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Very recently a newly discovered IgM-reactive antigen of
HCMV was described in the literature (15) as a major target
for HCMV IgM antibodies. This antigen is the product of the
UL57 gene, which encodes a nonstructural, DNA-binding protein of 116 kDa (pUL57) (2). Two segments of the UL57 gene
(encoding amino acids 545 to 601 and 1155 to 1196) were
identified as having no significant homology with other herpesvirus homologs. The UL57 gene (the fragment encoding amino
acids 545 to 601) was expressed as a fusion protein with glutathione S-transferase and demonstrated an IgM reactivity superior to those of antigenic fragments derived from ppUL32
and ppUL44, fragments which have been repeatedly shown to
be the major IgM-reactive proteins (for a review, see reference
5).
This work examined whether pUL57, in addition to the
recombinant-protein cocktail, which contains portions of
ppUL32, -44, -83, and -80a, that we had previously established
as both necessary and sufficient for replacement of the virus in
IgM detection, is essential for IgM detection.
Nested PCR was used to amplify two regions of UL57 (see
Table 1), with HCMV cDNA as template DNA for the outer
nest amplification reaction. These two UL57 fragments were
cloned into an Escherichia coli CMP–2-keto-3-deoxyoctulosonic acid synthetase expression vector (1). The DNA sequences of the cloned HCMV UL57 gene fragments were
determined and confirmed. The 2-keto-3-deoxyoctulosonic acid–HCMV pUL57 fusion proteins were partially purified by a
combination of detergent washes and solubilization in 8 M
urea (12). These proteins were evaluated by rec-ELISA in
comparison with previously purified recombinant proteins con-

Human cytomegalovirus (HCMV) is a ubiquitous herpesvirus in humans which poses little threat to persons with a mature, competent immune system but continues to plague the
immunosuppressed (such as human immunodeficiency virusinfected people and transplant recipients) and is an important
agent of congenital infection. As infections are either asymptomatic or accompanied by symptoms that are not specific for
HCMV, laboratory techniques are the sole means of diagnosing active HCMV infection. A diagnosis of active HCMV infection can be obtained directly by demonstration of the presence of the virus or virus components in pathological materials
or indirectly through serology. Primary infections are more
often linked to clinical symptoms than are secondary infections
or reactivations of a latent infection. A diagnosis of primary
HCMV infection is exclusively accomplished by serological
methods, i.e., demonstration of the appearance of antibodies
to HCMV in a previously seronegative subject. HCMV-specific
immunoglobulin M (IgM) is a sensitive and specific indicator
of primary HCMV infection in immunocompetent subjects,
while it is very often produced (although at a lower titer)
during active viral reactivation in transplant recipients (for a
review, see reference 3). However, its detection varies widely
and very poor agreement has been found among the results
obtained with different commercial kits (7). Antigenic materials composed of single, well characterized viral proteins or
portions of them produced via molecular biology or peptide
chemistry have proven to be promising tools in improving IgM
detection (4, 5, 7, 8, 10, 11, 13, 16).
We recently constructed a recombinant protein containing
two regions of ppUL32 (p150) fused with half of ppUL44 (p52)
and two other monoantigen recombinant proteins containing a
large fraction of ppUL80a and a fraction of ppUL83. More
than 700 sera from different groups of immunocompetent and
immunosuppressed subjects were tested for the presence of
HCMV IgM by recombinant enzyme-linked immunosorbent
assay (rec-ELISA) and by a commercially available ELISA
(conv-ELISA). The results obtained demonstrate that a combination of those three recombinant proteins is an antigenic
mixture that can replace the virus or virus-infected cells in the
serological detection of anti-HCMV IgM (6).

TABLE 1. Fusion proteins used in the present work
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Fusion
protein

Viral
protein(s)

1A
3B
4

ppUL32
ppUL44
ppUL32 1 ppUL44

9
26
30
31

ppUL83
ppUL80a
pUL57
pUL57

Amino acids

595–614 1 1006–1048
202–434
595–614 1 1006–1048 (ppUL32)
1 202–434 (ppUL44)
297–510
117–373
540–601
1144–1233
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In this work we used PCR to amplify the DNA regions coding for two polypeptides from pUL57 of human
cytomegalovirus (amino acids 540 to 601 and 1144 to 1233) and showed that both portions reacted very
efficiently with immunoglobulin M in sera of acutely infected subjects. However, pUL57 is not an essential
antigen for the replacement of or supplement to a cocktail of recombinant protein antigens containing portions
of ppUL32, -44, -83, and -80a in immunoglobulin M serology.
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TABLE 2. rec-ELISA results obtained by testing
150 IgM-positive seraa
No. of sera positive for recombinant protein(s):
IgM titer (n)
1A 3B

4

9

26

30

31

High (50)
42 49 49 44 39 38 32
Medium (50) 31 47 44 42 37 25 22
Low (50)
29 40 42 31 32 32 28

30 1 31 4 1 9 1 26

39
26
33

50
50
47

All

50
50
48b

a
Sera were divided into three groups on the basis of ELISA IgM values. All
the sera were IgM confirmed by WB. They were all IgG positive, as shown by
ELISA.
b
One serum sample which did not react with recombinant proteins 4, 9, and
26 gave reactivities with clones 3B and 30.

dure for the detection of anti-HCMV IgM. rec-ELISA with the
different fusion proteins was performed as described previously (6). Reproducibility was controlled by including on each
ELISA plate six standard sera whose reactivities had been
previously assayed in four independent experiments. Test runs
were considered acceptable when the values of the internal
control sera were within the interval of 2 standard deviations
from the mean value previously established.
In order to evaluate the reactivities of different recombinant
proteins, 150 serum samples were selected from several hundred serum samples because they definitely contained IgM to
HCMV, as they gave IgM-positive results by both conv-ELISA
and WB. Sera were divided into three groups on the basis of
the ELISA titer for HCMV-specific IgM. Sera with absorbance
values (3 1,000) between 210 and 400 were considered to have
low IgM titers, those with absorbance values from 401 to 800
were considered to have medium titers, and those with absorbance values higher than 800 were considered to have high
IgM titers. As summarized in Table 2, all the sera with medium
and high IgM titers to HCMV reacted with one or more fusion
proteins. Among the sera with low IgM titers, only two did not
react with any fusion protein. The percentage of reactivity is
therefore higher than 98%. The highest reactivity obtained was
that against fusion protein 4, followed by reactivities against
proteins 9, 3B, 26, and 30. The combination of proteins 4, 9,
and 26 gave a reactivity of 98%. When the reactivities to
protein 30 and 31 were added to this combination, only one
more serum sample was recognized. This serum sample gave
reactivities to proteins 30 and 3B, which expresses the Cterminal part of ppUL44, which is also contained in protein 4
(6).
We also compared the IgM reactivities to pUL57 in HCMVinfected pregnant women. As shown in Table 3, the recombinant protein giving the highest reactivity was clone 4, followed
by proteins 3B and 30. The combination of proteins 4, 9, and 26
reacted with 28 of 33 sera, while the addition of proteins 30 and
31 yielded only one more positive reactivity among the sera
from HCMV-infected pregnant women who did not transmit
infection. This serum gave an absorbance value for protein 26
just below the cutoff value (data not shown).
IgM reactivities to different recombinant proteins in heart
transplant recipients undergoing acute HCMV infections were
also compared. As shown in Table 4, protein 4 gave the highest
reactivity, followed by the reactivities of proteins 26 and 3B.
The combination of proteins 4, 9, and 26 gave a reactivity that
the addition of proteins 30 and 31 could not enhance in either
primary infections or recurrences.
Our results confirm the data previously obtained by Vornhagen and coworkers (15), which indicate that pUL57 is an
important antigen for IgM recognition. Furthermore, our data
indicate that besides the middle portion of pUL57, the C
terminus of the molecule is important for IgM binding. In fact,
9 of 136 pUL57-reacting sera (7%) gave a positive reaction
exclusively with this portion of the molecule.

TABLE 3. Determination of IgM reactivities to individual fusion proteins in serum samples from pregnant women
No. of positive samples detected by rec-ELISA with fusion protein(s):
Group (n)

HCMV-infected pregnant women
Transmitted infection (8)
Did not transmit infection (25)
HCMV-uninfected pregnant women (18)

1A

3B

4

9

26

4 1 9 1 26

30

31

30 1 31

All

1
1
0

6
15
0

8
19
0

3
9
0

6
10
0

8
20
0

6
14
0

5
10
0

8
15
0

8
21
0
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taining portions of ppUL32, -44, -83, and -80a (6). The recombinant proteins used in this work are summarized in Table 1.
Many groups of human serum samples were used in this
work. The first group of samples, which was used for the
determination of cutoff values, consisted of 50 sera from blood
donors (n 5 35) and healthy adults (n 5 15). While 35 sera
were IgG2/IgM2, 15 were IgG1/IgM2, as judged by both
conv-ELISA and Western blotting (WB; immunoblotting).
The cutoff values for each recombinant protein correspond to
absorbance values higher than the maximum value obtained
among the 50 serum samples (they approximately correspond
to the means of negative values plus 4 or 5 standard deviations).
The second group of sera consisted of 150 HCMV-positive
samples from immunocompetent subjects containing HCMVspecific IgM. A third group consisted of 33 sera from 33 pregnant women undergoing acute HCMV infections (as documented by virus isolation from urine and/or saliva and/or
cervical swabs) and 18 sera from 18 pregnant women who did
not eliminate the virus in secretions. The presence of HCMV
in secretions was determined by rapid virus isolation in human
embryo fibroblasts. Sera were taken at 22 to 24 weeks of gestation. A fourth group of sera (42 samples) was from 21 heart
transplant recipients undergoing acute HCMV infections (8
primary infections and 13 recurrences). Serum samples were
obtained in coincidence with the first and second positive antigenemia tests. Antigenemia tests were performed by the
method of van der Biji et al. (14) as modified by Revello et al.
(9). Six samples from three heart transplant recipients not
undergoing acute HCMV infections (as documented by negative virus isolation from secretions and negative antigenemia
results) were also tested.
The evaluation of anti-HCMV IgG was carried out with a
commercial kit (Behring AG, Marburg, Germany). Plates were
read on a micro-ELISA automatic reader (Behring AG). The
evaluation of anti-HCMV IgM was performed by using an
Enzygnost anti-HCMV IgM kit (Behring AG). Both kits were
used and the results were interpreted as suggested by the
manufacturers. The presence of HCMV-specific IgM was confirmed by WB, which is a highly specific and sensitive proce-
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TABLE 4. Determination of IgM reactivities to individual fusion proteins in serum samples from 21 heart transplant recipients
Heart transplant recipient
group (n)

Primary infection (8)
Secondary infection (13)
No infection (3)

Time at which serum was obtained

Positive first antigenemia test
Positive second antigenemia test
Positive first antigenemia test
Positive second antigenemia test
32–45 days after transplant

No. of positive samples detected by rec-ELISA with fusion protein(s):

No. of
sera

1A

3B

4

9

26

4 1 9 1 26

30

31

30 1 31

All

8
8
13
13
6

2
4
3
4
0

3
6
7
10
0

3
7
9
12
0

3
7
3
6
0

3
6
8
10
0

6
7
9
12
0

2
5
3
2
0

3
6
3
3
0

3
6
0
3
0

6
7
9
12
0

8.

9.

10.

11.
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Our data further indicate that pUL57 is not as strong an
IgM-reactive antigen as are ppUL32 and ppUL44, and it does
not seem to be essential for IgM detection. In fact, only 2 of
225 sera (from unselected IgM-positive subjects and from
acutely infected patients) reacted with pUL57 but did not react
with proteins 4, 9, and 26. One of these two sera also reacted
with protein 3B, which is present in protein 4. The value for the
second serum sample was just below the negative cutoff for
protein 26. We believe that in both cases, an increase in the
amount of antigen (proteins 4 and 26, respectively) might very
well have resulted in a positive signal.
In conclusion, although pUL57 is an important IgM-reactive
antigen, it is not an essential antigen for the replacement of or
supplement to a cocktail of recombinant protein antigens containing portions of ppUL32, -44, -83, and -80a in IgM serology.

