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IMMUNOSUPPRESSION AND VIRAL PATHOGENESIS

Cytomegalovirus
pathogenesis in
transplantation
JANE
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JE GRUNDY. Cytomegalovirus pathogenesis in transplantation. Can J Infect Dis 1993;4(Suppl C):11C17C. Cytomegalovirus (CMV) infection is an important cause of morbidity and mortality in the immunocompromised ; however. even within this group of patients, infection with CMV is not synonymous with
disease. A number of factors affect the pathogenicity of U1e virus. An understanding of the mechanisms by
which CMV causes disease at different sites in lhe body, and of how U1at might vary with different patient
groups. is essential to the design of stategies for the prevention and treatment of disease. This review
discusses the factors which affect the occurrence and type of CMV disease in different patient populations,
and considers some of the underlying mechanisms which might contribute to pathology.
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Pathogenese du cytomegalovirus dans Ia transplantation
RESUME: L'infection a CMV (cytomegalovirus) est une importante cause de morbidite et de mortalile chez

le sujel immunocompromis; cependant. meme dans cette population. !'infection a CMV n'est pas synonyme
de maladie. Un nombre de facteurs affectent Ia pathogenicite du virus. La comprehension du mecanisme
par lequel le CMV cause Ia maladie en differents points de l'organisme et de Ia fa~,;on dont cela peut varier
selon les groupes de patients est essentielle a !'elaboration de strategies prophylactiques et therapculiques
cont.re Ia maladie. Cette synthese passe en revue les facteurs qui affectent Ia s urvenue et.le type de maladie
a CMV chez diverses populations de patients et proposent certains mecanismes sous-jacents qui pout-raient
contribuer a Ia pathologie.

C

YTOMEGALOVlRUS (CMV]. A MEMBER OF THE HERPESVIRUS

group , causes widespread infection in llie community, but rarely causes disease in individuals with normal immunity. In the pretransplant era, congenital
infection of the immunologically immature fetus was
the most important clinical manifestation of CMV infection in humans (1,2). However, since llie advent of
immunosuppressive therapy and transplantation, CMV
has emerged as a major cause of morbidity and mortal-

ity in transplant recipients (3-7). In addition, the appearance of the acquired immunodeficiency syndrome
(AIDS) has generated an additional population ofimmunocompromised patients at high risk for CMV disease (8).
Although the clinical situations in which CMV is an
important pathogen share the co mmon feature of an
immature or compromised immune system, the spectrum of disease in each patient group varies, especially
with regard to the predominant organs affected (9.10).
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An understanding of the mechanisms by which CMV

causes disease at different sites in the body, and of how
that might vary with different patient groups. is essential to the design of strategies for the prevention and
treatment of disease. This review discusses the factors
which affect the occurrence and type of CMV disease in
different patient. populations, and considers some of the
underlying mechanisms which might contribute to
pathology. The focus is on CMV infection in the immunocompromised host: the reader is referred elsewhere
for a discussion of congenital CMV infection (11).

TYPE OF CMV INFECTION
ln transplant recipients. CMV infection can arise
from two sources: an exogenous source of virus, usu ally via donor organs or administered blood products:
or from reactivation of latent endogenous virus. Thus
infection can be categorized as three types: primary,
denoting infection with exogenous virus in a seronegative individual: reactivation. referring to reactivation of
latent endogenous virus in a seropositive individual; or
reinfection, denoting infection of a seropositive individ ual with a new strain of CMV from an exogenous
source. The type of infection is an important factor in
the pathogenesis of infection and the expression of
symptomatic disease (9.10).
Primary infection has been associated with disease
following bone marrow transplantation (12) and all
types of solid organ transplantation (4.5.13). The incidence of primary infection in seronegative bone marTow
transplant recipients has been dramatically reduced by
U1e use of screened CMV-negative blood products
(14, 15). or by using blood products depleted of granulocytes (14). Although transplanted bone marrow has
been shown to transmit CMV infection (14.16). this
does not appear to be as important a source of primary
infection in Lhe seronegative recipient. Indeed it is likely
that granulocytes and stromal cells in marrow preparations are responsible for any transmission of virus
which does occur, and certain manipulations of the
marrow, such as T cell depletion. which reduce the
contamination with granulocytes and stromal cells,
may also reduce transmission of CMV. In solid orgar1
transplant recipients, primary infection can only be
prevented by selecting seronegative donors for seronegative recipients ( 17). and while some centres do try
to adopt such a 'matching policy' (18). this is often not
practical when transplants are urgently needed. and
furthem1ore il is not clear what effect llie ·matching for
CMV' before other factors, such as human leukocyte
antigen typing, would have on U1e long tenn outcome
for the patient. (19). Thus primary CMV infection remains an important cause of disease in recipients of
solid organ transplants.
Reactivation of latent endogenous virus is frequently
associated with disease in the most severely immunecompromised patients. For example, it is clear that as
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primary infection has decreased with the use of
screened blood products, the major clinical problems
associated wiU1 CMV in bone marrow recipients are a
result of reactivation of latent endogenous virus in
seropositive recipients (14). In recipients of solid organ
allografts. the frequency and severity of reactivation (as
assessed in seropositive recipients with seronegative
donors) both appear to be affected by the degree and
type of immunosuppressive therapy (4.20). Thus, a
spectrum of disease severity is seen following CMV
reactivation, usually from the most severe in bone
marrow recipients to U1e least severe in renal transplant recipients.
Where seropositive recipients receive solid orgar1s
from seropositive donors, it is difficult to distinguish
whether subsequent CMV infection results from reactivation of endogenous virus or reinfection with donor
virus. This has only been distinguished in the case of
paired renal transplant recipients wilh the same kidney
donor. where restriction endonuclease analysis of viral
DNA was used lo type the CMV strains excreted posttransplantation (21 -23). Since no lwo CMV strains have
identical restriction pailerns unless they are epi demiologically related, if both paired recipients excreted
the same strain of CMV it. could be assumed to have
come from U1e common kidney donor. In the case of
seropositive recipients, excretion of donor strain virus
must represent reinfection. Reinfection with donor virus was demonstrated lo occur (21 -23). and to be
associated wilh disease (23). although Lhe incidence of
symptomatic infection was less than following primary
infection (23). In this particular study reactivation was
usually asymptomatic, thus the clinical severity of CMV
infection in this series of renal transplant recipients
was: primary most severe, then reinfection, then reactivation (23).
In AIDS patients there is lillie infom1ation concerning
which types of infection are associated with disease.
The majority of male homosexual patients are CMV
seropositive (24,25). suggesting that reactivation may
be an important cause of symptomatic CMV infection.
However, excretion of multiple strains of CMV by the
same individual has been observed in this patient
group (26,27). implicating a potentially palliogenic role
for reinfection with new CMV strains.

PATHOGENICITY OF CMV AT DIFFERENT BODY SITES
CMV replicates in a variety of tissues U1roughout U1e
body, but causes disease at only some of lliese sites,
and even llien only in certain patient groups (9 , 10,28).
The criteria for ascribing a pathogenic role for CMV at
a particular body site has been discussed elsewhere
(9,28). The major sites of CMV pathogenicity in immunecompromised patients are summarized in Table 1. In
transplar1t recipients. CMV disease is predominantly
associated with U1e liver, the gut and lhe lungs. CMV
pneumonitis is the most important complication of
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TABLE 1
Major sites of cytomegalovirus pathogenicity in immunocompromised patients
Transplant rec ipients
Site of infection

Salivary gland
Kidney
Liver
Gut

Heart

Heart- lung

Liver

Marrow

AIDS patients

+
+

+
+
NA

+
+
NA

+
+
NA

+
+
+

+
+
+
+?

+

+

+

+

+

Renal

±
+

Retina
Brain
Lun

AIDS Acquired immunodeficiency syndrome: NA Insufficient data available; ? Data inconclusive. Reproduced with permission from Trouraine JL ed.
Transplantation and Clinical Immunology XXIII: Viruses and Transplantation . Amsterdam: Elsevier Science Publishers, 1991

CMV infection in allogeneic transplant recipients, with
a mortality rate if untreated of greater U1an 85% in bone
marrow recipients (29). CMV retinitis occurs relatively
rarely in transplant recipients. In contrast, CMV retinitis is a common manifestation of CMV infection in AIDS
patients (8). The latter group also has severe gastrointestinal disease; all parts of U1e gut from the esophagus to the anus can be involved. Neurological manifestations are also common in AJDS patients (30), but the
contribution of CMV to the generation of this type of
disease is controversial. CMV is not believed to have the
same role as a pathogen in the lungs of AJDS patients as
that observed in transplant recipients (9.1 0.31 ,32). a
subject which will be discussed further.
In solid organ transplant recipients the transplanted
organ is frequenlly a particular focus of CMV-associated pathology. for example, CMV hepatitis is particularly common in liver transplant recipients (33). The
virus is also lhoughl to provoke graft rejection (9). and
has been implicated as playing a pathogenic role in a
variety of syndromes in transplant recipients which
alTect the transplanted organ ( 10), such as graft
atherosclerosis in heart and heart-lung recipients
(34.35). or obli terative bronchiolitis in heart-lung recipients (36,37). The kidney is not usually a site of CMV
disease; however, there is specu lation that CMV is
sometimes involved in acute transplant glomerulopathy
in renal transplant recipients (38). In bone marrow
transplant recipients, CMV infection is associated with
graft-versus-host disease (12.39) and graft-versus-leukemia effects (40), although which is cause and which
is effect is not clear. While these associations, and the
role of CMV in graft rejection, remain controversial, it is
of interest that U1ese phenomena have two features in
common: first, they involve the transplanted organ, and
second. lliey arc thought to have an immunopathological
component.

MECHANISM OF CMV PATHOGENICITY
The mechanism by which CMV causes disease could
be a d irect consequence of viral replication and associated cytopathology, or an ind irect effect due to host

CAN

J

INFECT DIS VOL 4 SUPPL C AUGUST

1993

responses elicited in response to viral infection (9 , 10).
A combination of both factors is also possible. Some
types of CMV disease can be effectively treated by
antiviral chemotherapy. suggesting that the pathology
was predominantly mediated by direct viral replication.
Perhaps the best example of this is CMV retinitis which
can be acutely treated with ganciclovir (8), although the
formation of scar tissue may impair vision; cessation of
treatment leads to exacerbation of disease. CMV hepatitis also appears to respond to antiviral treatment (8).
and thus is also probably mosUy a consequence of
direct viral cytopathology. In contrast, a controlled trial
of treatment of gastrointestinal disease with ganciclovir
in bone marrow recipients had marginal effects (41). In
the latter case the duration of treatment might have
been insufficient or it is possible thal the disease had
an immunopathological component which would not
have been affected by the antiviral therapy. In the case
of CMV pneumonitis in allogeneic transplant recipients. CMV disease appears lo be related more directly
to some component of the immune response to the
virus than to viral replication per se (9 ,32). a topic
discussed in more detail below.

PATHOGENICITY OF CMV IN THE LUNGS OF
IMMUNOCOMPROMISED PATIENTS
As mentioned above. CMV interstitial pneumonitis is
a major complication of CMV infection following transplantation of both solid organs and bone marTow. The
best data on the mortality of untreated CMV pneumoni tis come from bone marTow recipients, where mortality
rates of greater than 85% were observed (29). Although
the precise mortal ity rates are nol as well defined in
recipients of solid organs, they are also high. The incidence of CMV pneumonitis d iffers markedly among the
different types of bone marrow transplants. being predominantly a feature of infection in recipients of allogeneic bone marrow, where incidences of 17 to 19%
have been reported (39.42-44) . In contrast, CMV pneu monitis is much less common (4 to 6%) in recipients of
autologous marrow (43-45). and was not observed in
100 recipients of syngeneic marrow from identical twin
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donors (42). In allogeneic marrow recipients. CMV
pneumonitis was associated with graft-versus-host disease (12,39). These data suggested that some immunological component of the graft-versus-host reaction
was involved in the generation of CMV pneumonitis in
the allogeneic marrow recipients (32). this being lacking
in the syngeneic recipients. On the basis of these and
other clinical observations, together with a series of
data from the murine model of CMV infection. a hypothesis was constructed for the pathogenesis of CMV
pneumonitis (32). This hypothesis is discussed in detail
elsewhere (9,32). but the major tenet is that CMV
pneumonitis in allogeneic transplant recipients is an
immunopathological condition, associated with aT cell
response induced by CMV replication in the lung. Thus
viral replication per se was necessary but not sufficient
for the generation of CMV pneumonitis. This proposal
was supported by the fact that antiviral chemotherapy
alone failed to prevent death from CMV pneumonitis in
the marrow recipients. despite reducing viral titres in
the lung to almost undetectable levels (46).
The situation in AIDS patients is quite different,
where the presence of CMV in the lungs of patients with
pneumonitis did not increase mortality, despite the fact
that they did not receive any treatment. for the CMV
infection (31). This clearly contrasts with the high mortality of CMV pneumonitis in transplant recipients, and
this apparent lack of pathogenicity of CMV in the lungs
of AIDS patients was explained in the original hypothesis
by the suggestion that. AIDS patients might lack the
pathogenic T cell response to CMV in the lung (32).
Further studies in our centre have compared the attack
rate ofCMV pneumonitis post-transplantation in transplant recipients with that in human immunodeficiency
virus (HIV) infected patients on an episode per patientmonth basis. HIV infected patients were defined as
being at. risk when CD4-positive peripheral blood T cell
counts fell below 0.2x10 9 /mL (47). Interestingly, there
was no significant difference in the attack rate of epi sodes of pneumonitis in which CMV was found in the
lung in 207 allogeneic transplant recipients (0.62 epi sodes per 100 patient-months) and 138 HIV infected
patients (0.80 episodes per 100 patient-months) (47). In
contrast HIV infected patients had significantly more
episodes of pneumonitis associated wit.h Pneumocystis
carinii than allogeneic transplant recipients (1.67 com pared with 0.27, P<0.05), despite the fact. that pneumocystis prophylaxis was much more common in HIV
infected patients (4 7). Thus the apparent relative lack
of pathogenicity of CMV in AIDS patients compared with
transplant recipients is unlikely to relate to higher
attack rates in the latter group.
Subsequent. studies in our centre have compared the
effect of the presence of CMV in the lungs on the
severity of the pneumonitis episode in allogeneic transplant recipients with that. in AIDS patients (48). It was
found t.hat the severity of pneumonitis. scored accordl4C
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ing t.o clinical and radiological criteria, was greater in
transplant. recipients when CMV was present. in the
lung t.han when the virus was absent., whereas no
difference was seen in AIDS patients (48). Thus our dat.a
suggest. that CMV infection in the lungs of AIDS patients
does not usually significantly contribute to the severity
or mortality of pneumonitis episodes. Interestingly, of
the AIDS patients at our centre with pneumonitis where
CMV was the only pathogen found, the only two patients in whom we fell that CMV was contributing to
lung pathology had peripheral blood CD4-positive cell
counts above 0.2x10 9 /mL (49) , suggesting that. in HIV
infected patients with sufficient. preservation of CD4positive T cells, a pathogenic T cell response to CMV
could develop in the lungs. Since CMV infection in the
lung is usually a relatively late manifestation of AIDS,
finding CMV in the lungs of a patient wilh pneumonitis
with high CD4 counts is a probably a relatively rare
event.. Our data also suggest that CD4-positive T cells
may play an important. role in the pathogenesis of CMV
pneumonitis in allogeneic transplant recipients.
It can be concluded. therefore, that. CMV interstitial
pneumonitis is not universally seen in immunocompromised patients, but is closely associated with a host
T cell response which is stimulated or augmented by
CMV infection in the lung. The pathogenic immune
response involved with the pathogenesis of CMV pneumonitis appears to be associated with or related to
allogeneic responses to transplanted tissue or to the
graft-versus-host response.

EFFECT OF CMV INFECTION ON HOST
IMMUNE RESPONSES
CMV infection has multiple effects on the host immune response, and has been shown both to suppress
and augment immune responsiveness in vitro and in
vivo. Such effects have been reviewed elsewhere
(50.51). When considering how CMV infection might
contribute to immunopathology in transplant recipients, it is of interest U1at while many immune responses are suppressed in the acute phase of CMV
infection, studies in the murine model of CMV have
shown that. alloresponsiveness is augmented (52), as is
the graft-versus-host response (53-55). As mentioned
above, acute graft-versus-host disease is an important
risk factor for CMV pneumonitis. Together these data
suggest U1at. CMV infection and graft-versus-host. disease accentuate each other. Graft-versus-host disease
is a condition which is associated with activated killer
cells (56). and which is often preceded by large increases in cytokine production (8). Previous data from
our group have shown that interferon-gamma and tumour necrosis factor production by peripheral blood
leukocytes after marrow transplantation is augmented
by exposure to CMV infected bone marrow fibroblasts
(57). In addition we have suggested that CMV induced
int.erleukin-2 production generates non-major histo-
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compatibility complex (MHC) restricted cytotoxic cells
which may contribute to marrow hypoplasia (58). Our
studies showed that interleukin-2 activated peripheral
blood mononuclear cell s from bone marrow recipients
killed uninfected and CMV infected fibroblasts equally,
suggesting that local production of interleukin-2 activated killer cells generated during CMV infection would
damage uninfected as well as infected marrow fibro blasts, thereby possibly compromising hemopoietic factor production by marrow fibroblasts (58). Thus our
hypothesis is that CMV provides a trigger which initiates pathological host responses or acts synergistically
with ongoing responses such as graft-versus-host disease (9,10 ,32,50,57,58).
In focusing attention on possible ways in which CMV
infection might potentiate destructive host responses,
we studied the effect of the virus on the expression of
immunologically important cell surface molecules. Our
results showed that CMV infection of fibroblasts resu lted in a dramatic decrease in the cell surface level of
class I human leukocyte antigens (59.60) , which may
affect cytotoxic T cell recognition of infected cells. In
contrast, we found that CMV increased the cell surface
expression of the adhesion molecules LFA-3 and ICAM1 (60,61), molecules which are important for both
MHC-restricted and non-MHC restricted cytotoxicity.
as well as leukocyte trafficking.
The increased expression of adhesion molecules was
accompanied by a parallel increase in Lhe adhesion of
CD2-positive, but not CD2-negative. leukocytes to the
infected fibroblasts (62). This is of great interest since
this lymphocyte subset is composed of T cells and
CD 16-positive natural killer cells. All subpopulations of
CD2-positive lymphocytes, namely COS -positive, CD4positive and COS-positive cells, demonstrated increased adhesion to CMV-infected fibroblasts. Since
C02 is the Ligand for LFA-3 , and LFA-3 was up-regu lated on the CMV infected fibroblasts, our data suggested that. the CD2-LFA-3 interaction was in part
responsible for the increased lymphocyte adherence, a
proposal supported by the finding that monoclonal
antibodies specific for LFA-3 blocked the CD2-positive
lymphocyte binding (62). Since lymphocytes can be
activated by Lhe C02 pathway. our data raise the question of whether the interaction between C02 on lymphocytes and LFA-3 on CMV infected fibroblasts affects
the activation state of lymphocytes (62).
The peak expression of adhesion molecules and in crease in lyn1phocyte adherence coincides with the time
at which infected cells have been shown t.o be good
targets for natural killer cells (63), and it is of interest
that the enhanced susceptibility to lysis was reported
to be associated with increased binding of the effector
cells to Lhe CMV infected target cells (63). Thus our
findings of increased adhesion molecule expression and
increased lymphocyte adhesion may well have important biological consequences. In addition , supernatants
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from CMV infected fibroblasts , or co-cultures of infected fibroblasts and leukocytes, could transfer increased leukocyte adherence to uninfect.ed fibroblasts
(62). These data suggest that Lhe virus might provoke
leukocyte responses to uninfected as well as infected
cells, thereby possibly contributing to tissue damage.
and that CMV-induced cytokine release might accentuate inflammation in vivo.
An initial stage of inf1an1mation is the adhesion of
leukocytes to vascular endothelium. Thus any a lteration in this adhesive interaction. or in subsequent steps
in the migration of leukocytes through the vessel wall,
could have important effects on the inflammatory process. Others have recently described the increased ad herence of polymorphonuclear leukocytes to cultures of
endoU1elial cells infected with CMV (64). This effect was
attributed to up-regulation of the adhesion molecule
ELAM- 1 on the surface of uninfected cells by cytokines,
such as int.erleukin-1 , released from CMV infected
cells. In these cultures only about 10% of the endothelial cells were actually infected with CMV (64). Thus. as
with our fibroblast system, mediators released from
CMV infected endothelial cells increased the adherence
of particular leukocyte subpopulations to bystander
uninfected cells. We are currently studying the effect of
CMV infection of endothelial cells on the adherence of
subpopulations oflymphocytes. If endothelial cell infection is accompanied by similiar increased binding of
lymphocytes to that observed with fibroblasts , profound effects on inflammation and immune responses
at sites of CMV infection could be envisaged.
CONCLUSIONS
In summary, a number of factors affect the pathogenicity of CMV in immunocompromised patients.
First, the type of infection - primary, reinfection or
reactivation. Second, the patient group; differences are
seen between transplant. recipients and AIDS patients,
and between different types of transplants, in the body
site at. which CMV causes disease. The transplanted
organ is often a focus for patl1ology. Third, the mechanism of pathogenicity can be either a direct effect of
viral replication and cytopathology or due to the host
response induced by CMV, or possibly a c.o mbination of
these mechanisms. The ability of CMV to enhance
adhesion molecule expression. increase lymphocyte ad hesion and augment cytokine production by leukocytes
in vitro, may well contribute to inflammation and immunopathology during CMV infection in vivo.
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