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Abstract

Background: Specific HCMV IgE response has been reported by some authors, and was proposed as a valuable
virologic marker of CMV infection.

Objectives: we evaluated specific HCMV IgE in renal transplant patients with active (primary and secondary)
HCMY infection with special interest to symptomatic infections.

Study design: Specific IgE was tested retrospectively by ELISA and immunoblot (IB) on sera of 55 RT patients who
were followed before and after transplantation with virologic markers of CMYV infection.

Results: Total serum IgE levels were similar in control group and in patients with primary and secondary HCMV
infections. Anti-CMYV specific IgE response by ELISA was more frequently found in patients with primary infection
(76.9%) than in patients with secondary infection (47.1%). These specific IgE reacted on immunoblot with a 150 kDa
protein in 84.6% of patients with primary infection and 94.1% with secondary infections; and reacted with rp52
(pUL44) in 76.9% of primary infection and 47.1% of secondary infection.

Conclusions: Anti-CMYV specific IgE tested by immunoblot and ELISA is a marker of CMV infection. It was clearly
detected in cases of active infection (primary and secondary) and was present in cases with severe CMV clinical
manifestations. In contrast, anti-CMYV specific IgE, was consistently negative among healthy blood donors. This is the
first report of CMYV proteins detected by IgE immunoblot.
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1. Introduction

Abbreviations: HCMV, Human cytomegalovirus; RT, Renal Increased total serum IgE titers were described
transplant patients; 1B, Immunoblotting. in the acute phase of respiratory tract infections
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quent herpes simplex recurrences (Lagacé-Simard
et al., 1986) and in patients with HIV infection
(Wright et al., 1990; Israél-Biet et al.. 1992; Fre-
sard et al., 1994). Specific IgE responses were
detected in severe lower respiratory discases
caused by respiratory syncytial virus (RSV):
higher titers of RSV-IGE were found during con-
valescence (Welliver et al., 1981). Parainfluenza-
virus IgE specific titers were correlated with the
presence of severe illness (Welliver et al., 1982).
Specific HCMV-IGE response was described by
some groups (Van Loon et al., 1985; Nielsen et
al., 1988, Weber et al.. 1992, 1993). The aim of
this retrospective study was first to compare spe-
cific IgE with other markers of active CMV infec-
tion; secondly to establish a correlation between
specific CMV IgE response and clinical manifesta-
tions, and finally to define the HCMV proteins
recognized by IgE.

2. Materials and methods
2.1. Patients

A group of 55 RT patients with virologic data
for CMV infection was studied retrospectively.
The basic inclusion criterion was the availability
of sera during the whole follow-up period starting
before transplantation and going up to 300 days
after transplantation. CMV serology was tested
before transplantation in each donor and recipient
pair. Thirty seven men with a mean age of 36.2
years (range 4 -57 years) and 18 women with a
mean age of 33.7 years (range 7-57 years) entered
the study.

As induction immunosuppressive regimen all
transplant recipients received: a combination of
rabbit antithymocyte globulins (RATG, Frese-
nius, Germany) for the first 10 days, associated
with azathioprine (Imuran, Wellcome) | mg/kg/
day, cyclosporin A (Sandimumm, Sandoz) start-
ing at 3 mg/kg/day and then progressively
increased up to 5-10 mg/kg/day (according to
cyclosporine and creatinine levels) and pred-
nisolone, starting at a dose of 0.5 mg/kg/day and
progressively decreased to 0.1 mg/kg/day. Rejec-
tion episodes were treated with a 10-day course of

S mg/day OKT3 (Ortoclone, Cilag, Switzerland).
None of the patients received hyperimmune anti-
CMV globulin as prophylaxis during the period of
the study.

2.2 Sera

A total of 246 sera from patients with primary
and secondary infections was tested in parallel for
1gM, IgG, and CF CMV antibodies; from these
sera 137 specimens selected around the period of
active infection were tested for specific IgE re-
sponse.

The detection of CMV infection was performed
by antigenemia, culture and serological tests as
described previously (van der Bij et al., 1988; van
den Berg et al., 1989).

2.3. ELISA procedure to test IgE CMV
antibodies

The ELISA IgE is an antibody capture assay.
Individual plates (Maxisorp U16 Nunc) were
coated with 50 ul of a mixture of rat monoclonal
antibodies, LOHE-10 and LOHE-17 (Bazin, 1981)
kindly provided by Prof. H. Bazin, Catholic Uni-
versity of Louvain, each one at a concentration of
5 pg/ml in 0.05 M carbonate bicarbonate buffer
pH 9.6 and kept overnight at 4°C. Afterwards,
plates were washed three times with PBS 0.1%
Tween 20. Plates were then saturated with a 5%
gelatine solution in PBS 0.1% Tween 20 for 2 h at
37°C. The plates were washed again, as before,
and incubated at 4°C overnight with patients’ sera
at 1/40 dilution. The next day plates were washed
three times and then incubated for 2 h at 37°C
with 50 ul of peroxidase labeled CMV antigen
(Medac, Hamburg), after which they were washed
again. Then 50 gl of substrate solution (or-
thophenylendiamine 10 mg in 5 ml of citrate
buffer, H,O 2 30% 1 ul pH 5) was added to each
well; after 10 min in the dark at room tempera-
ture, the reaction was stopped with 0.1 ml of
H,SO, IN. Finally, within the following 10 min,
absorbance was read by photometry at 492 nm
and 650 nm as reference wavelength. All tests
were performed with a single lot of monoclonal
antibodies and CMV antigen. Results were ex-
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pressed in a standardized way to take into ac-
count the daily variation of the optical density
measurement. The standardized absorbance (A4,,)
was defined as the observed optical density
(D,) of the sera minus the mean daily absorb-
ance (m) divided by the daily standard devia-
tion (S.D.) of 5 negative controls (4, =D, — m/
S.D.). Positive values are those greater than 3.
Negative controls sera were selected from a
group of 20 healthy CMV IgG seropositive
blood donors.

2.4. Immunoblotting

The IgM, IgG and IgE responses were de-
tected by immunoblot (IB) using purified virions
as described previously (Landini et al., 1985).
IgM and IgE reactions were additionally tested
by IB using recombinant non-structural protein
rp52 or pUL44 (Ripalti et al., 1994). The sepa-
rated proteins were then electrophoretically
transferred to nitrocellulose membranes (BA 85
0.45 uM, LKB, Sweden) by a semi-dry electrob-
lotter. Residual binding capacity was blocked by
incubating immunoblot for 60 min with Tris-
NaCl (TBS, 20 mM Tris pH 7.5, 150 mM
NaCl, 0.05% Tween 20) containing 0.5% case-
ine. Sera for IgM and IgE detection were
treated by adding 0.2 ml of RF absorbent (re-
suspended in 1.5 cm® of blocking solution,
Behrinwerke, Marburg, Germany) to 0.2ml of
serum to eliminate the competitive action of
IgG and thereafter diluted 1:4. Horseradish per-
oxidase-coupled rabbit antihuman IgM and IgE
(DAKO, Denmark) were used respectively at
1:400 and 1:125 dilution. For IgG immunoblot
untreated sera at 1:32 dilution was used. A
horseradish peroxidase-coupled rabbit anti-hu-
man IgG (DAKO, Denmark) was used at 1:400
dilution.

2.5. IgE levels

IgE level was measured by a latex agglutina-
tion test. Titres are expressed in 1U/ml by refer-
ence to a standard IgE preparation.

2.6. Clinical score test system

The severity of CMV disease was evaluated
using a score test system as suggested by Plotkin
et al. (Ljungman and Griffiths, 1993).

Primary infection was defined as seroconver-
sion (IgM, IgG and/or CF test) for CMV with
or without CMYV isolation, with or without posi-
tive antigenemia test.

Secondary infection was defined as a fourfold
rise in CMV antibody titers in previously
seropositive patients with or without CMV iso-
lation, with or without positive antigenemia test.

2.7. Statistical analysis

Two sided ¢-tests and variance analysis were
used. The significance level was set at 0.05.

3. Results

Of the 55 RT recipients, 30 were seronegative
before transplantation. Thirteen of them sero-
converted, with 12 (92.3%) receiving a kidney
from a seropositive donor. Out of the remaining
25 patients who where seropositive before trans-
plantation, 17 experienced a secondary infection,
with 13 of them (76.5%) receiving a kidney from
a seropositive donor. Results of virologic mark-
ers from patients with primary and secondary
infections are presented in Table 1.

3.1 Total IgE

The mean total serum IgE level was 27.25 TU/
ml in CMV seropositive blood donors. The
mean total serum IgE level in the group of pa-
tients with a primary infection was 30.69 and in
the group with a secondary infection was 20.77.

3.2, Specific IgE

In the group of primary and secondary infec-
tions the average of maximum standardized ab-
sorbance of specific CMV IgE is 9.32 and 2.69,
respectively. Patients with primary infection and
pneumonia presented maximum CMYV IgE stan-
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Table |

Virologic markers of active HCMYV infection in two groups of renal transplant recipients

Primary Secondary
(+/No. tested) (%) (+/No. tested) (%)
Antigenemia 10/12 83.3 12/16 75
Culture
Hemoculture 312 25 2/17 11.8
Bronchoalveolar lavage 212 100 0/1 0
Urine 12/13 923 16/17 94.1
Saliva 5/10 30 9:17 529
1gM ELISA 13/13 100 9:17 52.9
IgM Blot virion 13/13 100 17/17 100
1gM Blot p52 13/13 100 14/17 82.4
IgE ELISA 10/13 76.9 8/17 47.1
IgE Blot virion 12/13 92.3 16/17 94.1
IgE Blot p52 10/13 76.9 8/17 47.1
IgG ELISA* 13/13 100 17/17 100
1gG Blot virion 13/13 100 17/17 100
CF Test* 13/13 100 16/17 94.1°

“Four-fold increased in titer.
®One case with high CF titers previous to recurrency.

dardized absorbance with a mean of 18.44, while
those without pneumonia showed a CMV IgE
mean standardized absorbance of 3.70. The 17
patients who remained seronegative and the 8
patients who remained seropositive without a sec-
ondary infection after transplantation showed a
mean standardized absorbance similar to that of
healthy blood donors control group. In this group
of healthy donors, the optical density (OD) values
were less than 0.289 and the standardized ab-
sorbances (St Ab) were less than 3

3.3. CMV IgM immunoblot

Sera from primary infection presented positive
IgM IB results in 100% of cases. These sera from
primary infection reacted by IgM IB with a mean
of 7.5 proteins (range 2—12). The 65 kDa and 38
kDa polypeptides were detected in all cases,
whereas other polypeptides with a high incidence
of positive reactions were 150 kDa (84.6%), 116
kDa (76.9%), 60 kDa (76.9%), 55 kDa (76.9%)
and 72 kDa (69.2%). IgM reaction to rp52 was
found in all cases of primary infection. For sec-
ondary infections IgM reaction was detected by

IB in 100% of cases. Sera from secondary infec-
tion reacted with a mean of 4.6 proteins (range
2-9). The 38 kDa polypeptide was detected in
94.1% of cases, while other polypeptides with a
high incidence of positive reactions were 150 kDa
(70.6%), 55 kDa (64.7%), 65 kDa (52.9%), 60 kDa
(47.1%), 28 kDa (47.1%) and 116 kDa (35.3%)
and 85 kDa (35.3%). IgM reaction to rp52 was
found in 82.4% of cases with secondary infection.

34. CMV IgG immunoblot

Positive 1gG reactions were detected by IB in
100% of cases with primary and secondary infec-
tions. Sera from primary infection reacted by IgG
IB with a mean of 3.5 proteins (range 1-8). The
65 kDa polypeptide was detected in 84.6% of sera
from primary infection, whereas other polypep-
tides with a high incidence of positive reactions
had molecular weights of 55 kDa (69.2%), 28 kDa
(53.8%), 150 kDa (30.8%), 85 kDa (30.8%) and 38
kDa (30.8%). In cases of secondary infection sera
reacted with a mean of 7.8 proteins (range 3—10).
The 65 kDa polypeptide was detected in all cases
of secondary infection, while other polypeptides
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Fig. 1. Specific IgE response to rp52 in sera from patients with human cytomegalovirus primary infection. Lanes 1-5: cases with
pneumonia; lanes 6—13: primary infections; lane 13—15: IgE controls.

with a high incidence of positive reactions had
molecular weights of 67 kDa (94.1%), 55 kDa
(94.1%), 150 kDa (82.4%), 96 kDa (82.4%), 38
kDa (82.4%), 28 kDa (82.4%) and 45 kDa
(64.7%).

3.5. CMV IgE immunoblot

Immunoblot showed that IgE response was
mostly directed to a protein of 150 kDa in pri-
mary infection (84.6%) and in secondary infection
(94.1%). In primary infection IgE reacted with 28
kDa in 38.5% of cases and with 55/58 kDa in
23.1% of cases. In secondary infection 35.3% of
serum reacted with 55/58 kDa and 28 kDa. IgE
reaction to rp52 was found in 76.9% of primary
infection (Fig. 1) and 47.1% of secondary infec-
tion.

3.6. Clinical manifestations
As shown in Table 2, clinical manifestations

were present in 13 out of 13 patients (100%) with
primary infection, and in 7 out of 17 patients

(41.2%) with secondary infection. In primary in-
fection clinical manifestations were found with a
mean score test of 4.54; in secondary infection the
mean score test was of 0.82. Cases of primary
infection with pneumonia had a mean score test
of 7 and cases of primary infection without pneu-
monia had a score test of 3.

Table 2
Clinical manifestations during the course of 13 primary and 17
secondary infections

Primary Secondary

) O (+) %)

Fever 12 92.3 3 17.6
Leukopenia 10 76.9 5 29.4
Thrombocytopenia 4 30.8 2 11.8
Liver enzymes 4 30.8 1 59
Pneumonia 5 38.5 1 5.9
Superinfection 3 23.1 0 0
Renal insufficiency 2 15.4 0 0
Jaundice 1 7.7 0 0
Arthritis 1 7.7 1 59




6 M.A. Vargas et ul. - Clinical and Diagnostic Virology 6 (1996) 19

4. Discussion

There are numerous virologic markers for
CMV active infection. However, very few of them
detect symptomatic infections. In that respect,
antigenemia (van der Bij et al., 1988; van den
Berg et al., 1989; Lamy et al., 1994), together with
PCR (Zipeto et al., 1993) is currently considered
as the most accurate test. Other virologic markers
are frequently present in primary and secondary
infections, but they detect the infection with such
a delay (3—32 days) that they do not allow rapid
therapy.

In our series CMV specific IgE response was
found more frequently in cases of primary infec-
tion (76.9%) compared to cases of secondary in-
fection (47.1%). The maximal standardized
absorbance had a tendency to be higher in the
group of primary infection compared to the group
of secondary infection (P = 0.057). This is in line
with previously reported articles. Within the pri-
mary infection group the values of specific IgE
standardized absorbances had a tendency to be
higher in those patients presenting pneumonia
(P =0.08). We confirmed these observations by
using the clinical score test system. We found a
significantly higher score test in the primary infec-
tion group compared to the secondary infection
group (P =0.0001). Furthermore all the cases
with primary infection and pneumonia had a
higher score test than those without pneumonia
(P =0.0001). In cases of primary infection with
pneumonia in which total serum IgE and specific
CMV IgE were measured in parallel, we found
that their kinetics was independent from each
other (Fig. 2); which gives support for the specifi-
city of anti-CMV IgE response and shows that
specific CMV IgE are not the result of an in-
creased total serum IgE level. In our series total
serum IgE was similar in control group and in
patients with primary and secondary infections
(difference not significant, P =0.63, ANOVA
test). Thus increased specific IgE could be a result
of T cell deregulation in the IgE synthesis induced
either directly by the virus or indirectly by regula-
tors of 1gE production like 11.-4, IL6, IFN (Ver-
celli and Geha, 1991; Geha, 1992).

However, some authors (Weber et al., 1992,
1993) found the incidence of specific IgE to be
equivalent in primary and secondary infections.
These discrepancies could be attributed to differ-
ences in tests sensitivities, in antigen used for IgE
detection or in the level of immunosuppression of
the studied cases, and therefore in the upregula-
tion of IgE production in these series.

Many reports were published concerning CMV
IgG and IgM reponse by immunoblot (for a
review see Landini, 1992). In our study IgM and
IgG reacted with an important number of viral
proteins (Table 3).

Our IgE immunoblot reacted less and with
fewer proteins than the immunoblot of IgG and
IgM. Comparing reactivities of immunoblot with
purified virions and recombinant protein p52 we
found that IgE response was stronger with the
recombinant protein. This could be due to a
higher concentration of recombinant protein or to
a higher affinity of CMV-IgE to rp52. In our
hands specific IgE IB proved to be a sensitive tool
for CMV infection diagnosis: it detected all cases
of primary infection in agreement with ELISA
and more cases of secondary infection than Elisa.
However four cases negative for ELISA reacted
with a 150 Kda protein; these cases consisted of
one symptomatic primary infection (score test 2)
and three secondary infections, two of them being
symptomatic (score test 1): the question of false
positive results must be raised. (Lazzarotto et al..
1992) studying IgM response found this type of
reaction in false positive sera and attributed the
reaction to the major capsid protein pl150
(pULB6) that has some cross-reacting regions
with herpes viruses. In IgE this finding needs to be
further clarified. Using rp52 all cases of primary-
infection positive by specific

Elisa IgE were confirmed by immunobiot. In
secondary infections four cases which were nega-
tive by ELISA IgE gave positive reactions by
immunoblot. This first report on CMV proteins
detected by IgE immunoblot shows the usefulness
of this marker to confirm diagnosis of CMV
infection. Furthermore, it could help to study
CMYV IgE response in different clinical conditions
and thus the role of IgE in the pathogeny of CMV
infection.
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This work paves the way for studying specific
IgE responses with other HCMV recombinant
proteins.
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