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ORIGINAL ARTICLE

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

CMYV infection, a significantly
weaker immune response was re-
corded in peripheral blood: fewer
lymphoid blast cells (max. 2.4 % +
0.4 %) and large granular lympho-
cytes (LGL;max.9.3% £1.4%)
were seen than in patients with mild
or asymptomatic CMV infection
(lymphoid blast cells max. 6.5% +
0.8% P <0.01 and LGLs max.

20% £2.3%, 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.

Key words CMYV infection, heart
transplantation - Immune
activation, CMV - Heart
transplantation, CMV, immune
activation

Introduction

Cytomegalovirus (CMV) infection is one of the major
complications during the 1st postoperative months after
heart transplantation andisassociated with increased mor-
bidity and mortality in allograft recipients [6, 9]. The major
host immune response to CMYV infection is mediated by
cellular immunity and lymphoid cell activation [21]. Re-
cently, increasing evidence has been reported indicating
that CMV has arole in the generation of heart allograft re-
jection and arteriosclerosis [8,17,18].

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]. CMYV 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. Bars 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-
thioprine in all recipients. Antithymocyte globulin {ATG) was given
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 CM V-seronegative patients. Also, all patients received
acyclovir prophylaxis (600 mg/day p.o.). 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.

CMYV 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 symptoms: fever
(>37.5°C), leukopenia (white blood cells <3.0 x 10%71), thrombo-

cytopenia (platelets < 100 x 10%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 areference 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 2 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-Griinwald-
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 [11].

Demonstration of CMV antigenemia

For the detection of CMV in blood leukocytes, a modification of the
original method was used [2]. 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-cthyl 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 [2]. In addition to
the demonstration of CMV antigenemia, cultures from blood and
urine were taken, together with CMV serology.

Endomyocardial biopsies

Altogether, 160 EMBs were quantitated concomitantly with blood
specimens. Approximately 3-6 endomyocardial fragments per bi-
opsy were obtained using the 7-F bioptome. EMBs were performed
weekly for the first 3 weeks, thereafter twice amonth 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 Pappenhetm (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 and cell components of inflammation

The intensity of inflammation in allografts was scored semiquantita-
tively from Oto 3withObeingnormal, 1 mild,2 moderate and 3 severe.
Both mononuclear and polymorphonuclear inflammatory cells
were studied. Subclasses of mononuclear cells were identified ac-
cording to cytologic criteria. Pyroninophilic cells were identified as
enlarged, activated mononuclear cells thatstained positively with UP.
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Fig.2 A-D Relative number (%) of various inflammatory cells in
blood in relation 1o the onset of CMV antigenemia: A total lympho-
cyte count B lymphoid blasts, C stimulated lymphocytes D large
granular lymphocytes. The framed area represents the mean values
+SEM of patients with an uncomplicated postoperative course
from the st 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 10-20 inflammatory cells per perivascular infiltrate,
and moderate to severe with groups consisting of 20~30 to more than
30 inflammatory cells per perivascular infiltrate, or when fingerlike
projections of inflammatory cells were identified between the
myocytes.

Statistical methods

Data were expressed as mean + SEM if not otherwise indicated. For
comparison of data, Student’s two-tailed z-test and the Mann-Whit-
ney U-test, corrected for ties, were used. A P value less than 0.05 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+ 60
(mean £ SD) days postoperatively. Four patients de-
veloped a severe symptomatic CMV infection and also
high CMV antigenemia levels (750 £290; duration 52 £
26 days; mean £ 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-
tions/reinfections. The remaining nine recipients had
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Fig.3A-D Relative number (%) 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. The framed area 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 +430; duration 30 £43 days; mean + SD, Fig.1). Of
these nine mild CMV infections, three were primary in-
fections and five reactivation/reinfections; 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%), a substantial activation of lymphocytic

series occurred. Atthe onset of antigenemia, arapid peak-
ing of lymphoid blasts (max. 5.2 % +0.8 % ) was recorded.
The number of activated lymphocytes (max. 15% *
2.1%) and LGLs (max. 16% +2.4 %) rose substantially
during the course of follow-up.

A striking difference in the immune responses of pa-
tients developing a severe CMV infection whs recorded
compared to those of patients with mild or asymptomatic
infection (Fig.3). A prominent immune response with
lymphoid activation was associated with mild or asymp-
tomatic CMYV 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 (max. 2.4 % 0.4 %) at the onset of anti-
genemia than in patients with asymptomatic or mild in-
fection (max. 6.5% +0.8%: P <0.01). Also, significantly
lower LGL levels were recorded in patients with severe
CMV infection (max. 9.3 % + 1.4 %) than in patients with
mild or asymptomatic CMV infection (max. 20% *
2.3 % 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 totallymphocyte
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 +65
(mean + 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.

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 mononuclear
inflammatory cells, was characterigtic finding during
CMYV 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 scen in the
subendothelium. The mean intensity of subendothelial in-
flammation, although mild, demonstrated a clear peak
(score 0.8 £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 CMYV 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
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Fig.5 A Subendothelial inflammation consisting of small lympho-
cytes (/y) and enlarged, active lymphocytes (UP + ) in relation to the
onset of CMV antigenemia in CMV patients. B Subendothelial in-
flammation consisting of small lymphocytes (/y) and enlarged, active
lymphocytes (UP + ) in relation to the onset of acute rejection in re-
jection patients. C Perivascular inflammation consisting of small
lymphocytes (ly) and enlarged, active lymphocytes (UP + ) in rela-
tion to the onset of CMV antigenemia in CMV patients. D Perivas-
cular inflammation consisting of small lymphocytes (ly) 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

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 CM V-free biopsies (not significant).

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 CMYV patients (at the peak, P <0.05).

Discussion

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 L. GLs, are importantin
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 1L.-1 has been described [24]. Recently, a new
monokine — [L-1-receptor antagonist (IL-1ra) — has been
reported, which is secreted by human monocytes [5, 12].
IL-1ra 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 CMYV 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 Subendothelialin-
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 » 1000).
Thin arrow 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 x 400). Lumens of vessels
marked with empty arrows

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, 18].

In this study we found a correlation between the inten-
sity of the immune response in peripheral blood and re-
covery from CMYV 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 fhe virus.
In heart allografts, the virus-associated inflammation
could be more involved in rejection Mechanisms.

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 [1]. 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 11 antigens
of vascular endothelium [10] 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, CM V-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.

Acknowledgements This study was supported by grants from the
Finnish Heart Association, the Sigrid Jusclius Foundation, and the
University of Helsinki, Finland.

References

1. Beck S, Barrel BG (1988) Human cyto- 7. Fujinami RS, Nelson JA, Walker L, 15. Koskinen PK, Nieminen MS, Krogerus
megalovirus incodes a glycoprotein ho- Oldstone MB (1988) Sequence homol- LA, Lemstrom KB, Mattila SP, Hayry
mologous to MHC class-I antigens. Na- ogy and immunologic cross-reactivity of PJ, Lautenschlager IT (1993) Cyto-
ture 331: 269-272 human cytomegalovirus with HLA-DR megalovirus infection accelerates car-

2. Bij van der W, Torensma R, Son WJ beta-chain: a means for graft rejection diac allograft vasculopathy: correlation
van, Anema J, Schirm J, Tegzess AM, and immunosuppression. J Virol 62: between angiographic and endomyocar-
The TH (1988) Rapid immunodiag- 100-105 dial biopsy findings in heart transplant
nosis of active cytomegalo infection by 8. Grattan MT, Moreno-Cabral CE, Star- patients. Transpl Int 6: 341-347
monoclonal antibody staining of blood nes VA, Oyer PE, Stinson EB, Shum- 16. Koskinen PK, Nieminen MS, Mattila
leukocytes. J Med Virol 25: 179-188 way NE (1989) Cytomegalovirus infec- SP, Hiyry PJ, Lautenschlager IT (1993)

3. Billingham ME, Cary NRB, Hammond tion is associated with cardiac allograft The correlation between symptomatic
ME, Kemnitz J, Marboe C, McCallister rejection and atherosclerosis. JAMA CMV infection and CMV antigenemia
HA, Snovar DC, Winters GL, Zerbe A 261:3561-3566 in heart allograft recipients. Transplan-
(1990) A working formulation of the 9. Griffiths PD, Grundy JE (1988) The tation 55: 547-551
standardization of nomenclature in the status of CMV as a human pathogen. 17. Loebe M, Schuler S, Zais O, Warnacke
diagnosis of heart and lungrejection: Epidemiol Infect 10: 1-15 H, Fleck E, Hetzer R (1990) Role of cy-
heart rejection study group. J Heart 10. Groenewegen G, Buurman WA Lin- tomegalovirus infection in the develop-
Transplant 9: 587-593 den CJ van der (1985) Lymhokine de- ment of coronary artery disease in the

4. Bukowski JF, Warner JF, Dennert G, pendence of in vivo expression of MHC transplanted heart. J Heart Transplant
Welsh RM (1985) Adoptive transfer class IT antigens by endothelium. Na- 9:707-711
studies demonstrating the antiviral ef- ture 316: 361-363 18. McDonald K, Rector TS, Braunlin EA,
fect of natural killer cells in vivo. J Exp 11. Hammer C (1989) Cytology in trans- Kubo SH, Olivari MT (1989) Associ-
Med 161:40-52 plantation. R.S.Schulz, Starnberg- ation of coronary artery disease in car-

5. Conti P, Dempsey RA, Reale M, Barba- Percha, Germany diac transplant recipients with cyto-
cane RC, Panara MR, Bongrazio M 12. Hannum CH, Wilcox CJ, Arend WP, megalovirus infection. AmJ Cardiol 64:
(1991) Activation of human natural kil- Joslin FG, Dripps DJ, Heimdal PL, 359-362 i
ler cells by lipopolysaccharide and Armes LG, Sommer A, Eisenberg SP, 19. Normann SJ, Salomon DR, Leelachai-
generation of interleukin-1 alpha, beta, Thompson RC (1990) Interleukin-1-re- kul P, Khan SE, Staples ED, Alexander
tumour necrosis factor and interleukin- ceptor antagonist activity of a human in- JA, Mayfield WR, Knauf DG, Sadler
6. Effect of IL-1 receptor antagonist. terleukin-1 inhibitor. Nature 343: 336— LA, Selman S (1991) Acute vascular
Immunology 73: 450456 340 rejection of the coronary arteries in

6. Dummer JS, White LT, Ho M, Griffith 13. Koskinen PK (1993) Induction of vascu- human heart transplantation: pathology
BP, Hardesty RL, Bahnson HT (1985) lar cell adhesion molecule-1 is associ- and correlations with immunosuppres-
Morbidity of cytomegalovirus infection ated with cytomegalovirus antigenemia sion and cytomegalovirus infection. J
in recipients of heart or heart-lung in human heart allografts. Transplanta- Heart Lung Transplant 10: 674-687
transplants who received cyclosporine. tion 56: 1103-1108
J Infect Dis 152:1182-1191 14. Koskinen PK, Krogerus LA, Nieminen

MS, Mattila SP. Hayry PJ, Lauten-
schlager IT (1993} Quantitation of cyto-
megalovirus infection-associated his-
tologic findings in endomyocardial bi-
opsies of heart allografts. J Heart Lung
Transplant 12: 343-354



171

20. Quinnan GV, Kirmani N, Rook AH,

Manischewitz JF, Jackson L., Moreschi
G, Santos GW, Saral L, Burns WH
(1982) Cytotoxic T cells in cytomegalo-
virus infection: HLA-restricted T-lym-
phocyte and non T-lymphocyte cyto-
toxic responses correlate with recovery
from cytomegalovirus infection in bone
marrow transplant recipients. N EnglJ
Med 307:7-13

21. Rook AH (1988) Interactions of cyto-

2

megalovirus with human immune sys-
tem. Rev Infect Dis 10 [Suppl 3]: S460-
S467

. Rook AH, Smith W1, Burdick JF, Mani-

schewitz JF, Frederick W, Siegel JP, Wil-
liams GM, Quinnan GV (1984) Virus
specific cytotoxic lymphocyte responses
are predictive of the outcome of cyto-
megalovirus infection of renal trans-
plant recipients. Transplant Proc 16:
1466-1469

23. Ross R (1986) The pathogenesis of
atherosclerosis —an update. N Engl J
Med 314: 488-493

24. Sisson JGP, Borysiewicz LK, Rogers B,
Scott D (1986) Cytomegalovirus - its
cellular immunology and biology. Im-
munol Today 7: 57-61



