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Cytomegalovirus infection-associated 
generalized immune activation in heart 
allograft recipients: a study of cellular 
events in peripheral blood and 
endomyocardial biopsy specimens 

Abstract An association between 
cytomegalovirus (CMV) infection, 
heart allograft rejection, and arte- 
riosclerosis has been reported. To in- 
vestigate the mechanisms of this as- 
sociation, the cellular immune re- 
sponse in peripheral blood and the 
inflammation in heart allografts dur- 
ing antigenemia were studied. CMV 
antigenemia occurred in 13 recip- 
ients. In recipients with severe 
CMV infection, a significantly 
weaker immune response was re- 
corded in peripheral blood: fewer 
lymphoid blast cells ( m a .  2.4% k 
0.4 YO ) and large granular lympho- 
cytes (LGL; max. 9.3 YO f 1.4%) 
were seen than in patients with mild 
or asymptomatic CMV infection 
(lymphoid blast cells max. 6.5 YO f 
0.8 YO P < 0.01 and LGLs max. 
20 % f 2.3 YO, P < 0.05). Thus, a 
strong immune response with lym- 
phoid activation was associated with 

clinically good outcome of CMV in- 
fection. In heart allograft histology, 
subendothelial inflammation of 
small intramyocardial vessels was a 
characteristic finding during CMV 
antigenemia compared to CMV-free 
recipients (at the peak P < 0.01). 
However, no difference in this mild 
and short-lived inflammatory re- 
sponse was observed between clini- 
cally mild or severe CMV infection. 
The CMV-linked generalized im- 
mune activation and inflammation 
of the vascular structures might con- 
tribute to the initiation of allograft 
vasculopathy and to the pathogen- 
esis of chronic heart allograft rejec- 
tion. 
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Introduction 

Cytomegalovirus (CMV) infection is one of the major 
complications during the 1st postoperative months after 
heart transplantation andis associatedwith increasedmor- 
bidity and mortality in allograft recipients [6,9]. The major 
host immune response to CMV infection is mediated by 
cellular immunity and lymphoid cell activation [21]. Re- 
cently, increasing evidence has been reported indicating 
that CMV has a role in the generation of heart allograft re- 
jection and arteriosclerosis [S, 17,181. 

Rapid diagnostic laboratory methods to detect CMV 
have been developed and the antigen detection methods 

are commonly used in the diagnosis of CMV infection. 
The antigenemia test correlates well with active infection 
[2] and clinical CMV-related manifestations [16] and en- 
ables one to monitor the exact onset and duration of ac- 
tive CMV infection, as well as the immunologic response 
to the viral antigens. 

We have previously demonstrated that histological al- 
terations in the vascular wall can be quantitated on endo- 
myocardial biopsy specimens of human heart allografts 
[14]. CMV infection was associated with an accelerated 
form of graft arteriosclerosis as assessed from intra- 
myocardial vascular wall changes. These histological 
changes correlated well with intense lesions of CMV-in- 
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Fig. 1 Mean number of leukocytes positive for CMV-specific anti- 
gens per 50000 leukocytes in relation to onset of CMV antigenemia. 
Asymptomatic or mild symptomatic CMV infection, severe sympto- 
matic CMV infection. Burs indicate SEM 

fected recipients, as demonstrated by coronary angiog- 
raphy [15]. 

This communication describes the cellular immune ac- 
tivation in peripheral blood associated with CMV anti- 
genemia and how the intensity of this immune response is 
associated with the severity of clinical CMV infection in 
heart transplant recipients. In addition, the CMV infec- 
tion-linked inflammation in the vascular structures of en- 
domyocardial biopsies is quantitated and the possible role 
of this vascular wall inflammation on the pathogenesis of 
heart allograft arteriosclerosis is emphasized. 

Patients and methods 

Patients 

Since the method for detecting CMV-specific antigens in blood leu- 
kocytes became available, 68 heart allograft recipients have been 
monitored for CMV antigenemia. Seventeen recipients were CMV- 
seronegative and 47 seropositive before transplantation, and in four 
patients the preoperative serostatus was unknown. The basic immu- 
nosuppression consisted of cyclosporin A, prednisolone, and aza- 
thiopnne in all recipients. Antithymocyte globulin (ATG) wasgiven 
for 3 days postoperatively. Rejection episodes were diagnosed by 
endomyocardial biopsy (EMB) histology [3] and treated with 
methylprednisolone (MP), ATG, or both. CMV hyperimmune glo- 
bulin prophylaxis (Cytotect, 1 ml/kg per day) was preoperatively 
given for CMV-seronegative patients. Also, all patients received 
acyclovir prophylaxis (600 mg/day p. 0.). against herpes virus infec- 
tions for the first 3 months. In cases of severe symptomatic CMV in- 
fection, gancyclovir (10 mg/kg per day; Cymevene, Syntex, Palo 
Alto, Calif., USA) was administered. 

CMV infection was defined as a positive CMV antigenemia test 
from peripheral blood. Severe symptomatic CMV infection was 
defined as the occurrence of a positive CMV antigenemia test 
together with two or more of the following sym toms: fever 
( > 37.5-C), leukopenia (white blood cells < 3.0 x 10'/l), thrombo- P 

cytopenia (platelets < 100 x 1Oy//1), hepatopathia (rise in transami- 
nases, serum alanine aminotransferase > 50 U/ml), arthralgia, gas- 
troenteritis, or pneumonia (infiltrates on roentgenogram, positive 
BAL culture). 

CMV-free patients who underwent an inflammatory episode of 
acute rejection were used as a reference group. An additional ten re- 
cipients with an uncomplicated postoperative course were used as a 
control group. 

Blood specimens 

Altogether, 137 blood specimens were analyzed. Specimens were 
obtained weckly during the patients' hospital stay, normally for 
3 weeks, and thereafter every 3 weeks for the first 6 post-transplant 
months. Red blood cells were lysed and specimens were cytocen- 
trifuged onto microscope slides and stained with May-Grunwald- 
Giemsa (MGG). Differential counts were made of all leukocytes 
and subsequently the number of various types of lymphoid cells was 
counted separately according to cytologic criteria. Lymphocytes 
were classified as either lymphoid blasts, activated lymphocytes, 
large granual lymphocytes (LGL), or small lymphocytes [ l l ] .  

Demonstration of CMV antigenemia 

For the detection of CMV in blood leukocytes, a modification of the 
original method was used [?I. To demonstrate the presence of CMV- 
positive cells in the leukocyte preparations, a three-layer indirect 
immunoperoxidase technique and a monoclonal antibody against 
CMV-specific antigens (Biotest Pharma, Clonab, Frankfurt, Ger- 
many) were used. A peroxidase-conjugated rabbit anti-mouse anti- 
body (Dako, Copenhagen, Denmark) and a peroxidase-conjugated 
goat anti-rabbit antibody (Tago, Burlingame, Calif., USA) were 
used as second and third antibodies. The reaction was revealed by a 
3-amino-9-ethyl carbatzole (AEC) solution containing hydrogen 
peroxide. Mayer's hemalum was used for counterstaining. The anti- 
genemia level was expressed as the number of CMV-positive cells 
per 50,000 leukocytes, as demonstrated previously "1. In addition to 
the demonstration of CMV antigenemia, cultures from blood and 
urine were taken, together with CMV serology. 

Endom yocardial biopsies 

Altogether, 160 EMBs were quantitated concomitantly with blood 
specimens. Approximately 3 4  endomyocardial fragpents per bi- 
opsy were obtained using the 7-F bioptome. EMBs were performed 
weekly for the first 3 weeks, thereafter tyice a month during months 
1-3, and then at monthly intervals until the 6th postoperative month. 
Specimens were fixed in 10 % buffered formalin, processed routine- 
ly, and stained with Masson's trichrome, hematoxylin and eosin, to- 
luidine blue, and Una Pappenheim (UP). The slides were reviewed 
by two observers independently of blood specimens. Attention was 
focused on inflammation in the vascular wall and in the perivascular 
space of small intramyocardial vessels. 

Intensity und cell components of inflammation 

The intensity of inflammation in allografts was scored semiquantita- 
tively from 0 to 3 with0 beingnormal, 1 mild,? moderate and 3 severe. 
Both mononuclear and polymorphonuclcar inflammatory cells 
were studied. Subclasses of mononuclear cells were identified ac- 
cording to cytologic criteria. Pyroninophilic cells were identified as 
enlarged, activated mononuclear cells thatstainedpositivelywith UP. 
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Fig.2A-D Relative number ( Y o )  of various inflammatory cells in 
blood in relation to the onset of CMVantigenemia: A total lympho- 
cyte count B lymphoid blasts, C stimulated lymphocytes D large 
granular lymphocytes. The framed area represents the mean values 
k SEM of patients with an uncomplicated postoperative course 
from the 1st to the end of the 3rd postoperative month 

Site of inflammation 

Subendothelial inflammation was identified when inflammatory 
cells were detectable in the subendothelial space of the vessel wall. It 
was scored mild with 2-3, moderate with 4-5, and severe with more 
than 5 mononuclear inflammatory cells per vessel cross-section. 
Perivascular inflammation was scored mild when there were groups 
consisting of 1 &20 inflammatory cells per perivascular infiltrate, 
and moderate to severe with groupsconsisting of 2&30 to more than 
30 inflammatory cells per perivascular infiltrate, or when fingerlike 
projections of inflammatory cells were identified between the 
myocytes. 

" 
- 4  - 2  0 + 2  + 4  

D Time/weeks 

Statistical methods 

Data were expressed as mean ? SEM if not otherwise indicated. For 
comparison of data, Student's two-tailed ?-test and the Mann-Whit- 
ney U-test, corrected for ties, were used. A Pvalue less than0.05 was 
considered significant. 

Results 

CMV infections 

Altogether, 28 patients had CMV infection. To exclude 
the possible rejection-associated findings, 15 recipients 
with combined CMV infection and rejection were ex- 
cluded from the study. Thirteen patients demonstrat- 
ed CMV-specific antigens in blood samples 58 f 60 
(mean f SD) days postoperatively. Four patients de- 
veloped a severe symptomatic CMV infection and also 
high CMV antigenemia levels (750 * 290; duration 52 k 
26 days; mean k SD, Fig. 1). and had to be treated with 
gancyclovir. Of these four severe symptomatic CMV in- 
fections, one was a primary infection and three reactiva- 
tionsh-einfections. The remaining nine recipients had 
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Fig.3A-D Relative number ( Y O )  of various inflammatory cells in 
blood in relation to the onset of CMV antigenemia. Patients with 
asymptomatic/mild symptomatic CMV infection ( A )  and with 
severe symptomatic CMV infection (S). A Total lymphocyte count, 
B lymphoid blasts C stimulated lymphocytes D large granular lym- 
phocytes, Theframed urea represents the mean values * SEM of pa- 
tients with an uncomplicated postoperative course from the 1st to 
the end of the 3rd postoperative month 

clinically mild CMV infections (CMV antigenemia level 
250 f 430; duration 30 f 43 days: mean f SD, Fig. 1). Of 
these nine mild CMV infections, three were primary in- 
fections and five reactivationheinfections; in one recip- 
ient the preoperative CMV serostatus was unknown. 

Immune response in peripheral blood 
during CMV antigenemia 

The cellular immune responses of all the CMV antigene- 
mia patients are summarized in Fig. 2. Despite lympho- 
penia ( < 15 Yo), a substantial activation of lymphocytic 

C 

- 4  - 2  0 + 2  + 4  

D Time/weeks 

series occurred. At the onset of antigenemia, a rapid peak- 
ing of lymphoid blasts (max. 5.2 YO f 0 . 8  %) was recorded. 
The number of activated lymphocytes (rnax. 15% f 
2.1 % )  and LGLs (max. 16% f 2 . 4  YO) rose substantially 
during the course of follow-up. 

A striking difference in the immune responses of pa- 
tients developing a severe CMV infection w%s recorded 
compared to those of patients wit) mild or asymptomatic 
infection (Fig. 3). A prominent immune response with 
lymphoid activation was associated with mild or asymp- 
tomatic CMV infection. The outbreak of severe CMV-re- 
lated manifestations was linked to failing lymphoid acti- 
vation in the blood. In patients who developed severe 
CMV infections, there was a significantly lower lymphoid 
blast cell peak (rnax. 2.4% f 0.4%) at the onset of anti- 
genemia than in patients with asymptomatic or mild in- 
fection (max. 6.5 YO f 0.8%; P < 0.01). Also, significantly 
lower LGL levels were recorded in patients with severe 
CMV infection (max. 9.3 YO f 1.4 YO) than in patients with 
mild or asymptomatic CMV infection (max. 20% k 
2.3 Yo; at the peak, P < 0.05). 
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Fig.4A-D Relative number ( % )  of various inflammatory cells in 
blood in relation to the onset of acute rejection: A total lymphocyte 
count B lymphoid blasts C stimulated lymphocytes D large granu- 
lar lymphocytes. The framed area represents the mean values + 
SEM of patients with an uncomplicated postoperative course from 
the 1st to the end of the 3rd postoperative month 

Immune response in peripheral blood 
during acute rejection 

Peripheral blood samples of nine patients with acute re- 
jection were analyzed. The acute rejection episodes were 
all mild - grades 1A or 1B - and appeared 61 f 65 
(mean k SD) days postoperatively. Figure 4 presents the 
cellular immune responses of rejection patients. The 
overall number of lymphoid cells rose at the onset of re- 
jection. The pattern of increased numbers of blast cells 
and activated lymphocytes was similar to, but milder 
than, that during CMV infection. The number of LGLs 
remained at a clearly lower level than during CMV in- 
fection. 

I 

C 

I *= 

I 0  
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Inflammation in the graft during CMV antigenemia 

In heart allograft histology, the inflammatory profiles of 
13 episodes of CMV antigenemia were analyzed semi- 
quantitatively (Fig. 5 ) .  Inflammation in the subendothe- 
lial space of the vascular wall, consisting of monbnuclear 
inflammatory cells, was characteri tic finding during 
CMV antigenemia (Fig. 6) as compared to CMV-free bi- 
opsies (at the peak, P <0.01). Both small lymphocytes 
and a few enlarged, active lymphocytes that stained posi- 
tively with UP were identified. 

Polymorphonuclear leukocytes were not seen in the 
subendothelium. The mean intensity of subendothelial in- 
flammation, although mild, demonstrated a clear peak 
(score 0.8 k 0.1) at the onset of antigenemia and declined 
thereafter. However, no difference in this mild inflamma- 
tory response between patients with asymptomatic/mild 
or severe CMV infection could be demonstrated. Inflam- 
mation peripheral to the vascular wall was not associated 
with CMV infection, as the scores of perivascular inflam- 
mation did not significantly differ from those of control 
biopsies. Perivascular infiltrates consisted mainly of small 

B 
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Fig.5 A Subendothelial inflammation consisting of small lympho- 
cytes (Iv) and enlarged, active lymphocytes (UP+ ) in relation to the 
onset of CMV antigenemia in CMV patients. B Subendothelial in- 
flammation consisting of small lymphocytes ( Iv )  and enlarged, active 
lymphocytes (UP + ) in relation to the onset of acute rejection in re- 
jection patients. C Perivascular inflammation consisting of small 
lymphocytes (Iv) and enlarged, active lymphocytes ( U P  + ) in rela- 
tion to the onset of CMV antigenemia in CMV patients. D Perivas- 
cular inflammation consisting of small lymphocytes (Iv) and en- 
larged, active lymphocytes (UP+ ) in relation to the onset of acute 
rejection in rejection patients. The framed area represents the mean 
values + SEM of patients with an uncomplicated postoperative 
course from the 1st to the end of the 3rd postoperative month 

Inflammation in the graft during acute rejection 

Only a few biopsies of rejection patients had lympho- 
cytes in the vascular walls, none of which stained posi- 
tively with UP (Fig. 5) .  Thus, subendothelial inflamma- 
tion was not characteristic of rejection episodes when 
compared to biopsies of CMV patients (at the peak, 
P < 0.01). At the onset of rejection, every biopsy had 
perivascular infiltrates consisting of small lymphocytes 
and enlarged, active lymphocytes extending between the 
myocytes (Fig. 5). The scores of perivascular inflamma- 
tion were significantly higher among rejection patients 
than among CMV patients (at the peak, P < 0.05). 

lymphocytes (Fig. 6). Few UP-positive lymphocytes and 
scattered polymorphonuclear leukocytes were seen. 
Besides inflammation, the characteristic vascular wall his- 
tology in biopsies of CMV patients demonstrated an accu- 
mulation of Plump endothelial cells when compared with 
the vessels of CMV-free biopsies (not significant). 

In general, lymphoid activation in blood, recorded as in- 
creased numbers of blast cells, activated lymphocytes, and 
LGL cells, was seen during active CMV infection. Natural 
killer (NK) cells, morphologically LGLs, are important in 
the immunologic destruction of the virus [4]. Previous 
studies of transplant patients have shown that normal or 
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increased NK-cell activity is associated with improved 
rates of survival from CMV infection [20,22]. 

The severity of clinical CMV infection was associated 
with the intensity of cellular immune activation in the 
blood. An impaired lymphoid blast and LGL cell re- 
sponse was recorded in patients who developed severe 
symptomatic CMV infections and had to be treated with 
antivirals. In CMV-infected monocytes, depressed pro- 
duction of IL-1 has been described [24]. Recently, a new 
monokine - IL-1-receptor antagonist (IL-lra) - has been 
reported, which is secreted by human monocytes [S ,  121. 
IL-lra downregulates IL-1 beta generation and, thus, the 
inhibitory effect of this monokine could play an important 
role in controlling the T-lymphocyte and NK-cell activa- 
tion during immunity and inflammatory processes [5]. 
During severe clincial CMV infection, impaired IL-1 pro- 
duction could lead to disturbed T-cell and NK-cell activa- 
tion. 

In parallel, we investigated the inflammation associ- 
ated with CMV antigenemia in the EMB histology. The 
analysis revealed that subendothelial inflammation was a 
typical feature of active CMV infections, as compared to 
CMV-free recipients ( P  < 0.01 ). The inflammatory infil- 
trate of acute rejection was more peripheral to the vessels 
and did not obscure the findings characteristic of CMV in- 
fection ( P  < 0.01). This subendothelial inflammatory re- 
sponse, previously reported in large epicardial arteries, 
has been linked to acute vascular rejection in CMV-in- 
fected heart transplant patients [19]. This kind of suben- 
dothelial inflammation was also present in the small intra- 
myocardial vessels during CMV antigenemia. The inflam- 

Fig.6 A Subendothelial in- 
flammation of mild intensity 
consisting of small lympho- 
cytes (arrow heads) in the 
subendothelial space of a 
small edemic intramyocardial 
vessel during CMV infection 
(Toluidine blue stain z 1000). 
Thin urrow shows smooth 
muscle cells. B Subendothe- 
lial inflammation of mild in- 
tensity and perivascular in- 
flammation of mild intensity 
consisting mainly of small lym- 
phocytes during CMV infec- 
tion (Masson's trichrome 
stain Y 400). Lumens of vessels 
marked with empty urrows 

mation is obviously associated with the virus and may lead 
to vessel wall damage and increased prevalence of cardiac 
allograft arteriosclerosis, as reported in CMV patients [8, 
15,17, 181. 

In this study we found a correlation between the inten- 
sity of the immune response in peripheral blood and re- 
covery from CMV infection. We also found an association 
between this immune response and vascular wall pathol- 
ogy in the biopsies of CMV patients. However, in histol- 
ogy, no difference was found in the CMV-associated in- 
flammatory response between severe symptomatic and 
mild CMV infections. This probably results from the 
relative insensitivity of our histological scoring methods. 
On the other hand, CMV infection is a systemic disease 
and blood is the primary site of defense against jhe virus. 
In heart allografts, the virus-associated inflammation 
could be more involved in rejection dechanisms. 

There are several plausible mechanisms whereby 
CMV is involved with allograft arterosclerosis and 
chronic rejection. The immediate early gene of CMV is 
able to code for a protein that has sequence homology and 
immunologic crossreactivity with the HLA-DR beta- 
chain, thus possibly enhancing alloimmune responses to 
donor antigens [7]. CMV also encodes a glycoprotein ho- 
mologous with the heavy chain of MHC class I antigens 
that has the ability to bind the light chain of the MHC 
class I molecule, beta-2-microglobulin [l]. Recently, we 
found that induction of vascular cell adhesion molecule- 1 
(VCAM-1) on capillary endothelium was strongly associ- 
ated with active CMV infection [13]. It is tempting to pos- 
tulate that the VCAM-1 induction might play an impor- 
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tant role in the adhesion of leukocytes to capillary endo- 
thelium during active CMV infection, and thus contribute 
to the mechanisms of allograft arteriosclerosis. 

CMV infection-associated inflammatory responses 
may affect the vascular wall by the influence of different 
cytokines, e. g., interleukin-1 and interferon-gamma. In- 
terferon-gamma induces both class I and class I1 antigens 
of vascular endothelium [ 101 and may be involved in rejec- 
tion cascades. These immunologic and inflammatory phe- 
nomena, in “response to injury” [23] induced by viral in- 
fection, may lead to endothelial cell damage and allograft 
vasculopathic changes. 

In sum, CMV-associated generalized immune activa- 
tion was recorded in blood and heart allografts. Impaired 

blood lymphoid activation and lack of LGL cells led to 
clinically severe CMV infection. In heart allografts, 
subendothelial inflammation of the vascular structures 
was linked with active CMV infection. The CMV-linked 
generalized immune activation and inflammation of the 
vasuclar structures might contribute to the initiation of al- 
lograft vasculopathy and to the pathogenesis of chronic 
heart allograft rejection. 
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