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Abstract

Purpose:Human herpesvirus-6 (HHV-6) is reportedly associated with various chronic neurological diseases; however, no study
has analyzed the association between HHV-6 infection and antiphospholipid syndrome (APS). This study aimed to establish a
relationship between primary HHV-6 infection and APS.

Methods: The prevalence of antiphospholipid antibodies (aPLs), including anticardiolipin-IgG (aCL-1gG), aCL-IgM, and anti-f2
glycoprotein-1 (anti-B2GP1) were investigated according to age in 85 preschool children aged 3—6 months, 7-11 months, and 1, 2,
3,4, 5, and 6 years, who were immunocompetent and asymptomatic for cerebrovascular and cardiovascular disease. A second study
was conducted with 62 infants (7-23 months of age) suspected of primary HHV-6 infection on the basis of symptoms of exanthem
subitum. Serum analyses of aPLs and antibodies to HHV-6 were performed within 1 week of symptoms appearance and 2 weeks
later to test whether HHV-6 infection induces aPL.

Results: All children aged under 6 months tested negative for aPL, whereas those aged between 7 months—3 years tested highly
positive for anticardiolipin-IgG (aCL-IgG). Positivity rates of aCL-IgG were significantly higher (p value < 0.05) in the primary-
infected group (59.4%, 19/32) than those in the uninfected group (27.8%, 5/18).

Conclusion: This study clearly indicated that the occurrence of aCL-IgG coincided with the period when maternal antibodies

decline and infants contract various infectious diseases, and aCL-IgG induction is associated with primary HHV-6 infection.
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Introduction

Human herpesvirus-6 (HHV-6) is a lymphotropic virus that
was first isolated in 1986 from immunosuppressed patients".
HHV-6 species are divided into HHV-6A (order Herpesvirales,
family Herpesviridae, subfamily Betaherpesvirinae, genus
Roseololvirus, species Human herpesvirus 64) and HHV-
6B (order Herpesvirales, family Herpesviridae, subfamily
Betaherpesvirinae, genus Roseololvirus, species Human
herpesvirus 6B). Whereas HHV-6A is most commonly
isolated from patients with human immunodeficiency virus
(HIV) infection or acquired immune deficiency syndrome?,
HHV-6B causes exanthema subitum during infancy”. Both
strains infect mature CD4" T cells” and interfere with the host
immune system through a variety of mechanisms, including
dysregulation of cellular cytokine production, modulation of
natural killer cell function, and modification of cell surface
receptor expression”. These viruses can persist in a latent
form after primary infection and then recur in peripheral
blood, saliva, and cerebrospinal fluid at various times to
cause chronic neurological diseases, including Guillain—Barré
syndrome®, multiple sclerosis”, chronic fatigue syndrome®,
mesial temporal lobe epilepsy”.

Several patients with primary HHV-6 infection have

been demonstrated to develop cerebral infarction'® or

thrombocytopenic purpura'’

. However, the underlying
mechanism has not been elucidated. Incidentally, we
recently reported a case of cerebral infarction caused by
antiphospholipid syndrome (APS) following primary HHV-

12 . . . .
). APS is an autoimmune disease characterized

6 infection
by thrombosis, thrombocytopenia, or pregnancy loss in the
persisting presence of antiphospholipid antibodies (aPLs)
such as anticardiolipin (aCL) and anti-f2 glycoprotein-1 (anti-
B2GP1) . Similar to most chronic diseases, the multifactorial
etiology of APS combines genetic susceptibility and
environmental factors'?. For instance, unexpected production

of aPLs during childhood is caused by infection with viruses

15, 16 )

such as cytomegalovirus'>'?, Epstein-Barr virus'”, and
varicella-zoster virus'® '”. Many infections have been found
to be associated with aPLs***?, however, excluding a case
report'”, no study has analyzed the association between HHV-
6 infection and APS.

This study aimed to establish a relationship between
primary HHV-6 infection and APS. First, we investigated the
prevalence of aPLs according to age, particularly in preschool
children. Second, we compared the prevalence of aPLs among

7- to 23-month-old infants according to the presence of

HHV-6 infection. The results confirmed that primary HHV-6

infection induces aCL-IgG.

Materials and Methods

The prevalence of aPLs according to age in preschool
children

This prospective study was designed to investigate the
prevalence of aPLs in immunocompetent preschool children
who were asymptomatic for cerebrovascular or cardiovascular
diseases or for APS. The exclusion criteria included apparent
febrile illness, history of blood or immunoglobulin transfusion,
and intake of immunosuppressive agents. Serum samples were
obtained from children who visited Kagoshima University
Hospital or our collaborating research hospitals between
January 2008 and May 2011 for routine blood analysis for
various diseases. The age groups were 3—6 months, 7-11
months, 1 year, 2 years, 3 years, 4 years, 5 years, and 6 years,
with a minimum of 10 children per group. Serum was also
obtained from 15-year-old adolescents (n = 10) and adults
in their 40s (n = 10) with no history of cerebrovascular or
cardiovascular diseases or APS as healthy controls. We tested
the impact of age on the prevalence of seropositivity for aCL-
IgG, aCL-IgM, and anti-B2-GP1. The following clinical data
were recorded: age, gender, underlying disease, and family

history of autoimmune disease.

The prevalence of aPLs according to the presence of HHV-
6 infection

This prospective study was designed to investigate the
prevalence of aPLs following primary HHV-6 infection.
Accordingly, we selected a new group of 7- to 23-month-
old preschool children with clinically suspected exanthema
subitum (primary HHV-6B infection) on the basis of high
fever and/or rash. Subjects with HIV or enlarged lymph
nodes were excluded to avoid cases of HHV-6A infection.
In addition, subjects who had a history of blood or
immunoglobulin transfusion, intake of immunosuppressive
agents, and autoimmune, cerebrovascular, or cardiovascular
diseases were excluded. The serum samples were obtained
twice. The first collection was performed within 1 week after
the onset of symptoms, and the second collection occurred
approximately 2 weeks later to detect HHV-6 seroconversion.
Both samples were tested for aPLs and anti-HHV-6 antibodies.
The subjects were into an HHV-6 uninfected group, a primary-
infected group, and a post-infected group on the basis of

seroconversion of anti-HHV-6 antibodies, and aPLs positivity
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rates were compared among these groups.

aPL assay

aCL-IgG and aCL-IgM levels were measured by Bio Medical
Laboratories (BML), Inc. (Tokyo, Japan) using a standardized
enzyme-linked immunosorbent assay kit (MESACUP
Cardiolipin Test”; MBL Co., Ltd., Nagano, Japan), as
described previously”. Anti-B2-GP1 (isotype IgG) was also
measured by BML using an anti-CL B2-GP1 kit® (Yamasa
Corp., Chiba, Japan). The assay was fully validated by BML.
The cut-off values provided by the assay manufacturer were
>10, >8, and >3.5 U/ml for aCL-IgG, aCL-IgM, and anti-f2-
GP1, respectively.

Antibodies for the HHV-6 assay

Blood analysis for HHV-6 infection was also performed by
indirect immunofluorescence by BML. Serum samples were
tested to detect HHV-6-infected lymphocytes fixed on teflon-
coated slides using an antibody that recognizes the virus.
Serum samples were tested in parallel dilutions. IgG and IgM
antibodies were detected using fluorescein isothiocyanate-
conjugated goat anti-human IgG and IgM (DAKO Japan Co.,
Ltd., Kyoto, Japan).

Statistical analysis

The two-sided Fisher’s exact test was used to determine

statistically significant differences between the groups. A
p-value of <0.05 was considered statistically significant.
Statistical analysis was performed using SPSS statistics 17.0
for Windows (SPSS, Inc., Chicago, IL, USA).

Ethics

The ethics committee of Kagoshima University approved the
study (registration number; 19-41). All parents of the children
who were selected as subjects were personally informed
about the research sample, and written informed consent was
obtained prior to enrollment from the parents of patients and

controls in accordance with the declaration of Helsinki.

Results

The prevalence of aPLs according to age in preschool
children

The objective of this first project was to test whether
childhood APS targets a specific class of aPLs among the
most likely candidates: aCL-1gG, aCL-IgM, and anti-B2-GP1.
Serum samples were obtained from 85 immunocompetent
children between 3 months and 6 years of age who were
asymptomatic for cerebrovascular or cardiovascular diseases
or for APS. Table 1 demonstrates the prevalence of aPLs
according to age in these children. Although the overall

prevalence of aCL-IgG positivity was relatively high at 22.4%

Table 1. The prevalence of antiphospholipid antibodies according to age in preschool children

Ages Subjects tested

Subjects positive for antibodies

aCL-IgG" aCL-IgM' anti-B2-GP1*
n males:females n (%) n (%) n (%)

3—6 months 10 8:2 0 (0%) 0 (0%) 0 (0%)
7-11 months 10 7:3 5(50.0%) 0 (0%) 0 (0%)
1 year 11 6:5 6 (54.5%) 0 (0%) 0 (0%)
2 years 13 5:8 4 (30.8%) 0(0%) 0 (0%)
3 years 10 7:3 3(30.0%) 0(0%) 0 (0%)
4 years 10 7:3 1(10.0%) 0 (0%) 0 (0%)
5 years 10 3:7 0 (0%) 1(10.0%) 0 (0%)
6 years 11 5:6 0 (0%) 0 (0%) 0 (0%)
Total 85 48:37 19 (22.4%) 1 (1.2%) 0 (0%)
Controls

15 years 10 3.7 0 (0%) 0 (0%) 0 (0%)
Adults in forties 10 5:5 0 (0%) 0 (0%) 0 (0%)

*anticardiolipin-IgG, tanticardiolipin-IgM, *anti-B2 glycoprotein-1.
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(19/85), that of aCL-IgM positivity was low at 1.2% (1/85),
and none of the tested children were positive for anti-$2-GP1.
All healthy 15-year-old adolescents and adults were negative
for all examined antibodies. Closer examination revealed that
aCL-IgG positivity rates were within 30.0%-54.5% among
children between the ages of 7 months and 3 years. Figure
1 demonstrates the absolute values of aCL-IgG according
to age. The aCL-IgG titer ranged from 1 to 28 U/ml, and
relatively high values were observed in children aged between
7 months and 3 years. Collectively, these data indicate that
childhood aPLs are detected primarily by an increase in aCL-
IgG production in children between the ages of 7 months and
3 years.

Detailed examination of the subjects’ characteristics suggests
that aCL-IgG positivity is statistically unrelated to gender or
a family history of autoimmune disease (Table 2). In addition,
subjects were diagnosed with a variety of underlying diseases,
none of which resulted in aCL-IgG positivity rates exceeding
30%. None of the children developed any clinical symptoms
of cerebrovascular or cardiovascular diseases or APS during
the study.

The prevalence of aPLs according to the presence of HHV-
6 infection

Because we detected high serum levels of aCL-IgG in
22.4% of the preschool children, the objective of the second
project was to test whether aCL-IgG production is related

to primary HHV-6B infection. To test this hypothesis, a
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different group of infants aged 7-23 months old suspected
of exanthema subitum were tested for serum levels of HHV-
6 antibodies and aPLs. Serum samples were obtained from
62 infants (36 males and 26 females). Forty-seven infants
had no underlying disease, whereas the following diseases
were present among the remaining 15 patients: cryptogenic
epilepsy (n = 2), hydronephrosis (n = 2), neonatal asphyxia (n
= 2), psychomotor delay (n = 2), congenital arthrogryposis (n
= 1), congenital duodenal atresia (n = 1), congenital vertebral
anomaly (n = 1), inguinal hernia (n = 1), iron deficiency
anemia (n = 1), Robertson type dislocation (n = 1), and
Rubinstein—Taybi syndrome (n = 1).

The seroconversion to HHV-6 was defined as at least a
4-fold increase in the anti-HHV-6 IgG titer in 2 weeks. The
subjects were separated into three groups regarding HHV-6
infection: uninfected infants with two seronegative samples;
primary-infected infants with a seronegative first sample but
seropositive second sample; and post-infected infants with
two seropositive samples. If even one positive for aPLs for
either of the paired sera, we determined that aPL-positive.

Table 3 shows that 7- to 23-month-old children with
symptoms of skin rash and/or high fever had an increased
prevalence of aCL-IgG positivity of 46.8%. The positive aCL-
IgG concentrations were within the range of 10-48 U/ml.
Furthermore, primary-infected and post-infected infants were
relatively high for aCL-IgG compared with uninfected infants,
with prevalence in the range of 41.7%—-59.4%. The aCL-IgG

positivity rate was significantly higher in the primary-infected

Figure 1: Absolute anticardiolipin-IgG (aCL-IgG) values according to age.
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Table 2. Clinical features of participants of the study of a prevalence of antiphospholipid antibodies

according to age in preschool children

Subjects tested

Subjects positive for aCL-IgG"

n n (%)
male 48 11 (22.9%)
female 37 8 (21.6%)
family history of autoimmune disease
positive 8 3 (37.5%)
negative 77 14 (18.2%)
underlying diseases
convulsive diseases 21 4 (19.0%)
cryptogenic epilepsy 16 3
past history of febrile convulsion 5 1
iron deficiency anemia 14 3 (21.4%)
endocrine and metabolic diseases 13 2 (15.4%)
congenital hypothyroidism 7 1
short stature 3 0
idiopathic hypertension 1 |
rickets | 0
suspected diabetes mellitus 1 0
minor surgical diseases 7 2 (28.6%)
hypospadias 2 0
cataract 1 1
cleft palate | 1
congenital blepharoptosis 1 0
micromelia 1 0
strabismus 1 0
congenital metabolic diseases 7 1 (14.3%)
congenital lactic acidosis 2 1
Pompe disease 1 0
Farber disease 1 0
Gaucher disease 1 0
Beta-ketothiolase deficiency 1 0
PKANT 1 0
neurocutaneous syndromes 4 1(25.0%)
neurofibromatosis type 1 3 1
tuberous sclerosis 1 0
others 19 4 (21.1%)
psychomotor delay (etiology unknown) 9 1
healthy volunteer 3 1
liver dysfunction 2 0
Duchenne muscular dystrophy 1 1
general fatigue 1 1
spastic paraplegia 1 0
suspected deafness 1 0
suspected arrhythmia 1 0
total 85 19 (22.4%)

*anticardiolipin-IgG, pantothenate kinase-associated neurodegeneration

(9]
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Table 3. Prevalence of antiphospholipid antibodies among the human herpesvirus-6 uninfected,

primary-infected and post-infected groups

n age (month)

Subjects positive for antibodies
aCL-IgG' aCL-IgM* anti-p2-GP18

uninfected? 18 103+4.1
primary-infected' 32 11.9+4.5
post-infected™” 12 153=49

5(27.8%) —* 3(16.7%) 0 (0%)
1%@4%g 5(15.6%) 3 (9.4%)
5(41.7%) 1(83%)  0(0%)

total 62 122+47

29 (46.8%) 9(14.5%) 3 (4.8%)

If even one positive for aPLs for either of the paired sera, we determined that aPL-positive.
p values were obtained by the two-sided Fisher’s exact test.

*p<0.05

fanticardiolipin-IgG, *anticardiolipin-IgM, Santi-B2 glycoprotein-1, THHV-6 uninfected group,

'HHV-6 primary-infected group,
“"HHV-6 post-infected group.

group than in the uninfected group (p < 0.05). Altogether,
these data suggest that HHV-6B infection induces the
production of aCL-IgG at the time of primary infection. By
contrast, the three subject groups did not differ significantly
in terms of aCL-IgM and anti-B2-GP1 prevalence, suggesting
that primary HHV-6B infection does not affect the production
of these aPLs in infants.

We examined the change in aCL-IgG positivity in paired sera
for each child. Among the 19 aCL-IgG-positive children in the
primary-infected group, four children who tested negative in
the first blood sample tested positive during the convalescent
period, whereas the remaining 15 who tested positive in the
first blood sample remained positive during the convalescent
period. No patient with aCL-IgG positivity in the first blood
sample demonstrated negativity in the second. Among the five
aCL-IgG-positive children in the uninfected group, one child
demonstrated the seroconversion to aCL-IgG from the acute
phase to the convalescent phase. Among the five aCL-IgG-
positive children in the post-infected group, all children were
positive in both samples.

None of the children demonstrated any clinical symptoms of
cerebrovascular or cardiovascular diseases or APS during the

study.

Discussion

As we reported a case of cerebral infarction caused by
APS following primary HHV-6 infection'”, we tested the
hypothesis that primary HHV-6 infection induces APS. The

present study revealed that the serum levels of aCL-IgG were
below the cut-oft value until the age of 6 months, after which
they increased from 7 months to 3 years of age. Interestingly,
the positive rates of HHV-6 antibody from 6 to 12 months
increased from 14% (6 months) to 83% (12 months), and
almost all children after 13 months of age had the antibody*”.
The occurrence of aCL-IgG coincides with the time when
maternal antibodies decline and infants contract various
infectious diseases, including HHV-6.

Our study supports a relationship between primary HHV-
6 infection and aCL-IgG production. First, positivity rates of
aCL-IgG were significantly higher in the primary-infected
group than those in the uninfected group. Second, four
children who tested negative in the first blood sample tested
positive during the convalescent period among the 19 aCL-
IgG-positive children in the primary-infected group. It is
not entirely clear whether the HHV-6 primary infection that
induced aCL-IgG in 15 children in the primary-infected group
tested positive for aCL-IgG during the acute phase. However,
it is possible that the aCL antibody was induced about 1 week
after fever onset because the incubation period for HHV-
6 is about 10 days and the virus-neutralizing antibodies
had already been induced during the febrile period®™. Some
HHV-6 uninfected children are positive for aCL-IgG at a
relatively low rate, suggesting that aCL-IgG induction in
infancy is multifactorial. This study is limited with regard to
the elucidation of other factors because no data concerning
history of other infections were collected. Altogether, these

data suggest that primary HHV-6 infection induces aCL-IgG
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in Japanese preschool infants.
Many studies have reported the presence of aCL-IgG as a

26,27 . 28 .
) or cardiovascular®™ disease

risk factor for cerebrovascular
in young people, and infection-induced aPLs are closely
associated with thrombosis in many instances'™'*"”. However,
none of the participants in our study demonstrated any clinical
symptoms of cerebrovascular or cardiovascular disease or
APS during the study period. According to the so-called
two-hit hypothesis®, the occurrence of thrombosis is often
triggered by additional factors such as smoking, hypertension,
diabetes, obesity, hyperlipidemia, oral contraceptive use,
or atherosclerotic vascular disease. The lack of other
prothrombotic conditions may be one of the reasons why no
infant developed cerebrovascular or cardiovascular disease in
this study. Although the pathogenicity of aCL associated with
infections is obscure at this time, physicians should remember
that primary HHV-6 infection is associated with a high rate of
aCL-IgG positivity.

Our observations suggest that postinfectious aPLs tend to
disappear according to age. Conversely, one epidemiological
study suggested that the infectious environment of
infancy influences the likelihood of producing aCL-1gG
in adulthood”

postinfectious aPLs may be transient but that they may persist

, and Uthman et al. speculated that some

in other susceptible individuals®”. Furthermore, Tung et al.
recently reported a case of hypersensitivity syndrome with
aCL induction associated with HHV-6 reactivation’”. Because
humans have lifelong exposure to the viral antigen, it appears
probable that aCL-IgG is repeatedly induced at different times
during childhood and adulthood. This study excluded children
with cerebrovascular or cardiovascular diseases or APS;
therefore, humans with sustained positivity for aCL-IgG may
have been excluded. Further prospective studies are needed to
clarify the duration of aCL-IgG induction by HHV-6 during
infancy. Moreover, aCL-IgG induction following primary
HHV-6 infection may be the beginning of a pathological
process that leads to APS.

In conclusion, the occurrence of aCL-IgG coincided with
the period when maternal antibodies decline and infants
contract various infectious diseases, and aCL-IgG induction is

associated with primary HHV-6 infection.
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HLAVIA ) €V 1gG HUADFFERIE ¢ F NV RAT A VR 6 BIDHIERICEET % (13)

MAIVIFIEY I9G IEDFEZEITE FAILRRX T A VR 6 BIDFRRZE IR
EY B

BEEME Y, REEE Y, AiEEL 0, KEB0A U SulifEN .
RERSR L D, BIHER VL WErEE s Y

BN R R AR S TR N R ) B
? SRR RIS
M P v R ANV

BH: & bR ZAY AV 6% (Human herpesvirus-6; HHV-6) (& T N & Tl k& I8 M rfiEs & OBEA RS X
NTEM, HY VIBEFUAIEREEE L OBBEIIMET E N TRV, ARFZEE HHV-6 OFIEGE E 5 VBB FUAIEREE
EDOBHEZHSMCT AT EZHNE LTz,

Fik I, YRR VEEESUA BTV YA Y € UHA IgG 1 aCL-IgG. HihVy4 D ¥ Uitk IgM ; aCL-
IgM. anti- B 2 glycoprotein-1 ; B 2GP1 Hiifk) DMz FiG T LITHET Lz, MRIEFEA IMERE, OifERE
EHDIR 85 NO/NRTH O, A1, 3-6 A, 7T-11 AL 1%k, 2% 3. 4% 5% 6 ROBEUTHF Tz, IS,
HHV-6 OERDOBIE L H1V VIEEFURDRGFHERIC DN THE Ulze WRIFE —DOWMIE L IHIDOALHETH D, FEE
FBIC K D HHV-6 OFVRSE (GLRMF5) HREbNiz 62 N (FE%R T ~23 A ) & Uiz, FHEANDS 1 HBELIAOZME
& Z 0 2 EBICERIMZ1 TV HHV-6 139 2 HiiAfilin S AREGRE, FIRRRE BUREBHC U THLY Y IgEHT
ROREMERZ L Uz,

BER A% MAUTOIRTREINRTOHNY VIREIARKRE I Niah o7z, % THHADD 3 BITH T TOALR
Tl aCL-IgG WEHRICH I N (7T~ 11 DABE; 50%. 1i%EE ; 54.5%. 2 ikt ; 30.8%. 3%k ; 30.0%). 4%
BETI aCL-1gG DRI 10%ITAX T U, 5 LARRIC BRI 2 > 7z, aCL-IgM & 5 HEDO—BI TO AT H >
7z B 2GP1 PUAX REREE TR 7 h > 7z, aCL-IgC BREsRi& HHV-6 AHREE (27.8%. 5/18 i) & b & WK
Bf (59.4%., 19/32 f5]) THEICEN 2 7z (p value < 0.05),

$EEE  RHAD S OB THUADAD U, FLIEAEE & 2 BGUEIC PR R 2 RIS aCL-IgG MHIER L, HHV-6 DHIRGRFIC
aCL-IgGC WA BEEINB T LWHL M E R o T,



