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Abstract. Cytomegalovirus infections are still the 
most important infectious complications after organ 
transplantation. Besides historical notes this review 
will deal with new aspects concerning the epidemiol- 
ogy of the CMV, diagnostic modalities of CMV in- 
fection, the delicate counterbalance between the im- 
mune system and the CMV, as well as the 
symptomatology of this infection. Furthermore, as- 
pects like prophylaxis and new, promising thera- 
peutic regimes for treatment of infection will be dealt 
with. Although this update is applicable for all types 
of solid organ transplantation, emphasis will be on 
renal transplantation. 
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More than 25 years ago, Weller and associates [194, 
195] introduced the term "cytomegalovirus" (CMV) 
because of the characteristic cytomegaly observed in 
cells infected with this virus. Six years earlier, in 
1954, the virus was isolated for the first time from the 
salivary glands of mice in tissue culture [161]. Yet, 
probably the first description of the virus was given 
by Jesionek and coworkers in 1904 [85] and by 
L6wenstein in 1907 [99], who found cytomegalic 
cells in autopsy material from children. In the last 
20 years, an abundance of new information about 
the characteristics of this virus has emerged from 
new laboratory techniques, numerous studies in ani- 
mal models, and clinical studies in immunosup- 
pressed patients. 
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Biologically, CMV is a DNA virus belonging to 
the herpes virus group that also includes varicella 
virus, herpes zoster virus, herpes simplex virus 
(HSV), and Epstein-Barr virus (EBV). It has a 
double-stranded DNA core, an icosahedral sym- 
metry of its capsid, composed of 162 capsomeres, 
and a surrounding envelope. Cytomegalovirus is the 
largest member of the human herpes family. Physi- 
cally, CMV is approximately 200 nm in diameter, 
making it one of the largest animal viruses. There are 
a number of different strains of CMV. All have spe- 
cific characteristics, including a strong propensity 
for cell association and lability, a tendency to remain 
latent, and possibly the potential for inducing malig- 
nancy [2, 145]. 

After a primary infection (patients with no pre- 
vious CMV infection), the CMV remains dormant in 
a variety of cells throughout the body and is capable 
of being reactivated under certain conditions, such 
as immunosuppression, allograft rejection, and hu- 
moral changes, as during pregnancy. Under these 
circumstances, CMV emerges from its latent state 
and is capable of causing clinical disease again (reac- 
tivation; secondary infections) [2, 145]. Cytomegalo- 
virus is known to reside in splenic B cells, salivary 
gland tissue, the prostate, testes, and probably in 
macrophages and peripheral blood leukocytes [2, 
81]. The transplanted kidney is also an established 
source of latent CMV [69, 82]. 

Epidemiology of cytomegalovirus infections 

Cytomegaloviruses are ubiquitous agents that fre- 
quently infect both animals and humans [2, 63]. Epi- 
demiological studies have shown that antibodies to 
CMV are prevalent in adults throughout the world, 
even in the remote and isolated Tiryo Indians of 
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Brazil, who essentially lack antibodies to measles 
and influenza virus [16]. Seropositivity for CMV 
among normal populations varies considerably, the 
reported range being 28%-100% [90]. Its prevalence 
greatly depends on age, race, socioeconomic, and 
geographic factors, Asian and African countries 
being those with the highest rate of occurrence. In 
West European countries, about 50% of the blood 
donor population between 18 and 65 years of age is 
seropositive, but it is estimated that only 1%-12% of 
all donors are actually infectious [18]. There is no 
clear difference in the prevalence of CMV antibodies 
between the sexes [63], although Luby and Shasby 
[100] were able to demonstrate a significantly higher 
prevalence of antibodies to CMV in women than in 
men in a nonwhite population of a well-defined, 
poor community in Dallas. There is no relationship 
to occupation per se [63], and even for personnel 
working in a dialysis unit there seems to be no in- 
creased risk for acquiring CMV infection [185]. 

In a normal population, the great majority of 
CMV infections are essentially asymptomatic, al- 
though they can cause serious disease, including 
neonatal infections, due to an immune system that is 
still immature, and a mononucleosis-like syndrome 
in young adults. While in neonatal forms of CMV 
disease infection appears to be transmitted via the in- 
fected cervix and breast milk of the mother, close 
contact, especially in underdeveloped countries and 
among lower socioeconomic groups where there is 
crowding and poor sanitation, blood transfusions, 
and venereal transmission are probably important 
factors for acquisition of CMV infections in later life 
[63]. 

In contrast with the predominantly asympto- 
matic CMV infections in the normal immunocompe- 
tent host, CMV infections after organ transplanta- 
tion often .cause overt, and sometimes even fatal, 
disease. Cytomegalovirus is, in fact, the single most 
important infectious agent complicating the course 
of renal allograft recipients. Incidence of CMV in- 
fections has been reported to be as high as 43%-92% 
[7, 611. 

This great variation in incidence of CMV infec- 
tions after organ transplantation quoted in the lit- 
erature is most likely caused by differences in both 
immunosuppressive regimens and number of pa- 
tients studied, differences in sensitivity of laboratory 
techniques, and differences in criteria used for the 
diagnosis of CMV infection. Furthermore, there is 
inevitably variety in populations studied (e. g., geo- 
graphical, racial, and socioeconomic differences). 
Determinants in the high incidence of CMV infec- 
tion in the transplant population are immunosup- 
pression and blood transfusions, as well as serostatus 

of the organ donor. Host factors that may be in- 
volved will be discussed later. 

As for the causative role of immunosuppressive 
drugs in the development of CMV infections, it is im- 
portant to stress that corticosteroids per se may not 
play a major role. Prior to 1966, when corticosteroids 
alone were utilized for immunosuppression, CMV 
infection was virtually unknown [145]. Only after the 
introduction of azathioprine, cyclophosphamide, 
and antilymphocyte preparations did CMV become 
a frequent problem in organ transplantation [81, 
145]. In another patient population, patients with 
rheumatic diseases, Dowling et al. [48] made the 
same observations. There are many reports indicat- 
ing that the use of antilymphocyte (ALS) and anti- 
thymocyte (ATG) preparations greatly increases the 
risk of CMV viremia and clinical illness attributable 
to CMV [116, 123, 148, 149], a risk that also extends 
to patients treated with cyclosporin A as the main 
immunosuppressive drug [96]. There is not enough 
data at present to determine whether the use of the 
new immunosuppressive agent OKT3 (a monoclonal 
anti-T-cell antibody) also increases the risk of CMV 
infection post-transplantation, although a high in- 
cidence of active CMV infection has been reported 
[35]. In a recent report by Oh and associates [119], an 
increased risk of serious infections, particularly with 
opportunistic pathogens (Listeria monocytogenes 
and Nocardia), was found when OKT3 was used for 
steroid-resistant rejection when compared with the 
use of conventional antirejection treatment (another 
high steroid regime and /or  ATG). Yet, the incidence 
of CMV infections in both groups was exceptionally 
low (1 out of 23 patients in both groups), something 
which might be related to the fact that they used only 
the insensitive complement-fixing antibody assay for 
establishing the diagnosis of CMV infection. 

There are relatively few studies on the incidence 
and severity of CMV infections in cyclosporin A 
(CyA)/prednisolone-treated patients, and the results 
are somewhat controversial. A decreased incidence 
of CMV infection in CyA-treated patients has been 
reported when compared with conventionally 
treated patients [azathioprine (Aza)/prednisolone; 
191. 

The same experience has been reported by Na- 
j arian et al. [116]. However, in the Aza/prednisolone- 
treated group, ALG was also added to the immuno- 
suppressive regimen prophylactically in the early 
post-transplant period. On the other hand, Bia et al. 
[11] observed similar rates of CMV infections, as well 
as overt CMV disease, in CyA/prednisolone-treated 
and Aza/prednisolone-treated patients. When ATG 
was given for steroid-resistant rejection, an increase 
in incidence of CMV infection was demonstrated as 
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well as more severe CMV disease, especially in the 
Aza/prednisolone-treated patients. None of the pa- 
tients in the Aza/prednisolone-treated group was 
symptomatic without additional treatment with 
ATG, while the incidence of symptomatic CMV in- 
fection in the CyA/prednisolone group with ATG 
did not differ from that without ATG. Patients who 
are at risk for primary infection (seronegative reci- 
pient/seropositive donor combination) and who are 
treated with CyA as the main immunosuppressive 
drug continue to have considerable morbidity and 
mortality, whereas patients who have antibodies 
prior to transplantation may have less CMV disease 
when treated with CyA than those treated with Aza 
[191,192]. From these data it can be concluded that 
the net state of immunosuppression most likely 
determines the incidence and severity of CMV infec- 
tion after organ transplantation, particularly in pa- 
tients at risk for primary infection. 

The role of blood transfusions given to allograft 
recipients, as a main risk factor for contracting CMV 
infection, is debatable. Although organ transplant 
recipients are frequently transfused and the risk of 
acquiring an active CMV infection following blood 
transfusion has been recognized for more than 
18 years [91], it is unlikely that in modem transplan- 
tation programs post-transfusion CMV accounts for 
more than 10% of the actual CMV infections. This is 
mainly due to the policy, adopted by the majority of 
transplant centers, of giving patients only leukocyte- 
depleted or frozen blood when transfused after 
transplantation, since it is well established that a sig- 
nificant reduction of post-transfusion CMV can be 
obtained when only leukocyte-depleted blood is 
used [91, 92]. 

There is increasing evidence that, in kidney trans- 
plantation, the donor kidney is, in a large majority of 
cases, the source of virus in episodes of CMV infec- 
tions post-transplantation [69, 144]. This was con- 
firmed in a rat model by Bruning and coworkers [22], 
who showed that CMV could be transferred by kid- 
ney transplantation. 

With the aid of biotechnology techniques such as 
DNA restriction enzyme analysis, which permits the 
characterization of each isolate of CMV [33, 69, 196], 
it becomes increasingly apparent that such a trans- 
mission of CMV is evident in most cases, even in 
seropositive recipients who have received a seroposi- 
tive kidney. Grundy et al. [71] further reported that 
reinfection with exogenous virus (strain from sero- 
positive kidney donor) in seropositive recipients 
gave more symptomatic CMV disease than with re- 
activation of latent (endogenous) virus of the re- 
cipient. Another possibility is that transmission of 
CMV by the donor kidney may be caused by CMV- 

infected donor lymphocytes or monocytes carried in 
the graft, which may be activated post-transplanta- 
tion [62]. Thus, aside from primary infections and 
secondary infections (reactivation), it is now possible 
to define a third major pattern of infection: superin- 
fections [144]. 

Diagnosis of cytomegalovirus infection 

The diagnosis of CMV infection can be substan- 
tiated by one or more of the following: 

1. Electron microscopic detection of typical CMV vi- 
rions 

2. Histologic or cytologic detection of typical CMV 
cytopathology 

3. Detection of CMV antigen in tissues or blood cells 

4. Detection of CMV genome 

5. Isolation of virus 

6. Demonstration of a virus-directed humoral im- 
mune response (serology) [50]. 

Electron microscopic techniques have been advo- 
cated for diagnosing CMV infection (e. g., to detect 
CMV virions in urine) but are nowadays seldom 
used because they are rather insensitive and time- 
consuming [50]. 

As for histologic and/or  cytologic detection of 
CMV, it should be stressed that the microscopic hall- 
mark of CMV infection is the large (cytomegalic) 
25-35 ~tm cell containing a large central, basophilic 
intranuclear inclusion [2, 50, 175]. The inclusion is 
referred to as the "owl's eye" because it is separated 
from the nuclear membrane by a halo that can readi- 
ly be demonstrated with Papanicolaou's or hematox- 
ylin-eosin stains. However, this method is also rather 
insensitive since cytomegalic ceils do not appear be- 
fore the last stages of CMV infection; moreover, his- 
tologic examination of a small piece of tissue (e. g., 
obtained by transbronchial lung biopsy or liver bi- 
opsy) is prone to sample errors and, thus, to false- 
negative results [50]. 

With the introduction of immunofluorescence 
(IF) techniques with monoclonal antibodies directed 
against CMV antigens, including immediate-early 
antigens (IEA), early antigens (EA), which are pres- 
ent in earlier stages of infection, and late antigens 
(LA), an exciting new mode of detecting CMV anti- 
gens in tissue specimens has been developed. For in- 
stance, lung biopsy tissue [50] or cells obtained via 
fine needle aspiration biopsy of the allograft [180] 
are suitable for establishing the diagnosis of CMV 
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infection. Although advocated by the authors as a 
means of rapid diagnosis of CMV infection, these 
techniques may be hampered by the sometimes high 
background levels of fluorescence (autofluores- 
cence), resulting in poor sensitivity [50]. However, 
Volpi et al. [187] reported good sensitivity using fine- 
ly minced lung tissue obtained from open-lung biop- 
sies or autopsies of patients with interstitial pneu- 
monia to which a mixture of monoclonal antibodies 
to CMV was added. 

A clear disadvantage of IF methods is that they 
do not permit a study of the distribution of CMV-in- 
fected cells within the normal tissue architecture. 
Hackmann and coworkers [72] reported their experi- 
ence with frozen tissue sections from 52 consecutive 
open-lung biopsies from patients with interstitial 
pneumonia using a single monoclonal antibody di- 
rected against CMV-LA. They concluded from this 
study that the sensitivity of this IF technique for di- 
agnosing CMV pneumonia exceeded that of stan- 
dard histology and was equal to viral tissue culture. 
However, in 7 of the 27 biopsy specimens found to 
be positive with IF, histologic findings did not give a 
diagnosis of CMV pneumonia,  which raises the 
question of whether cases lacking histologic confir- 
mation are true instances of CMV pneumonia [50]. 

Recently van der Bij and coworkers [12, 13, 183] 
developed a CMV antigenemia assay based on the de- 
tection of CMV-IEA in circulating blood leukocytes. 
Demonstration of CMV in blood samples is particu- 
larly important because CMV viremia is considered 
to be a marker of active infection and has been shown 
to correlate well with significant CMV disease [74, 
145]. The assay was shown to be a rapid (processing 
time 3-5 h) and sensitive test and appeared to give 
positive results on an average of 9 days before there 
was serological evidence of CMV infection [13]. Also 
in our laboratory, van den Berg et al. (manuscript in 
preparation) recently found the same results in a pros- 
pective study of more than 200 consecutive renal 
transplant recipients and they demonstrated the use- 
fulness of this assay even in patients with poor anti- 
body response. This may be important since it is 
known that patients with mild disease m o u n t  a brisk 
antibody response, while those with progressive fatal 
infection may not respond at all ("wasting disease") 
[81,158, 159]. Thus, this assay could be a useful mar- 
ker for clinically relevant infection and may be help- 
ful in clinical decision-making about the initiation 
and monitoring of antiviral therapy. 

The use of DNA-DNA hybridization to detect 
CMV in clinical samples seems promising, but its use- 
fulness still has to be evaluated in the clinical manage- 
ment of transplant recipients. Dot-spot hybridization 
and in situ hybridization have been described for di- 

agnosing CMV infection in blood samples [173], in 
urine [34, 153], and in material obtained by biopsy 
[115]. Small quantities of CMV-DNA can also be de- 
tected in, for example, peripheral blood by DNA am- 
plification using the polymerase chain reaction 
(PCR). In a longitudinal study of 76 patients, Jiwa et 
al. [86] showed that this assay can be an accurate and 
rapid marker of an active CMV infection after trans- 
plantation. However, as reported by others, an as yet 
unsolved problem could be the somewhat disap- 
pointing low specificity 0fthis te, st (2nd International 
CMV-workshop, San Diego 1989). 

Isolation of virus is a standard diagnostic method, 
originally based on the observation of CMV-specific 
cytopathogenic effect (CPE) [1751. These characteris- 
tic cells emerge after inoculation of the sample (urine, 
saliva, blood, biopsy homogenates, or material ob- 
tained by bronchoalveolar lavage fluid; BAL). A 
clear disadvantage of the classic inoculation culture is 
that it may not give positive results early in the course 
of infection. Cultures must be maintained for up to 
6 weeks, since the characteristic cytopathogenic ef- 
fect develops very slowly when titers are low [50]. 
Since this delay is not acceptable for the management 
of immunocompromised patients, attempts have 
been made to "accelerate" the test to make it more 
feasible in clinical practice. 

With the aid of monoclonal antibodies directed 
against CMV-EA and -IEA, it has become possible to 
detect CMV-EA or CMV-IEA clearly before the 
development of the CMV-specific CPE (stadium of 
late antigen: LA) from within less than one day to 
4-6 days after inoculation of any clinical specimen 
[42, 60, 65, 84, 103,104, 151,177]. Obviously, this "ac- 
celerated" isolation method has a great impact on the 
demonstration of virus in clinically highly relevant 
specimens such as blood [151] and BAL fluid [42,103]. 

Serology is a technique widely used in clinical 
practice for substantiating the diagnosis of CMV in- 
fection and seroconversion. The development of 
CMV antibodies in an individual whose serum was 
antibody-negative before the infection is usually an 
excellent marker for primary infections. However, 
there are some pitfalls that have to be taken into ac- 
count. Firstly, when a complement-fixing antibody 
assay (CF) is used, titers of antibodies can fluctuate 
considerably. In a longitudinal study by Waner et al. 
of CF titers in a blood donor population [189], a ma- 
jority of the donors showed CF titers fluctuating be- 
tween significant (_> 1:8) and undetectable (_< 1:4) 
values, implying that apparent seroconversion may 
not really reflect primary infection [50, 189]. More- 
over, in the same study, up to 16-fold increases in CF 
antibody titers were observed in healthy individuals, 
something which may hamper correct interpretation 
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of a fourfold rise in antibodies as an indicator of re- 
activation of infection (secondary infection). Sec- 
ondly, a clear disadvantage of serologic measure- 
ments in substantiating the diagnosis of CMV 
infection is the physiological response time of anti- 
body synthesis during infection. This is, on the aver- 
age, 1-2 weeks, which means that serology may not 
be helpful early in the course of infection. Thus, 
serology is not an early marker of infection. Thirdly, 
as mentioned above, serology may be unreliable 
under conditions of extreme immunosuppression, 
since these patients may not form antibodies at all 
[81, 1581. 

Complement-fixing antibody assays are not the 
most sensitive tests for establishing the diagnosis of 
CMV infection, and as many as 10%-20% of patients 
seronegative with CF prove to be positive in other as- 
says [112, 128]. Immunofluorescence (IF) [182], 
enzyme-linked-immunosorbent assay (EL1SA), and 
radioimmunoassay (RIA) have become methods of 
first choice in many laboratories because of their 
high sensitivities [36, 110, 124]. Moreover, with these 
assays it has become possible to detect CMV-specific 
IgM antibodies, while antibodies detected with CF 
are mainly of the IgG class. This may be helpful 
since IgM antibodies to CMV develop relatively 
early in the course of a primary infection [50]. The- 
oretically, CMV-specific IgM antibodies develop 
only during primary infection, but in fact they may 
reappear during reactivation of CMV [50, 124]. It is 
not known whether IgM antibodies formed during 
infection in a previously seropositive patient are 
sometimes indicative for superinfections with a new 
strain of CMV rather than reactivation. 

Finally, it is important to stress that CMV infec- 
tion is not synonymous with CMV disease, the latter 
being much more difficult to establish. A positive re- 
sult for CMV on a given assay is not, in itself, defini- 
tive proof that CMV is the cause of the current symp- 
toms of the patient. For example, it is known that 
patients may excrete CMV in their urine for up to 
14 years after CMV infection without any symptoms 
[31]. Even in transplant recipients, isolation of CMV 
from a clinical specimen of, for example, the lungs 
does not necessarily confirm an etiological relation- 
ship with an existing disease [94,118, 175]. Thus, a 
positive result from any test has to be judged in con- 
cert with other signs of CMV infection. 

Cytomegalovirus and immunity 

Cytomegalovirus and the immune system exert re- 
ciprocal effects on each other. The host factors in- 
volved in the defense against the CMV are genetic 

make-up, nonspecific immunity, specific humoral 
factors, such as circulating antibodies, and specific 
cellular immune factors. 

Most evidence for genetic control of suscepti- 
bility and resistance to CMV has emerged from ani- 
mal studies. Diosi et al. [45] reported evidence for 
genetic transmission of susceptibility or resistance to 
murine CMV (MCMV). Using Swiss-strain mice and 
wild strain mice, they found that the wild strain in- 
herited susceptibility to MCMV as an autosomal 
dominant trait and resistance as an autosomal re- 
cessive trait, controlled by a single pair of genes [45, 
74]. Chalmer et al. [28] and Grundy e,t al. [66] con- 
firmed these observations in the murine model. They 
found that susceptibility or resistance to the virus 
was controlled by genes of the H2 complex. In hu- 
mans, an association between HLA-DR antigens 
and cellular immune response to infectious agents 
has been found [186]. Roenhorst et al. [140] demon- 
strated an increased incidence of active CMV infec- 
tion in renal recipients positive for HLA-DRw6. 
They also found that recipients positive for HLA- 
DRw6 with secondary infections excreted infectious 
virus more often, and were more symptomatic, than 
HLA-DRw6-negative recipients. 

As for immune reactivity after CMV infection, a 
variety of humoral and cell-mediated immune re- 
sponses occur. These include production of IgG and 
IgM antibodies, responses by cytotoxic T cells, and 
activation of natural killer cells (NKs) and antibody- 
dependent killer cells (ADKs) [141]. 

Humoral immunity as a host defense to CMV is 
probably relatively ineffective since it exerts its effect 
outside the cell while CMV is a strongly cell-associ- 
ated virus that usually remains inside the infected 
host cell. This may explain why patients who have 
circulating anti-CMV antibodies may experience 
clinically important CMV disease (reactivation) des- 
pite the presence of these antibodies [74, 81,102, 141, 
144, 160]. In an animal model the virus was neu- 
tralized in vitro by antibodies in the sera of acutely 
infected animals, but in vivo viremia and viruria oc- 
curred despite the presence of neutralizing anti- 
bodies to CMV [74]. Moreover, neutralizing anti- 
bodies may be detected in the saliva of infected 
patients despite the continuing excretion of CMV in 
the saliva of those patients [181]. 

On the other hand, humoral immunity may mod- 
ify the severity of infection, and many reports sup- 
port this possibility. Firstly, most authors agree that 
primary infections are more severe in transplant re- 
cipients than reactivated or recurrent infections [10, 
29, 144, 179], something which also extends to living 
related transplants [193]. Secondly, patients who fail 
to develop antibodies or who lose detectable serum 
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antibody to CMV are likely to have overwhelming, 
and even fatal, infections [124, 144, 158, 159]. Third- 
ly, there is some evidence that prophylactic adminis- 
tration of CMV immunoglobulin to seronegative al- 
lograft recipients may be beneficial. Finally, 
although the virus is essentially an intracellular virus, 
virus-induced neoantigens expressed on the surface 
of CMV-infected cells (CMV membrane-antigens: 
CMV-MA) may serve as the primary target for host 
immunological humoral, as well as cellular, defense 
[8]. Middeldorp [109] found evidence for the impor- 
tance of humoral immunity directed against CMV- 
MA when he found that the appearance of anti- 
bodies to CMV-MA was related to subsequent 
recovery from CMV disease. 

Cellular host defense probably plays a pivotal 
role in the defense against CMV [74, 141, 145]. For 
instance, Rook and associates [142] demonstrated 
the importance of cytomegalovirus-specific cyto- 
toxic lymphocytes during infection in renal trans- 
plant recipients. Clinically important CMV disease, 
including pneumonitis, pancreatitis, superinfections, 
and death, occurred exclusively among patients 
without a cytotoxic lymphocyte response. Further- 
more, acute allograft dysfunction during CMV infec- 
tion was experienced more frequently in patients 
without this specific cellular response, indicating 
that a CMV-specific cytotoxic response did not re- 
sult in a renal immunopathological condition lead- 
ing to graft dysfunction. In bone marrow transplant 
recipients, Quinnan and coworkers [133[ also dem- 
onstrated the importance of certain subsets of cyto- 
toxic lymphocytes in the defense against CMV in 
vivo. Since immunosuppressive drugs, especially 
high-dose steroids, can completely abrogate a cyto- 
toxic T-cell response [142] and since CMV-specific 
cytotoxic responses can be detected early in the 
course of a CMV infection, the absence of such a re- 
sponse in the presence of infection might stress the 
need for early tapering of the immunosuppressive 
therapy during infection [141]. There is some evi- 
dence that cyclosporinA is less suppressive on 
CMV-specific cytotoxic T-cell responses than the 
more conventional immunosuppressive drugs [113]. 
This might be responsible, at least in part, for the 
diminished incidence of serious CMV infections 
after renal transplantation reported by some investi- 
gators when cyclosporin A is used as an immuno- 
suppressive drug. During CMV infection, a persis- 
tent inversion in the ratio CD4+ (helper/inducer 
cells) to CD8 + (cytotoxic suppressor cells) circulat- 
ing lymphocytes is found, and a very low CD4/CD8 
ratio during infection was associated with a higher 
incidence of superinfections and glomerular damage 
during CMV infection [152]. 

Of the nonspecific factors involved in the defense 
against CMV, macrophages are believed to play an 
important role [74]. Although serum complement is 
activated during CMV infection [168], most likely via 
the alternative pathway of complement activation 
[171], its role in the defense against C/vlV is probably 
limited since in states of C-deficiencies recurrent, 
life-threatening, viral infections seldom occur [64]. 
On the other hand, anaphylatoxins formed during 
complement activation might be responsible for 
some of the protean manifestations of the CMV syn- 
drome [41,170, 171]. 

Another important feature of CMV infections in- 
volves the fact that CMV infection is an important 
contributor to the net state of immunosuppression 
present in a given transplant patient [83, 144, 146]. 
The immunosuppressive effect of the virus makes 
the patient prone to superinfections with opportunis- 
tic pathogens such as Pneumocystis carinii, Aspergil- 
lus fumigatus, and gram-negative microorganisms 
[144, 146]. 

CMV infection is also associated with sup- 
pressed monocyte function and monocyte-induced 
suppression of lymphocyte function [26]. The addi- 
tional role of leukopenia, which is so frequently ob- 
served during infection in the net state of immuno- 
suppression, remains unclear despite the finding 
that severe leukopenia during symptomatic CMV 
disease, lasting for more than 5 days, has been asso- 
ciated with high mortality due to superinfection 
[146]. The impaired cellular immunity found during 
a CMV infection is not confined to the period dur- 
ing which the patient suffers from CMV disease 
since it has been demonstrated that patients with a 
secondary infection have a depressed immune reac- 
tivity against alloantigens and CMV-infected targets 
of long duration [139]. 

Relationship between cytomegalovirus and rejection 

There is a definite and mutual relationship between 
CMV infection and rejection. There are many re- 
ports on the sequence in which infection and rejec- 
tion occur. For example, Betts et al. [9] report that in- 
fection was followed by graft rejection, while others 
report that graft rejection preceded seroconversion 
and virus isolation [20, 98]. Although the exact se- 
quence of events is still controversial, most data sug- 
gest that allograft rejection precedes active CMV in- 
fection. Therefore, rejection is probably important 
for the occurrence of primary infections or for the re- 
activation of latent virus [74]. The increased immu- 
nosuppression given during allograft rejection may 
be responsible for the occurrence of the infection, 
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but the continuous allogenic stimulation by the graft 
may also be important. 

In the murine model, enhancement of MCMV in- 
fection was demonstrated during host versus graft re- 
action [203] and graft versus host reaction [49]. In an- 
other model, Olding et al. [120] found that MCMV 
could be activated from apparently uninfected 
murine spleen cells by cocultivation with allogenic, 
but not syngeneic, fibroblasts. These observations 
were recently confirmed by Bruning et al. in studies 
in the rat [23]. Therefore, allogenic stimulation by the 
graft might also play a role in the occurrence of 
CMV infection after allograft rejection in humans. 

On the other hand, some exciting new data have 
emerged from recent reports that make the inverse 
sequence of events (i. e. infection followed by rejec- 
tion) a real possibility. More than 18 years ago, Sim- 
mons et al. [157] suggested for the first time that 
CMV infection could be associated with an in- 
creased risk of allograft dysfunction and graft loss. 
They suggested the possibility of infection triggering 
allograft rejection. While the inevitable tapering of 
immunosuppressive therapy during an active CMV 
infection seems to be a reasonable explanation for 
an increased incidence of rejection episodes after in- 
fection, this might not be the only factor involved. 
Gaston and Waer [59] supposed, for example, that al- 
lograft rejection is initiated by virus-specific, MHC- 
restricted T lymphocytes. The effector T lympho- 
cytes generated during CMV infection, whose 
primary specificity is for foreign antigens (those of 
the infecting agent) that they see in the context of self 
major histocompatibility complex (MHC) antigens, 
may mediate rejection because of their crossreactive 
recognition of allogenic MHC antigens ("nonself"). 

Furthermore, there is growing evidence that dur- 
ing a CMV infection an increased expression of 
HLA class I and II antigens on peripheral blood leu- 
kocytes as well as on cells of the graft may occur and, 
thus, may play a role in the process leading to allo- 
graft rejection [53, 70, 73, 198]. For example, von 
Willebrand et al. [198] demonstrated an upregulation 
of class II antigen display in the graft and suggested 
that gamma-interferon, produced as a response to 
the virus infection, could be responsible for the in- 
creased antigen presentation leading to allograft re- 
jection following CMV infection. Recently, however, 
van Dorp et al. [47] demonstrated in an in vitro 
model of cultured venous endothelial cells from 
human umbilical cord that these cells, when infected 
with CMV (CMV AD 169 strains), express class I but 
not class II antigens on their surface. They were able 
to demonstrate that this expression was not due to 
soluble factors in the culture medium synthesized by 
the CMV-infected cells. 

The enhanced expression of class I HLA anti- 
gens by CMV [47, 70] may not only be involved in the 
generation of allograft rejection but may also be im- 
portant in amplification of virus infection [6, 70]. 
Beck and coworkers [6] demonstrated that CMV en- 
codes a molecule similar to the MHC-class I anti- 
gens of higher eucaryotes. Grundy et al. [67] showed 
that CMV exists in vivo as [~2M-coated particles and 
suggested that those [32M-coated virus particles may 
use class I HLA molecules as a virus receptor, there- 
by increasing the infectivity of the virus. The CMV 
class I-like encoded membrane glycoproteins may 
be involved in this binding process. When the ~2M- 
coated CMV comes in close contact with a target 
cell, exchange or displacement of CMV-bound [~2M 
with [~2M bound to cellular HLA class I antigens 
may take place and trigger internalization of the 
virus by receptor-mediated endocytosis [6]. Some 
other fascinating data came from the observation by 
Funjinami and coworkers [58], who demonstrated 
sequence homology and immunologic crossreactiv- 
ity of human CMV with HLA-DR [~ chain, which 
might thus also be involved in the rejection process. 
An alternative explanation for graft dysfunction, 
CMV glomerulopathy, as proposed by Richardson 
et al. [137], will be discussed in the following section. 

Symptomatology 

Despite the fact that many of the patients with labo- 
ratory signs of an active CMV infection have no 
clinical symptoms at all and despite new immuno- 
suppressive regimens, CMV infection after organ 
transplantation still has a significant impact on graft 
and patient survival [11, 57, 61, 96, 126, 144, 146, 149, 
192, 193]. As mentioned earlier, the most important 
factors involved in the liability for developing severe 
CMV disease are the serostatus of the recip- 
ient /donor  pairs (the seropositive donor/seronega- 
tive recipient combination posing the greatest risk) 
and the net state of immunosuppression. With re- 
gard to the impact of CMV infections on graft and 
patient survival, Fryd and coworkers [57], in a pro- 
spective study of 276 renal allograft recipients, found 
a 1-year graft survival of 53% in patients with CMV 
disease as compared to 79% in patients without 
CMV disease. Patient survival at 1 year was 76% and 
92%, respectively. Metselaar and associates [106] 
studied 73 cadaveric renal graft recipients for whom 
the serostatus of both the recipient and donor were 
known. A poor graft survival of 41% at 3 years after 
transplantation was found in CMV-negative recip- 
ients who had been transplanted with kidneys of 
seropositive donors, compared with an actuarial 3- 
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year graft survival of 72% in seronegative/seronega- 
tive pairs. In a large multicenter study by Rubin et al. 
[149] a worse outcome for patients at risk for primary 
CMV infection was demonstrated, especially when 
antilymphocyte preparations were used. 

Of all patients who develop clinical manifesta- 
tions of CMV infection as a result of primary, sec- 
ondary, or superinfections, more than 90% do so in 
the period 1-6months post-transplantation, and 
60% of the febrile episodes during this period are 
due to CMV infections [90, 126, 144, 146, 179]. How- 
ever, clinically important, even fatal, CMV infections 
may occur up to 2 years or more after transplanta- 
tion [97]. When patients with a CMV infection are 
symptomatic, the symptoms may vary greatly. Most 
of the patients have a so-called self-limiting syn- 
drome, consisting of fever (often spiking), arthralgia, 
leukopenia and/or  thrombopenia, and abnor- 
malities in liver enzymes [90, 144, 146]. With tapering 
of the immunosuppressive therapy, the great ma- 
jority of patients recover completely from the syn- 
drome. 

Renal involvement during CMV infection is fre- 
quently observed, but the cause of it is controversial. 
The mutual relationship between CMV infection 
and allograft rejection as a possible cause of renal 
dysfunction during CMV infection has already been 
extensively discussed. 

Alternatively, in 1981, Richardson et al. [137] de- 
scribed a distinctive pattern of glomerular injury in 
renal allografts that they associated with CMV vire- 
mia without relation to allograft rejection. The 
pathological features consisted of diffuse endothe- 
lial hypertrophy and necrosis, accompanied by accu- 
mulation of fine fibrillar webs of periodic acid-Schiff 
(PAS)-positive material and mononuclear cells that 
resulted in obliteration of the glomerular capillaries. 
Furthermore, fibrin and IgM as well as C3 were 
found by IF. No viral particles were detectable by 
electron microscopy or by IF using monoclonal anti- 
bodies directed against CMV-EA and -LA. Recently, 
the existence of a distinct CMV glomerulopathy has 
been disputed [17, 79]. Herrera and coworkers [79] 
state that the pathological condition that has been 
designated as CMV glomerulopathy probably repre- 
sents rejection, either a peculiar antiendothelial type 
of rejection or a protracted, early, or partially re- 
solved vascular type of rejection. It is also note- 
worthy that patients without an allograft who con- 
tract CMV do not develop lesions as described by 
Richardson et al. Boyce and associates [17] found a 
significant prevalence of "transplant glomerulopa- 
thy" in their renal transplant patients, but they could 
not demonstrate a correlation with CMV infection. 
They also suggested that since the condition corre- 

lated well with poor graft survival, "transplant 
glomerulopathy" is a manifestation of allograft re- 
jection. On the other hand, Smith and Wehner [162, 
190] were able to induce glomerulonephritis associ- 
ated with azotemia and proteinuria in an animal 
model by injecting CMV intraperitoneally. 

In those studies, CMV was only demonstrated by 
electron microscopy in mesangial cells [162, 190]. In 
this respect it is noteworthy that Heieren et al. [78] re- 
cently demonstrated that CMV efficiently replicates 
in cultured human kidney mesangial cells. Yet, in 
human pathology, CMV is seldom demonstrated in 
kidney cells, even in patients with disseminated dis- 
ease, although Shorr and coworkers [156] were able 
to describe a case of tubulointerstitial nephritis dur- 
ing CMV infection where, in autopsy material, clas- 
sic CPE was demonstrated around the kidney tubu- 
lar epithelium. 

Although seldom observed, an alternative expla- 
nation of renal impairment during CMV infection 
might be glomerulonephritis due to immune com- 
plexes formed during infection [122, 174]. Thus, al- 
though renal impairment during CMV infection is 
frequently observed, its cause remains rather obscure 
and may even be multifactorial. 

Gastrointestinal symptoms during CMV infec- 
tion are numerous. They include gastrointestinal ul- 
cers that may bleed or perforate (i.e., esophageal, 
gastric, and colon ulcers), gastritis, and pancreatitis 
[3, 38, 55, 81, 126, 143, 144, 159] as well as (granulo- 
matous) hepatitis [37, 117] and possibly pneumatosis 
intestinalis [167]. Inclusion bodies [126] and some- 
times vasculitis [55] may be found at the site of the ul- 
cers in the alimentary tract. It is important to note 
that gastrointestinal symptoms due to CMV can be 
present without other major symptoms of the infec- 
tion. In this respect it is important to stress that CMV 
can be present in the gastroduodenal tract without 
symptoms. Franzin and coworkers [56] found evi- 
dence of CMV inclusion bodies in biopsies collected 
from gastroduodenal mucosa of' patients with a renal 
allograft in 9 out of 20 cases. The presence of these 
CMV inclusion bodies was unrelated to viremia-in- 
duced or gastrointestinal symptoms at the time of en- 
doscopy. Therefore, when gastrointestinal symptoms 
are present in a given patient, one single positive 
laboratory test consistent with CMV infection may 
not be enough to consider the symptoms present as 
CMV-induced. Other possible causes must first be 
excluded and positive laboratory signs for CMV in- 
fection have to be judged in concert with other signs 
of CMV infection. This also holds for the other 
numerous manifestations attributed to CMV: 
lymphadenopathy, rash, hepatosplenomegaly, con- 
junctivitis, pericarditis, myocarditis, encephalitis, 
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Guillain-Barr6 syndrome, and skin ulcerations asso- 
ciated with vasculitis [2, 46, 61, 76, 111,144, 200]. 

Of the more common manifestations of CMV in- 
fection in the transplanted patient, pneumonia is the 
one that separates serious illness from more benign 
disease [126, 144], with a reported mortality of 48% 
rising to over 90% if assisted ventilation is required 
[126]. The most common form of CMV pneumonitis 
is a bilateral, symmetrical, interstitial process that af- 
fects predominantly the lower lobes of the lungs 
[146]. Alternatively, a more lobar pattern may be 
found, and even a solitary pulmonary nodule has 
been reported solely due to CMV [135]. Thus, the 
radiological presentation can be indistinguishable 
from other causes of pulmonary infiltrates, such as 
bacteria, fungi, or HSV. Attempts to make the proper 
diagnosis should, therefore, not be postponed and 
should be rather aggressive (BAL, transbronchial, or 
open-lung biopsy, together with extensive bacterial, 
viral, and fungal cultures) in order to initiate the 
proper treatment as soon as possible. It is also note- 
worthy that HSV and CMV are frequently present 
concomitantly in the same patient. If  an asympto- 
matic patient with only laboratory signs of CMV in- 
fection and an oral infection with herpes simplex (la- 
bial HSV) has to be intubated for whatever reason 
(e. g., an operation) and later develops focal or multi- 
focal pulmonary infiltrates, the possibility of herpes 
simplex pneumonia, via contiguous spread of the 
virus during intubation, has to be taken into account 
[134]. 

Peterson and coworkers [127] analyzed the risk 
factors in the development of CMV-related pneu- 
monia in renal transplant recipients. They found that 
recipients of kidneys from seropositive donors had a 
more than threefold greater risk of developing CMV 
pneumonia than recipients of kidneys from seroneg- 
ative donors. Moreover, an increased risk was found 
in patients who received ATG as immunosup- 
pressive therapy. Clinically, patients with CMV 
pneumonia have a characteristic "subacute" presen- 
tation with symptoms developing over a period of 
several days, the first signs being a typical dry, hack- 
ing cough with an increasing respiratory rate. Other- 
wise, physical signs at that time are minimal. When 
progressive, symptoms evolve over a period of sev- 
eral days, eventually leading to respiratory failure 
[146]. 

A brisk, rapid deterioration of the clinical situ- 
ation must alert the clinician to the possibility of 
superinfection with opportunistic pathogens such as 
Pneumoeystis carinii, Aspergillus fumigatus, Candida 
albicans or gram-negative microorganisms [144]. 

Although the exact pathogenesis of CMV pneu- 
monitis is not known [154], some investigators sug- 

gest that it could be an immunologically mediated 
phenomenon rather than the result of direct viral 
damage to the lungs [68, 154]. For example, Grundy 
and associates [68] state that CMV p neumonitis is 
due to uncontrolled accumulation in the lungs by 
host T cells during infection. One other possible fac- 
tor involved in the pathogenesis of CMV pneu- 
monitis might be the serum complement C system, 
since C is activated during an active C, MV infection 
[168, 171] and C-cleavage products, formed during 
activation, are thought to play an important role in 
the immunopathological aspects of several pulmo- 
nary afflictions, as reviewed by Stimler et al. [176] 
and Till et al. [184]. In our laboratory,, van Son and 
coworkers [169, 170] showed in a prospective study 
of renal transplant patients that every patient with an 
active CMV infection has pulmonary dysfunction 
[measured as decreased diffusing capacity for car- 
bon monoxide (KCO)], even patients 'with a normal 
chest roentgenogram and normal blood gas analysis. 
The pulmonary dysfunction found in these patients 
occurred concomitantly with the appearance of C- 
activation products like the anaphylactoid factor 
C3a des arg in the circulation [170], together with a 
sharp rise in serum angiotensin-conw~rting enzyme 
(as a possible marker for pulmonary endothelial cell 
damage) [172], leading to the hypothesis that these 
findings were linked. 

The formation of C-anaphylatoxins during CMV 
infection might, for instance, have caused damage to 
the pulmonary endothelial cells via chemotaxis and 
activation of polymorphonuclear cells and the for- 
mation of toxic oxygen radicals, thereby influencing 
the gas transport from the alveoli to the capillaries in 
the lungs [44, 172]. However, further research will be 
needed to prove this hypothesis. Another important, 
though rather infrequent and late, feature of the 
CMV syndrome post-transplantation is the CMV-in- 
duced chorioretinitis, especially in patients with 
long-lasting viremia [21,105, 114, 144]. The hallmark 
of CMV retinitis is hemorrhagic retinal necrosis, 
which leads to irreversible, devastating ocular dam- 
age [105, 114] and, sometimes, to bilateral retinal de- 
tachment [21]. 

Finally, in 1977, Simmons and coworkers [159] de- 
scribed the characteristics of a lethal CMV syndrome 
- "wasting disease" - in which patients suffer an unre- 
lenting, disseminating disease despite cessation of the 
immunosuppression. The clinical characteristics of 
the lethal CMV infection following transplantation 
are prostration, orthostatic hypotension, severe pul- 
monary dysfunction with undersaturation, hepatic 
dysfunction, muscle wasting, central nervous system 
depression, and severe gastrointestinal symptoms as- 
sociated with bleeding from ulcers, ultimately leading 
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to death. Fortunately, with modem immunosup- 
pressive regimens and improved techniques for early 
detection of CMV infection, the incidence of this le- 
thal syndrome has decreased [144]. 

Prophylaxis and treatment 
of cytomegalovirus infections 

As for the prophylaxis of  CMV infections, one logi- 
cal approach to preventing severe CMV disease after 
transplantation would be to identify patients at risk 
(seronegative recipients) and to transplant them only 
with organs from seronegative donors. While advo- 
cated by some authors [1, 106, 199], this "double 
matching" of HLA and serostatus might not always 
be feasible. In a situation where, for example, there is 
an increasing shortage of kidneys, as at Eurotrans- 
plant, this might merely increase the waiting time, es- 
pecially for patients with a high percentage of circu- 
lating HLA antibodies [147]. In living related 
transplantation, a seropositive donor for a seronega- 
tive kidney recipient should also be accepted since 
the advantages of living related grafting far outweigh 
the disadvantages of CMV disease [149]. However, 
since CMV can cause serious morbidity in living re- 
lated transplantation, when more than one equiva- 
lent donor is available, a seronegative recipient 
should, whenever possible, be transplanted with the 
kidney of a seronegative donor [1931. 

If only a seropositive donor is available, another 
approach could be to transfuse the seronegative re- 
cipient with the seropositive blood of the donor, i. e., 
donor-specific transfusion (DST) [193]. Since DST 
means transfusion with viable leukocytes, there is a 
reasonable chance of seroconversion of the recip- 
ient. One could postpone transplantation until this 
seroconversion has occurred, some 3-4 months after 
DST. In two studies [4, 129], active immunization of 
seronegative healthy volunteers and uremic candi- 
dates for transplantation by the live, attenuated 
Town strain of CMV elicited a humoral response, 
and antibodies to CMV could be demonstrated up to 
3 years after vaccination. However, while in a study 
of Plotkin et al. [131] there was less severe CMV dis- 
ease in the Town-vaccinated patients than in the 
nonvaccinated patients, another study showed that 
vaccination could not prevent severe, even fatal, 
CMV infection [4]. It is important to stress that vacci- 
nation only gives limited immunity to the Town 
strain, and given the fact that even natural infection 
does not confer immunity to superinfection with 
other strains of the CMV, it is unlikely that vaccina- 
tion with a monovalent CMV vaccine can really be 
effective in preventing CMV disease [144]. High-titer, 

hyperimmune anti-CMV globulin preparations are 
polyclonal and derived from many donors, making 
them, at least theoretically, candidates to cover a 
broad group of naturally occurring strains of the 
CMV [144]. In an animal model, Rubin and associ- 
ates [150] showed that administration of hyperim- 
mune antimurine CMV antiserum provided mice 
with complete, long-lasting protection against a le- 
thal challenge with murine CMV. 

In a controlled study by Snydman and coworkers 
[164], a protective effect of CMV hyperimmune glob- 
ulin was reported when given prophylactically to 
renal transplant patients during the first 4 months 
after transplantation. A significant reduction in seri- 
ous CMV-associated disease was observed, even 
when patients were grouped according to therapy for 
transplant rejection. However, the rate of viral isola- 
tion was not influenced. In a recent open-label trial, 
they found comparable results [165]. qflae same con- 
clusions have been reported in bone marrow grafting 
[40, 201] and in heart transplantation (Metselaar and 
Weimar, personal communication). 

Other prophylactic strategies reported are of anti- 
viral origin. Cheeseman and coworkers [30] and 
Hirsch and associates [80] showed in 1979 and 1983, 
respectively, that interferon-alpha of leukocyte 
origin, when given prophylactically to renal trans- 
plant recipients, decreased the incidence of clinical 
CMV disease as well as the incidence of superinfec- 
tion with opportunistic pathogens. However, a strong 
correlation between administration of interferon- 
alpha and irreversible rejection has been noted [89], 
even when given in low doses and to patients treated 
with cyclosporin A, [88] something which may be re- 
lated to the reported upregulation of MHC-antigen 
expression by interferon. Thus, prophylactic admin- 
istration of interferon cannot be recommended. 

There is some evidence for acyclovir as prophy- 
laxis for CMV disease. Meyers et al. [108] showed in 
bone marrow graft recipients and Balfiour et al. [5] in 
renal transplant recipients that prophylactic treat- 
ment with high-dose oral acyclovir resulted in a sig- 
nificant reduction in the rate of CMV !infections and 
disease. However, in the placebo-controlled study of 
Balfour and coworkers, neither a difference in the se- 
verity of CMV infection nor any in pwtient and graft 
survival could be demonstrated between the treated 
and placebo groups. In both studies the prophylactic 
treatment started on the day of transplantation and 
ended 30 days later. 

Finally, it needs to be stressed that one of the 
major ways of preventing CMV disease is to avoid 
overimmunosuppression, especially in the patients 
at risk for primary infection. Together with the new 
techniques for rapid diagnosis of CMV infection, 
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this is the basic approach to preventing clinically im- 
portant CMV disease. 

The first, and probably most important, step to- 
wards treating patients with CMV disease is to taper 
the immunosuppression. Therapy with ALG, ATG, 
and OKT3, in particular, should be stopped without 
delay. 

Treatment of CMV disease with acyclovir [130, 
188], adenine-arabinoside [32, 101], or adenine-ara- 
binoside in combination with interferon [107] have 
all been unsuccessful because of proven ineffective- 
ness and/or  toxicity. New drugs, such as phos- 
phonoformate (Foscarnet) and especially DHPG 
(9-[(1,3-dihydroxy-2propoxy)methyl]guanine), are 
much more promising. Klintmalm and colleages [87] 
demonstrated a favorable clinical reponse to intrave- 
nously administered Foscarnet in six immunosup- 
pressed patients with life-threatening CMV infec- 
tion. Ringd6n and associates [138] also found 
considerable improvement in clinical and laboratory 
signs of CMV infection in bone marrow and renal 
transplant recipients, although they reported a sig- 
nificant mortality despite treatment with Foscamet. 
Adverse effects, such as decreased values of hemo- 
globin, decreased renal function, and increased 
serum calcium levels, were reported in only a few pa- 
tients in this study. Recently, however, Cacoub and 
coworkers [25] reported four cases of acute renal 
failure, which they attributed to the use of Foscarnet. 

DHPG (ganciclovir) is a new antiviral drug 
which, like acyclovir, is a cogener of deoxyguano- 
sine, a normal component of DNA [95]. Ganciclovir 
is activated by kinases of CMV-infected cells to its 
probably active triphosphate-derivate, which is an 
inhibitor and substrate for CMV-DNA polymerase 
[14]. In this respect it is established that in vitro gan- 
ciclovir is activated ten times more readily than acy- 
clovir in CMV-infected cells and up to 100 times 
more when compared to uninfected cells. This may 
explain why ganciclovir, in contrast to acyclovir, is 
not only excellent at inhibiting CMV replication in 
vitro but also inhibits CMV at clinically achievable 
levels in vivo [95, 132]. It should be noted that, be- 
cause of its structure, ganciclovir is, in contrast to 
acyclovir, not only incorporated in the viral DNA 
but also in the DNA of the host cell [197]. This may 
be relevant for the definition of the therapeutic index 
or ratio of efficacy to toxicity. Ganciclovir is metabo- 
lized like acyclovir and is excreted largely un- 
changed in the urine [166]. In patients with normal 
renal function, a biexponential decay of ganciclovir 
from plasma has been observed, with an initial dis- 
tribution half-life (ta/2) of 0.76 ___ 0.67 h and a termi- 
nal elimination ta/2 of 3.60_1.40h. Aside from 
glomerular filtration of ganciclovir, there is evidence 

that tubular secretion may also be involved in the 
clearance of ganciclovir, and the clearance of the 
drug was found to be substantJially higher than the 
estimated creatinine clearance [166]. 

Hemodialysis has been shown to be very effective 
in eliminating ganciclovir from plasma [166]. In pa- 
tients with renal insufficiency, the terminal elimina- 
tion tl/2 was found to be markedly increased, which 
makes adjustment of the dosage of the drug in case 
of renal function impairment necessary. Ganciclovir 
has been shown to be effective in treating CMV dis- 
ease in immunosuppressed patients, especially in pa- 
tients with the acquired immunodeficiency syn- 
drome (AIDS), in patients with solid organ 
transplantation and, to a lesser extent, in patients 
with bone marrow transplants [27, 39, 51, 54, 93, 95, 
125]. In patients with bone marrow grafts, the results 
of DHPG treatment for CMV pneumonia have 
generally been disappointing [136, 155, 202]. Recent- 
ly, however, Crumpacker and associates [43] re- 
ported a somewhat higher survival rate of 38% in 21 
bone marrow graft patients with well-documented 
CMV pneumonia who were treated with DHPG. 
They suggested that the more favorable outcome ob- 
served in the study group, when compared to pre- 
vious studies, was possibly due to the somewhat 
lower dosage of DHPG (10 mg/kg per day), thereby 
avoiding profound neutropenia, and to the concomi- 
tant use of hyperimmune globulin in some of the sur- 
vivors. Although the results thus far indicate that 
CMV pneumonia in bone marrow transplant recip- 
ients is somewhat refractory to treatment with ganci- 
clovir, it was anticipated that in less severely immu- 
nocompromised patients, such as renal allograft 
recipients, the results might be more favorable. There 
are, however, only a few, as yet inconclusive, reports 
on relatively few patients about the effects of DHPG 
on CMV pneumonia in renal transplant recipients. 
Hecht and associates [77] reported 50% survival in 
four patients with CMV pneumonia after renal trans- 
plantation who were treated with DHPG. This treat- 
ment was started in both survivors within 4 days 
after the onset of the pneumonia, while one of the 
survivors also received hyperimmuneglobulin. 

Harbison and coworkers [75;] reported a 67% re- 
covery from CMV pneumonia after treatment with 
DHPG; in four out of six cases, however, the pneu- 
monia was not very well documented. Favorable 
outcome of DHPG-treated CMV pneumonia in 
renal transplant recipients has also been reported by 
Buhles et al. [24] and Stoffel et al. [178]. 

Snydman and associates [163] recently reported 
very encouraging results in renal graft recipients with 
well-documented (histologically and virologically) 
CMV pneumonia who were treated with DHPG. 
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Since none of the studies with this drug have been 
randomized or placebo-controlled, further data from 
well-documented cases are required before the effi- 
cacy of DHPG in the treatment of CMV pneumonia 
can be established. 

Although clearly needed, and despite the well-es- 
tablished efficacy of ganciclovir for other symptoms 
of the CMV syndrome, such studies are not likely to 
occur for "ethical" reasons. Side effects of  ganci- 
clovir are very well documented and, although mild 
and reversible in most cases, they can be severe. In a 
study of 314 immunocompromised patients, the 
most common events during treatment with DHPG 
included neutropenia (absolute neutrophil count 
< 1000 cells/~xl) in 42% of all patients, thrombocy- 
topenia (<  50000platelets/~tl) in 19% of the pa- 
tients, rash (6%), nausea (6%), fever (6%), infusion 
site reaction, vomiting, diarrhea, anemia (4% each) 
and eosinophilia, confusion, seizures, and abnormal 
mentation (3% each) [24]. Although most of the side 
effects are reversible, neutropenia may, in rare cases, 
be irreversible. Since ganciclovir has no effect on la- 
tent virus, relapses may occur in heavily immuno- 
compromised patients with CMV disease after an 
initial good response to DHPG treatment, especially 
in patients with AIDS or with a poor humoral re- 
sponse to CMV. Thus, in order to stabilize the dis- 
ease, maintenance therapy is sometimes required 
(e. g., 5 mg/kg five times a week) [951. 

In this respect it is of great concern that resistance 
to DHPG of certain CMV strains has recently been 
described in the laboratory [151 as well as in vivo. 
Erice and associates [52] described the development 
of resistance of a certain CMV strain during treat- 
ment of DHPG in an immunocompromised patient 
who was on prolonged treatment with this drug. In 
the studies of Biron and coworkers [151, cells infected 
with the drug-resistant CMV mutant failed to con- 
vert ganciclovir to its active triphosphorylated form, 
suggesting that reduced phosphorylation of the drug 
accounted for the resistance of this mutant. There- 
fore, in order to avoid the selection of resistant 
strains of CMV by the unlimited use of ganciclovir, it 
might be wise to reserve this treatment for patients 
with life-threatening disease and for patients with 
CMV retinitis [52]. 

Recommendations for people 
who work with immunosuppressed patients 
with severe cytomegalovirus disease 

Since there is no evidence of an increased risk of 
infection with CMV among personnel working in 
dialysis or oncology units [121,185], no special pre- 

cautions are recommended for the care of immuno- 
suppressed patients who are known or believed to be 
excreting CMV. Good personal hygiene, especially 
hand-washing should be practiced after contact with 
urine or respiratory tract secretions of immunosup- 
pressed patients. Gowns, mask:s, gloves, or private 
rooms are not necessary, and the transfer of suscep- 
tible personnel (including pregnant women) to other 
units is not recommended. 

Pregnant women working with severely immuno- 
suppressed patients should be informed of the risk of 
acquiring CMV infection, its possible effects on the 
fetus, and hygienic practices 1Lo prevent infection 
[1211. 

Conclusions 

During the last decade, an abundance of data have 
emerged highlighting new aspects of the basic 
properties of CMV, information about transmission 
of the virus, and its relation to the immune system. 
New data have become available concerning the 
pathophysiological processes leading to the protean 
manifestations of the CMV syndrome. New methods 
for rapid diagnosis of CMV infection have become 
available. The CMV antigenemia assay, as well as 
the "accelerated" isolation methods of the CMV and 
possibly the PCR test, are especially promising new 
tools for the clinician dealing with the care of trans- 
planted patients. For prevention of CMV infections, 
prophylactic treatment with hyperimmune globulin 
or possibly with high-dose oral acyclovir is becom- 
ing more and more a real possibility. Finally, prom- 
ising new regimens for treatment of severe CMV in- 
fections have become available. DHPG, in 
particular, seems to be heralding a new era in the 
management of patients with life-threatening CMV 
disease. However, since no drugs are currently avail- 
able to eradicate latent virus, it is unlikely that the 
many problems of this intriguing virus in organ 
transplantation will be solved in the near future. 

As long as we act like meddlesome parents in the 
inevitable marriage between CMV and the immune 
system, introducing new, more potent immunosup- 
pressive drugs, this virus will continue to challenge 
us to find ways of modifying its impact on graft and 
patient survival in organ transplantation. 
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