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bstract

Human herpesviruses 6A, 6B, and 7 (HHV-6A, HHV-6B, HHV-7) are genetically related to cytomegalovirus. They belong to the Roseolovirus
enus and to the Betaherpesvirinae subfamily. They infect T cells, monocytes-macrophages, epithelial cells, and central nervous system cells.
hese viruses are ubiquitous and are responsible for lifelong chronic infections, most often asymptomatic, in the vast majority of the general adult
opulation. HHV-6B is responsible for exanthema subitum, which is a benign disease of infants. HHV-6A and HHV-6B also cause opportunistic
nfections in immunocompromised patients: encephalitis, hepatitis, bone marrow suppression, colitis, and pneumonitis. Their etiological role in
hronic diseases such as multiple sclerosis, cardiomyopathy, and thyroiditis is still controversial. The pathogenicity of HHV-7 is less clear and
eems to be much more restricted. Chromosomal integration of HHV-6A and HHV-6B is transmissible from parents to offspring and observed in
bout 1% of the general population. This integration raises the question of potential associated diseases and can be a confounding factor for the
iagnosis of active infections by both viruses. The diagnosis of HHV-6A, HHV-6B, and HHV-7 infections is rather based on gene amplification
PCR), which allows for the detection and quantification of the viral genome, than on serology, which is mainly indicated in case of primary
nfection. Ganciclovir, foscarnet, and cidofovir inhibit the replication of HHV-6A, HHV-6B, and HHV-7. Severe infections may thus be treated but
hese therapeutic indications are still poorly defined.

 2016 Elsevier Masson SAS. All rights reserved.
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ésumé

Les herpesvirus humains 6A, 6B et 7 (HHV-6A, HHV-6B, HHV-7) sont génétiquement proches du cytomégalovirus. Ils appartiennent au genre des

oseolovirus  et à la sous-famille des Betaherpesvirinae. Ils infectent les lymphocytes T, mais aussi les monocytes/macrophages, certaines cellules
pithéliales et les cellules du système nerveux central. Ces virus sont ubiquistes et provoquent une infection chronique à vie, le plus souvent
symptomatique, chez la quasi-totalité de la population générale adulte. Le HHV-6B est responsable de l’exanthème subit, maladie bénigne

fections opportunistes chez les patients immunodéprimés : encéphalites,
u très jeune enfant. Les HHV-6A et HHV-6B sont responsables d’in

épatites, insuffisances médullaires, colites et pneumopathies. Leur rôle étiologique dans des maladies chroniques comme sclérose en plaques,
yocardiopathies ou thyroïdites est encore controversé. La pathogénicité du HHV-7 est moins bien connue et paraît beaucoup plus restreinte.

’intégration chromosomique des HHV-6A et HHV-6B est transmissible de façon héréditaire et concerne environ 1 % de la population générale.
lle pose la question des éventuelles maladies associées et peut être un facteur de confusion pour le diagnostic des infections actives par ces deux
irus. Le diagnostic des infections à HHV-6A, HHV-6B et HHV-7 se fonde plus sur la PCR, qui permet la détection et la quantification du génome
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iral, que sur la sérologie, indiquée essentiellement en cas de primo-infection. Le ganciclovir, le foscarnet et le cidofovir inhibent la réplication de
es virus, ce qui permet le traitement des infections graves. Les indications ne sont cependant pas encore bien codifiées.

 2016 Elsevier Masson SAS. Tous droits réservés.
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.  Introduction

Human herpesvirus 6A (HHV-6A) was isolated by accident
n 1986 from T cell blood cultures performed to look for new
etroviruses [1]. Human herpesvirus 6B (HHV-6B) was iden-
ified in 1988 under similar circumstances [2,3]. It is however
ust recently, in 2014, that converging results of phenotypic and
enetic studies led to the classification of HHV-6A and HHV-
B as two distinct species among viruses defined as HHV-6 [4].
HV-7 is genetically related to HHV-6 and was identified in
990 [5]. These three viruses are very common in the general
opulation worldwide. Just like other human herpesviruses, they
ersist indefinitely in the infected organ and may lead to reactiva-
ions, which are usually asymptomatic or associated with more
r less severe clinical syndromes. The variety of clinical presen-
ations, the high prevalence of the infection, and its chronicity

ake it difficult to precisely determine the pathogenic role of
he three viruses. This issue is associated with at least one major

edical challenge: diagnosing and treating severe presentations
f active HHV-6A and HHV-6B infections, which correspond
o primary infections or reactivations and are susceptible to
ntiviral drugs that proved effective against cytomegalovirus
CMV) – a virus genetically related to HHV-6A, HHV-6B, and
HV-7 [6].

.  Characteristics  of  the  viruses

HHV-6A, HHV-6B, and HHV-7 have an envelope of
60 to 200 nanometers of diameter, and their genome is a
ouble-stranded linear DNA. The genomes of the viruses are
espectively 159, 165, and 145 kilo base pair long [7]. These
enomes are quite homologous and present with a similar orga-
ization despite their different size; all three viruses belong to
he Roseolovirus  genus. They harbor similar repeated sequences
t each of their extremities, with patterns similar to those of
elomeric repeated sequences of human chromosomes. The three
iruses are also genetically homologous to CMV as all four of
hem belong to the Betaherpesvirinae subfamily. Viral particles
also known as virions) consist, from the outside to the inside,
f the envelope carrying viral glycoproteins, the tegument, and
he nucleocapsid containing the genomic DNA. The lipid nature
f the envelop confers poor resistance to chemical or physical
nactivating agents. HHV-6 species can be distinguished from

ne another thanks to their different characteristics in terms of
ulture, genome sequence, and antigenicity [4]. These differ-
nces are lacking among HHV-7 strains, even though genetic
ariations have been observed [8].
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somique ; HHV-6

HHV-6A and HHV-6B infect many cells in vivo: T cells,
specially CD4+ T cells, but also CD8+ T cells, monocytes-
acrophages, hematopoietic cells of the bone marrow, epithelial

ells of the kidney and salivary glands, endothelial cells,
icroglial cells, oligodendrocytes, and astrocytes. The CD46
olecule is a cellular receptor for HHV-6A, while the CD134
olecule is a cellular receptor for HHV-6B [9,10]. HHV-7 has a

elective tropism for CD4+ T cells, and CD4 is a receptor for that
irus. However, in vivo, HHV-7 is observed in the skin, salivary
lands, and many other organs [11].

Isolation and repeated cultures of both HHV-6 species are
erformed at the laboratory with peripheral blood mononuclear
ells of healthy donors, while adaptation to lymphocytic, glial,
ligodendrocytic, and megakaryocytic cell lines or to human
mbryonic fibroblasts is not a common characteristic of all iso-
ates [12,13]. Isolating HHV-7 is best performed in purified
lood CD4+ T cell cultures. HHV-7 culture is, however, difficult
s it does not usually trigger any cytopathic effect and adaptation
o lymphocytic cell lines varies. The viral stocks obtained always
ave a low infectious titer. There is currently no known natural
nimal model of productive infection with these viruses, even
hough transgenic mice expressing human CD46 have experi-

entally been infected with HHV-6A via intracerebral injections
14].

.  Pathophysiology  of  the  infection

Following penetration of the virus into the target cells, the
enomic DNA migrates to the cell nucleus where key steps of
iral replication take place. Viral genes go through three stages
o be transcribed and expressed: immediate early genes, early
enes, and late genes. The nucleocapsid is ultimately formed
nd binds to the proteins of the tegument in the nucleus cell
efore acquiring the envelope in cytoplasmic vacuoles derived
rom the Golgi apparatus. These vacuoles then release virions
nto the cellular membrane by exocytosis [12]. This replication
ycle corresponds to the lytic (or productive) cycle that leads to
he death of host cells and to virus production that will dissem-
nate through the organism at the time of primary infection or
uring reactivations. Following primary infection, both species
f HHV-6 and HHV-7 latently persist in various sites and cells of
he organism, especially in monocytes-macrophages [15]. Vari-
us hypotheses have been put forward to explain these latency
echanisms; all of these mechanisms might be present among
he various cell types: presence of the sole viral genome in its
pisomal form with a potentially limited expression of some
enes, replication cycle blocked at the intermediate stage or
eplication cycle completed but controlled and compatible with
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he prolonged survival of the host cell. From this latent state,
 productive cycle may be reactivated and may lead to a new
roduction of infectious viruses in the blood and in other body
ompartments such as saliva. However, the selective expression
f some viral genes may be enough to induce modifications of
ell functions, even in the absence of a complete replication
ycle as demonstrated in an experimental study [13].

Chromosomal integration of HHV-6A and HHV-6B DNA is a
nique phenomenon among human herpesviruses. It is observed
n approximately 1% of the general population [16]. It corre-
ponds to the covalent binding of the viral genome to the cell
NA in the telomeric region of a given chromosome. This bind-

ng is present in all cells of the organism and the viral genome
ay be vertically transmitted by germ cells or horizontally trans-
itted via tissue or organ transplants. Viral reactivation from an

ntegrated genomic form has already been demonstrated [17].
HHV-6 primary infection triggers a specific immune response

hat can be identified through its humoral and cellular compo-
ents [7,18,19]. Serum antibodies react to various viral proteins,
nd some of these proteins seem to be dominant antigens in
erological tests. Cellular immune response may be detected
ith the proliferation of CD4+ and CD8+ T cells following

xposure to viral antigens. However, the number of HHV-6-
pecific T cells circulating in the blood is low and a major
ross-reactivity between HHV-6A and HHV-6B epitopes may be
bserved. These viruses are able to modulate the inflammatory
esponse and the specific immune response by:

 stimulating the synthesis of proinflammatory cytokines;
 reducing the expression of HLA class I antigens at the surface

of infected cells;
 producing analogues of chemokines and chemokine recep-

tors.

These phenomena are believed to help the virus actively
eplicate by escaping from the immune response [13]. Despite
his immune response observed as early as the primary infec-
ion, reinfection by exogenous viral strains from the same viral
pecies is possible and these strains coexist with homologous
iral strains that are already latently present. This could trigger
enetic recombination events [20].

.  Epidemiology

The ubiquitous viruses HHV-6A, HHV-6B, and HHV-7 are
idely observed in the general population as Humans are the sole
atural hosts [12]. They are primarily transmitted through saliva,
ery early in life. Breastfeeding does not seem to play any role
n the transmission of HHV-6A and HHV-6B, but the presence
f HHV-7 in breast milk has been demonstrated and suggests a
otential route of transmission [21]. The in utero transmission
f HHV-6 as a traditional virus is observed in approximately 1%
f pregnancies. This figure is similar to that observed with CMV,

ut it is believed to be often associated with the presence of viral
NA integrated to the mother’s chromosomes even though this
echanism is still not clearly understood [22]. The transmis-

ion of HHV-6 through organ transplants has also been reported

t
t
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hile its transmission via labile blood products has never been
bserved [23].

HHV-6B primary infection usually occurs in early childhood,
etween 6 months and 3 years of age. HHV-7 and HHV-6A pri-
ary infections occur later on. Thus, anti-HHV-6 antibodies

eappear as early as 6 months of age when the mother’s anti-
odies disappear, while HHV-7 seroconversion occurs at a later
tage. There is currently no specific serological test for both
HV-6 species; the exact mean age and frequency of HHV-
A primary infection thus remain unknown. The prevalence of
HV-6B and HHV-7 infections is very high, above 90% in the
eneral adult population. The prevalence of HHV-6A infection
s probably very high as well, but it has yet to be precisely

easured.

.  Associated  diseases

.1.  Primary  infection

Many HHV-6A, HHV-6B, and HHV-7 primary infections
re asymptomatic. HHV-6B primary infection is often associ-
ted with exanthema subitum (also known as roseola infantum
r sixth disease), a benign acute disease of infants [3,24]
Table 1). This disease is usually observed in infants aged
etween 6 months and 3 years. It usually consists of two consec-
tive phases: fever for 3 to 5 days, often associated with seizures,
nd then a rubella-like rash on the neck and chest observed when
emperature drops and lasting for 1 or 2 days. HHV-6B pri-

ary infection may be associated with less specific symptoms
nd, in some cases, more severe ones with isolated fever, infec-
ious respiratory or digestive syndromes, meningoencephalitis,
iver impairment, viral-like syndrome with mononuclear cells
n blood, and macrophage activation syndrome [25–28]. Some
ncephalitis cases associated with HHV-6B primary infection
ave a particularly poor outcome and may lead to the patient’s
eath or to significant neurological sequelae [29,30]. In this con-
ext, the role of HHV-6B in the onset of severe pediatric cases
f temporal lobe epilepsy is questioned. Symptomatic HHV-6A
rimary infections are not as well documented as those caused
y HHV-6B [31,32]. HHV-6A or HHV-6B primary infection
bserved in fetuses during pregnancy leads to a congenital infec-
ion that never seems to be associated with clear clinical signs
t birth, unlike CMV. However, an impact on the child’s future
europsychological development has been described [33].

Clear HHV-7 primary infections are poorly documented,
xcept for a few potential cases of exanthema subitum [34].
iral-like syndrome with mononuclear cells in blood, seizures,
r other neurological impairments have also been associated
ith HHV-7 in studies lacking statistical power, while the asso-

iation with pityriasis rosea is still being questioned [35,36].

.2.  Reactivations  and  chronic  infection
HHV-6A and HHV-6B are responsible for opportunis-
ic infections that mainly correspond to reactivations of
hese viruses from their latent state during immunodeficiency
Table 1). Symptoms and diseases observed include fever with
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Table 1
Diseases associated with HHV-6A and HHV-6B infections.
Maladies associées aux infections à HHV-6A et HHV-6B.

Status of viral infection Proven association Suggested association to be confirmed

Congenital infection – Impairment of neuropsychological development in infants
Postnatal primary infection Exanthema subitum (roseola infantum or sixth disease) for

HHV-6B
Fever
Seizures
Mild respiratory and digestive symptoms
Thrombocytopenia
Viral-like syndrome with mononuclear cells in blood
Encephalitis
Hepatitis, colitis

Exanthema subitum for HHV-6A
Macrophage activation syndrome
Temporal lobe epilepsy

Reactivation Fever
Skin rash
Thrombocytopenia, leukopenia, anemia
Myelosuppression
Encephalitis, neurocognitive deficit
Hepatitis, colitis, gastroenteritis
Retinitis
Pneumonitis
Drug-induced hypersensitivity syndrome (DRESS)

Temporal lobe epilepsy
Transplant rejection
Graft-versus-host disease (GVHD)
Thrombotic microangiopathy

Chronic infection – Multiple sclerosis
Hashimoto’s thyroiditis
Myocarditis, chronic cardiomyopathy
Rapid progression towards AIDS in HIV-infected patients for
HHV-6A

Chromosomal integrationa – Increased risk of angina pectoris
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a Observed in approximately 1% of the general population.

ash and cytopenia, pneumonitis, hepatitis, and encephalitis in
rgan transplant recipients, as well as colitis and retinitis in
IV-infected patients [37–39]. The most common presentations

re limbic encephalitis, neurocognitive impairment, and delayed
ngraftment in patients who underwent a hematopoietic stem-
ell transplant [40,41]. HHV-6A and HHV-6B reactivations less
ften lead to severe diseases in solid organ transplant recipi-
nts [42]. Besides, CMV is often concomitantly detected with
HV-6A or HHV-6B and raises the question of each virus sole

esponsibility in the onset of these diseases. HHV-6 reactivation
ay be associated with acute transplant rejection but it is still dif-
cult to know if the viral reactivation is the cause or consequence
f the rejection.

The role of HHV-6A as a cofactor of the human immunode-
ciency virus (HIV) in the progression towards AIDS is mainly
upported by in vitro experimental findings: joint infection of
D4+ T cells by both viruses, induction of CD4 receptor expres-

ion by HHV-6 in CD8+ T cells and natural killer cells (NK cells)
hat would thus become susceptible to HIV, and HIV gene trans-
ctivation by HHV-6 [43]. However, even though HHV-6A and
HV-6B are frequently detected and responsible for opportunis-

ic infections in HIV-infected patients, their aggravating role in
he progression towards AIDS has never been formally proven
44].

Drug-induced hypersensitivity syndrome, also known as drug

ash with eosinophilia and systemic symptoms (DRESS), is
ften associated with HHV-6B reactivations, to such an extent
hat this association is used as a diagnostic criterion for DRESS

t
e
c

Increased risk of HHV-6 congenital infection

y Japanese dermatologists [45]. The disease usually occurs
fter intake of antibiotics or antiepileptic drugs. It may be charac-
erized by fever, skin rash, adenopathy, cytolytic hepatitis, blood
ypereosinophilia, and a significant deterioration of the patient’s
eneral status. It has been demonstrated that some of these drugs
timulate the in vitro replication of HHV-6B, that could thus be
he cause of the disease [46].

The association between both species of HHV-6 and
ymphoid tissue tumors has been suggested based on their exper-
mental carcinogenic power on mouse cells and more recently
ecause of their chromosomal integration capacity. In humans,
he viral genome has been isolated from tumor tissues of patients
resenting with lymphoma and Hodgkin’s disease, sometimes
s an integrated form to the cellular genome [47,48]. However,
ndings from a study conducted on healthy control individuals
howed that HHV-6A and HHV-6B are also frequently detected
n lymphoid tissues in the absence of tumor [49].

The role of HHV-6A and HHV-6B in the occurrence of
utoimmune diseases has been discussed in patients presenting
ith multiple sclerosis and, more recently, with Hashimoto’s

hyroiditis [50,51]. These viruses are detected in the central
ervous system of patients presenting with multiple sclero-
is, especially in demyelinated plaques. Serological data also
emonstrates a higher antiviral immune response in individ-
als presenting with multiple sclerosis, but the topic is still

he object of much debate. The same goes for the potential
tiological role of these viruses in some cardiomyopathies or
hronic arteriopathies [52,53]. Although this finding still needs
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Table 2
Diagnostic strategies for HHV-6A, HHV-6B, and HHV-7 infections.
Approches diagnostiques des infections à HHV-6A, HHV-6B et HHV-7.

General strategy Technique Indications Comments

Indirect diagnosis Detection and avidity assays
for IgG and IgM by IF or IE

Primary infection diagnosis
Seroprevalence studies

Difficult interpretation in case of
reactivation and/or immunodeficiency
No distinction between HHV-6A and
HHV-6B
Cross-reactivity with other
Betaherpesvirinae

Direct diagnosis Viral isolation in cell culture Active infection with infectious virus
production

Reference method but time-consuming,
expensive, and technically demanding
Low sensitivity

Antigen detection Active infection with viral gene
expression

Low sensitivity
Limited availability of reference
antibodies

DNA detection by qualitative
PCR

Infection with presence of viral
genome in tissues or biological fluid

No distinction between latent infection,
active infection, and chromosomal
integration

DNA quantification by
quantitative PCR

Active infection with viral genome
replication (longitudinal follow-up of
viral load)
Comparison of the viral load in blood
and target organs

Need for standardization (international
benchmark)
Need to precisely define active infection
and chromosomal integration thresholds

Detection of viral transcripts
by RT-PCR

Distinction between latent and active
infection
Reactivation during chromosomal
integration

Currently limited sensitivity
Need for standardization

Digital PCR using
microdilution

Precise quantification of viral DNA
Identification of a chromosomal
integration

Limited sensitivity (to be studied)

DNA sequencing Molecular epidemiology
Antiviral resistance
Identification of reinfections or
coinfections by different viral strains

Role of NGS to be studied

IF: immunofluorescence; IE: immunoenzymology; PCR: polymerase chain reaction (gene amplification); RT-PCR: reverse transcriptase–polymerase chain reaction
( encin
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gene amplification following reverse transcription); NGS: next-generation sequ

o be confirmed, the chromosomal integration of HHV-6A and
HV-6B could be a risk factor for angina pectoris [54].
The role of HHV-7 in opportunistic infections and some

umors has been mentioned, but available data is still weak. Para-
oxically, detecting HHV-7 infection seems to be correlated with
etter prognosis for HIV infection. One reason might just be the
resence of a sufficient number of CD4+ T cells [55].

.  Diagnosis

.1.  Direct  diagnosis

Direct diagnosis aims at detecting the viruses responsible
or the infections, at characterizing them – and especially at
ifferentiating HHV-6A from HHV-6B – at defining the indica-
ion for antiviral treatment, and at monitoring treatment efficacy.
irect diagnosis relies on the direct detection of viruses and viral

omponents (Table 2). This type of diagnosis targets the viral

articles that are released in biological fluids and infected cells
f these fluids and tissues. Infected cells are crucial in case of
HV-6A, HHV-6B, and HHV-7 infections, which, in vivo, are
ostly intracellular viruses [56].

r
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c

g.

Biological specimens used for diagnostic tests are whole
lood (sampled with an anticoagulant) rather than plasma, saliva,
ther bodily fluids such as cerebrospinal fluid (CSF) or bron-
hoalveolar lavage specimen, and tissue biopsies. Biological
pecimens must be adapted to the observed clinical syndromes
nd to the relevant diagnostic questions.

Virus isolation from cultures of primary lymphocytic cells is
he historical reference method [1,5,7]. However, culture tech-
iques lack sensitivity, are time/staff/reagent-consuming, and
re associated with risks related to the production of infectious
iruses. They are now mainly used for research purposes.

Viral antigens of HHV-6A, HHV-6B, and HHV-7 may be
irectly detected in infected cells or tissues using the immu-
ofluorescence or immunohistochemistry technique thanks to
onoclonal antibodies [57]. This technique is also mainly used

or biomedical research purposes as it has a relatively low sensi-
ivity and is limited by the low number of functional antibodies
vailable.

Detecting genomic DNA by gene amplification (PCR) is cur-

ently the reference technique; it is accessible, specific, and very
ensitive. Quantitative PCR methods, notably real-time PCR,
onstituted a significant advance as they reduced the risk of
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Severe clinical synd rome  indi ca�ve of  HH V-6A  or  HHV-B infec�on

E�ological role of  HHV-6?

HHV-6  ac�ve infec�on?

Virus -indu ced organ
involvement?

Chromosomal integra�on of 
HHV-6?

An�viral treatment?

Treatment efficacy?

Resistance to an�viral treatment?

Take into conside ra�on : pa�ent age, immunodeficie ncy, cl inical symp toms

Take into conside ra�on : viral DN A in  who le blood (qua n�fica�on  and 
interpreta�on ba sed on  the nu mber of  cell s observed )

Take into considera�on: viral DNA in the appropriate bodily fluid, if available
(quan�fica�on and comparison with whole blood if possible)

Take into considera�on: viral DNA in skin appendages (detec�on and 
quan�fica�on)
Take into considera�on: poten�al associated reac�va�on (quan�fica�on of 
ac�va�on transcripts – to be standardized)

Take into considera�on: dynamics of the ac�ve infec�on, absence of any
other op portuni s�c patho gen, ac�va�on  trans cripts (qua n�fica�on  – to  be
standardized)

Take into considera�on: clinical symptoms, viral DNA in appropriate whole
blood and biological samples, if available (monitored quan�fica�on)

Take into conside ra�on : treatme nt du ra�on , other po ten�al caus es of 
treatme nt fail ure, resistance mu ta�ons  (PCR  and  sequen cing of  vira l genes
U69 et U38 )

Fig. 1. Decision tree for diagnosing and treating severe HHV-6A or HHV-6B infection. Several of the virological examinations mentioned in this diagram need to
be standardized and/or approved for the suggested diagnostic use. The term “HHV-6” refers to both viral species (HHV-6A and HHV-6B).
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chéma décisionnel pour le diagnostic et le traitement d’une infection sévère à
écessitent d’être standardisés et/ou approuvés pour l’utilisation diagnostique p
t HHV-6B.

ontamination by amplified DNA and provided a relatively pre-
ise value of the viral load in a given body organ or compartment
58,59]. Detecting and quantifying viral messenger (or tran-
cript) RNA using RT-PCR is an interesting additional strategy
o better characterize the active or latent nature of the infec-
ion, but this technique needs to be improved [60]. Sequencing
iral nucleic acids helps in characterizing them. Among the lat-
st technical innovations of molecular assays, droplet digital
CR helps in quantifying viral DNA without having to use a
ange of benchmarks. Next-generation sequencing also helps
n analyzing the various viral subpopulations within a single
pecimen [61,62]. All molecular techniques used for the direct
iagnosis of HHV-6A, HHV-6B, and HHV-7 infections need to
e meticulously standardized using international benchmarks.

.2.  Indirect  diagnosis

The indirect diagnosis relies on the detection of specific
erum antibodies, immunoglobulins G (IgG) and M (IgM),
ost often using the immunofluorescence technique [63]. West-

rn blot techniques and serum neutralization tests have been
escribed in the diagnosis of HHV-6 infection; they are however
ainly used for research purposes. Several factors restrict the

se of viral serology, including cross-reactions between HHV-
A, HHV-6B, HHV-7, and CMV antibodies; the absence of a
pecific serological test able to distinguish HHV-6A infections
rom HHV-6B infections; the highly frequent HIV-infected sta-
us of the general adult population; the absence of correlation

etween the absolute value or variations of the antibody titer
nd the presence of an active viral infection; and the alteration
f the humoral immune response in some immunocompromised
atients. Serological assays are indicated in only two cases:

s
t
t
e

-6A ou HHV-6B. Plusieurs des examens virologiques présentés sur ce schéma
ée. Le terme HHV-6 se réfère collectivement aux deux espèces virales HHV-6A

rimary infection detected through seroconversion and through
he identification of specific IgM, and seroprevalence studies
here seropositivity is indicative of a chronic latent infection.

.3.  Diagnostic  strategy  and  result  interpretation

The diagnosis of HHV-6A, HHV-6B, and HHV-7 infections is
sually established based on severe symptoms indicative of pri-
ary infection or reactivation. In these situations, priority must

e given to the direct diagnostic method [63] (Fig. 1). Indirect
iagnosis remains interesting because of its retrospective diag-
osis of a primary infection. Otherwise, the identification of a
eropositive status is associated with a poor diagnostic impact.

An active infection may be distinguished from a latent one by
easuring the DNAemia of HHV-6A and HHV-6B; the thresh-

ld in-between those two states is roughly set around 1,000
opies of viral genome per milliliter of whole blood [6]. Suc-
essive measures of DNAemia allows for a better assessment of
he reactivation curve. As HHV-6A, HHV-6B, and HHV-7 are
ssentially intracellular viruses, it is quite useful to express the
NAemia in terms of the number of cells present in the circu-

ating blood to avoid underestimating viral replication in case of
evere leukopenia [64]. Chromosomal integration of HHV-6A
r HHV-6B must be considered in case of a very high and stable
NAemia, reaching or above a million copies of genomic DNA
er milliliter of whole blood [13,16]. This chromosomal integra-
ion must be confirmed by the presence of HHV-6 DNA in skin
ppendage specimens (hair follicles, nails), which are devoid of

uch DNA in the absence of integration, or by the parallel quan-
ification of viral and cellular DNA by digital PCR – method
hat still needs to be improved. Viral reactivations have, how-
ver, been described in patients presenting with chromosomal
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ntegration, and are currently very tricky to identify given the
ack of standardized techniques for quantifying viral transcripts
17].

Detecting HHV-6A or HHV-6B DNA in the CSF is highly
ndicative of an active infection of the central nervous system,
specially of encephalopathy. This diagnosis must be consid-
red even if the results of the concomitant DNAemia analysis
re not significantly high as reactivation limited to the central
ervous system may occur. In case of DNA detection in the CSF,
hromosomal integration must be ruled out as it can yet again
ead to a false positive result [65]. As for other body compart-

ents susceptible to be the target of HHV-6 active infection,
omparing the DNA viral load in tissues and whole blood helps
n confirming the presence of in situ viral replication.

The diagnostic strategy and result interpretation would be
imilar for HHV-7 infections even though the virus pathogenicity
s far from being demonstrated; diagnostic strategies are less well
eveloped and used than the ones for HHV-6; and chromosomal
ntegration has so far never been described in this infection.

.  Antiviral  treatment

.1.  Available  antiviral  treatment

In vitro, the replication of HHV-6A, HHV-6B, and HHV-7 is
nhibited by foscarnet, ganciclovir, and cidofovir. All these drugs
re inhibitors of the viral polymerase DNA encoded by the U38
ene, and are active at concentrations close to those effective
gainst CMV [13]. In contrast, aciclovir and its prodrug (valaci-
lovir) have no significant activity at the concentrations obtained
n treated patients. Ganciclovir and cidofovir need to have gone
hrough three or two phosphorylation steps, respectively, inside
he cells to trigger their inhibiting effect, while foscarnet acts
irectly without any modification required. Phosphorylations
re performed by cellular kinases, except for the first step of
anciclovir phosphorylation process, which is catalyzed by a
iral phosphotransferase (or protein kinase) encoded by the U69
ene. This mechanism of action is in line with the localization
f the mutations responsible for HHV-6 resistance to antiviral
rugs: within the U69  gene for the resistance to ganciclovir and
he U38  gene for the resistance to the three molecules [66,67].
ote that HHV-6 resistance can appear during the prolonged

reatment of CMV infection [66].

.2.  Indications  and  treatment  follow-up

There is no official indication for initiating antiviral treat-
ents targeting HHV-6A and HHV-6B as their effects have only

een reported in a few isolated clinical case patients.
However, these treatments may reasonably be proposed as

 monotherapy or in combination to patients presenting with
evere clinical presentations when one of these viruses is likely
o be involved, all the more so in immunocompromised patients

Fig. 1). It is, however, too early to suggest a preventive treat-
ent before diagnosing HHV-6 active infection, or a preemptive

reatment for a diagnosed active infection with no associated
linical symptoms. All HHV-6A or HHV-6B active infections

[
[
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o not necessarily progress into severe diseases; some are spon-
aneously controlled thanks to the immune response. Thus,
ealthcare professionals seem to agree in saying that lim-
ic encephalitis observed in hematopoietic stem-cell transplant
ecipients is an indication for curative treatment [13,68].

The clinical and virological efficacy of all antiviral treatments
nitiated must be monitored, including measuring the viral load
sing quantitative PCR. The clinical impact of the emergence
f resistant viruses is for now quite mild, but resistance must be
onsidered in case of therapeutic failure and must lead health-
are professionals to look for associated mutations using viral
enome sequencing techniques.

We stress the need for developing and conducting therapeutic
tudies with a well-designed method to validate treatments for
HV-6A, HHV-6B, and HHV-7 infections.
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