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1. Introduction

With the global evolution of organ transplantation in humans a new class of patients with
special problems related to opportunistic infections after transplantation has appeared [1,
2 ].Some of these challenges infections with members of the herpesvirus family. Among these
viruses, human cytomegalovirus (HCMV) often affects immunocompromised patients,
HCMV can be reactivated by immunosuppression and cause significant morbidity and
mortality [3,4]. In the postoperative period, HCMYV infection can result in serious complica-
tions in patients who received grafts by modulating the immune response [5]. However in
immunocompetent individuals cytomegalovirus infection can be asymptomatic or cause
symptoms similar to infectious mononucleosis syndrome, such as lymphadenopathy, fever,
rash, malaise, arthralgia, hepatomegaly and splenomegaly [6].

This chapter presents the main clinical and epidemiological aspects related to cytomegalovirus
infection and the importance of detection in liver transplant recipients.

2. Cytomegalovirus history

The discovery of HCMV began in 1881 when the histological effects of infection were observed
in the kidney of anewborn child. In 1904, Ribbert identified the causative agent of "cytomegalic
inclusion disease", whose name derives from the characteristic cytopathic effect, represented
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64 Manifestations of Cytomegalovirus Infection

by increases in cell volume and intracellular cytoplasmic inclusions in infected tissues [7]. In
1881 and 1921 similar cell characteristics were reported by Goodpasture and Talbot in a fatal
case associated with this virus involving lung, liver and kidney from a newborn child [8].

The first experimental evidence of the likely etiologic agent of "cytomegalic inclusion disease"
was proposed by Cole and Kuttner in 1926, when they demonstrated the transmission of the
disease in guinea pigs and suggested that this agent possessed characteristics of viral infection
and was species-specific. Wolbach and Farber (1932) demonstrated the first evidence that the
salivary gland virus was commonly involved and showed typical cytomegalic cells were found
in 12% of children. In 1954, using the salivary infection mouse model, Smith isolated the virus
in tissue culture [9].

In 1970 study groups were organized to evaluate the impact of infection in immunocompro-
mised people and through this to propose infection control strategies. In the 1980s the control
measures of CMV began with antiviral agents and immunological interventions [10].

3. Structure features and replication engine

CMV has an ultrastructure similar to other herpesviruses with four structural elements: an
electron-dense core, an icosahedral symmetry capsid, a tegument occupying space between
the capsid and an envelope steeped in glycoproteins and membrane proteins [11].

CMV carries a double-stranded DNA containing approximately 240 kb linear bases [12]
encoding 33 structural proteins and an indefinite number of non-structural proteins, some of
which are antigenic. The genome can be divided into two segments, designated as long
component (L) and short (5) defined by repetitive sequence terminals (RT). The CMV has a
complex genome due to the acquisitions of host genes and the duplication of viral genes [13].
Itis a very thermolabile virus and its average life at 37 ° C is only 45 minutes, totally inactivated
at 56 ¢ C for 30 minutes [14].

During natural infection, viral replication can occur in epithelial, endothelial and muscle
mesenchymal cells, hepatocytes, granulocytes and macrophages [15, 16]. In vivo studies with
cells from immunocompetent and immunosuppressed patients show that CMV can commonly
be isolated from polymorphonuclear leukocytes [17], which may represent an important
replication site [14,16]. Variants of CMV are found in mice, monkeys and guinea pigs, but these
strains are species-specific and do not infect humans [14].

The CMV replication mechanism occurs in three distinct stages, similar to other herpesviruses.
The early phase occurs when the virus adheres to the host cell membrane (with the envelope
loss and penetration into the cell), in the intermediate phase the gene expression and genome
replication occur, and in the late phase, there is the assembly and release of new viral particles
[16-18].

The “early” phase begins when surface proteins of the virion adhere to specific protein
receptors on the cell surface through non-covalent bonds. The viral particles penetrate by
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endocytosis, entering pinocytic vesicles in which the envelope loss process is started, favored
by a low pH. The rupture of the vesicles or fusion of the virus with the outer layer of the vesicle
membrane deposits the core of the virus in the cell cytoplasm [13].

The intermediate phase lasts 24 hours, characterized by transcription and replication of viral
DNA. The first step of viral gene expression is the synthesis of mRNA via host RNA poly-
merase inside the core. The mRNA is translated by the host ribosomes into early and late viral
proteins. The early proteins are enzymes required for viral genome replication [19]. The late
proteins include a polymerase replicating the viral genome [13].

In the late phase, viral particles newly formed are grouped together within the capsid and
begin the process of budding, during which the nucleocapsid adheres to specific sites of the
membrane and interacts with the protein matrix. At this point, a process of evagination occurs
and an enveloped particle flows from the membrane surface [13].

4. Transmission and epidemiology

Infection is defined as seroconversion (an increase of 4 times or more in HCMYV antibody titer
in seronegative or seropositive patients), virus circulation in any body fluid such as urine,
nasopharyngeal secretions or blood [7]. CMV infects only the human population and its
transmission occurs both horizontally and vertically and may include oropharyngeal secre-
tions, vaginal tears, seminal fluid, breast milk, urine, feces and blood [19]. In adulthood the
CMYV transmission may occur through heterosexual and homosexual contact, through blood
and blood products and through organ transplantation, the latter being an important route of
transmission [12,19, 20].

About 80% of the population between late childhood and early adolescence is already infected
with CMV [21, 22] and can harbor the virus in various body sites, especially in the salivary
glands and different types of leukocytes. With age the increased prevalence of antibodies is
common. This may not depend on the geographical area, but the socio-economic status may
be important [10, 23- 28]. The seroprevalence of CMV in populations at high socioeconomic
level varies from 40% to 60%, increases after infection of early childhood and approximately
10% to 20% of children have their first infection episode before puberty [10]. In lower socioe-
conomic populations the seroprevalence level is higher, ranging from 80% to 100%. In Brazil,
seroprevalence of cytomegalovirus averages 90% in adult populations [28].

5. Clinical manifestations

The clinical course of CMV in immunocompetent individuals may be asymptomatic or may
resemble "Mononucleosis Syndrome" presented by persistent fever, myalgia, pharyngitis,
lymphadenopathy, sweating and hepatosplenomegaly [10,28-34].
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66 Manifestations of Cytomegalovirus Infection

After primary infection, CMV persists in host tissues and may be reactivated to cause disease
— usually in children with congenital infection, organ transplant recipients, cancer patients
undergoing chemotherapy and patients with HIV disease [7,10,29,35].

Among the complications caused by CMV in transplanted patients increased long-term
mortality and worsening graft survival are common [35-37]. Clinical disease caused by CMV
is expressed by fever, malaise, myalgia, leukopenia (WBC less than 4.0000/mm?), in-
creased transaminases (hepatitis), pulmonary (pneumonitis) and/or gastrointestinal (colitis,
gastritis, esophagitis) and fever being the most common manifestation, which can also occur
with neurological symptomatology compatible with encephalitis but these are rarer
[29,38,39].

Clinical disease may reflect
1. Primary infection, when it occurs in patients previously seronegative;
2. Secondary infection occurs when the reactivation of latent infection or superinfection;

3. Tertiary infection by reinfection by other strains of the virus [7].

The source of infection for both primary infection and superinfection is may include graft and
blood transfusions. Immunosuppression may cause reactivation of CMV [40]. About two
thirds of patients with primary infection are symptomatic, less than 20% in viral reactivation
have symptoms and about 40% of reinfected individuals have symptoms attributable to CMV
[10]. When primary infection occurs after transplantation the clinical impact is significant [41].
This is most common following allocation of grafts from donors with positive serology to
seronegative recipients [42]. Immunosuppressive drugs such as azathioprine and cyclosporine
have been implicated in the facilitation of CMV disease [7].

Diagnostic criteria include clinical signs known to be caused by this virus [43,44]. In liver
transplant patients with active CMV infection, about 80% will develop clinical manifesta-
tions of the disease and the rate may be higher when the recipient is seronegative and a
donor is seropositive [44]. CMV infection is an independent risk factor for the develop-
ment with opportunistic infections, as well as graft rejection [7]. The evidence of viral
replication and clinical symptoms in transplant occurs mainly during the 1st to 4th month
post-transplant.

The most common clinical manifestations are interstitial pneumonia, esophagitis, gastritis,
colitis, retinitis, fever and delayed engraftment in bone marrow transplants [29,45]. During
liver transplantation, primary infection tends to be more important as the CMV viremia may
be limited to when virus replication is detected in peripheral blood or significant increase of
specificantibodies without symptoms or viral syndrome presenting fever equal or greater than
38°C, malaise, leukopenia, atypical lymphocytosis equal or less than 3-5% and thrombocyto-
penia [14, 37, 42, 45,46].

Antiviral treatment controls the acute manifestation of the disease in most cases, but may not
eradicate the CMV with recurrence reported in 26-31% of solid organ transplant recipients..
[14, 36].
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6. Diagnosis

The diagnosis of CMV infection can be done by serology, polymerase chain reaction (PCR),
culture and viral antigenemia research. Early diagnosis is important as early treatment of
asymptomatic active infection reduces morbidity [24, 31, 46, 47]. The first method of diagnosis
used to identify the CMV was exfoliative cytology. This technique revealed the presence of
large cells which had inclusions within the core, identified as cytomegalic inclusion. Later
methods are more sensitive and specific. These are grouped into seven categories: cytological,
histological, virus isolation, serological identification,, Immunofluorescence, detection of
viral antigens and molecular methods [49, 48]...

Cytopathological techniques: These methods can be performed on tissue and secretions
aspirated material [7,8], but have low sensitivity so they currently have little use in clinical
practice.

Histological Techniques: A method of detecting inclusions by visualization of typical tissue.
The finding of cells with typical inclusions allows often to correlate CMV lesion or dysfunction
of the organ studied. Although this method has low sensitivity, it reveals invasive tissue
disease [7]. The advantages are low cost, simplicity of use and availability of equipment.

Viral Isolation: CMV can be isolated from various biological materials, such as biological
fluids (urine, saliva, blood, cervical secretions, breast milk, tears, semen, feces and washed
aspirates organs) and tissue obtained from biopsies or autopsies [49, 50].

Serological methods: The modern serological methods detect the presence of IgM and IgG [51]
usually by ELISA. This technique does not detect the virus in early stages of infection, as
antibodies are produced by the host only after this phase.

Immunofluorescence (IF): A method that allows an early detection of the virus is immuno-
fluorescence usually using commercially available antibodies.

Detection of Viral Antigens (antigenemia): Antigenemia offers high sensitivity and specific-
ity. It is fast, direct and sensitive, and is considered a quantitative technique for viral load [54,
55]. CMV antigenemia is one of the earlier tests with positive results [17, 25, 51- 58] and becomes
positive on average 9-18 days before establishment of the disease. It has been widely used for
the early detection of active infection in organ transplant recipients [17, 24, 25, 36, 56].

The additional advantage of this method is that results can be expressed quantitatively,
allowing observation of the clinical response to treatment [17, 59]. The disadvantage of this
technique is the speed needed to process the collected material without loss of sensitivity - 6
to 8 hours [17]. In patients with neutropenia, this test cannot be performed due to low
granulocyte count. On this situation, molecular assays are used.

Molecular methods

Polymerase chain reaction-PCR: The qualitative PCR is often the first test to detect asympto-
matic subclinical infection, but specific predictive value is low for the diagnosis of HCMV
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disease. It is not suitable for routine monitoring of patients on treatment [57]...why not???. It
is a quick (4-6 hours), specific and extremely sensitive test but false positives may result from
contamination during the test run. False negative results can also occur due to presence of
inhibitors in the sample [55,60]. The sample type and method of extracting DNA from these
samples must be carefully chosen to avoid this [31,61].

Nested PCR (Polymerase Chain Double): Nested PCR (N-PCR) has been used to increase the
sensitivity and specificity of simple PCR. Here the product of the first PCR, amplified with a
primer pair, is subjected to a new amplification reaction using another pair of primers internal
to the first, the product being then detected by agarose gel electrophoresis [62]. Nested PCR
technique to diagnose CMYV infection produces results consistent with classical culture,
reaching 100% specificity and 93% sensitivity in a shorter time frame [63- 66].

Real-time PCR: Real Time PCR amplification (RT PCR) presents high sensitivity and precision.
It has been used for the detection and monitoring of viral load. Its sensitivity and specificity
are directly related to the choice of "primers" and probes, and the accuracy is determined by
the threshold cycle, which is calculated during the exponential phase of the reaction. Formation
of a fluorescently labeled product is monitored at each amplification cycle in a single instru-
ment generating quantitative results. [58].

7. Treatment

Ganciclovir has been the “gold standard” for treatment of CMV disease although resistance
to this drug has been reported and should be considered in unresponsive patients. Some
studies have focused on genotyping of CMV that could indicate samples that were resistant
to conventional treatment. Inadequate dosing may reduce clinical efficacy and promote
resistance (44)

Antiviral administration is generally initiated in the immediate or early post-transplant period,
and continues for 3 to 6 months. Various antiviral drugs have been used, including acyclovir,
valaciclovir, intravenous ganciclovir, oral valganciclovir or intravenous (IV) ganciclovir, and
valganciclovir. In preventive therapy, laboratory monitoring detects asymptomatic viral
replication and antiviral therapy is initiated to prevent progression to clinical disease. For non
severe CMV disease, oral valganciclovir (900 mg orally every 12 hr) or IV ganciclovir (5
mg/kg every 12hr) are recommended as first-line treatment. Renal function should be moni-
tored frequently during treatment, with estimated or measured glomerular filtration rate.
Optimal length of treatment should be achieved by monitoring weekly viral loads and treating
until one or two consecutive negative samples are obtained, but not shorter than 2 weeks.
Duration should reflect the likelihood of recurrent CMV infection. In cases of serious disease
and in tissue-invasive disease without viremia, longer treatment periods with clinical moni-
toring of the specific disease manifestation are recommended. In cases of recurrent CMV
disease, prophylaxis after retreatment may need to be prolonged. [44].
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8. Transplantation

CMV seroprevalence is high in developing countries such as Brazil, so most of the patients
and/or donors is CMV IgG positive. The techniques chosen for the laboratorial monitoring in
our service after liver transplantation are antigenemia and Nested-PCR (N-PCR). These
techniques detect the active viral replication and minimize the damage of the disease caused
by CMV (see Section xy).

We diagnose active infection from one positive result by antigenemia, or two positive N-PCR
findings over an interval equal or smaller than 30 days. As antigenemia can detect CMV a few
days to one week before the appearance of the symptoms, the Ganciclovir is initiated after the
detection of a positive cell even without clinical symptoms if the patient presents IgG negative
and the donor presents IgG positive. Patients are monitored while in hospital and after
discharge following a protocol: weekly from the first to the second month, fortnightly in the
third-fourth months and monthly until six months. After this period the antigenemia or N-
PCR is performed only if there is a suggestive clinical diagnosis of CMV infection. The
assessment of antigenemia also provides an estimate of viral load that is useful in the differ-
entiation of CMV disease from other complications. Thus we evaluate the efficacy of antiviral
therapy and have capacity to detect drug resistance.

CMV is frequently detected in our patients after liver transplantation [24,25,30,31]. Detection
of N-PCR and antigenemia are useful markers for active infection [30,31].The rates of CMV
found in our groups are similar to other services [24,25,30-32].

We also observed that symptomatic CMV infection occurs during the first three months after
transplantation. We consider that this high incidence of symptomatic CMV infection is due to
the high prevalence of the virus in Brazilian population. The mean time for initial detection
CMYV is around 29 days following transplantation (range: 0-99 days) [30]..

In our service, CMV DNA diagnosed in pretransplantation graft biopsy specimens remained
positive posttransplantation on graft biopsies. This common complication negatively influen-
ces liver transplantation outcomes and is a risk factor to develop acute cellular rejection
episodes [67].Ganciclovir prophylaxis for CMV is not performed at our institution unless the
patient is preoperative negative IgG and the donor is CMV positive. Prophylaxis is performed
only for herpes simplex type 1 with Acyclovir.

Another relevant issue at our service is opportunistic infections, which are often seen in
patients at risk for CMV and have been recognized by our staff as a significant risk factor for
graft failure and death [24]. Active CMV infection may increase the risk of bacterial, fungal,
viral, and others, as well as post-transplant lymphoproliferative disease. [31] This includes co-
infections by other viruses of the same family (HHV-6, HHV-7) [24,32].

The clinical impact of CMV-infected patients observed by our team [24] shows that it is
extremely important to follow up these patients. These data have helped the medical staff
making therapeutic strategies to minimize risks caused by this betaherpesvirus.
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o

Figure 1. Nuclei of neutrophils stained in brown indicating positive pp65-atigenemia (counterstained with Harris's
hematoxylin). Mouse C10 and C11 monoclonal antibodies against pp65-matrix CMV antigen and rabbit anti-mouse Ig
horseradish peroxidase conjugate. The reaction was revealed by hydrogen peroxide and amino-ethyl-carbazole?*

Virus Synonym Subfamily Abbreviation
Human Herpesvirus-1 Herpes simplex-1 Il HSV-1/HHV-1
Human Herpesvirus -2 Herpes simplex-2 [ HSV-2/HHV-2
Human Herpesvirus -3 Varicella-zoster Il VZV/HHV-3
Human Herpesvirus -4 Epstein-Barr [ EBV/HSV-4

Human Herpesvirus -5

Cytomegalovirus

HCMV/CMV/HHV-5

Human Herpesvirus -6 None Il HHV-6
Human Herpesvirus -7 None Il HHV-7
Human Herpesvirus -8 None Il KSHV/HHV-8

Table 1. Complete list of human herpesvirus

9. Conclusion

Few patients remain free of betaherpesvirus after liver transplantation. Active CMV infection
is common especially in the first weeks after grafting. We believe it is important to continue
monitoring CMV infection after transplantation, especially when the prevalence in the general

population is high.



Cytomegalovirus Infection in Liver Transplantation
http://dx.doi.org/10.5772/56128

Acknowledgements

Biologist Eliana Duarte Quizini Bueno

This study received financial support from Coordenacao de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES).

Author details

Ana Maria Sampaio', Ana Carolina Guardia', Arlete Milan? Elaine Cristina Ataide’,
Rachel Silveira Bello Stucchi?, Sandra Botelho Cecilia Costa? and
Ilka de Fatima Santana Ferreira Boin!

*Address all correspondence to: ilkaboin@yahoo.com
1 Department of Surgery - Liver Transplant Unit of the State University of Campinas, Brazil

2 Department of Clinical Medicine - Liver Transplantation Unit, State University of Campi-
nas, Brazil

References

[1] Levinson, W, & Jawetz, E. Medical microbiology & immunology: examination and
board review 6th ed. New York: Lange Medical Books/McGraw-Hill (2000). Part. IV.,
206-282.

[2] Tong CYWBakran A, Willians H, Cheung CY, Peiris JSM. Association of human her-
pes virus 7 with CMV disease in renal transplant recipients. Transplantation (2000). ,
70-213.

[3] Guo, Z, Chen, H. R, Liu, X. D, Bian, ]. M, He, X. F, Lou, J. X, et al. Clinical analysis of
cytomegalovirus infection after allogeneic hematopoietic stem cell transplantation
Zhong Shi Yan Xue Ye Xue Za Zhi (2012)., 20(4), 971-4.

[4] Lautenschlager, I, Halme, L, Hockerstedt, K, Krogerus, L, & Taskinen, E. Cytomega-
lovirus infection of the Liver Transplant: Virological, Histological, Immunological,
and Clinical Observations. Transpl Infect Dis (2006). , 8-21.

[5] Weigand, K, Schnitzler, P, Schimidt, J, Chahoud, F, Gotthardt, D, Schemmer, P, et al.
Cytomegalovirus Infection After Liver Transplantation Incidence, Risks, And Bene-
fits of Prophylaxis. Transplant Proc (2010). , 42-2634.

71



72

Manifestations of Cytomegalovirus Infection

[6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

Schroeder, R, Michelon, T, Fagundes, I, Bortolotto, A, Lammerhirt, E, Oliveira, ], et
al. Cytomegalovirus disease latent and active infection rates during the first trimester
after kidney transplantation. Transplant Proc (2004). , 36, 896-8.

Maya TC; Azulay DRInfeccao pelo Citomegalovirus. In: Lupi O; Silva AS; Pereira ]Jr.
Herpes- Clinica, Diagndstico e Tratamento, 1° Ed., Medsi Editora Médica e Cientifica
(2000). , 8-135.

Drew, W. L. Diagnosis of cytomegalovirus infection. Rev Infect Dis (1988). , 3-468.

Smith, I. L, Cherrington, J. M, Jiles, R. E, Fuller, M. D, Freeman, W. R, & Spector, S. A.
High-level resistance of cytomegalovirus to ganciclovir is associated with alterations
in both the UL97 and DNA polymerase genes. ] Infect Dis (1997)., 176(1), 69-77.

Costa SCBInfecgao por citomegalovirus (CMV); epidemiologia, diagnostico e trata-
mento. Rev Bras Clin Ter (1999). , 18-28.

Braun, D. L, Dominguez, G, & Pellet, P. E. Human Herpesvirus 6. Clinic Microbiol
Review (1997)., 10-521.

Brennan, D. C. Cytomegalovirus in Renal Transplantation. ] Am Soc Nephrology
(2001). , 12-848.

Levinson, W, & Jawetz, E. Medical Microbiology & Immunology: Examination &
Board Review 6th ed. New York: Lange Medical Books/McGraw-Hill (2000). ,
206-282.

Rowshani, A. T. Clinical and immunologic aspects of cytomegalovirus infection in
solid organ transplant recipients. Transplantation (2005). , 79, 381-386.

Smith, V. V, Williams, A. J, Novelli, V, & Malone, M. Extensive enteric leiomyolysis
due to cytomegalovirus enterocolitis in vertically acquired human immunodeficiency
virus infection in infants. Pediatr Dev Pathol (2000)., 3(6), 591-6.

Gerna, G, Percivalle, E, Baldanti, F, Sozzani, S, Lanzarini, P, Genin, I, et al. Human
cytomegalovirus replicates abortively in polymorphonuclear leukocytes after trans-
fer from infected endothelial cells via transient microfusion events. J Virol (2000). ,
74, 5629-5638.

Bonon SHAMenoni SMF, Rossi CL, Souza CA, Costa SCB. Surveillance of cytomega-
lovirus infection in hematopoietic stem cell transplantation patients. ] Infection
(2005)., 50, 130-13.

Santos RLBPropriedades Gerais dos Herpesvirus. In: Lupi A, Silva AS, Pereira JR,
AC.- Herpes Clin Diag Trat 1? edicao, Medsi Editora Médica e Cientifica Ltda
(2000). , 10-79.

Bresnahan, W. A, & Shenk, T. A Subset of viral transcripts package within human cy-
tomegalovirus particles. Science (2000).



[22]

[23]

[24]

[25]

[26]

[27]

[31]

Cytomegalovirus Infection in Liver Transplantation
http://dx.doi.org/10.5772/56128

Drago, F, Aragone, M. G, Luagni, C, & Rebora, A. Cytomegalovirus Infection in nor-
mal and immunocompromised humans. Dermatology (2000). , 200-189.

Almeida, L, Azevedo, B, Amaku, R S, & Massad, M. E. Cytomegalovirus seroepidemi-
ology in an urban community of sao paulo, Brazil. Rev Saude Publica (2001). , 35(2),
124-129.

Gupteat, M, Diaz-mitoma, F, Feber, ], Shaw, L, Forget, C, & Filler, G. Tissue HHV6
and HHV7 determination in pediatric solid organ recipients- a Pilot Study. Ped
Transplant (2003). , 7, 458-463.

Pannuti, C. S, & Vilas, B. Neto LSVA, Angelo MJO, Sabbada E. Deteccao de anticor-
pos IgM nas interagdes primadrias e secunddrias pelo citomegalovirus em pacientes
submetidos a transplante renal. Inst Med Trop (1987)., 29, 317-322.

Sampaio, A. M, Thomasini, R. L, Guardia, A. C, Stucchi, R. S, Rossi, C. L, Costa, S. C,
et al. Cytomegalovirus, human herpesvirus-6, and human herpesvirus-7 in adult liv-

er transplant recipients: diagnosis based on antigenemia. Transplant Proc (2011). ,
434, 1357-9.

Milan, A, Sampaio, A. M, Guardia, A. C, Pavan, C. R, Andrade, P. D, Bonon, S. H, et
al. Monitoring and detection of cytomegalovirus in liver transplant recipients. Trans-
plant Proc (2011)., 43, 1360-1.

Miller, C. S, Avdiushko, S. A, Kryscio, R. ], Danaher, R. ], & Jacob, R. J. Effect of pro-
phylactic valaciclovir on the presence of human herpesvirus dna in saliva healthy in-
dividuals after dental treatment. ] Clin Microbiol (2005)., 5, 2173-80.

Crumpacker, C. S, & Wadhwa, S. Cytomegalovirus. In: Mandell GL, Bennett JE, Do-
lin R. Principles and Practice of Infectious Disease. 6 ed. Philadelphia: Elsevier Inc
(2005)., 1786-96.

Aquino, V. H, & Figueiredo, L. M. Cytomegalovirus Infection in renal transplant re-
cipients diagnosed by Nested-PCR. Braz ] Med (2001)., 34(2), 93-101.

Razonable, R. R, & Paya, C. V. Infections and allograft rejection- Intertwined compli-
cations of organ transplantation. Swiss Med WKkly (2005). , 135-39.

Costa, F. A, Soki, M. N, & Andrade, P. D. Bonon SHA, Thomasini RL, Sampaio AM,
et al. Simultaneous monitoring of cmv and human herpesvirus 6 infections and dis-
eases in liver transplant patients: one-year follow-up. Clinics (2011)., 66, 949-53.

Thomasini, R. L, Sampaio, A. M, Bonon, S. H, Boin, I. F, Leonardi, L. S, Leonardi, M,
et al. Detection and monitoring of human herpesvirus 7 in adult liver transplant pa-

tients: impact on clinical course and association with cytomegalovirus. Transplant
Proc (2007)., 39, 1537-9.

Guardia, A. C, Stucchi, R. S, Sampaio, A. M, Milan, A, Costa, S. C, Pavan, C. R, et al.
human herpesvirus 6 in donor biopsies associated with the incidence of clinical cyto-

73



74 Manifestations of Cytomegalovirus Infection

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

megalovirus disease and hepatitis ¢ virus recurrence. Int J Infect Dis (2011). , 16,
124-9.

Sebekova, K, Feber, ], Carpenter, B, Shaw, L, Karnauchow, T, Diaz-mitoma, F, et al.
Tissue viral dna is associated with chronic allograft nephropathy (2005). , 95, 598-603.

Pannuti, C. S. Citomegalia. In: Ferreira, A. W.; Avila, S.L.M. eds. Diagnostico Labora-
torial das principais Doencas Infecciosas e Autoimunes, 22. Edi¢ao, Editora Guana-
bara Koogan (2001). , 5-68.

Linhares, L, Sanclemente, G, Cervera, C, Hoyo, I, Cofan, F, Ricart, M. ], et al. Influ-
ence of cytomegalovirus disease in outcome of solid organ transplant patients. Trans-
plant Proc (2011). , 43, 2145-2148.

Sampathkumar, P, & Paya, C. V. Management of cytomegalovirus infection after liv-
er transplantation. Liver Transpl (2000). , 6(2), 144-156.

Angelis, M, Cooper, ], & Freeman, R. B. Impact of donor infections on outcome of or-
thotopic liver transplantation (2003). , 451-462.

Ljungman, P, Griffiths, P, & Paya, C. Definition of cytomegalovirus infection and dis-
ease in transplant recipients. Clin Infect Dis (2002).

Humar, A, Kumar, D, Gray, M, Moussa, G, Venkataraman, S, Kumar, R, & Tipples,
G. A. A Prospective assessment of cytomegalovirus immune evasion gene transcrip-
tion profiles in transplant patients with cytomegalovirus infection. Transplantation
(2007). , 83(9), 1200-6.

Van Der MeerJtm Drew.; Bowden RA.; Galasso Gl.; Griffiths PD.; Jabs DA; et al.
Summary of the international consensus symposium on advances in the diagnosis,
treatment and prophylaxis of cytomegalovirus infection. Antiviral Res (1996). , 32,
119-140.

Singh, N, Wannstedt, C, Keyes, L, Wagener, M. M, Vera, M, Cacciarelli, T. V, et al.
Impact of evolving trends in recipient and donor characteristics on cytomegalovirus
infection in liver transplant recipients. Transplantation (2004). , 77, 106-10.

Freeman, R. B. Risk factors for cytomegalovirus viremia and disease developing after
prophylaxis in high-risk solid-organ transplant recipients. Transplantation (2004). ,
78, 1765-1773.

Mustafa, M. M. Cytomegalovirus infection and disease in the immunocompromised
host. The Ped Inf Dis J (1994). , 13, 249-259.

Kotton, C. N, Humar, A, Caliendo, A. M, Emery, V, Lautenschlager, I, Lazzarotto, T,
et al. Transplantation Society International CMV Consensus Group. International
consensus guidelines on the management of cytomegalovirus in solid organ trans-
plantation. Transplantation (2010)., 89, 779-95.



[45]

[46]

[50]
[51]

[52]

[53]

[54]

[55]

[57]

[58]

Cytomegalovirus Infection in Liver Transplantation
http://dx.doi.org/10.5772/56128

Seehofer, D, et al. CMV hepatitis after liver transplantation: incidence, clinical course,
and long-term follow-up. Liver Transpl (2002).

Hoppe, L, Bressane, R, Lago, L. S, Schiavo, F. L, & Mar, K. L. Castisani CPC. Risk fac-
tors associated with cytomegalovirus-positive antigenemia in orthotopic liver trans-
plant patients. Transplant Proc (2004). , 36, 961-963.

Lautenschlager, ], Lappalainen, M, Linnavuori, K, Suni, ], & Hockerstedt, K. CMV in-
fection is usually associated with concurrent HHV-6 and HHV-7 antigenemia in liver
transplant Patients. ] Clin Virol (2002). , 25-57.

Chou, S. Newer methods for diagnosis of cytomegalovirus infection. Rev Infect Dis
(1990).

Lautenschlager, I, Linnavuori, K, Lappalainen, M, Suni, J, & Hockerstedt, K. HHV-6
reactivation is often associated with CMV infection in liver transplant patients.
Transpl Int (2000). , 131-351.

Ho, M. Cytomegalovirus: Biology and infection. Plen Publis Corp (1991)., 1-440.

Biganzoli, P, Ferreyra, L, Sicilia, P, Carabajal, C, Frattari, S, Littvik, A, et al. IgG Sub-
classes and DNA detection of HHV-6 and HHV-7 in healthy individuals. ] Med Virol
(2010)., 82, 1679-83.

Rasmussen, L, Kelsall, D, Nelson, R, Carney, W, Hirsch, M, Winston, D, et al. Virus-
specific IgG and IgM antibodies in normal and immunocompromised subjects infect-
ed with cytomegalovirus. ] Infect Dis (1982)., 145(2), 191-9.

Chantlynne, L. G, & Ablashi, D. V. Seroepidemiology of Kaposi’s sarcoma-associated
herpesvirus (KSHV). Semin Cancer Biol (1999).

Van Den Berg APKlompmaker IJ, Haagsma EB, Scolten-Sampson A, Bijlevel CMA;
Schirm J, et al. Antigenemia in the diagnosis and monitoring of active cytomegalovi-
rus infection after liver transplantation. J Infect Dis (1991). , 164, 265-270.

The, T. H, Van Der Ploeg, M, Van Der Berg, A. P, Vlieger, A. M, et al. Direct detection
of cytomegalovirus in peripheral blood leukocytes: a review of the antigenemia assay
and polymerase chain reaction. Transplantation (1992)., 54, 193-198.

Schroeder, R, Michelon, T, Fagundes, I, et al. Antigenemia for Cytomegalovirus in re-
nal transplantation: choosing a cutoff for the diagnosis criteria in cytomegalovirus
disease. Transplant Proc (2005). , 37, 2781-2783.

Amorim, M. L, Cabeda, J. M, Seca, R, Mendes, A. C, Castro, A. P, & Amorim, J. M.
CMYV infection of liver transplant recipients: comparison of antigenemia and molecu-
lar biology assays. BMC Infect Dis (2001).

Bordils, A, Plumed, J. S, Ramos, D, Beneyto, I, Mascaros, V, Molina, J. M, et al. com-
parison of quantitative pcr and antigenemia in cytomegalovirus infection in renal
transplant recipients. Transplant Proc (2005)., 37, 3756-9.

75



76  Manifestations of Cytomegalovirus Infection

[59]

[60]

[62]

[63]

[64]

[66]

[67]

Lianghui, G, Shusen, Z, Tinoba, L, Yan, S, Welling, W, & Anwei, L. Deferred versus
prophylactic therapy with ganciclovir for cytomegalovirus in allograft liver trans-
plantation. Transplant Proc (2004). , 36, 1502-1505.

Piiparinen, H, Hockerstedt, K, Gronhagen-riska, C, & Lautenschlager, I. Comparison
of two quantitative CMV PCR tests, Cobas Amplicor CMV monitor and tagman as-
say, and assay in the determination of viral loads from peripheral blood of organ
transplant patients. J Clin Virol (2004). , 65.

Peigo, M. F, Thomasini, R. L, Puglia, A. L, Costa, S. C, Bonon, S. H, Boin, L. F, et al.
Human herpesvirus-7 in brazilian liver transplant recipients. a follow-op comparison
between molecular and immunological assays. Transplant Infect Dis (2009). , 11,
497-502.

Abecassis, M. M, Koffron, A. J, Buckingham, M, Kaufman, D. B, Fryer, ]. P, Stuart, ],
et al. Role of PCR in the diagnosis and management of cmv in solid organ recipients.
what is the predictive value for development of disease and should pcr be used to
guide antiviral therapy. Transplant Proc (1997).

Olive, D. M, et al. Mufti S, Simsek M, Fayez H, al Nakib W. Direct Detection of Hu-
man Cytomegalovirus in Urine Specimens From Renal Transplant Patients Following
Polymerase Chain Reaction Amplification. ] Med Virol (1989)., 29(4), 232-7.

Costa, F. A, Soki, M. N, & Andrade, P. D. Bonon SHA, Thomasini RL, Sampaio AM,
et al. Simultaneous monitoring of CMV and human herpesvirus 6 infections and dis-
eases in liver transplant patients: one-year follow-up. Clinics (2011). , 66, 949-53.

Evans, M. ], Edwards-spring, Y, Myers, ], Wendt, A, Povinelli, D, Amsterdam, D, et
al. Polymerase chain reaction assays for the detection of cytomegalovirus in organ
and bone marrow transplant recipients. Immunol Invest (1997).

Gerna, G, Zavattoni, M, Percivalle, E, Zella, D, Torsellini, M, & Revello, M. G. Diag-
nosis of human cytomegalovirus infections in the immunocompromised host. Clin
Diagn Virol (1996).

Guardia-silva, A. C, Stucchi, R. S, Sampaio, A. M, Milan, A, Costa, S. C, & Boin, I. F.
Detection of cytomegalovirus and human herpesvirus-6 DNA in liver biopsy speci-

mens and their correlation with rejection after liver transplantation. Transplant Proc.
(2012)., 44(8), 2441-4.



