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Abstract

Human herpes virus 6 (HHV-6) infects > 95% of hu-
mans. Primary infection which occurs mostly during
the first 2 years of life in the form of roseola infantum,
non-specific febrile illness, or an asymptomatic illness,
results in latency. Reactivation of latent HHV-6 is
common after liver transplantation. Since the majority of
human beings harbor the latent virus, HHV-6 infections
after liver transplantation are most probably caused by
endogenous reactivation or superinfection. In a minority
of cases, primary HHV-6 infection may occur when an
HHV-6-seronegative individual receives a liver allograft
from an HHV-6-seropositive donor. The vast majority
of HHV-6 infections after liver transplantation are asy-
mptomatic. Only in a minority of cases, when HHV-6
causes a febrile illness associated with rash and mye-
losuppression, hepatitis, gastroenteritis, pneumonitis,
and encephalitis after liver transplantation. In addition,
HHV-6 has been implicated in a variety of indirect
effects, such as allograft rejection and increased predis-
position to and severity of other infections, including
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cytomegalovirus, hepatitis C virus, and opportunistic
fungi. Because of the uncommon nature of the clinical
illnesses directly attributed to HHV-6, there is currently
no recommended HHV-6-specific approach prevention
after liver transplantation. Asymptomatic HHV-6 infection
does not require antiviral treatment, while treatment of
established HHV-6 disease is treated with intravenous
ganciclovir, foscarnet, or cidofovir and this should be
complemented by a reduction in immunosuppression.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Human herpes virus 6 (HHV-6), a member of the (-
Herpesviridae subfamily, was first isolated from human
peripheral blood lymphocytes in 1986". Tt was initially
considered an orphan virus, because it was not associa-
ted with any human illness until two years after its dis-
covery, when HHV-6 was implicated as the etiologic
agent of a common childhood febrile illness known as
roseola infantum (also termed exanthem subitum or sixth
disease)”.

Primary infection with HHV-6 occurs most commonly
during the first two years of life, and the peak incidence
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occurs between 6 and 12 mo after birth". By two years,
more than 90% of humans have been infected with the
virus, as indicated by the presence of a positive HHV-6
IeG antibody"”. Primary HHV-6 infections may present
as an asymptomatic illness or as a febrile syndrome, later
accompanied by a maculopapular rash (exanthem subi-
tum) B, Primary HHV-6 infection has also been associated
with otitis, gastrointestinal symptoms, respiratory distress,
seizures, and, more rarely, with encephalitis or hepatitis in
children® .

There are two variants of HHV-6, designated variant
A and variant B (HHV-6A and HHV-GB), respectively™”.
The two subtypes share certain biological properties and a
high level of sequence homology, but are clearly two dis-
tinct viruses, both virologically and epidemiologically™.
HHV-6B is implicated in the majority of primary HHV-6
infections during the first two years of life. Since HHV-
6B replicates in the salivary glands, the mechanism of
transmission between humans is thought to be via salivary
secretions”. On the other hand, HHV-6A seems to be
more neurotropic and it has been implicated mainly in
neurologic diseases, especially in patients with HIV infec-
tion"". The age of acquisition of HHV-6A remains
undetermined, and, unlike HHV-6B, it does not seem to
replicate in salivary glands, and its primary mode of trans-
mission is currently not known.

LATENCY AND CHROMOSOMAL
INTEGRATION
HHV-6 is a lymphotropic virus that replicates in CD4+

T—lymphocytesm, and by using the CD46 molecule as its
cellular receptor“sj, it may also infect other cell types, such
as monocytes and macrophages, astrocytes, fibroblasts,
and cells of endothelial or epithelial originlm’zoj. HHV-6
infects vatious organs, including the brain, salivary glands,
tonsils, lungs, kidneys and liver" " Primary HHV-6
infection results in the establishment of latent infection,
with the virus being located primarily located in mono-
nuclear cells. During latency, HHV-6 genome is harbored
mainly as a separate circular DNA inside various cells,
such as lymphocytes and monocytes'”. Indeed, in one
study, HHV-6 DNA sequences were detected in periphe-
ral blood mononuclear cells in as many as 90% of the
subjects being studied, thus implying the ubiquitous na-
ture of the virus™.

In the minority of HHV-6 infected individuals, instead
of existing as a separate circular DNA, the virus becomes
integrated into the host chromosome”"”. This is known
as a chromosomally-integrated HHV-6 infection. Both
HHV-6A and HHV-6B variants have the ability to be
integrated into the chromosome. The incidence of chro-
mosomally-integrated HHV-6 infection is not exactly
known, although a recent study of blood donors from
the United Kingdom estimated an incidence between
0.2%-1%"". Because the virus can be found in germ
lines, it has also been suggested that chromosomally-
integrated HHV-6 may be transmitted from mother to
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child (i.e. vertical transmission)[32’33]. However, this has
not been confirmed by other investigators"". Individuals
with chromosomally-integrated HHV-6 infection have a
characteristic persistently high level of HHV-6 DNA in
the blood, serum, and hair follicles, usually millions of
genomic copies, but without causing clinical illness™.
The high level of HHV-6 DNA in the blood and other
body fluids in individuals with chromosomally-integra
ted HHV-6 infection is thought to be due to cellular
proliferation and lysis, and not as a result of viral rep
lication. However, in a few individuals with chromoso
mally-integrated HHV-6, some degree of viral replication
may also occur™. Many believe that chromosomally-
integrated HHV-6 infection is not clinically significant,
although there are a few studies reporting on its asso-
ciation with an increased risk of lymphoproliferative dis-

[36,37]
cases .

MECHANISMS OF HHV-6 INFECTION
AFTER LIVER TRANSPLANT

Latent HHV-6 serves as the reservoir for endogenous
viral reactivation after transplantation, or as a potential
vector of transmission to susceptible individuals via the
transplanted organ itself. Given the high seroprevalence
of HHV-6 in adults, which is estimated at over 90%-95%,
most active infections after liver transplantation are th-
ought to originate from reactivation of the endogenous
latent virus. However, primary HHV-6 infection may
occur in previously non-infected individuals, and this
scenario is more commonly observed in pediatric trans-
plant recipients who are under 2 years of age, who may
not have been infected with the virus, and who may in
turn have received an organ transplant from an HHV-6
positive donot””. Some of the primary HHV-6 infections,
which were presumably of donor origin, have resulted in
fatal primary HHV-6 diseases™*". Viral reactivation may
also occur in the transplanted allograft to cause HHV-6
superinfection in a previously-infected individual®'. In a
minority of cases, primary HHV-6 infection may occur
when a transplant patient acquires the virus through blood
products, or through natural transmission (e.g. exposute
to oropharyngeal secretions).

EPIDEMIOLOGY OF HHV-6 AFTER LIVER
TRANSPLANTATION

The reported incidence of HHV-6 infection after liver
transplantation ranges widely, between 14% to 82%"**,
These estimates vary depending on the population
being studied (adults versus children), the use of anti-
CMV prophylaxis (ganciclovir products are active against
HHV-6 and may suppress its reactivation)®”, the severity
of pharmacologic immunosuppression, and the sensi-
tivity of the laboratory methods used for the diagnosis”
HHV-6 infections typically occur during the first 2-8
wk after liver transplantation, when the level of immu-
nosuppression is at its most intense. However, HHV-6
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Direct effects Indirect effects

Fever Increased incidence and severity of
cytomegalovirus disease

Rash Earlier and more severe recurrence of hepatitis C
virus

Myelosuppression Higher incidence of fungal infections

Pneumonitis Higher incidence of other opportunistic infections

Hepatitis Higher incidence of allograft rejection

Gastritis and colitis Higher incidence of allograft failure

Neurologic illness Higher all-cause mortality

infections occurring as eatly as 10 d, and as late as 5 years,
after liver transplantation have been reportedl47J

While subclinical HHV-6 infection may be common,
the reported incidence of HHV-6-associated clinical dis-
ease is rare. HHV-6B accounts for the majority of docu-
mented infections and disease in transplant recipients.
The epidemiology of HHV-6A after liver transplantation
is less well-defined, although it has certainly been reported
to cause clinical disease, including those that have resulted
in fatal outcomes” .

The risk factors for HHV-6 infections and disease
after liver transplantation are not completely defined.
Since most infections after liver transplantation probably
represent reactivation of latent viruses, it is reasonable
to assume that the intensity of pharmacologic immuno-
suppression may be a risk factor, potentially through
prolonged suppression of HHV-6 specific memory res-
ponses. Indeed, factors that have been associated with
HHV-6 reactivation after liver transplantation are acute
allograft rejection and the result of receiving high doses
of corticosteroids”””*. Certain Immunosuppressive agents,
including muromunab-CD3 (OKT3), an investigational
anti-CD3 monoclonal antibody (BC3), and alemtuzumab
have been associated with active HHV-6 infection after
transplantationl49’5()1. The presence of active HHV-6 infec-
tion during acute liver failure has also been reported as
a risk factor for the development of hepatic allograft
infection after liver transplantationm].

CLINICAL SYNDROMES ASSOCIATED
WITH HHV-6 INFECTION AFTER LIVER
TRANSPLANTATION

The vast majority of HHV-6 reactivations and infections
after liver transplantation are asymptomatic™**", Only
in a minority of cases do they cause clinical disease. None-
theless, there have been a myriad of clinical syndromes
associated with HHV-6 infection after liver transplantation,
and these have been classified either as direct or indi-
rect effects. The direct clinical manifestations due to
HHV-6 include a febrile illness with or without rash,
myelosuppression, hepatitis, pneumonitis, gastrointestinal
disease, and neurological diseases'™**". These overt clini-
cal diseases that have been directly attributed to HHV-6
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have been estimated to occur in less than 1% of liver
transplant patients” . The indirect effects attributed
to HHV-6 are presumed to be consequences of virus-
induced immunomodulation and include the exacerbation
of cytomegalovirus (CMV) disease, an increased severity
of hepatitis C virus (HCV) recurrence, an increased risk
of other opportunistic infections, allograft dysfunction,
and acute cellular rejection (Table 1)**"373%62

Direct HHV-6 effects

Fever and rash: The most frequently reported clinical
presentation of HHV-6 infection after liver transplanta-
tion is a febrile illness, frequently associated with myelo-
suppression and rash"™”**. This clinical presentation of
HHV-6 infection mimics the syndrome classically attrib-
uted to CMYV, and it could thus possibly be misdiagnosed
as a CMV syndrome'. In a retrospective study of 200
liver transplant recipients, two patients (1%) presented
with a febrile illness and, after excluding all other patho-
gens and etiologies for the fever, HHV-6 was implicated
as the causative agent™. In a second study involving 67
living-donor liver transplant recipients, five patients with
HHV-6 viremia or DNAemia had unexplained fever at
the time of infection, and this was accompanied by eleva-
tions in serum aminotransferase levels™. In a prospective
study on 51 adult liver transplant recipients who were fre-
quently monitored for HHV-6, eleven patients developed
HHV-6B antigenemia at 7-280 d after transplantation[(’é],
including four patients with HHV-6 associated fever or
abdominal pain®’. Skin rash or myelosuppression were
not recorded in any of these patients. In some cases,
co-infections between HHV-6 and CMV have been ob-
served”. However, the contribution of HHV-6 to the
clinical illness when CMYV is present is debated. In a large
study of liver and other solid organ transplant recipients
with CMV disease, the presence of concomitant HHV-6
was not significantly associated with more severe clinical
symptoms ot higher CMV viral load"*,

Hepatitis: HHV-6 may infect the liver and cause allograft
dysfunction in liver transplant recipients”. Clinically,
HHV-6 infection of the liver has presented with elevated
aminotransferases, allograft dysfunction, acute rejection
and lymphocytic infiltration of the graft (Figure 1A)"*""
In one study of 51 liver transplant recipients, there was
significant graft dysfunction observed in eight out of 11
patients with HHV-6 antigenemia, and in three of these
patients, HHV-6 antigens were detected in their liver bi-
opsy specimens (5990 In another study, which was
a retrospective review of 121 patients, HHV-6 infection
was thought to be the etiologic agent of liver allograft in-
fection after liver transplantation in eight (6.7%) cases'"”,
shown by serology and immunostaining of HHV-6
antigens in liver biopsy specimens (Figure 1B). HHV-6
antigens were detected in all six available liver biopsy
specimens. Histologic examination of biopsy specimens
demonstrated acute rejection in 5 of the 8 patients, and 3
patients had portal lymphocyte infiltration*”. In a study
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Figure 1 The histological findings associated with intragraft human herpes
virus 6 infection. A: Portal area with mild lymphocyte dominated inflammatory
infiltrate (H&E staining, original magnification % 400); B: Human herpes virus 6
positive cells in the portal area demonstrated by immunohistochemistry (original
magnification x 1000). From Harma et al. Transplantation 2006; 81: 367-372 with

permission®™.

involving 67 living-donor liver transplant patients, the
five patients with HHV-6 viremia or HHV-6 DNAemia
had elevated aminotransferase levels that accompanied
the febrile illness during the time of HHV-6 infection®.
Another study showed that nine of 18 patients who had
pre-transplant hepatic HHV-6B infection developed intra-
allograft HHV-6B infection after liver transplantation[su,
while another report documented donor-transmitted
HHV-6A superinfection in an HHV-6B infected liver tran-
splant recipient, which manifested itself as syncytial giant
cell hepatitis™"

Gastrointestinal disease: HHV-6 infection may manifest
with symptoms of gastroenteritis and colitis, and this may
or may not be accompanied by detectable HHV-6 vire-
mia'”. One study evaluated the presence of HHV-6 in the
gastroduodenal mucosa of 90 liver transplant recipients
who were undergoing gastroscopic examination for dys-
peptic symptoms. HHV-6-positive cells were found in the
biopsy specimens from 21 (23%) of the liver transplant
recipients (Figure 2™ Fifteen of the transplant recipi-
ents with positive HHV-6 findings in the gastroduodenal
mucosa wete also found to have HHV-6 antigenemia. The
histopathological findings were, however, nonspecific, and
included very mild inflammatory changes"”.

Bone marrow suppression: Suppression of the blood
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Figure 2 Human herpesvirus-6 positive cells in the gastroduodenal mucosa
demonstrated by immunohistochemistry (original magnification x 400).
(Courtesy of Dr. Johanna Arola, University of Helsinki, Finland).

cell lines is one of the more common manifestations of
HHV-6 infection. In one report, four liver transplant re-
cipients developed HHV-6 associated myelosuppression
at a median of 50 d (range 17-90 d) after transplantation.
While all the cell lineages were affected, leukopenia was
the most common presentation[55].

Pneumonia: HHV-6 may infect the lungs to cause pneu-
monitis, often in association with other abnormalities such
as bone marrow suppression. In one of the four patients
with myelosuppression, concomitant interstitial HHV-6
pneumonitis was observed, as documented by positive
HHV-6 immunostaining of the lung biopsy specimen'™

Encephalitis: The vast majority of clinical reports of
HHV-6 encephalitis have described its occurrence in al-
logeneic bone marrow transplant recipients, although
HHV-6 has been reported to cause encephalitis in liver
transplant recipients””". Encephalitis typically occurs
within 4-6 wk after transplantation and is characterized
by confusion, loss of short-term memory, and seizures.
Patients will often have normal cerebrospinal fluid pro-
files, although elevated cerebrospinal fluid protein may
be observed. Brain imaging may be abnormal, with hall-
mark abnormalities found in the medial temporal lobes.
In one report, central nervous system complications such
as mental status changes of unidentified etiology were
more likely to occur in liver transplant recipients who had
developed HHV-6 infection™. However, another report
found no significant association between HHV-6 infection
and neurological illnesses”™. These contradictory results
may be due to the differences in neurotropism between
HHV-6 variants, with HHV-6A as the neurotropic variant.

Indirect HHV-6 effects

CMYV disease: Many studies have described the associa-
tion among the fB-herpes viruses that results in a predis-
position to develop CMV disease after liver transplanta-
tion. In one study, concurrent HHV-6 antigenemia was
detected in 50% of 42 liver transplant patients with active
CMYV infection™. In another study, concurrent CMV
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and HHV-6 infections were detected in 16 of 19 liver
transplant patients at a mean of 11 d (range 6 to 24 d)
after transplantation™’. Since HHV-6 had been detected
prior to CMV in most cases, there was a suggestion that
HHV-6, through its immunomodulating property, en-
hanced the reactivation of CMV'™. Indeed, another study
demonstrated that liver transplant recipients with pri-
mary HHV-6 seroconversion were more likely to develop
symptomatic CMV disease than those who did not have
HHV-6 seroconversion™. This finding was again dem-
onstrated in a prospective study which revealed that liver
transplant recipients who developed CMV disease also
had detectable HHVG6 DNA in the blood"”. However, this
association between HHV-6 and CMV was not observed
in a large cohort of solid organ transplant recipients who
received oral ganciclovir and valganciclovir prophylaxis,
and which revealed that the incidence of CMV disease
was not significantly different between those who did and
those who did not develop HHV-6 DNAemia"™. Alterna-
tively, the presence of HHV-6 may serve as a marker of
an over-immunosuppressed state and hence the predispo-
sition to develop other infections, such as CMV.

HCYV disease progression: Liver transplant patients
with HCV-induced liver cirthosis were more likely to have
HHV-6 infection®. Conversely, HHV-6 may be associ-
ated with eatly fibrosis due to HCV recurrence after liver
transplantation[Sg‘M], thereby creating a bidirectional rela-
tionship. A prospective study reported that HCV-positive
patients who developed HHV-6 viremia after liver trans-
plantation had an earlier recurrence and a higher fibrosis
score upon hepatitis C recurrence when compared to pa-
tients without HHVG viremia®". In another analysis of 60
liver transplant recipients with chronic hepatitis C, HHV-6
infection was associated with more severe hepatitis and
higher fibrosis scores”™. In contrast, a study of 93 HCV-
infected liver transplant recipients showed no association
between HHV-6 and the incidence and severity of hepati-
tis C recurrence after transplantation'”

Fungal and other opportunistic infections: Possibly
due to its immune modulating properties, HHV-6 may
influence other opportunistic infections after liver trans-
plantation. One study of 200 liver transplant recipients
demonstrated the impact of HHV-6 infection on oppoz-
tunistic infections, including CMV, Epstein Barr virus-re-
lated post transplant lymphoproliferative disease, varicella
zoster virus, invasive fungal infections, and mycobacterial
disease. In a multivariate analysis, HHV-6 was found to
be a significant risk factor for the occurrence of these op-
portunistic infections”. In another study, HHV-6 infec-
tion was independently associated with the occurrence of
invasive fungal infections in a cohort of 80 liver transplant
recipientsm. Likewise, in a study of 247 patients, the in-
cidence of invasive fungal infection was twice as high in
patients with HHV-6 seroconversion compared to those
without HHV-6 seroconversion”". It was further demon-
strated that HHV-6 infection was an independent predic-
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tor of invasive funge_ll infections during the first 90 d after
liver tmnsplantationM

Allograft rejection and function: HHV-6 may cause gra-
ft dysfunction and may be associated with rejectionl47’53’54j.
Local HHV-6 infection of the allograft was associated
with increased expression of adhesion molecules on vas-
cular endothelial cells and infiltrating leukocytes, and this
could lead to local inflammation and graft damage, lead-
ing to dysfunction and rejectionm]. In liver biopsies, there
was mild to moderate lymphocyte infiltration associated
with HHV-6 infection. HHV-6 significantly increased
the vascular expression of ICAM-1 and VCAM-1, and
the number of graft-infiltrating lymphocytes positive for
LFA-1, VLA-4 and class II antigensm]. In an analysis of
liver transplant recipients who developed allograft rejec-
tion, HHV-6 infection was the only factor significantly as-
sociated with rejection beyond 30 d after liver transplanta-
tion™. Another study further supported the independent
association between HHV-6 and biopsy-proven acute allo-
graft rejection after liver transplantation””

Mortality: A higher all-cause mortality rate after liver
transplantation has been reported in patients with HHV-6
infection'”. This concurs with data from heart-lung” " and
bone marrow transplantationm]. In another study, all-cause
mortality at the last follow-up in liver transplant recipients
with HHV-6 reactivation was significantly higher than for

. . . . . 65
those patients without viral reactivation'®”

DIAGNOSIS OF HHV-6 INFECTION

Identification of clinically-relevant HHV-6 infection is
hampered by the ubiquitous nature of latent infection'.
The diagnostic tests that are available for the detection of
HHV-6 infection include serology, culture, antigenemia,
immunohistochemistry, and nucleic acid amplification
assays'. In general, serology has inadequate sensitivity
and specificity in identifying acute infection in immu-
nocompromised transplant patients, who have impaired
ability to mount an effective immune response[%’m. Mo-
reover, the high HHV-6 seroprevalence rates in adults
further limits the potential utility of serology in detecting
clinically relevant infections. Culture techniques, on the
other hand, are very laborious and are not helpful in real-
time management of patientsl%’m.

Methods exploiting direct viral detection, such as the
detection of nucleic acids by polymerase chain reaction
(PCR) or antigenemia, are preferred for the detection of
HHV-6 after liver transplantation"®’. HHV-6 antigenemia
can be detected on mononuclear cells of a whole blood
sample by using specific monoclonal antibodies and im-
munostaining®”. This technique indicates the presence
of an active infection and enables differentiation between
HHV-6A and HHV-6B infections. However, it is labor-
intensive, semi-quantitative, and it is not widely available
for clinical use. This same technique and specific antibo-
dies can be used to demonstrate HHV-6 infection in tissue
specimensw’“].
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Molecular assays that detect and amplify HHV-6 nu-
cleic acid are currently the most common laboratory me-
thods for the detection of HHV-6 infection after transplan-
tation. Both quantitative and qualitative methods have
been developed to detect HHV-6 DNA in the blood and
other clinical samples” ™. In addition to blood samples,
HHV-6 detection by PCR can also be performed on
biopsy and tissue specimens” . These assays, depending
on the primers used, may differentiate between variants of
HHV-6A and HHV-6B as a result of base-differences’ .
PCR testing has some limitations, especially the qualitative
assays, which are mainly due to the inability of most assays
to distinguish latent from replicating viruses. To address
this, the use of serum samples has been suggested, since
the virus is cell-associated, and the detection of free viral
particles in cell-free serum would be more indicative of
active HHV-6 infection”. However, this is not the case
for whole blood specimens where latent HHV-6 may be
present and amplified from leukocytes.

The use of quantitative PCR assays may be helpful
in distinguishing replicating from latent HHV-6, with
the premise that high HHV-6 levels or increasing viral
levels over time would indicate true HHV-6 replication'™.
In the interpretation of HHV-6 viral loads, however,
one should take into consideration the rare presence
of chromosomally-integrated HHV-6 infections”™".
While chromosomally-integrated HHV-6 is rare*”, this
possibility should be considered when interpreting HHV-6
results in the liver transplant population, in order to avoid
unnecessary treatment*’. Chromosomally-integrated
HHV-6 infections are usually detected in high millions of
copies of genomic DNA. Detecting HHV-6 by PCR of
hair follicles samples also indicates chromosomally-inte-
grated HHV-6"""). The detection of HHV-6 RNA by
real-time reverse transcriptase PCR assay, on the other
hand, would indicate the presence of an actively repli-
cating virus'®”

Because of the low rate of clinical HHV-6-associated
disease and the relatively high rate of subclinical HHV-6
reactivations, it is generally not recommended to pet-
form routine monitoring for HHV-6 after liver transplan-
tation'™”. However, when clinically indicated, such as in
certain clinical scenarios including encephalitis, hepatitis
or liver allograft dysfunction, these molecular assays may
be helpful in confirming a clinical suspicion of HHV-6
infection"!. In addition, demonstration of HHV-6- specific
antigens by immunostaining in the biopsy specimens may
be useful in the diagnosis of HHV-6 hepatitis or gastroi-
ntestinal infection"**"",

PREVENTION AND TREATMENT OF
HHV-6 INFECTIONS

There are no randomized clinical trials that have been
conducted of an antiviral drug for the prevention and
treatment of HHV 6 disease in humans. As a result, there
is currently no antiviral drug that is FDA-approved for
clinical use in HHV-6 infection. In the absence of specific
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antiviral drug therapies, HHV-6-associated diseases have
been managed clinically with broad-spectrum anti-herpes
drugs such as foscarnet and ganciclovir, and less com-
monly cidofovir™. The clinical use of these drugs has
been based mainly on 7 vitro data and several anecdotal
case series and reportsm. In vitro, HHV-6 is sensitive to
achievable concentrations of ganciclovir, foscarnet, and
cidofovir®™™, Generally, once the anti-herpetic drugs
become activated after a series of phosphorylation, they
act by inhibiting viral DNA polymerase. However, in
vitro data suggests that the ability of HHV-6 pU69 pro-
tein kinase to phosphorylate ganciclovir is about 10 fold
less when compated to its phosphorylation of cmv®!
suggesting potentially lower efficacy against HHV-6.
In addition, the HHV-6A and HHV-6B variants have
been demonstrated by different studies to have varying
susceptibilities to ganciclovir (although this could poten
tially be due to the type of cell cultures and viral strain
9)** The HHV-G variants are resistant to acyclovir and
penciclovir®™*,

The majority of HHV-6 infections are subclinical
and transient, and treatment of asymptomatic viral reac-
tivation is not recommended™. However, treatment di
rected against HHV-6 should be initiated in the setting
of HHV-6 encephalitis, and should also be considered
for other clinical syndromes attributable to HHV-6"".
The International Herpes Management Forum recom-
mends that HHV-6 infection be considered in the diffe
rential diagnosis of encephalitis particularly in immuno-
compromised patlents | The forum goes on to recom
mend ganciclovir and foscarnet either alone or in combina
tion as first line therapy for treatrnent of HHV-6-related
| While studies in order to
define precise dosing and duration recommendations have
not (yet) been performed, dosing typical for CMV disease
is often used. In the setting of HHV-6 encephalitis, some
clinicians base duration of therapy on a minimum course

central nervous system illness™

of 3-4 wk, and factor in the patient’s clinical course and
| 1t
should be recognized, however, that active viral replication

viral levels over time to define the ultimate course®

in brain tissue may persist even after levels in blood and
cerebrospinal fluid have resolved™”.

As in the treatment of most cases of opportunistic
infections, strong consideration should be given to re
ducing the degree of pharmacologic immunosuppression
when treating HHV-6 disease. This will allow the immune
system to develop (among HHV-6-seronegative recipients)
or recover (among seropositive recipients) sufficient
HHV-6 specific immunity needed for adequate control of
infection. Although there is no direct evidence to support
this strategy, it is assumed that the degree of immuno
supptession is a risk factor that could have led to HHV-6
reactivation and clinical disease.

Indirect evidence suggests that anti-CMV prophylaxis
with ganciclovir-containing regimens has been associated
with a lower rate and degree of HHV-6 detection™”""",
However, these observations were contradicted by other
studies that demonstrated that ganciclovir treatment of
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CMV disease was not as effective against HHV-6 co-in-
fections[ﬁs’gz]; these differences in antiviral efficacy may be
due to several factors, including viral strains (with HHV-
6B considered as the less susceptible variant) and the
degree of immunosuppression. Currently, there is insuf-
ficient evidence to recommend the routine use of antiviral
prophylaxis or preemptive therapy for HHV-6 infection.
And since the majority of HHV-6 infections after liver
transplantation are subclinical, antiviral prophylaxis or
preemptive therapy are currently of questionable benefit.

CONCLUSION

Subclinical HHV-6 infection in liver transplant recipients
is common, while clinical HHV-6 disease is rare. None-
theless, some of the reported HHV-6-associated diseases
have led to serious complications and even mortality. The
immunomodulatory effect of HHV-6, particularly its
interaction with other viruses, and its effect on allograft
survival in liver transplant recipients is very intriguing,
and needs to be further elucidated. Hence, a better undet-
standing of the impact of HHV-6 in liver transplant
recipients is needed. However, this goal is hampered
by the challenges in clinical diagnosis, due to the lack
of standardized diagnostic methodologies. Although
currently available antivirals have been used for treating
severe cases of HHV-6 infections, well-controlled clinical
studies that support their clinical use are still lacking,
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