec-
tions earlier than rec-EIA, and rec-EIA detected one symp-
tomatic infection earlier than the antigenemia test (data not
shown).
Representative examples of the virological and serological

TABLE 3. Comparison between conv-EIA and rec-EIA with sera from newborns

Group of subjects No. of
newborns

No. of positive samples

Rec-EIA with fusion protein(s):
Conv-EIA

1A 3B 4 9 26 4 1 9 1 26 All

Congenitally infected newbornsa 6 0 1 1 2 2 2 2 0
Newborns excreting HCMV during the
first year of lifeb

19 0 4 7 1 7 10 10 2

HCMV-uninfected newbornsb 10 0 0 0 0 0 0 0 0

a Sera were obtained 1 to 7 days after birth.
b Sera were obtained between 1 and 12 months after birth.

TABLE 4. Comparison between IgM reactivity detected by conv-EIA and rec-EIA, PCR, and antigenemia test for sera
from 23 transplant recipients with HCMV infection

Serum samplesa
Days after

transplantation
(mean)

No. of positive samples

Rec-EIA with fusion protein(s):
Conv-EIA

1A 3B 4 9 26 4 1 9 1 26 All

AG2/PCR2, obtained before infection (n 5 21) 0–12 (5.3) 0 0 0 0 0 0 0 1
AG2/PCR1 at beginning of infection (n 5 8) 14–40 (25.6) 1 1 1 2 1 2 2 1
First AG1/PCR1 (n 5 21) 10–78 (42.2) 5 7 12 7 12 15 15 9
Second AG1/PCR1 (n 5 19) 25–77 (51.9) 7 11 17 9 15 17 17 9
Third AG1/PCR1 (n 5 12) 36–82 (58.9) 4 9 11 7 7 11 11 8
AG2/PCR1, at end of infection (n 5 17) 42–158 (74.5) 7 11 14 7 10 15 15 14
AG2/PCR2, at end of infection (n 5 6) 69–340 (185) 0 2 3 2 3 5 5 1

a The antigenemia test and PCR were carried out on PMNLs.; AG2, antigenemia test negative; AG1, antigenemia test positive; PCR2, PCR negative; PCR1, PCR
positive.
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monitoring of HCMV infection in transplant recipients is
shown in Fig. 1.
From the data presented here, fusion protein 4 gave the

highest degree of reactivity with IgM antibodies present in the
sera of healthy adults, pregnant women, infected newborns,
and transplant recipients. However, fusion protein 4 alone
could not represent the entire complex of viral antigens react-
ing with anti-HCMV IgM. To determine the relative impor-
tance of the other fusion proteins in the overall IgM reactivity
to the virus, we studied the different combinations of IgM-
positive reactions to the five recombinant proteins with 253
serum samples that were judged to be IgM positive by rec-EIA.
A total of 35.6% of the serum samples reacted with all five
fusion proteins. It was interesting that 5.5% of the serum

samples reacted exclusively with fusion protein 4, 3.2% reacted
exclusively with fusion protein 26, 1.6% reacted exclusively
with fusion protein 9, and only 0.4% reacted exclusively with
fusion protein 3B (none reacted exclusively with fusion protein
1A) (data not shown). We also determined the cumulative IgM
reactivity to the different fusion proteins. A total of 90.1% of
the serum samples that were judged to be IgM positive by
rec-EIA had IgM that reacted with fusion protein 4 and 99.6%
had IgM that reacted with the combination of fusion proteins
4, 9, and 26. Only 1 of 253 IgM-positive serum samples did not
react with this combination and gave a weak reaction exclu-
sively to fusion protein 3B (data not shown).
Rec-EIA seems more sensitive than conv-EIA except for the

samples with very low IgM titers (Table 1). Therefore, we

FIG. 1. Six representative examples of follow-up of transplant recipients with primary (A to C) and secondary (D to F) HCMV infection during the first 3 months
after transplantation. (A and B) follow-up of kidney transplant recipients; (C to F), follow-up of heart transplant recipients. S1T, symptoms and ganciclovir treatment;
PCR1, positive detection of HCMV genome in polymorphonuclear cells. F, fusion protein 4; E, fusion protein 1A; Ç, fusion protein 3B; ■, fusion protein 9; h, fusion
protein 26.

TABLE 5. Presence of HCMV IgM at the time of symptoms in 17 transplant recipients with symptomatic HCMV infection

Samplesa

No. of positive samples

Rec-EIA with fusion protein(s):
Conv-EIA AGb PCRb

4 1A 3B 9 26 4 1 9 1 26 All

First (n 5 17) 11 4 10 7 9 13 13 9 13 17
Second (n 5 10) 8 2 4 5 4 9 9 7 8 10

a First, the first serum sample obtained in coincidence with the appearance of symptoms; second, serum sample obtained 3 to 7 days later, during treatment.
b The antigenemia test (AG) and PCR were carried out on PMNLs.
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compared the reactivities of rec-EIA and conv-EIA with that
obtained by Western blotting, which is a very sensitive and
specific method of detecting HCMV-specific IgM (17, 18). A
total of 200 serum samples randomly selected from among
serum samples from renal transplant recipients (n 5 150) and
pregnant women (n 5 50) were tested by rec-EIA by using
fusion proteins 4, 9, and 26, by conv-EIA, and by Western
blotting using polypeptides separated from purified viral par-
ticles. The results are given in Table 6. Among 200 serum
samples, conv-EIA detected IgM in 88, rec-EIA detected IgM
in 136, and Western blotting detected IgM in 137. Among the
88 serum samples found to be IgM positive by conv-EIA, 2
were not confirmed by either rec-EIA or Western blotting,
suggesting that they were false positives. Among 112 serum
samples that were judged to be IgM negative by conv-EIA, 50
were found to be positive by both rec-EIA and Western blot-
ting. This indicates that those sera were false negative by conv-
EIA. Finally, one serum sample judged to be IgM negative by
both conv-EIA and rec-EIA gave a positive reaction by West-
ern blotting. The protein that was recognized had a molecular
mass of 150 kDa (data not shown).

DISCUSSION

Many recombinant antigens have been produced and char-
acterized for their ability to bind to HCMV-specific antibodies.
However, the exact composition of the antigenic mixture rep-
resentative of the entire complex of HCMV antigens to be
used for detecting HCMV antibodies is still a matter of study.
Analysis of the humoral immune response elicited during nat-
ural HCMV infection has repeatedly shown that ppUL32 is
highly immunogenic (10, 16, 23, 30). We recently produced a
single-fusion protein containing the two ppUL32 antibody-
binding regions. This double-recombinant antigen reacted with
IgM in a way that is representative of the reactivity obtained
with the entire ppUL32 (25, 28).
However, IgM reactivity to ppUL32 is not representative of

the whole IgM reactivity to the entire complex of HCMV
proteins. Therefore, to the double ppUL32 epitope fusion pro-
tein we have now added a large portion of ppUL44, which is
another HCMV protein which reacts very well with IgM. The
triple-epitope fusion protein (fusion protein 4) as well as the
double ppUL32 (fusion protein 1A) and the mono ppUL44
fusion protein (fusion protein 3B) were purified and tested by
EIA with more than 700 serum samples from different groups
of subjects. The results obtained strongly indicate that the
triple-epitope fusion protein can replace the three individual
components in IgM binding. Moreover, 5.5% of the IgM-pos-
itive serum samples reacted with fusion protein 4 but not with

fusion proteins 1A and 3B, which express portions of ppUL32
and ppUL44 contained in fusion protein 4. This result confirms
previous findings (28) and may be explained as a simple cu-
mulative effect, but the formation of a bridge epitope cannot
be ruled out. The results obtained also indicate that fusion
protein 4 alone cannot entirely replace the virus or virus-
infected cells in searching for anti-HCMV IgM. In fact, protein
4 reacts with 90% of IgM-positive serum samples. Therefore,
proteins other than ppUL32 and ppUL44 seem to be necessary
for optimal IgM detection. For this reason we produced, pu-
rified, and tested by rec-EIA significant portions of ppUL83
(fusion protein 9) and ppUL80a (fusion protein 26), which are
two proteins that have repeatedly been reported to react effi-
ciently with HCMV-specific IgM (10, 14, 18). The results ob-
tained indicate that 3.2% of the IgM-positive serum samples
react only with clone 26 and that 1.6% react exclusively with
clone 9. Our results also indicate that the combination of
fusion proteins 4, 9, and 26 can efficiently replace the virus in
IgM detection. In fact, 99.6% of IgM-positive serum samples
gave a positive IgM reaction with one or more of these three
fusion proteins, indicating that this cocktail of epitopes is very
sensitive for IgM capture and can address potential strain
differences among CMV isolates. When the rec-EIA with the
three clones was compared with a conv-EIA and Western
blotting, we found that rec-EIA and Western blotting gave the
same results, and both procedures are much more sensitive
than conv-EIA. This means that the sensitivity and specificity
of rec-EIA are very similar to those of Western blotting, which
is a very sensitive and specific procedure for HCMV IgM
detection (7, 16).
Therefore, a mixture of recombinant antigens that can re-

place the virus in IgM binding is now available, and a new
generation of serological procedures for anti-HCMV IgM de-
tection can be set up. Serological procedures are cheaper than
the other diagnostic tests, require a short execution time, and
can be completely automated. Therefore, we explored possible
applications in which the use of rec-EIA for HCMV-specific
IgM detection is justified. For this purpose, we tested for the
presence of HCMV-specific IgM in the sera of different groups
of subjects with active HCMV infection by rec-EIA and com-
pared the results with those obtained by other diagnostic pro-
cedures.
In a group of HCMV-infected pregnant women, rec-EIA

detected most of those who did not transmit the infection to
their fetuses and 100% of those who transmitted the infection
to their fetuses (they were all primary maternal infections). No
aspecific reactivities were detected in HCMV-uninfected preg-
nant women. Conv-EIA showed a much lower sensitivity. Rec-
EIA would therefore be useful for screening for HCMV infec-
tion during pregnancy, allowing subsequent virological tests
and prenatal diagnosis in the case of positivity. Interestingly,
we found that the IgM titers to fusion protein 4 were much
higher in HCMV-infected women who transmitted the infec-
tion than in those who did not. This result is in agreement with
data in the literature (1), suggesting that HCMV-infected
pregnant women who transmit the infection in utero have
higher levels and more sustained levels of production of virus
and viral antigens than HCMV-infected pregnant women who
do not transmit the infection, and this induces a higher degree
of stimulation of the immune system. Further studies are nec-
essary in order to establish a possible cutoff value indicative of
the risk of virus transmission.
Rec-EIA was also used to assay the sera of HCMV-infected

newborns. It was shown to be very specific and was able to
detect 50% of infected newborns. Conv-EIA gave a very poor
result because it detected only 8% of the infected newborns.

TABLE 6. Comparison between conv-EIA and rec-EIA (fusion
proteins 4, 9, and 26) and Western blotting with 200 serum

samples randomly selected from renal transplant
recipients and pregnant women

Western blotting
result

No. of samples

Conv-EIAa Rec-EIAb

Positive Negative Positive Negative

Positive (n 5 137) 86 51 136 1
Negative (n 5 63) 2 61 0 63
Total (n 5 200) 88 112 136 64

a Sensitivity, 86 of 137 5 63%; specificity, 61/63 5 97%.
b Sensitivity, 136/137 5 99.3%; specificity, 63/63 5 100%.
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Therefore, in this group of subjects, although rec-EIA is de-
finitively much better than conv-EIA, HCMV isolation from
urine or saliva, or both, continues to be the diagnostic proce-
dure of choice.
We have also followed by rec-EIA a group of 23 transplant

recipients with acute HCMV infection within the first 3 months
of transplantation. In this group of patients, the antigenemia
test and serology are equally sensitive, and this confirms pre-
viously reported data (31). For 70% of the patients, the rec-
EIA for IgM gave a positive signal coinciding with the positiv-
ity detected by antigenemia (but later than by PCR). In two
patients, the positivity by rec-EIA preceded that obtained by
the antigenemia test. This result is in contrast to published data
(3, 5, 20), indicating that a positive antigenemia test result
appeared earlier than positive IgM serology and can be ex-
plained by the much higher sensitivity of the rec-EIA com-
pared with that of conv-EIA. Since rec-EIA consistently gives
a positive result coinciding with the appearance of symptoms,
it could be useful as an early diagnostic tool to ascertain an
HCMV infection after transplantation as a diagnostic param-
eter complementary to antigenemia. As expected, the rec-EIA
for IgM cannot distinguish between symptomatic and asymp-
tomatic HCMV infections. Furthermore, the IgM detected by
rec-EIA lasts much longer than the symptoms and the positiv-
ity detected by the antigenemia test, and therefore, it cannot be
considered useful for monitoring therapy. Even though the
follow-up of other transplant recipients is still under way, we
believe that the features of HCMV infection observed in the
group of transplant recipients that we studied are consistent
with those common to all organ allograft recipients, and our
findings may be of general significance. Although serological
diagnosis in general is less attractive than virological diagnosis
because of the immunological disorders occurring in transplant
recipients, when performed by a sensitive and specific rec-EIA
for IgM, it could represent an additional test for obtaining an
early diagnosis of ongoing HCMV infection.
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