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Transplanted patients are susceptible to viral infections; thus, the aim of this study was to evaluate the features
of acute rejections and the outcome of the renal graft in transplanted patients with herpes virus diseases. Renal
biopsies from 30 renal transplanted patients undergoing early acute rejection (type IA and IB according to the
Banff 97 classification) were evaluated. In total, 15 of these patients experienced cytomegalovirus (CMV) or
Epstein–Barr virus disease within the first year following transplantation (group I) and 15 patients showed no
evidence of viral infection (group II). No significant differences between the groups in terms of age, male/female
ratio, living/cadaveric donor ratio, cold ischemia time, HLA A-B matching, pretransplant panel reactive antibody
test, occurrence of post-transplant tubular necrosis, plasma levels of cyclosporin A and mean percent increase
of serum creatinine at the time of the biopsy were observed. In group I biopsies, the mean number of interstitial
plasma cells, as well as the mean number of CD79a-positive cells (B lymphocytes and plasma cells) was
significantly higher than in group II (Po0.01 and o0.01, respectively). There was a positive correlation between
the number of infections and the number of plasma cells (Po0.05). In transplanted patients, CMV can trigger the
formation of anti-endothelial cell antibodies, which have been proposed to play a role in antibody-mediated
rejections. We investigated whether a deposition of C4d, a marker of antibody-mediated reactions, was present
in renal peritubular capillaries. In group I C4d deposition was found in five cases, while in group II it was not
observed (Po0.05). In group I, 7/15 patients developed chronic allograft nephropathy vs 1/15 patients in group II
(Po0.05). The estimated 1-, 5- and 8-year cumulative graft survival rates were 80, 66 and 57%, respectively, in
group I, while in group II the estimated 8-year cumulative survival rate was 100% (Po0.05). In conclusion, acute
rejection biopsies of patients with viral infections displayed plasma cell infiltrates and, in several cases, C4d
deposition. Our study suggests a role of B lymphocytes in the pathology of these rejections and confirms the
association between viral infections and poor graft survival.
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Transplanted patients submitted to immuno-
suppressive therapy that profoundly impairs T
lymphocyte function, are particularly susceptible to
diseases caused by herpes viruses such as cytomega-
lovirus (CMV) and Epstein–Barr virus (EBV).1 Active
CMV infection is the most frequent infection in renal
transplanted patients,2,3 and it has been shown to be a
risk factor for the occurrence of acute rejection
episodes.4–9 CMV infection induces activation and
proliferation of B lymphocytes in mice as in

humans.10,11 In renal transplanted patients experi-
encing CMV infection, an early transient increase in
peripheral B lymphocyte levels has been documen-
ted.12 Active EBV infection occurs in approximately
30% of renal transplanted patients,2,13 and is also
associated with B lymphocyte activation and pro-
liferation. EBV exhibits tropism for B lymphocytes14

and causes expansion of the infected lymphocytes,
which is usually self-limiting. The symptoms of
EBV infection are nonspecific;1 however, in 1% of
renal transplanted patients, EBV infection results in
a post-transplantation lymphoproliferative disorder
(PTLD).15 Interestingly, an association between EBV
infection and the occurrence of late acute rejection
episodes has recently been reported in renal trans-
planted patients.16 In heart transplantation, it has
been clearly demonstrated that viral infections
significantly increase the risk of developing chronic
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graft failure.17–21 In renal transplantation, there are
data suggesting that CMV infection increases the
risk of developing chronic allograft nephropathy in
rats22,23 and in humans.24,25 It has been shown
that CMV triggers the formation of various auto-
antibodies in bone marrow transplanted patients. In
particular, the presence of an antibody recognizing
the cell surface protein CD13, present on all
CMV susceptible cells, is associated with the
development of chronic graft vs host disease.26–29

In 80% of renal and heart and in 43% of liver
transplanted patients who had CMV infections,
high levels of anti-endothelial cell antibodies have
been demonstrated.30–32 A number of studies
suggests that these antibodies play an important
role in the development of antibody-mediated rejec-
tion.33–37 Antibody-mediated rejection has a poorer
prognosis than cellular rejection and needs a more
aggressive and targeted antirejection therapy.38,39 It
can be a component of acute rejection in renal
transplantation in up to 30% of the cases, and is not
restricted to presensitized patients.40–42 Histological
features suggesting an antibody-mediated injury
(presence of neutrophils in glomerular and peritub-
ular capillaries, neutrophilic tubulitis and fibrinoid
necrosis of glomerular capillaries and arteries) are
absent in 15% of the cases.42 In addition, the
histology of this type of rejection can be mislead-
ing.40 The deposition of C4d, the cleavage product of
the complement component C4 in the peritubular
capillaries of the graft, is considered a good marker
of an antibody-mediated injury and an important
diagnostic criterion. Whether some acute rejections
in renal transplanted patients who experience viral
infections have an antibody-mediated component
has not been investigated. The aim of this study was
to evaluate the pathological characteristics of acute
rejection and the graft survival in renal transplanted
patients affected by one or more active CMV or EBV
infection during the year of the rejection.

Materials and methods

Patients

Clinical and laboratory records of renal transplanted
patients undergoing biopsy for acute rejection
between 1989 and 1999 were reviewed. The biopsies
of 15 patients (eight males and seven females, mean
age: 38.1710.1 years) with one or more active,
symptomatic CMV or EBV infection within the first
year following transplantation (ie, year of the
biopsy) (group I) and the biopsies of 15 patients
(11 males and four females, mean age: 37.4713.0
years) without any clinical or laboratory evidence of
viral infection within the first year following
transplantation (ie, year of the biopsy) (group II)
were selected. Pretransplant cytotoxic crossmatch
was negative in each case. Pretransplant detection of
panel reactive circulating antibodies (PRA test)

p5% was considered negative, a PRA test X30%
was considered positive. The rejections were
matched as closely as possible for type and grade
according to the Banff 97 classification,43 all
occurred within the first 6 months after transplanta-
tion, and were the first rejection episode. The mean
percent increase in serum creatinine from the base-
line level was 23%. In group I, 14 rejections were
treated with methylprednisolone pulses, one was
steroid resistant, and OKT3 was administered. In
group II, 13 rejections were treated with methyl-
prednisolone pulses, two were steroid resistant, and
OKT3 was administered. In group I, 12 grafts were
from cadaver donors and three from living donors;
results of the pretransplant PRA test were positive in
one patient and negative in 14. The protocol for
immunosuppression was based on cyclosporin in 13
cases and on FK506 in 2. In group II, 13 grafts were
from cadaver donors and two from living donors;
results of the pretransplant PRA test were positive in
two patients, negative in 12 and not available in one.
The protocol for immunosuppression was based on
cyclosporin in 11 cases and on FK506 in four.

Diagnostic Criteria for CMV and EBV Diseases

After transplantation, all patients were monitored
every week CMV, HSV, VZV, EBV, by serological
analyses (EIA for CMV, HSV and VZV IgM and IgG,
IF for EBV-CA IgM and IgG, EBV-EA IgG and EBV-
NA IgG) until discharged from the hospital. CMV
infections in the blood, sputum, and urine were also
monitored every week: the viral nuclear antigen
pp65 in blood polymorphonuclear granulocytes was
identified by immunofluorescence (antigenemia).44

The viral nuclear antigen pp72 was identified by
immunofluorescence in mink lung epithelial cells
infected with urine or sputum samples (Shell-
vials).45 After discharge, for the first year after
transplantation serological analyses for EBV infec-
tion, and CMV antigenemia, viruria and examination
of sputum samples were performed every month. In
group I, all infections were clinically apparent: the
diagnosis of CMV disease was made in 13 cases
when clinical symptoms of the disease were asso-
ciated to one or more positive cultures from blood,
urine or sputum samples. The diagnosis of EBV
disease was made in two cases when clinical
symptoms of the disease were associated with the
detection of IgG to EBV early antigen (EA) and with a
four-fold or greater rise in the titer of IgG to viral
capsid antigen (VCA).46

Histopathology

Serial sections were prepared from renal biopsies.
Biopsies were considered adequate when at least 10
glomeruli and two arteries were present according to
the Banff 97 classification.43 Hematoxylin–eosin,
PAS, Heidenhain trichrome and Weigert Van Gieson
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stains were performed. Plasma cells were counted in
20 randomly selected high-power fields on hema-
toxylin-eosin-stained sections. For immunohisto-
chemistry, sections were stained by the Envision
technique (Dako, Glostrup, Denmark) after micro-
wave antigen retrieval using the monoclonal anti-
bodies anti-CD79a (Immunotech, Marseille, France),
anti-CMV clone CCH2 (Dako, Glostrup, Denmark)
and anti-CMV MAB810 (Chemicon, Temecula, CA,
USA). CD79aþ cells were counted in 20 randomly
selected high-power fields on hematoxylin counter-
stained sections. The anti-CMV antibody clone
CCH2 reacts with a nuclear early antigen and a
nuclear and cytoplasmic late antigen. The anti-CMV
MAB810 antibody reacts with a nuclear immediate
early antigen that is detected throughout the
complete infection cycle. For detection of C4d,
paraffin sections were stained by an indirect
immunoperoxidase technique after antigen retrieval
by pressure-cooking using a polyclonal anti-C4d
antibody (Biomedica, Vienna, Austria). Positive as
well as negative control sections were included in
each test series. In negative control sections,
primary antibodies were replaced by irrelevant
matched monoclonal antibodies or nonimmune
serum as appropriate. Renal biopsies from nontrans-
planted patients (with unrelated pathologies) were
also used as negative controls. Sections showing
chronic gastritis, CMV pneumonia, and acute hu-
moral rejection were used as positive controls for
CD79a, CMV and C4d stainings, respectively. All
sections were examined by two pathologists.

In Situ Hybridization for EBV

In situ hybridization for EBV encoded small RNA
(EBER) was performed on paraffin sections using the
fluorescein-conjugated EBER oligonucleotide probe
(Biogenex, San Ramon, CA, USA)

Statistical Analysis

Results are expressed as mean7s.d. The w2 Fisher
test, Student’s t-test for nonpaired data and Spear-
man’s correlation test were performed for statistical
analysis. Graft survival was calculated by using the
method of Kaplan–Meier. The Wilcoxon test was
used to assess the statistical significance of the
differences in survival.

Results

Histopathological Evaluation of Renal Biopsies

Renal biopsies from 30 renal transplanted patients
undergoing acute rejection were evaluated accord-
ing to the Banff 97 classification. In all, 15 of these
patients experienced CMV or EBV disease at least
once within the first year following transplantation
(group I). The remaining 15 patients showed neither

clinical nor laboratory signs of CMV or EBV disease
within the first year following transplantation
(group II). In group I, eight rejections were type IA
(cases 2, 4, 5, 8, 11, 13, 14, 15) and seven were type
IB (cases 1, 3, 6, 7, 9, 10, 12) (Figure 1a). In group II,
10 rejections were type IA (cases 2, 3, 6, 8, 9,11,12,
13, 14, 15) and 5 were type IB (cases 1, 4, 5, 7, 10). In
neither group did biopsies show intimal arteritis. In
the majority of the patients of group I, a conspicuous
plasma cell infiltrate was present in the interstitium
(Figure 1b). The mean number of plasma cells/20
fields in group I (1707110) was significantly higher
than that observed in group II (1979) (Po0.01). The
number and the distribution of plasma cells/20
fields observed in all patients are shown in Figure
2. Immunohistochemical staining confirmed that
numerous cells were positive for CD79a, a marker
specific for plasma cells and B lymphocytes (Figure
1c). The number of CD79aþ cells/20 fields in group
I (4517332) was significantly higher than that
observed in group II (60737) (Po0.01). In 14 cases
in group I and 14 cases in group II, immunohisto-
chemical staining with anti-C4d antibody was
performed. Only a diffuse and bright staining of
peritubular capillaries was considered positive
(Figure 1d). In group I, five cases were positive
while no positive cases were present in group II
(Po0.05). In 11 cases of group I and in 11 cases of
group II, immunohistochemical staining with two
anti-CMV antibodies (one recognizes a nuclear early
antigen and cytoplasmic late antigen and the other
recognizes a nuclear immediate early antigen de-
tected throughout the complete infection cycle) and
in situ hybridization for EBV EBER were performed
on the renal tissue samples. All cases resulted
negative. In group I laboratory analyses for the
demonstration of CMV or EBV infection, performed
at the time of the rejection biopsy, resulted negative
in 12 cases. In three cases, the laboratory tests for
viral infection were positive. The rejection biopsies
preceded the occurrence of the viral disease in four
cases (range 20–54 days) and followed it in eight
(range 40–309 days).

Evaluation of CMV and EBV Disease in the Patients of
Group I

In group I, the diagnosis of CMV disease was made
in 13 patients when symptoms of the disease were
clinically apparent and one or more cultures from
blood, urine or sputum samples were positive. The
characteristics of these infections (number of infec-
tions, positive samples and antigenemia values) are
shown in Table 1. Only one infection was primary
(case 6). Six patients experienced multiple infec-
tions; in all cases prolonged fever was present. In
some cases, an increased level of serum creatinine, a
slight elevation of hepatic enzymes and moderate
leukopenia were present. In one patient the disease,
evident 73 days after the occurrence of acute
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rejection, was severe. Fever and high antigenemia
levels were associated with severe leukopenia and
high levels of serum creatinine. Immunosuppressive
therapy was withdrawn and the patient developed
vascular acute rejection followed by graft loss. The
diagnosis of EBV disease was made in patients 2 and
5. These patients experienced prolonged fever and
an increase in serum creatinine levels associated
with serological signs of EBV reactivation.

Interestingly, we found a positive correlation
between the number of infections occurring within
the first year following transplantation (ie, year of
the biopsy) and the number of plasma cells present
in the biopsy of the rejections (Spearman’s correla-
tion test, r¼ 0.6, Po0.05).

Figure 1 Renal biopsy: (a) microscopic appearance of acute
tubulointerstitial rejection (case 10) PAS stain (original magnifi-
cation �40); (b) plasma cell infiltrate (case 10) (original
magnification � 80); (c) CD79a-positive cells (case 10) (original
magnification �80); (d) C4d deposition in peritubular capillaries
(case 2) (original magnification �80).

Figure 2 Distribution of plasma cells in group I (circles) and in
group 2 (squares) cases. The mean number of plasma cells/20
fields in group I (1707110) was significantly higher than that
observed in group II (1979) (Po0.01). Cases 2 and 5 correspond
to patients with EBV infection. Closed circles corresponding to
patients with two or more CMV infections, and to patients with
C4d-positive staining are highlighted with open diamonds and
with arrows, respectively.

Table 1 Characteristics of CMV infections

Case Infections Positive samplesa Antigenemiab

1 2 3 1 2 3

1 1 u
3 1 u
4 2 u,s u,s
6 3 b,s,u b b,s 150 110 75
7 2 s s
8 1 b,s 1000
9 3 b b,s,u b 7 350 18

10 2 b b 350 72
11 1 b 110
12 1 b 75
13 1 b 500
14 1 b 1000
15 1 b 1000

a

b, blood; s, sputum; u, urine.
b

Number of p65 positive cells per 200 000 leukocytes.
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Evaluation of Clinical Data and Outcome

Although rejections in both groups of patients were
early, the timing of rejections in group I was
significantly later (mean 85.57100.1 days) than that
observed in group II (mean 27.2741.8 days)
(Po0.05). The number of rejections in group I
(271.1) was significantly higher than that observed
in group II (1.370.5) (Po0.05). In group I, 7/15
patients developed chronic/sclerosing allograft ne-
phropathy vs 1/15 patients in group II (Po0.05).
There was a significant difference between the graft
survival rate among the patients of the two groups
(Po0.05) (Figure 3). In group I, estimated 1-, 5- and
8-year cumulative survival rates were 80, 66 and
57%, respectively. Graft loss occurred in six
patients; it was due to chronic/sclerosing allograft
nephropathy in five cases, and in one case to
vascular acute rejection, following the withdrawal
of the immunosuppressive therapy. In group II, the
estimated 8-year cumulative survival rate was
100%. There were no significant differences be-
tween group I and group II in terms of age
(38.1710.1 vs 37.4713.0 years), male/female ratio
(8/7 vs 11/4), living/cadaveric donor ratio (3/15 vs
2/15), cold ischemia time (1075 vs 1276 h), HLA A-
B matching (2.770.97 vs 2.570.96), occurrence of
post-transplant tubular necrosis (3/15 vs 2/15),
plasma levels of cyclosporin A (277785 vs
326796 ng/ml), and mean percent increase of serum
creatinine at the time of the biopsy (27 vs 19%).

Discussion

In acute rejection biopsies of renal transplanted
patients experiencing CMV or EBV disease in the

year of the rejection, the number of plasma cells
infiltrating the interstitium was higher than in acute
rejection biopsies of patients without infections. In
addition, there was a positive correlation between
the number of infections and the number of plasma
cells suggesting that a high number of plasma cells
could be a sign of recurrent herpes virus infections.
Reduced graft survival due to chronic allograft
nephropathy was observed in the group of patients
with infections, in line with the data in the literature
suggesting that viral infections increase the risk of
chronic allograft nephropathy.22–25 Our results are
also in agreement with the observation that a high
number of plasma cells in acute rejection biopsies is
associated with a poor prognosis, due to the
occurrence of chronic allograft nephropathy.47 How
viral infections are involved in the development of
chronic allograft nephropathy is not yet understood.
We, as many other authors,4–9 have observed that the
number of acute rejections in renal transplanted
patients with infections is higher than in patients
who do not undergo infections. The occurrence of
acute rejections is known as a risk factor for
development of chronic allograft nephropathy.48–50

Interestingly, the study by Humar et al24 showed
only CMV disease associated with acute rejection to
be a risk factor for the development of chronic
allograft nephropathy. Moreover, in the presence of
acute rejection, CMV had an additional detrimental
effect that could not be completely accounted for by
the severity of the rejection or by the type of therapy.
In transplanted patients, CMV can trigger the
formation of a variety of auto-antibodies.26–29 Among
these, the anti-endothelial cell antibodies have been
proposed to play a role in the development of
antibody-mediated rejections both in heart and renal
transplantation.33–37 In our study, a diffuse and
intense C4d deposition was present in five cases of
the group of patients with viral infections but in
none of the cases of group II. This suggests the
presence of an antibody-mediated component in
these rejections, although, unfortunately alloanti-
body assessment of patient serum samples obtained
at the time of biopsy could not be performed. Three
of the five patients with C4d positive rejections
developed chronic allograft nephropathy followed
by graft loss. It has been suggested that antibody-
mediated reactions contribute to the development of
chronic allograft nephropathy40–42 and, in these
cases, a more aggressive and specific antirejection
therapy has been proposed.38,39 The absence of an
appropriate therapy may have also contributed to
the poor graft survival observed in group I. In a
previous study, the occurrence of a bacterial or viral
infection within 2 weeks before a renal biopsy was
not significantly associated with C4d deposition.38

Whether an antibody-mediated component in acute
rejection could have an additional detrimental effect
on patients with herpesvirus infections needs to be
further investigated. In agreement with a study
showing the association of CMV infection with the
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Figure 3 Kaplan–Meier analysis of graft survival in group I (cases)
and group 2 (controls) patients. The estimated 1-, 5- and 8-year
cumulative survival rates in group I were 80, 66 and 57%,
respectively, while in group II the 8-year cumulative survival rate
was 100%. There was a significant difference between the rate of
graft survival among the patients of the two groups (Wilcoxon test
Po0.05).
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development of acute rejections9 and with studies
concerning acute rejections with a high number of
plasma cells,47,51 we did not find evidence of CMV or
EBV virus in the renal biopsies. This suggests that
the viruses could have influenced the histology of
the rejection in an indirect manner. CMV and EBV
infections are associated with B lymphocyte activa-
tion and proliferation.10,11 In addition, in renal
transplanted patients with CMV infection, an early
transient increase in peripheral B lymphocyte levels
has been documented.12 A soluble factor that could
mediate, at least partially, these viral effects is IL10,
a cytokine that induces B lymphocyte proliferation
and differentiation in plasma cells.52 IL-10 has been
detected in the plasma of renal transplanted patients
with symptomatic or asymptomatic CMV infec-
tion.53 It is measurable in plasma in more than
50% of the patients with EBV-induced acute
infectious mononucleosis and in chronic active
EBV infection.54,55 EBV induces the transcription of
human IL-10 early and late during the viral
productive cycle, and during latency.56–59 Moreover,
both CMV and EBV encode and express biologically
functional IL-10 homologous proteins.55,60–62 Thus,
it is tempting to speculate that viral and human IL-
10 in plasma could affect the composition of
inflammatory infiltrates in allografts in case of acute
rejection.

In conclusion, our study confirms that renal
transplanted patients experiencing viral diseases
undergo chronic allograft nephropathy and reduced
graft survival more frequently than patients without
viral infection. We have shown for the first time that
a high number of plasma cells in the interstitium
and a C4d deposition in the peritubular capillaries
of the graft may be present in patients experiencing
viral infections. These data suggest that in some of
these patients B lymphocytes may play a role in
aggravating the injury caused by acute rejection.
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