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1. Introduction

  Human herpesvirus 6 (HHV-6) and HHV-7 are two re-
latively recently discovered β-herpesviruses, genetically 
related to human cytomegalovirus (CMV) (for recent re-
views Black & Pellett, 1999; Clark, 2000). Both HHV-6 
and HHV-7 are highly prevalent worldwide and infec-
tion usually occurs in early childhood (Briggs et al, 
1988; Clark et al, 1993). Within this age group, HHV-6 
is a causative agent of febrile illness including exanthem 
subitum (ES) (Yamanishi et al, 1988; Hall et al, 1994) 
and primary HHV-7 has also been associated with feb-
rile illness (Tanaka et al, 1994).
  HHV-6 and HHV-7 are more closely genetically re-
lated to each other than CMV and together form the 

Roseolovirus genus of the β-herpesvirinae subfamily 
(Gompels et al, 1995; Nicholas, 1996). Two variants of 
HHV-6 have been defined (termed A and B) based on 
differences in genetic and biological properties, although 
no serological test can distinguish between antibodies to 
either variant.
  HHV-6 is tropic for T-lymphocytes and neural cells 
although it has the ability to infect a wide variety of 
cell types in vitro including monocytes, epithelial cells, 
endothelial cells and fibroblasts. CD46 has been shown 
to be a cellular receptor for both HHV-6A and B 
(Santoro et al, 1999). Activated CD4+ T cells appear 
to be the preferential target for fully permissive repli-
cation in vivo (Takahashi et al, 1989). Using an anti-
genemia test to detect active HHV-6 infection following 
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Abstract
  Human herpesvirus 6 (HHV-6) and HHV-7 are two recently identified β-herpesviruses, genetically related to hu-
man cytomegalovirus (CMV). Infection with both viruses is common worldwide with rates of seropositivity in adults 
over 90%. Infection with both viruses usually occurs in early childhood. In this age group HHV-6 is a cause of 
febrile illness including exanthem subitum, and likewise, primary HHV-7 infection has been associated with febrile 
illness. Similar to the other human herpesviruses, in particular CMV, the viruses have the potential for enhanced 
pathogenicity in the immunocompromised host. Active infection with both viruses is common following bone marrow 
or solid organ transplantation, most likely through reactivation of recipient's virus or re-infection considering their 
high prevalence in the population. Both viruses can be detected by PCR in the peripheral blood of healthy indivi-
duals and although the significance of blood-borne transmission is not clear, a preliminary study suggested that it 
was not significant for HHV-6. However, there is growing evidence that these viruses may be medically important 
in the post-transplant period. In bone marrow transplant patients HHV-6 has been associated with a range of clinical 
disease including encephalitis, interstitial pneumonitis, early and late graft failure and bone marrow suppression. 
There is also growing evidence for potential interactions among the β-herpesviruses in liver and renal transplant 
patients. HHV-6 infection has been associated with an increased risk of developing CMV disease and opportunistic 
infections and HHV-7 infection has also been linked to an increased risk of CMV disease. 
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liver transplantation, the majority of infected cells in 
peripheral blood mononuclear cells (PBMC) were re-
ported to be lymphocytes, with some monocytes also 
infected (Lautenschlager et al, 2000).
  The tropism of HHV-7 appears to be more restricted, 
utilising CD4 as a cellular receptor to infect T cells 
(Lusso et al, 1994). However, the cellular tropism may 
be wider based on the detection of viral antigen by 
immunohistochemistry and includes monocytes/macroph-
ages (Kempf et al, 1998; Kempf et al, 1997).
  As is characteristic of all herpesviruses, HHV-6 and 
HHV-7 persist in the host following primary infection. 
This persistence is likely to include both a latent state 
with infectious virus only produced during episodes of 
reactivation, and chronic replication with continuous or 
frequent but intermittent production of infectious virus. 
Salivary glands are a candidate site for chronic infection 
with HHV-6B and HHV-7 as both have been frequently 
detectable in saliva (Aberle et al, 1996; Wyatt & 
Frenkel, 1992). Together with epidemiological links of 
parent to infant infection (Mukai et al, 1994; Thawa-
ranantha et al, 2002), these findings suggest that sali-
vary contact is likely to be an important vehicle for 
transmission of both viruses.
  Both viruses can be detected in the peripheral blood 
of healthy individuals by nested PCR when sufficient 
quantities of DNA are tested (Clark et al, 1996; Kidd 
et al, 1996). The actual sites of latency have yet to be 
established, although candidates for HHV-6 include 
monocytes (Kondo et al, 1991) and early bone marrow 
progenitor cells (Luppi et al, 1999). HHV-6B is more 
frequently detected in PBMC compared to HHV-6A. 
HHV-6B has also been shown to be reactivated from 
latency by infection with HHV-7 but not by T cell sti-
mulation in vitro (Katsafanas et al, 1996). In addition, 
HHV-7 was reported to reactivate HHV-6 in children 
with a past history of ES (Tanaka-Taya et al, 2000). 
The stimuli for HHV-6 or HHV-7 reactivation in vivo 
are uncharacterised, but are likely to include immuno-
suppression. Razonable et al (Razonable et al, 2002) 
investigated β-herpesvirus reactivation in critically ill 
immunocompetent hosts. Reactivation of HHV-6A, 
detected by PCR analysis of PBMC, was found in 53 
of 101 patients with only 1 further patient being 
positive for HHV-6B. None of the control group 
showed evidence of HHV-6 reactivation. HHV-7 DNA 
was detected more commonly (18/50 PCR positive) 
compared to the critically ill patients (14/101 PCR 
positive).
  The risk of transmission through blood transfusion or 
exposure to blood products is presently unknown. The 
majority of blood donors will be seropositive for HHV- 
6 and HHV-7 and the viruses have been detected in the 
PBMC of blood donors (Wilborn et al, 1994a; Kozireva 
et al, 2001). In the latter study active HHV-7 infection 
based on the detection of viral DNA in plasma was 
identified in 12 of 113 (11%) of blood donors with 
latent HHV-7 in PBMC. Although it remains a potential 
mode of transmission the frequency and clinical outcome 
of transfusion-mediated HHV-6 or HHV-7 infection have 

not been adequately addressed. Lunel et al (1991) in-
vestigated the role of HHV-6 as a causative agent of 
non-A, non-B posttransfusion hepatitis. No HHV-6 sero-
conversions or significant rise in HHV-6 antibody titres 
were identified in their blood recipients suggesting that 
at least in adults, the risk of blood-borne HHV-6 trans-
mission was low.

2. HHV-6 Infection Following Bone Marrow
Transplantation

  Infection with HHV-6 following bone marrow or stem 
cell transplantation is common and considering the high 
seroprevalence in the population, is likely to result pre-
dominantly from reactivation of recipient's virus or rein-
fection from the donor. Restriction fragment length poly-
morphism analysis has shown in one case that pre- 
transplant and post transplant HHV-6 strains were the 
same (Yoshikawa et al, 1992). However, the virus has 
been detected by PCR in 28% of bone marrow samples 
from healthy individuals suggesting its ability to be trans-
mitted from the donor to the recipient (Gautheret-Dejean 
et al, 2000) and cases of primary infection with the 
donor marrow as the source of virus have been reported 
(Lau et al, 1998). It has been suggested that detection 
of HHV-6 DNA by PCR in either the donor's or re-
cipient's PBMCs pre-transplant is a good predictor of 
developing active HHV-6 infection following allogeneic 
BMT (Yoshikawa et al, 1998). 
  Depending on the study, the prevalence of HHV-6 in-
fection post bone marrow transplantation ranges from 
28% to 75% (median 48%) (Dockrell & Paya, 2001). 
Rates of detection of HHV-6 infection have been re-
ported to be higher in allogeneic compared to autolo-
gous bone marrow transplant patients (Yoshikawa et al, 
2002) and allogeneic bone marrow compared to allo-
geneic stem cell transplants (Maeda et al, 1999).
  Both HHV-6A and B infections have been detected in 
the post-transplant period, although the latter is more 
common. HHV-6 infections tend to occur within the first 
4 weeks following transplantation (Maeda et al, 1999; 
Imbert-Marcille et al, 2000; Yoshikawa et al, 2002).
  Following bone marrow transplantation, case reports 
and selective studies have associated HHV-6 with a range 
of clinical disease including encephalitis, interstitial pne-
umonitis, thrombotic microangiopathy, early and late 
graft failure and bone marrow suppression (Singh & 
Paterson, 2000; Drobyski et al, 1994; Cone et al, 1993; 
Matsuda et al, 1999; Rosenfeld et al, 1995; Drobyski 
et al, 1993). In vitro studies have demonstrated sup-
pressive activity of both variants of HHV-6 on the 
maturation and growth of normal bone marrow pre-
cursors, including granulocyte/macrophage, erythroid and 
megakaryocytic lineages (Isomura et al, 1997; Isomura 
et al, 2000).
  Table 1 summarises the prospective studies that have 
been carried out in bone marrow or stem cell transplant 
patients. In some studies there has been no clear assoc-
iation between HHV-6 and disease when the whole study 
population was analysed (Wilborn et al, 1994b; Kadakia 
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et al, 1996; Wang et al, 1996; Appleton et al, 1995; 
Chan et al, 1997; Cone et al, 1999). However, in sub-
group analysis the virus was linked to graft versus host 
disease (GvHD) (Wilborn et al, 1994b), delayed engraft-
ment (Wang et al, 1996) and rash (Cone et al, 1999; 
Yoshikawa et al, 2002). In other studies (Maeda et al, 
1999; Imbert-Marcille et al, 2000) associations between 
HHV-6 and delayed engraftment, myelosuppression and 
fever were reported when the whole study populations 
were analysed. In addition, HHV-6 viral load was signi-
ficantly correlated with delayed platelet engraftment in 
stem cell transplant recipients (Ljungman et al, 2000). 
Most prospective studies have reported a low incidence 
of the disease types identified by case reports.

3. HHV-6 Infection Following Solid Organ
Transplantation

  HHV-6 is frequently detected following solid organ 
transplantation ranging from 0-82% (median 32%) (Doc-
krell & Paya, 2001). Reactivation and re-infection are 

likely to account for most infections although primary 
infection in liver recipients have been reported (Yoshi-
kawa et al, 2000).
  Following liver transplantation, case reports have as-
sociated HHV-6 with bone marrow suppression parti-
cularly leukopenia, interstitial pneumonitis and encepha-
litis (Singh et al, 1997; Singh & Paterson, 2000). HHV- 
6 has also been suggested the most common viral cause 
of febrile episodes in liver transplant recipients (Chang 
et al, 1998). In living-related liver transplantation in children, 
primary infections were documented and the virus stati-
stically associated with febrile episodes (Yoshikawa et 
al, 2000). Hepatitis due to HHV-6 has also been des-
cribed in liver transplant recipients (Ward et al, 1989).
  Some prospective studies have not identified an assoc-
iation between HHV-6 and disease (Table 2) (Schmidt 
et al, 1996; Herbein et al, 1996;Osman et al, 1996; 
Kidd et al, 2000; Humar et al, 2002). Lautenschlager et 
al (2000) identified active infection in 11 of 51 liver 
transplant patients, with significant graft dysfunction in 8 
of these patients. In our prospective study monitoring β

Table 1.
Prospective Studies of HHV-6 Infection Following Bone Marrow/Stem Cell or Solid Organ Transplantation.

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Bone marrow/Stem cell transplant Solid organ transplant

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ   ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Study Observed Disease Study Transplant Type Observed Disease

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Wilborn et al (1994) GvHD* Schmidt et al (1996) Liver None

GvHD* (PCR in
Appleton et al (1995) Herbein et al (1996) Liver, Renal None

skin/rectal biopsies)

Kadakia et al (1996) None Osman et al (1997) Renal None

Delayed granulocyte/
Wang et al (1996) Ratnamohan et al (1998) Renal, Pancreas Fever

platelet engraftment

Chan et al (1997) None Griffiths et al (1999) Liver Graft rejection

Cone et al (1999) Rash* Kidd et al (2000) Renal None

Delayed platelet Lautenschlager
Maeda et al (1999) Liver Graft dysfunction*

engraftment et al (2000)

Delayed platelet CNS disease
Ljungman et al (2000) Rogers et al (2000) Liver

engraftment Fungal infections

Myelosuppression
Imbert-Marcille (2000) Mendez et al (2001) Liver CMV disease

and fever

Opportunistic infections,

Yoshikawa et al (2002) Rash* Humar et al (2002) Liver CMV disease,
graft rejection*

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
*analysis on subgroup of patient population; GvHD, graft versus host disease. Updated and adapted from Clark(Clark, 2000). 
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-herpesvirus infections in 60 liver transplant patients, all 
three viruses were temporally associated with altered 
liver function suggesting each virus was associated with 
episodes of hepatitis. CMV and HHV-6 were also 
independently associated with biopsy-proven graft rejec-
tion (Griffiths et al, 1999).
  In liver transplant recipients, HHV-6 has also been 
associated with CNS complications of unknown aetio-
logy and also as a predictor of invasive fungal infec-
tions (Rogers et al, 2000). In a recent study of 200 
liver transplant recipients, HHV-6 was statistically assoc-
iated with the development of opportunistic infections 
(pre-defined viral, fungal and bacterial infections) and 
also the development of CMV disease (Humar et al, 2002). 
As proposed for CMV, it is possible that there are 
clinically relevant indirect effects of the virus following 
organ transplantation. For CMV these include an in-
creased susceptibility to other infectious diseases such as 
bacterial and fungal infections and allograft rejection 
(Rubin, 1989).
  Interactions among the β-herpesviruses in the post- 
transplant period could potentially result in disease. In 
both liver and renal transplant recipients, HHV-6 has 
been associated with CMV disease (DesJardin et al, 1998; 
DesJardin et al, 2001; Ratnamohan et al, 1998; Humar 
et al, 2000; Humar et al, 2002). Higher viral loads to 
the three human β-herpesviruses have also been assoc-
iated with CMV disease (Mendez et al, 2001). Thus 
there is considerable evidence that interactions between 
β-herpesviruses lead to an increased risk of CMV dis-
ease. A study by Lowance et al (1999) reported the use 
of valacyclovir for the prevention of CMV disease and 
a reduced level of graft rejection in renal transplant 
recipients. Future studies will have to consider which 
virus or viruses are being suppressed.

4. HHV-7 Following Transplantation

  Fewer studies have been carried out examining the 

role of HHV-7 infection post-transplantation (Table 2). 
Similar to HHV-6, active HHV-7 infection does occur, 
and this is likely to be reactivation of recipient's virus 
or reinfection considering the high seroprevalence in the 
population. In renal transplant recipients, concomitant 
HCMV and HHV-7 infection has been associated with a 
greater risk of developing CMV disease (Osman et al, 
1996). More recently further prospective studies have 
reported an association between HHV-7 and an in-
creased risk of CMV disease (Kidd et al, 2000; Tong 
et al, 2000; Mendez et al, 2001). In bone marrow trans-
plant recipients, there has been no obvious correlation 
between HHV-7 infection and a range of clinical end-
points including GvHD and engraftment (Wang et al, 
1996; Maeda et al, 1999) (Table II). In one study, the 
detection of HHV-7 in peripheral blood by PCR during 
the early post-transplantation period was associated with 
a longer time to neutrophil engraftment (Chan et al, 
1997). This study also included a potential case of 
HHV-7 associated encephalitis.

5. Antiviral Susceptibility

  Ganciclovir has been reported to be an effective in-
hibitor of HHV-6 and HHV-7 replication in vitro (Taka-
hashi et al, 1997), although not consistently (Reymen et 
al, 1995;Yoshida et al, 1998). Foscarnet and cidofovir 
have also been shown to exhibit good activity against 
HHV-6 and HHV-7 in vitro (Takahashi et al, 1997) 
although again not consistently for the latter virus 
(Yoshida et al, 1998). 
  There have been no controlled trials of antiviral ther-
apy against HHV-6 or HHV-7 infection. However, clin-
ical response to treatment of HHV-6 disease (encepha-
litis/CNS disease and bone marrow suppression) follow-
ing bone marrow transplantation with either ganciclovir 
or foscarnet or both have been reported (Wang et al, 
1999; Mookerjee & Vogelsang, 1997; Rieux et al, 1998; 
Bethge et al, 1999; Johnston et al, 1999). A decrease 
in viral load concurrent with ganciclovir and/or foscarnet 
therapy has recently been reported in the CSF of hae-
matopoetic stem cell transplant recipients with HHV-6 
CNS disease (Zerr et al, 2002). Although aciclovir has 
little or no activity against HHV-6 in vitro, fewer HHV- 
6 PCR positive blood samples were reported in bone 
marrow transplant patients receiving high dose aciclovir 
compared to those without the drug (Wang et al, 1996). 
It remains possible that in vivo, aciclovir may be ef-
fective at inhibiting HHV-6 replication as it is for CMV 
(Prentice et al, 1994), albeit at a reduced level com-
pared to ganciclovir and foscarnet. These preliminary 
data suggest that currently licensed anti-herpetic com-
pounds may be effective in inhibiting HHV-6 replica-
tion, although treatment strategies will have to addressed 
by appropriate clinical trial.

6. Conclusions

  Much effort has been targeted at investigating the 
medical significance of HHV-6 in the immunocompro-

Table 2.
Prospective Studies of HHV-7 Following Bone Marrow or Solid 

Organ Transplantation.

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Study Transplant type Observed disease

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Osman et al (1997) renal CMV disease

Griffiths et al (1999) liver None

Kidd et al (2000) renal CMV disease
Graft rejection*

Tong et al (2000) renal CMV disease

Mendez et al (2001) liver CMV disease

Wang et al (1996) bone marrow None

Chan et al (1997) bone marrow Delayed engraftment*

Maeda et al (1999) bone marrow None

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
*analysis on subgroup of patient population
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mised host. In transplant recipients, case reports suggest 
an association of the virus with severe disease including 
encephalitis, pneumonitis and marrow suppression. Pro-
spective studies certainly show that active HHV-6 in-
fection is common in the post transplant period in both 
bone marrow and solid organ recipients. Although these 
prospective studies have reported associations of the 
virus with disease, they are perhaps not to the extent 
and severity suggested by case reports. It would cer-
tainly be unwise to dismiss HHV-6 infection as being 
clinically irrelevant in the post transplantation period. 
Importantly, there is considerable evidence of interac-
tions among the human β-herpesviruses, including HHV- 
7 in solid organ transplant recipients resulting in a 
greater risk of developing CMV disease, fungal/bacterial 
infections and graft rejection. Thus, although severe dis-
ease directly attributable to HHV-6 and HHV-7 may be 
relatively uncommon post transplantation, indirect effects 
of these viral infections may be significant.

References

 1. Aberle SW, Mandl CW, Kunz C, Popow-Kraupp T. Presence 
of human herpesvirus 6 variants A and B in saliva and 
peripheral blood mononuclear cells of healthy adults. J Clin 
Microbiol. 1996;34:3223-3225.

 2. Appleton AL, Sviland L, Peiris JS, et al. Human herpes virus- 
6 infection in marrow graft recipients: role in pathogenesis of 
graft-versus-host disease. Newcastle upon Tyne Bone Marrow 
Transport Group. Bone Marrow Transplant. 1995;16:777-782.

 3. Bethge W, Beck R, Jahn G, Mundinger P, Kanz L, Einsele 
H. Successful treatment of human herpesvirus-6 encephalitis 
after bone marrow transplantation. Bone Marrow Transplant. 
1999;24:1245-1248.

 4. Black JB, Pellett PE. Human herpesvirus 7. Rev Med Virol. 
1999;9:245-262.

 5. Briggs M, Fox J, Tedder RS. Age prevalence of antibody to 
human herpesvirus 6 [letter]. Lancet. 1988;1:1058-1059.

 6. Chan PK, Peiris JS, Yuen KY, et al. Human herpesvirus-6 
and human herpesvirus-7 infections in bone marrow transplant 
recipients. J Med Virol. 1997;53:295-305.

 7. Chang FY, Singh N, Gayowski T, Wagener MM, Marino IR. 
Fever in liver transplant recipients: changing spectrum of 
etiologic agents. Clin Infect Dis. 1998;26:59-65.

 8. Clark DA. Human herpesvirus 6. Rev Med Virol. 2000;10: 
155-173.

 9. Clark DA, Ait-Khaled M, Wheeler AC, et al. Quantification 
of human herpesvirus 6 in immunocompetent persons and 
post-mortem tissues from AIDS patients by PCR. J Gen 
Virol. 1996;77:2271-2275.

10. Clark DA, Freeland ML, Mackie LK, Jarrett RF, Onions DE. 
Prevalence of antibody to human herpesvirus 7 by age 
[letter]. J Infectious Diseases. 1993;168:251-252.

11. Cone RW, Hackman RC, Huang ML, et al. Human herpes-
virus 6 in lung tissue from patients with pneumonitis after 
bone marrow transplantation [see comments]. New Engl J of 
Med. 1993;329:156-161.

12. Cone RW, Huang ML, Corey L, Zeh J, Ashley R, Bowden 
R. Human herpesvirus 6 infections after bone marrow trans-
plantation: clinical and virologic manifestations. J Infect Dis. 
1999;179:311-318.

13. DesJardin JA, ChoE, Supran S, Gibbons L, Werner BG, 
Snydman DR. Association of human herpesvirus 6 reactivation 
with severe cytomegalovirus-associated disease in orthotopic 
liver transplant recipients. Clin Infect Dis. 2001;33:1358-1362.

14. DesJardin JA, Gibbons L, Cho E, et al. Human herpesvirus 6 

reactivation is associated with cytomegalovirus infection and 
syndromes in kidney transplant recipients at risk for primary 
cytomegalovirus infection. J Infect Dis. 1998;178:1783-1786.

15. Dockrell DH, Paya CV. Human herpesvirus-6 and -7 in 
transplantation. Rev Med Virol. 2001;11:23-36.

16. Drobyski WR, Dunne WM, Burd EM, et al. Human herpes-
virus-6 (HHV-6) infection in allogeneic bone marrow trans-
plant recipients: evidence of a marrow-suppressive role for 
HHV-6 in vivo. J Infect Dis. 1993;167:735-739.

17. Drobyski WR, Knox KK, Majewski D, Carrigan DR. Brief 
report: fatal encephalitis due to variant B human herpesvirus-6 
infection in a bone marrow-transplant recipient. N Engl J 
Med. 1994;330:1356-1360.

18. Gautheret-Dejean A, Dejean O, Vastel L, et al. Human her-
pesvirus-6 and human herpesvirus-7 in the bone marrow from 
healthy subjects. Transplantation. 2000;69:1722-1723.

19. Gompels UA, Nicholas J, Lawrence G, et al. The DNA se-
quence of human herpesvirus-6: structure, coding content, and 
genome evolution [Review] [196 refs]. Virology. 1995;209:29- 
51.

20. Griffiths PD, Ait-Khaled M, Bearcroft CP, et al. Human her-
pesvirus 6 and 7 as potential pathogens after liver transplant: 
prospective comparison with the effect of cytomegalovirus. J 
Med Virol. 1999;59:496-501.

21. Hall CB, Long CE, Schnabel KC, et al. Human herpesvirus-6 
infection in children. A prospective study of complications 
and reactivation. N Engl J Med. 1994;331:432-438.

22. Herbein G, Strasswimmer J, Altieri M, Woehl-Jaegle ML, 
Wolf P, Obert. Longitudinal study of human herpesvirus 6 
infection in organ transplant recipients. Clini Infect Dis. 1996; 
22:171-173.

23. Humar A, Kumar D, Caliendo AM, et al. Clinical impact of 
human herpesvirus 6 infection after liver transplantation. 
Transplantation. 2002;73:599-604.

24. Humar A, Malkan G, Moussa G, Greig P, Levy G, Mazzulli 
T. Human herpesvirus-6 is associated with cytomegalovirus 
reactivation in liver transplant recipients. J Infect Dis. 2000; 
181:1450-1453.

25. Imbert-Marcille BM, Tang XW, Lepelletier D, et al. Human 
herpesvirus 6 infection after autologous or allogeneic stem 
cell transplantation: A single-center prospective longitudinal 
study of 92 patients. Clin Infect Dis. 2000;31:881-886.

26. Isomura H, Yamada M, Yoshida M, et al. Suppressive effects 
of human herpesvirus 6 on in vitro colony formation of 
hematopoietic progenitor cells. J Med Virol. 1997;52:406-412.

27. Isomura H, Yoshida M, Namba H, et al. Suppressive effects 
of human herpesvirus-6 on thrombopoietin-inducible mega-
karyocytic colony formation in vitro. J Gen Virol. 2000;81 Pt 
3:663-673.

28. Johnston RE, Geretti AM, Prentice HG, et al. HHV-6-related 
secondary graft failure following allogeneic bone marrow 
transplantation. Br J Haematol. 1999;105:1041-1043.

29. Kadakia MP, Rybka WB, Stewart JA, et al. Human herpes-
virus 6: infection and disease following autologous and allo-
geneic bone marrow transplantation. Blood. 1996;87:5341- 
5354.

30. Katsafanas GC, Schirmer EC, Wyatt LS, Frenkel N. In vitro 
activation of human herpesviruses 6 and 7 from latency. Proc 
Natl Acad Sci USA. 1996;93:9788-9792.

31. Kempf W, Adams V, Mirandola P, et al. Persistence of hu-
man herpesvirus 7 in normal tissues detected by expression of 
a structural antigen. J Infect Dis. 1998;178:841-845.

32. Kempf W, Adams V, Wey N, Moos R, Schmid M, Avitabile 
E, Campadelli-Fiume G. CD68+ cells of monocyte/macro-
phage lineage in the environment of AIDS-associated and 
classic-sporadic Kaposi sarcoma are singly or doubly infected 
with human herpesviruses 7 and 6B. Proc Natl Acad Sci 
USA. 1997;94:7600-7605.

33. Kidd IM, Clark DA, Ait-Khaled M, Griffiths PD, Emery VC. 
Measurement of human herpesvirus 7 load in peripheral blood 



Education Program from ISH 2002, Seoul, Korea, August 24 to 28, 2002 251
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

and saliva of healthy subjects by quantitative polymerase 
chain reaction. J Infect Dis. 1996;174:396-401.

34. Kidd IM, Clark DA, Sabin CA, et al. Prospective study of 
human betaherpesviruses after renal transplantation: association 
of human herpesvirus 7 and cytomegalovirus co-infection with 
cytomegalovirus disease and increased rejection. Transplanta-
tion. 2000;69:2400-2404.

35. Kondo K, Kondo T, Okuno T, Takahashi M, Yamanishi K. 
Latent human herpesvirus 6 infection of human monocytes/ 
macrophages. J Gen Virol. 1991;72:1401-1408.

36. Kozireva S, Nemceva G, Danilane I, Pavlova O, Blomberg J, 
Murovska M. Prevalence of blood-borne viral infections 
(cytomegalovirus, human herpesvirus-6, human herpesvirus-7, 
human herpesvirus-8, human T-cell lymphotropic virus-I/II, 
human retrovirus-5) among blood donors in Latvia. Ann 
Hematol. 2001;80:669-673.

37. Lau YL, Peiris M, Chan GC, Chan AC, Chiu D, Ha SY. 
Primary human herpes virus 6 infection transmitted from 
donor to recipient through bone marrow infusion. Bone 
Marrow Transplant. 1998;21:1063-1066.

38. Lautenschlager I, Linnavuori K, Hockerstedt K. Human her-
pesvirus-6 antigenemia after liver transplantation. Transplan-
tation. 2000;69:2561-2566.

39. Ljungman P, Wang FZ, Clark DA, et al. High levels of 
human herpesvirus 6 DNA in peripheral blood leucocytes are 
correlated to platelet engraftment and disease in allogeneic 
stem cell transplant patients. Br J Haematol. 2000;111:774- 
781.

40. Lowance D, Neumayer HH, Legendre CM, et al. Valacyclovir 
for the prevention of cytomegalovirus disease after renal 
transplantation. N Engl J Med. 1999;340:1462-1470.

41. Lunel F, Agut H, Robert C, et al. Is human herpes virus 6 
(HHV-6) infection associated with posttransfusion hepatitis? 
Transfusion. 1991;31:872.

42. Luppi M, Barozzi P, Morris C, et al. Human herpesvirus 6 
latently infects early bone marrow progenitors in vivo. J 
Virol. 1999;73:754-759.

43. Lusso P, Secchiero P, Crowley RW, Garzino-Demo A, 
Berneman ZN, Gallo RC. CD4 is a critical component of the 
receptor for human herpesvirus 7: interference with human 
immunodeficiency virus. Proc Natl Acad Sci USA. 1994;91: 
3872-3876.

44. Maeda Y, Teshima T, Yamada, et al. Monitoring of human 
herpesviruses after allogeneic peripheral blood stem cell trans-
plantation and bone marrow transplantation. Br J Haematol. 
1999;105: 295-302.

45. Matsuda Y, Hara J, Miyoshi H, et al. Thromobotic micro-
angiopathy associated with reactivation of human herpesvirus-6 
following high-dose chemotherapy with autologous bone mar-
row transplantation in young children. Bone Marrow Trans-
plant. 1999;24:919-923.

46. Mendez JC, Dockrell DH, Espy MJ, et al. Human beta-Her-
pesvirus interactions in solid organ transplant recipients. J 
Infect Dis. 2001;183:179-184.

47. Mookerjee BP, Vogelsang G. Human herpes virus-6 en-
cephalitis after bone marrow transplantation: successful treat-
ment with ganciclovir. Bone Marrow Transplant. 1997;20: 
905-906.

48. Mukai T, Yamamoto T, Kondo T, et al. Molecular epide-
miological studies of human herpesvirus 6 in families. J Med 
Virol. 1994;42:224-227.

49. Nicholas J. Determination and analysis of the complete nu-
cleotide sequence of human herpesvirus. J Virol. 1996;70: 
5975-5989.

50. Osman HK, Peiris JS, Taylor CE, Warwicker P, Jarrett RF, 
Madeley CR. “Cytomegalovirus disease” in renal allograft 
recipients: is human herpesvirus 7 a co-factor for disease 
progression? J Med Virol. 1996;48:295-301.

51. Prentice HG, Gluckman E, Powles RL, et al. Impact of 
long-term acyclovir on cytomegalovirus infection and survival 

after allogeneic bone marrow transplantation. European 
Acyclovir for CMV Prophylaxis Study Group. Lancet. 1994; 
343:749-753.

52. Ratnamohan VM, Chapman J, Howse H, et al. Cytomegalo-
virus and human herpesvirus 6 both cause viral disease after 
renal transplantation. Transplantation. 1988;66,877-882.

53. Razonable RR, Fanning C, Brown RA, et al. Selective reacti-
vation of human herpesvirus 6 variant a occurs in critically 
ill immunocompetent hosts. J Infect Dis. 2002;185:110-113.

54. Reymen D, Naesens L, Balzarini J, Holy A, Dvorakova H, 
De Clercq E. Antiviral activity of selected acyclic nucleoside 
analogues against human herpesvirus 6. Antiviral Res. 1995; 
28:343-357.

55. Rieux C, Gautheret-Dejean A, Challine-Lehmann D, Kirch C, 
Agut H, Vernant JP. Human herpesvirus-6 meningoencephalitis 
in a recipient of an unrelated allogeneic bone marrow trans-
plantation. Transplantation. 1998;65:1408-1411.

56. Rogers J, Rohal S, Carrigan DR, et al. Human herpesvirus-6 
in liver transplant recipients: role in pathogenesis of fungal 
infections, neurologic complications, and outcome. Transplan-
tation. 2000;69:2566-2573.

57. Rosenfeld CS, Rybka WB, Weinbaum D, et al. Late graft 
failure due to dual bone marrow infection with variants A 
and B of human herpesvirus-6. Exp Hematol. 1995;23:626- 
629.

58. Rubin RH. The indirect effects of cytomegalovirus infection 
on the outcome of organ transplantation. JAMA. 1989;261: 
3607-3609.

59. Santoro F, Kennedy PE, Locatelli G, Malnati MS, Berger EA, 
Lusso P. CD46 is a cellular receptor for human herpesvirus 
6. Cell. 1999;99:817-827.

60. Schmidt CA, Wilbron F, Weiss K, et al. A prospective study 
of human herpesvirus type 6 detected by polymerase chain 
reaction after liver transplantation. Transplantation. 1996;61: 
662-664.

61. Singh N, Carrigan DR, Gayowski T, Marino IR. Human her-
pesvirus-6 infection in liver transplant recipients: documen-
tation of pathogenicity. Transplantation. 1997;64:674-678.

62. Singh N, Paterson DL. Encephalitis caused by human herpes-
virus-6 in transplant recipients: relevance of a novel neuro-
tropic virus. Transplantation. 2000;69:2474-2479.

63. Takahashi K, Sonoda S, Higashi K, et al. Predominant CD4 
T-lymphocyte tropism of human herpesvirus 6-related virus. J 
Virol. 1989;63:3161-3163.

64. Takahashi K, Suzuki M, Wata Y, Higeta S, Amanishi K, 
Clerq E. Selective activity of various nucleoside and nucleo-
tide analogues against herpesvirus 6 and 7. Antiviral Chem 
Chemoth. 1997;8:24-31.

65. Tanaka-Taya K, Kondo T, Nakagawa N, et al. Reactivation of 
human herpesvirus 6 by infection of human herpesvirus 7. J 
Med Virol. 2000;60:284-289.

66. Tanaka K, Kondo T, Torigoe S, Okada S, Mukai T, 
Yamanishi K. Human herpesvirus 7: another causal agent for 
roseola (exanthem subitum). J Pediatr. 1994;125:1-5.

67. Thawaranantha D, Chimabutra K, Balachandra K, et al. Gene-
tic variations of human herpesvirus 7 by analysis of glyco-
proteins B and H, and R2-repeat regions. J Med Virol. 2002; 
66:370-377.

68. Tong CY, Bakran A, Williams H, Cheung CY, Peiris JS. 
Association of human herpesvirus 7 with cytomegalovirus 
disease in renal transplant recipients. Transplantation. 2000;70: 
213-216.

69. Wang FZ, Dahl H, Linde A, Brytting M, Ehrnst A, Ljungman 
P. Lymphotropic herpesviruses in allogeneic bone marrow 
transplantation. Blood. 1996;88:3615-3620.

70. Wang FZ, Linde A, Hagglund H, Testa M, Locasciulli A, 
Ljungman P. Human herpesvirus 6 DNA in cerebrospinal 
fluid specimens from allogeneic bone marrow transplant 
patients: does it have clinical significance? Clin Infect Dis. 
1999;28:562-568.



252 International Journal of Hematology 76 (2002) Supplement II
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

71. Ward KN, Gray JJ, Efstathiou S. Brief report: primary human 
herpesvirus 6 infection in a patient following liver trans-
plantation from a seropositive donor. J Med Virol. 1989;28: 
69-72.

72. Wilborn F, Brinkmann V, Schmidt CA, Neipel F, Gelderblom 
H, Siegert. Herpesvirus type 6 in patients undergoing bone 
marrow transplantation: serologic features and detection by 
polymerase chain reaction. Blood. 1994b;83:3052-3058.

73. Wilborn F, Schmidt CA, Zimmermann R, Brinkmann V, 
Neipel F, Siegert W. Detection of herpesvirus type 6 by 
polymerase chain reaction in blood donors: random tests and 
prospective longitudinal studies. Br J Haematol. 1994a;88:187- 
192.

74. Wyatt LS, Frenkel N. Human herpesvirus 7 is a constitutive 
inhabitant of adult human saliva. J Virolo. 1992;66:3206-3209.

75. Yamanishi K, Okuno T, Shiraki K, et al. Identification of 
human herpesvirus-6 as a causal agent for exanthem subitum 
[see comments]. Lancet. 1988;1:1065-1067.

76. Yoshida M, Yamada M, Tsukazaki T, et al. Comparison of 

antiviral compounds against human herpesvirus 6 and 7. Anti-
viral Res. 1998;40:73-84.

77. Yoshikawa T, Asano Y, Ihira M, et al. Human herpesvirus 6 
viremia in bone marrow transplant recipients: clinical features 
and risk factors. J Infect Dis. 2002;185:847-853.

78. Yoshikawa T, Ihira M, Suzuki K, et al. Human herpesvirus 6 
infection after living related liver transplantation [In Process 
Citation]. J Med Virol. 2000;62: 52-59.

79. Yoshikawa T, Nakashima T, Asano Y, et al. Endonuclease 
analyses of DNA of human herpesvirus-6 isolated from blood 
before and after bone marrow transplantation. J Med Virol. 
1992;37:228-231.

80. Yoshikawa T, Suzuki K, Ihira M, et al. Prediction of human 
herpesvirus 6 infection after allogeneic bone marrow trans-
plantation. Blood. 1998;92:2597-2599.

81. Zerr DM, Gupta D, Huang ML, Carter R, Corey L. Effect of 
antivirals on human herpesvirus 6 replication in hematopoietic 
stem cell transplant recipients. Clin Infect Dis. 2002;34:309- 
317.


