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1Cytomegalovirus (CMV), a member of the 
Betaherpesviridae family, infects most humans. 
Epidemiologic studies report a prevalence of anti-
CMV immunoglobulin (Ig) G antibody positivity in 
adults of up to 80% to 90%. Primary CMV 
infection generally occurs during the first two 
decades of life either as an asymptomatic infection 
or as a benign infectious mononucleosis-like 
syndrome. 

Cell mediated immunity and neutralizing 
antibodies, subsequently develop, but, possibly 
because of CMV's immune system evasion 
mechanisms, the cellular and humoral immune 
responses do not completely eliminate the virus. 
Like the other members of the human herpesvirus 
(HHV) family, CMV establishes latency, with 
intermittent reactivation leading to low levels on 
viral persistence. This infection occurs 
predominantly among those with a suboptimal 
immune response. CMV infection is normally 
defined as evidence of viral replication regardless 
of symptoms, whereas CMV disease typically 
describes the presence of viral replication and 
associated symptoms, and can occur in the form of 
a viral syndrome or tissue invasive disease. This 
infection is particularly challenging to treat and 
manage among solid organ transplant recipients. 
CMV appears to have indirect immunomodulatory 
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effects and may lead to higher rates of bacterial and 
fungal infections, acute allograft rejection, 
posttransplant lymphoproliferative disease (PTLD), 
chronic allograft rejection, and allograft loss. The 
ideal preventive strategy for CMV infection and 
disease has yet to be identified, and although 
treatment of this condition with antiviral agents is 
often effective, antiviral toxicity and the 
development of drug-resistant strains can pose 
significant barriers to long-term success. In this 
regard, patients and healthcare providers alike can 
benefit from new insights into the diagnosis, 
treatment, and management of this virulent 
infection. 

Cytomegalovirus (CMV) is specifically 
problematic to transplant patients (1). 
Approximately 40% to 90% of healthy individuals 
are CMV-seropositive, reflecting exposure to CMV 
and subsequent development of antibodies against 
the virus at some point during their lifetime. CMV 
may be acquired at birth during delivery (via 
placental or vaginal transmission), or the virus may 
be transmitted through body fluids, blood, and 
transplanted stem cells and organs. After initial 
infection, the virus establishes life-long latency. 
The reactivation of CMV with progression of CMV 
infection to clinical disease depends largely on the 
host’s immune status; immunocompromised hosts 
are more likely to develop clinical disease than 
immunocompetent hosts, primarily due to impaired 
cell-mediated immunity. 
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CMV viral load is an important predictor of 
CMV disease; the level of viremia has been 
directly associated with risk of CMV disease 
following solid organ transplant (SOT) (2).  

The host immune response also plays an 
important role; patients who are donor seropositive 
and recipient seronegative (D+/R−) lack both cell-
mediated and humoral immunity to CMV and are 
at highest risk for disease. Clinical studies have 
demonstrated that both in healthy controls and in 
renal transplant recipients, CMV-specific T-cell 
levels strongly correlate with CMV serostatus (3). 
Recently, cell mediated immune responses have 
been utilized to help predict CMV infection and 
disease. In this setting, detectable CMV-specific 
CD8+ T-cell response is predictive of a low risk of 
subsequent CMV disease. Innate immunity also 
likely plays a role in the control of CMV (4). 

Three types of CMV infection can develop in 
SOT recipients: primary infection, reactivation, and 
superinfection (1). Primary infection is the result of 
viral transmission from a seropositive donor (D+) 
to a seronegative recipient (R−) or transmission of 
latent virus through blood transfusion or through 
community exposure. Reactivation refers to the 
reactivation of endogenous latent CMV in a 
recipient who was seropositive (R+) prior to 
transplantation. Superinfection describes 
transmission and reactivation of donor-derived 
CMV in a seropositive recipient. D+/R− patients 
are considered to be at highest risk of CMV 
infection and disease development. Without 
prophylaxis, approximately 80% to 100% of 
D+/R− SOT recipients will develop CMV 
infection. Among these patients, up to 50% to 70% 
will go on to develop clinical CMV disease. D+/R+ 
and D−/R+ patients are considered to be at 
moderate risk of CMV infection, and D−/R− 
patients have the lowest risk of CMV. 
Approximately 16% to 21% of moderate-risk SOT 
patients will develop CMV infection, and this 
condition rarely occurs in low-risk groups provided 

that CMV seronegative or leukodepleted blood 
products are used (5).  

Recipients of certain types of SOT are at 
increased risk of CMV infection. The highest 
incidence of this infection is in lung allograft 
recipients. Pancreas and heart transplant patients 
are at intermediate risk, and liver and kidney 
recipients are generally at lower risk, however, 
significant variation exists based on the type of 
immunosuppression used. Additionally, the risk of 
CMV disease is significantly greater in patients 
receiving highly immunosuppressive therapies 
(e.g., antithymocyte globulin or OKT3) than in 
those receiving less potent immunosuppressive 
therapy. 

In the absence of prophylactic therapy, CMV 
infection typically develops within 3 months of 
SOT, with a median time to onset of 1 to 2 months 
(6). Symptoms of CMV disease can range from a 
viral syndrome to tissue-invasive disease and 
severe end-organ involvement (e.g., pancreatitis, 
pneumonitis, hepatitis, myocarditis, nephritis, or 
gastrointestinal disease) (1). In addition to directly 
attributable morbidity, CMV may also have an 
immunomodulatory effect. The indirect effects of 
active CMV disease can include development of 
other infectious complications, such as bacteremia, 
invasive fungal infections (IFI), and Epstein-Barr 
virus (EBV)–related PTLD (1). Several studies of 
liver transplant patients have identified CMV 
infection or disease as an independent risk factor 
for IFI (7). In these studies, patients who developed 
IFI had higher 1-year mortality rates than those 
observed in patients without IFI. Heart, lung, and 
liver transplant recipients with CMV disease are 
also at increased risk for invasive aspergillosis 
infection (8). In patients at high risk of developing 
PTLD, (D+/R−for EBV), CMV disease has been 
shown to be an independent predictor of this 
outcome. Moreover, the risk of developing PTLD 
is increased by 7.3-fold in those with CMV disease 
(9). 
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CMV also appears to be associated with 
infection or reactivation of HHV-6 and/or HHV-7, 
although the factors surrounding this relationship 
have yet to be elucidated (1). Among liver 
transplants, CMV disease has been associated with 
elevated CMV, HHV-6, and HHV-7 viral loads. 
Renal transplant recipients who were coinfected 
with both CMV and HHV-7 were found to 
experience higher rates of CMV disease and HHV-
7–associated allograft rejection. Similarly, CMV 
has also been coupled with poor outcomes when 
occurring in tandem with hepatitis C virus (HCV) 
infection. In liver transplant recipients who were 
infected with HCV, CMV reactivation was 
independently associated with allograft failure and 
mortality (10). Again, the factors that contribute to 
the pathogenesis of HCV and CMV infection have 
yet to be identified. Additional indirect effects of 
CMV infection include acute allograft rejection, 
chronic allograft rejection, and allograft loss (1). 
Among kidney transplant recipients, both CMV 
infection and CMV disease have been associated 
with acute allograft rejection, and CMV disease has 
been found to predict allograft loss—underscoring 
the importance of preventing the progression of 
CMV infection to CMV disease. SOT recipients 
with CMV infection may also have increased risk 
of posttransplant diabetes mellitus. CMV infection 
also appears to facilitate inflammatory processes, 
leading to endothelial cell damage by alloreactive 
T cells and chronic allograft rejection (1). Chronic 
allograft nephropathy, vanishing bile duct 
syndrome, bronchiolitis obliterans, and accelerated 
coronary atherosclerosis have been linked to CMV 
infection in kidney, liver, lung, and heart transplant 
patients, respectively (1). 
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