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Abstract
Cytomegalovirus (CMV) infection is a risk factor for acute and chronic rejection of transplanted organs. We evaluated, using immunohistochemistry, the presence 
of CMV pp65 matrix protein in cardiac allografts and its association with acute rejection. CMV pp65 was found in 83/88 (94%) endomyocardial biopsies obtained 
from 35 patients and the presence of CMV was confirmed in selected patients by a nested polymerase chain reaction (PCR) assay. Although no association was found 
between CMV pp65 levels and rejection grade, high CMV pp65 levels preceded acute rejection episodes (p=0.001) indicating a possible role for CMV intra graft 
infection in the pathogenesis of allograft rejection.

Background
Human cytomegalovirus (CMV) establishes latency and persistence 

following a primary infection. In immunocompetent patients the 
infection is generally subclinical but it poses serious problems in 
immunocompromised patients. In response to a host inflammatory 
response, latently infected monocytes differentiate into macrophages, 
enabling reactivation and replication of CMV. Through its extensive 
immunomodulatory capacities, CMV can induce and sustain an 
inflammatory response, thereby prolonging the viral replication period 
(reviewed in [1]). 

CMV infection has been associated with acute and chronic graft 
rejection which is believed to involve indirect immune mediated 
effects of CMV, since an active CMV infection within the graft is rarely 
detected [2]. Other long-term complications post transplantation, 
such as increased risk of bacterial and fungal infections, cardiovascular 
disease, diabetes, and malignancies have also been associated with 
CMV infection [1]. 

Various CMV mechanisms have been suggested to be involved 
in allograft damage. CMV can infect a range of cell types and can by 
lytic infection cause direct tissue damage. A majority of the over 160 
proteins produced by CMV are devoted to help the virus co-exist with 
its host by controlling cellular and immunological functions [1]. More 
recently it has been shown that 751 unique CMV proteins are translated 
in infected cells, reflecting the complexity of this virus [3]. Importantly, 
CMV replication relies on inflammation, and the virus can induce 
an inflammatory response via induction of cyclooxygenase-2 and 
expression 5-lipoxygenase [1], potentially contributing to allograft 
damage. Cellular differentiation, migration, proliferation, and 
angiogenesis, are all affected by CMV [1] and may contribute to disease 
pathology in the graft. 

Clinical interventional studies suggest a pathophysiological role 
for CMV infection in cardiac allograft rejection. In several studies 
of pre-emptive versus prophylactic anti-CMV treatment strategies, 
asymptomatic CMV replication in peripheral blood had predictive 
value for cardiac allograft vascular pathology (CAV) [4,5], a major 

cause of early and late heart transplant failure. Aggressive anti-CMV 
prophylaxis reduces the risk of acute rejection and CAV [6]. Animal 
model studies have also provided support for CMV as a strong 
pathogenic cofactor in allograft rejection [7].  Although CMV infection 
is associated with acute and chronic rejection in organ transplant 
recipients, the virus has been difficult to detect in affected organs [2] 
and thus it is unclear whether CMV infection is causative or merely 
represents an epiphenomenon. Immunohistochemical analysis of 
tissue biopsies for infectious organisms, including CMV, has been 
of great value in transplant pathology [8]. In a recent study, using 
sensitive detection techniques, we show that CMV proteins are present 
in a majority of renal allografts and that high intragraft CMV protein 
levels are associated with reduced allograft survival [9]. In this study 
we sought to evaluate the presence and significance of CMV protein 
expression in cardiac allografts.

To address this issue, we analyzed endomyocardial biopsies of 
cardiac allografts for presence of the CMV pp65 matrix protein. CMV 
pp65 was found in a vast majority of the endomyocardial biopsies and 
although it did not correlate with ISHLT rejection grade, high CMV 
pp65 intra-graft levels more frequently preceded an acute rejection 
episode (p=0.001). Our findings support a direct role for CMV 
infection in allograft damage.

Methods
Patients

Eighty-six paraffin-embedded endomyocardial heart transplant 
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biopsy specimens were collected from the 35 patients who received 
cardiac allografts at the Silesian Centre for Heart Disease in Zabrze, 
Poland, between 1998 and 2001 (Supplement Table 1). The mean 
age at transplantation was 35.7 ± 18.3 and 27 of the patients (77%) 
were males. Congestive cardiomyopathy and ischemic heart disease 
were the dominating primary heart diseases affecting 43% and 34% 
of the patients respectively. A vast majority of the patients received 
a triple-drug regimen for systemic immunosuppression consisting of 
mycophenolate mofetil, cyclosporine A and prednisone. We did not 
know the CMV serological status of donors and recipients, but all 
patients received ganciclovir (5 mg/kg i.v.) during the first 28 days 
after transplantation as CMV prophylaxis. Rejection was scored from 
0 to 4: 0 - normal myocardium; 1 – focal/diffuse lymphocytic infiltrate 
without myocardial damage; 2 – single lymphocytic infiltrate and/or 
myocyte injury; 3 – diffuse/ multifocal lymphocytic infiltrates with 
myocyte damage or necrosis; 4 - diffuse polymorphous infiltrate with 
necrosis; by a pathologist in accordance with the 1990 criteria of the 
International Society for Heart & Lung Transplantation (ISHLT) [10]. 
The ethics committee at the Karolinska University Hospital (2008/518-
31) approved the study.

Immunohistochemistry stainings

Paraffin sections were dewaxed, hydrated, and digested with 
pepsin; subjected to antigen retrieval in citrate buffer; and treated 
with hydrogen peroxide, avidin, biotin (DakoCytomation, Glostrop, 
Denmark), and Fc receptor block (Innovex Biosciences, Richmond, 
CA). Sections were incubated with mouse monoclonal IgG2a antibodies 
specific for the CMV protein pp65 (BioGenex, San Ramon CA) and 
with mouse monoclonal IgG2a antibodies specific for keratin 20 and 
von Willebrand factor (vWf) (both from DakoCytomation, Glostrop, 
Denmark), which also served as an isotype control. Positively stained 
cells were visualized with a horseradish peroxidase detection system 
(BioGenex, San Ramon CA) and the chromogen diaminobenzidine 
(Innovex Biosciences, Richmond, CA). The CMV positive cells were 
counted and the CMV infection level in the biopsies was scored on 
a five-point scale according to the percentage of CMV-positive cells 
among all cells: 0 (0%), 1 (≤25%), 2 (26–50), 3 (51–75%), and 4 (≥75%).

CMV PCR assay

CMV DNA was extracted with the PicoPure DNA extraction kit 

(Molecular Devices, Sunnyvale, CA) and analyzed with a nested PCR 
assay using primers specific for the CMV major immediate-early (MIE) 
and pp150 genes, as described [11]. PCR products were separated on 
1.5% agarose gels. The sample was considered positive if at least one of 
the triplicates was positive for MIE or pp150 [11]. 

Statistical analysis

Differences in the distribution of categorical variables were assessed 
using Fisher’s exact test. A p value <0.05 was considered significant. 

Results
CMV pp65 immunoreactivity was found in 83 biopsies (94%). 

Inflammatory cells, small-vessel endothelial cells and cardiomyocytes 
were most frequently infected (Figures 1A-1F). DNA from six biopsies 
from six patients, one negative and five positive for CMV pp65 by 
immunohistochemistry, was analyzed with a nested PCR assay. CMV 
MIE or pp150 was detected in all six biopsies (data not shown). CMV-
positive cells were counted and the percentage of infected cells was 
obtained. No association was found between the CMV pp65 infection 
grade and ISHLT rejection grade (p=0.88) (Figure 2A). 

To determine if the CMV pp65 intra-graft level is of potential 
prognostic value for an acute rejection episode (defined as ISHLT 
rejection grade ≥3), CMV pp65 levels were compared in patients where 
sequential biopsies were available (n= 19). Nine patients experienced 
an acute rejection episode while ten did not. The predictive value of 
CMV pp65 in acute rejection biopsies was not assessed and they 
were excluded from the analysis. In the rejection group, in median 
four biopsies per patient were obtained in median over 25 months; 
in the non-rejection group, three biopsies per patient were obtained 
in median over 18 months. The CMV pp65 intra-graft levels in the 
biopsies just prior to an acute rejection episode were frequently higher 
than the CMV pp65 intra-graft levels in biopsies that were not followed 
by an acute rejection episode (p=0.001) (Figure 2B). The median CMV 
pp65 infection grade was 2 in biopsies prior to a rejection episode while 
the median CMV pp65 infection grade was 1 in biopsies that were not 
followed by an acute rejection episode. 

Discussion
Our findings are consistent with the recently reported incidence of 

 
Figure 1. Endomyocardial biopsy with high (A) and low (B) CMV pp65 positivity. A magnification of the boxed area showing scattered CMV pp65 expressing cells (C). Five endomyocardial 
biopsies were negative for CMV pp65 (D). The positive control was vWf (E) while keratin 20 (F) was used as a negative control. 
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active CMV infection in >90% of heart transplant patients, in whom 
CMV DNA was detected in polymorphonuclear leukocytes despite 
antiviral prophylaxis [5]. These observed differences in the prevalence 
of CMV infection amongst various studies clearly reflects the different 
methods used, and most likely explain why the virus has been difficult 
to detect in the graft.

Presence of CMV intra-graft infection may be harmful to the graft 
and may also lead to a clinical CMV infection. CMV infection increases 
the risk for long-term complications, such as acute and chronic 
graft rejection, cardiovascular disease, post-transplant diabetes, and 
malignancies. In heart transplant patients, CMV increases the risk 
for transplant vascular pathology [12,13]. Moreover, heart transplant 
patients who are positive for CMV IgG and IgM have thicker 
plaques and more advanced calcified lesions [13]. In addition, CMV 
pp65 antigenemia is associated with lumen loss at 12 months after 
transplantation [4]. Aggressive prophylaxis against CMV, including 
addition of CMV immunoglobulin to antiviral prophylaxis, reduced 
the number of rejection episodes in heart transplant patients [6,14], 
whereas pre-emptive treatment against CMV prevents CMV disease 
but not acute rejection in solid organ transplant recipients [15,16]. 
In analogy with this addition of CMV immunoglobulin to antiviral 
prophylaxis has been shown to reduce the risk of bronchiolitis 
obliterans in lung transplant recipients [17].

Early T-cell control of asymptomatic CMV replication prevents 
CMV viremia, acute rejection, and coronary artery lumen loss [18]. 
Importantly, control of CMV infection also improves long-term 
graft outcome. Patients receiving prophylaxis against CMV have 
a significantly lower incidence of chronic rejection at 5 years after 
transplantation [19]. Thus, CMV is a very common pathogen that 
places heart transplant patients at high risk for complications.

In our study, CMV pp65 levels did not correlate with rejection 
grade but patients experiencing an acute rejection had more often 
higher levels of CMV pp65 in their graft prior to an acute rejection 
episode (p=0.001). In transplant patients, monitoring of CMV pp65-
antigenemia results in earlier initiation of antiviral treatment than 
monitoring of CMV DNAemia [20]. Our findings support the notion 
that CMV pp65, a matrix protein found in viral particles, is an early 
sign of an active CMV infection affecting the graft. Additional studies 
of more patients, with more frequent endomyocardial biopsies, 
are needed to confirm that presence of high levels of CMV pp65 in 
endomyocardial biopsies can identify patients at high risk of rejection 
episodes at an early stage. 

The CMV serological status of our patients was not available, 
but all received CMV prophylaxis for 28 days after transplantation. 

Nevertheless, the effects of antiviral treatment on the intragraft CMV 
infection in our study are unclear. Although CMV prophylaxis reduces 
acute disease and CMV replication, subclinical CMV infection remains 
[5]. Our findings support that viral treatment does not eradicate 
intragraft CMV infections.

Numerous studies support a role for CMV infection in CAV. 
Nevertheless, several clinical and experimental studies have also 
failed to confirm the association between CMV infection and CAV 
and therefore the role of CMV infection in this process remains 
inconclusive. Our findings suggest that the difficulty of linking CMV 
to CAV may reflect differences in the methods used to detect CMV 
in tissue samples and that direct effects of CMV may be involved in 
cardiac allograft damage. The complexity of allograft rejection and 
the impact of immunosuppressive drugs and CMV infection on that 
process require further elucidation. 

In summary, using immunohistochemistry, we found that the vast 
majority of cardiac transplant patients have CMV pp65 in the cardiac 
allograft and that the presence of high levels of CMV pp65 precedes 
acute rejection episodes. Further studies are needed to evaluate the 
clinical value of using immunohistochemistry for CMV pp65 to 
monitor heart transplant patients.
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