EBV Can Infect Rabbits by Nasal or Peroral Route
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Fig. 1. Time course data of the peripherai biooc tesis inrabbits after
intranasal or perorai inocu.ation of EBV. The numbers of white blood
cel’s (WBCs), .ymphocytes Lym}, anc EBV-DNA copy (A-1, B-1, arc C-
lyarc }'UEBV -relatec antibody level :,\A 2,B-2, anc C-2tare indicated
with ke time course a%er EBV inoculatior. Wher. tke EBV.DNA copy
rumber was .ower thar theminimalsen ity (20 copies/20" WBCs), it
lcateC as"0.” OK4 {A-2,A-2} and OK5 1B-2 B-2) are EBV-
DNA-p itive rabbiis, The cata of OK6 (C-1,C-2) is shown as a repre-
sertative EBV-DNA-regative rabbit. EBV- D‘\A was cetectec for more
than 200 caysi ':OK4("ro"\uay5 .0 x 107 copies/:0" WBCst toaay 249:
2.3 « 10" copies/20° WBCs, maximum: 8.9 x 107/20° WBCs on cay 58;,
wi'ereas in OK5 EBV-DNA was celected lransienily, that is, 5.7 »
10" copi es/ 0“WBCson cayl4anc8.0x 10% coples/L0° WBCs oncay 28.
The numbers of WBCs ar.c iymphocytes tenced o he elevated ol owing

which was infected for a prolonged period, EBNAL and
EBNAZ2 expression and BZLF1 expression was detected
intermittently {from days 14 to 158 and from days 7 to
249, respectively, although EA wasnot detected. In OK5,
the mRNAsof EA and EBNA2 were detected only on day
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EBV inoculation, but they were within norma: i m‘..s in a.. rabbits.

When ‘ke absorbar.ce valueofthe EBVartibociesin plasma was h.g}er
‘kan the maxima: cetectior f {more thar 3.5) by ELISA, % is
incicated as “3.5." The artibocies cata of OK4, OK5, anc OKS6 are
shownin A-2,B-2,and C-2, respectively. TheLigh levels o!’EA~IgG were
mairtairec during‘i‘e observation perioc aferarapic EA-IgGircrease
:r: the early phase n all EBV-DNA-positive rabbits, athough the EA-
1gG vawue of OK4 was re.alively higher than that in the other rabbits
with transient EBV DNA. Tke .eve.s of both VCA- [gM anc VCA-IgG
were transient.y increased in a.. the EBV-DNA-positive rabbits. The
leveis of EBNA- IgG were not increasec even in EBV-DNA-positive
rabhits. None of these antibocy ievels were increasec in EBV-DNA-
negative rabbits.

14, and that of BZLF1 was detected on days 14.and 21.In
both OK8 and OKI10, only BZLF1 was expressed on
day 14 (data of OK10 are not shown). Expression of any
of these genes was not detected in EBV-DNA-negative
OK®6, OK7, and OK9 during the experiment.
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Fig. 2. RT-PCR to detect mRNA expression of EBV-related genes in
PBMCs of the rabbits, mRNA of EA, EBNAL, EBNA2, and BZLF1 in
PBMCs from the rabbits was determined. In OK4, EBNA, and BZLF1
weredetected intermittently from days 14 to 158 and ‘rom days 7 to 249,
respectively. In OK5, mRNA of EA and EBNA2 were detected only on
day 14, and that of BZLF 1 wasexpressed on days i4and 21. In OK8, only
BZLF1 expression was observed on day 14. In OKi0, only BZLF1
expression was positive on day 14 (data not shown). None of these
mRNAs were detected in EBV-DNA-negative rabbits (OK6, 7, and 9).
The data of OK6 are the representative data of EBV-DNA-negative
rabbits. GAPDH was also examined as the internal control.

Histopathological Findings in the Rabbits
Inoculated With EBV

OK10, in which EBV-DNA was detected in its PBMCs
on day 14, was euthanized and dissected on day 20.
Macroscopically, only mild splenomegaly was observed.
No pathological abnormality was found on the histo-
logical examination of the organs examined by
hematoxylin—eosin staining (Fig. 3). However, EBER1-
positive lymphocytes were identified in the mesenteric
lymph nodes (Fig. 3A-1), spleen (Fig. 3B-1), and tonsils
by ISH. Scattered lymphocytes expressed LMP1 or EB-
NA2 (Fig. 3A-3,B-3) but not ZEBRA in the spleen or
lymph nodes. EA expression was also observed in
the lymphocytes of the spleen by immunofluorescence
staining (Fig. 3C). No EBV-infected EBER1 positive
epithelia in the tonsils, liver, and gastrointestinal tract
were found by ISH and immunohistochemical staining.
Inthe EBV-DNA-negativerabbits (OKI1, OK2, OK3, and
OK?7)and three negative control rabbits (JW), there were
no abnormal pathological findings. and neither EBER1-
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positive cells nor EBV-related gene protein-expressing
cells were observed.

DISCUSSION

There are some advantages in using the rabbit as an
animal model for viral infection. Rabbits are easy to care
for and to collect blood from the ear vein. They are
suitable for observing for prolonged periods. Hayashi
et al. [2001, 2003a] reported that HVP-infected rabbits
developed fatal hemophagocytic syndrome. HVP is the
lymphocryptovirus infecting baboons in nature, and it is
similar to EBV biologically and genetically. By using the
same animal model, other investigations suggested that
the production of anti-red blood cell antibodies and the
activation of macrophages are related to the develop-
ment of EBV-associated hemophagocytic syndrome
[Hsieh et al., 2007]. Furthermore, it have been demon-
strated recently that EBV can infect the lymphocytes of
the Japanese White rabbits by intravenous injection
[Takashima et al., 2008]. The inoculated rabbits showed
transient mild lymphocytosis, splenomegaly, and un-
even echogenecity of the liver by ultrasonography, while
immunohistochemistry demonstrated an increase in
EBV-VCA antibodies, EBV-DNA detection in PBMCs
and plasma, and infiltration of EBER1-positive lympho-
cytes expressing EBV-related gene proteins in the
spleen, lymph nodes, and liver. Therefore, in this study,
Japanese White Rabbits were used to develop the animal
model of in vivo EBV infection by the oral or nasal route,
which resembles the route of primary EBV infection in
humans. This primary EBV infection model of the rabbit
with intranasal or peroral inoculation showed a lower
incidence of infection and mild EBV infection, as com-
pared to the previous model using intravenous EBV
inoculation. In this experiment using natural infection
routes, detailed EBV antibodies data differed consi-
derably from the known human antibody reaction;
and, this study revealed the expression of mRNA of
EBV-related genes in PBMCs.

Of 10 rabbits, EBV-DNA was detected in PBMCs of 4
rabbits, all of which were inoculated by the intranasal
route. Although EBV is presumed to infect pharyngeal
epithelial cells and B-cells in the oral lymphoid tissues
including the tonsils by saliva transfer in humans, the
exact nature and timing of viral exchange between these
tissues and cells has remained controversial [Sixbey
et al., 1984; Anagnostopoulos et al., 1995; Niedobitek
etal., 1997; Allday and Crawford, 1998]. Accordingtothe
presentdata, it may be easier for EBV to infect the rabbit
by the intranasal route than the oral route. The rabbits
often spat out the inoculated viral solution; alse, the
tonsils of rabbits are distant anatomically from the
orifice of the oral cavity. These seem to be the reasons
why the rabbits inoculated perorally with EBV showed a
lower incidence of EBV infection (1/7 rabbits) than those
inoculated intranasally (4/4 rabbits). EBV may reach
directly the pharynx and tonsils with a greater exposure
in the case of intranasal inoculation than by the peroral
route. [n humans, the ability of epithelial cells in vivo
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Fig. 3. Histopathological and immunohistochemical analysis and
EBERI1-ISH in the spleen of OK10. A: mesenteric iymph node, (B and
C) spleen. No abnormalities except mild lymphoid hyperpiasia were
found inthe specimensstained with hematoxylin anc eosin (A-1,B-1).In
the spleen and mesenteric lymph nodes, a few lymphocytes expressed
EBER1 by ISH (A-2,B-2) or EBNA2 with immunostaining (A-3,B-3),
respectively. The nuclei of some lymphocytes in the spleer were stained

to support latent and lytic infection and the status of
memory B-cells as a reservoir for persistent infection go
unquestioned with the oral cavity being a site of lifelong
periodic EBV shedding [Scott et al., 2005]. In the rabbit
experiment, EBV-DNA copies in the saliva from OK4
were shown to be fewer than the threshold level by real-
time quantitative PCR assay {(unpublished data).

The infection of this model was classified into three
types based on the sequential EBV-DNA detection pat-
tern from PBMCs as follows: (1) no EBV-DNA detected
(OK1, OK2, OK3, OK6, OK7, and OK9), (2) EBV-DNA
continuously detected (OK4), and (3) EBV-DNA detected
transiently (OK5, OK8, and OKI10). In addition to
these three patterns, a pattern detected intermittently
was found previously in rabbits inoculated with EBV
intravenously {Takashima et al., 2008]. The transition
patterns of the EBV-DNA quantity in PBMCs in this
‘model using intranasal or peroral inoculation resemble
those of the model using intravenous injection.

The time courses of the four types of EBV antibody
titers in the infected raopits differed considerabply from
those in humans. In primary EBV infection in humans,
EA-IgG levels are elevated only during the acute phase

J.Med. Virol DO 20,000
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brilliantly with green fluorescent color by EA immunofluorescent stain-

by propidium iodide (C-2, arrow), indicating dying or apoptotic cells. A
merged image is shown in C-3. No pathological abnormalities were
found in the tonsils, liver, and terminal ileum. Original magnification
was 40 < in A-1 and B-1 and 400~ in others.

[Bauer, 2001], whereas EA-IgG levels of EBV-infected
rabbits increased rapidly during the early phase and
high titers were maintained continuously regardless of
copy numbers of EBV-DNA in the blood. The elevation of
VCA-IgG, which is continuous from the acute phase in
humans [Schillinger et al., 1993], was transient in the
rabbits in this experiment, but the VCA-IgG titer
measured by immunofluorescence was increased for
over 1 year in the previous report [Takashima et al.,
2008]. EBNA-IgG, which is elevated during the conva-
lescence period of EBV primary infection and main-
tained at high levels in humans [Henle et al., 1987,
Schillinger et al., 1993}, was not elevated in the rabbits
during the observation period of up te 396 days. Howev-
er, very low-level increases in EBNA-IgG were observed
in some of the rabbits infected by intravenous injection of
EBV after 600 days [unpublished data of Takashima
et al., 2008]. Although the elevation of EA-IgG reflects
generally the acute phase or exacerbation (reactivated
phase) of EBV infection in humans, EBV-positive
raboits, regardless of EA-IgG titers, did not show any
symptoms or remarkable abnormalities in the blood. In
addition, high EA-IgG levels continued after infection
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during the observation period, even when EBV-DNA
copy numbers of EBV-positive rabbits were decreased
or were undetectable. These observations suggest that
the immune responses of the rabbit to EBV differ con-
siderably from those of humans, but it is difficult
currently to clarify whether this difference is related to
the low virulence of EBV to rabbits. It is necessary to
elucidate the function of antibodies against EA, VCA,
and EBNA in rabbits in vivo. ELISA kits used in this
study were developed for the examination of human
sera. However, the specificity of these ELISAs was
shown in this study, replacing the secondary antibody
to HRP-conjugated anti-rabbit IgG or IgM, because anti-
EBV reaction or increased antibody titers to EBV were
demonstrated only in EBV-DNA positive rabbits, but not
in EBV-DNA negative rabbits.

According to the results of RT-PCR using PBMCs,
mRNA of EA was detected only in OK5 on day 14,
although EA-IgG levels were high in all the EBV-
positive rabbits. That is the possible reason why mRNA
expression levels in PBMCs may be very low or lower
than the detection sensitivity. However, it was con-
firmed that EA was expressed also in the spleen by
immunofluorescent examination. BZLF1 induces the
reactivation of EBV [Tsurumi et al., 2005]. BZLF1
mRNA was expressed for more than 8 months after EBV
inoculation in OK4, whereas it was detected only on
days 14 and 21 in OK5, and on day 14 in OK8 and OK10.
BZLF1 mRNA expression was observed only when EBV-
DNA could be detected in PBMCs. Although EBNA1
and EBNA2 are important genes for the development
of latent infection [Tsurumi et al., 2005], they were
detected intermittently or transiently from 2 weeks after
EBV inoculation in EBV-positive rabbits. In the histo-
pathological investigation, EBER1-, EBNA2-, or LMP1-
positive lymphocytes and EA-expressing cells were
found; however, ZEBRA expression was not observed
in different lymphoid tissues, which is compatible with
latency 2, 3, or lytic infection. In the previous report,
spleen lymphocytes of rabbits inoculated with EBV
also expressed these latent infection markers or the
Iytic infection marker (ZEBRA). However, these EBV-
marker-positive lymphocytes were present in smaller
numbers in this experiment. These findings suggest that
intranasal or peroral inoculation of EBV can induce
primary EBV infection in some rabbits: however, latent
EBYV infection of type 1 in humans could not be shown or
confirmed in this experiment. It appears difficult for
EBV tochange from a transient lytic infection to a latent
infection in most rabbits. The immune system of the
rabbit may respond strongly to expressed EBV-related
gene proteins and lead to the elimination of the virus
from the raobits. Alternatively, there may be unknown
agente in the lymphocytes of the rabbit that inhibit the
development of latent infection. The details of these
factors that eliminate EBV could lead to the discovery
of therapeutic or preventive measures against EBV-
related disease. EBV-DNA was detected for a long period
in some of the raboits inoculated with EBV {OK4 in this
study and TJ-16 in our previous report Takashimaetal,,
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2008), mimicking chronic active EBV infection. Al-
though some rabbits may have a type of immunodefi-
ciency against EBV, it is unclear why they could not
eliminate EBV promptly.

In conclusion, EBV can infect the rabbit by the intra-
nasal or peroral route, and rabbits inoculated with EBV
by these airway routes are a convenient and interesting
animal model for examining the pathophysiology of
natural primary EBV infection in humans. Tracing and
analyzing the EBV dynamics with time and clarifying
the location and manner of EBV proliferation after
intranasal or peroral infection are expected to be useful.
This model can be applied for the development of
vaccines or treatments.
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ABSTRACT

We attempted to clarify the effects of cyclohexenonic long-chain fatty alcohol (CHLFA) on the al-
terations of type 2 diabetes-induced nephropathy. Forty-week-old male Goto-Kakizaki (GK) and
Wistar rats were divided into four groups of 6 to 8 animals. Group A consisted of eight Wistar
rats and served as an age-matched control group. Group B (7 GK rats) received no treatment and
served as a diabetic group. Group C (6 GK rats) was treated daily with low-dose CHLFA (2 mg/
kg/body weight, subcutaneously) for 30 weeks, and Group D (6 GK rats) with high-dose CHLFA
(8 mg/kg/body weight) for 30 weeks. At the end of the treatment period, urinary protein excretion,
blood chemistry, renal histological, and immunohistological analyses were conducted. Although
CHLFA administration did not influence serum glucose or insulin levels, it reversed diabetes-
induced increases in urinary protein excretion and serum creatinine. Light microscopically, CHLFA
treatment ameliorated the otherwise elevated glomerular sclerotic scores in the diabetic group.
Immunohistochemically, increased expression of desmin and decreased expression of rat endothe-
lial cell antigen-1 in the group with untreated diabetes both showed a reversal to control levels in
the high-dose CHLFA treatment group. In conclusion, CHLFA may ameliorate type 2 diabetes-
induced nephropathy.

Recently, diabetic nephropathy with type 2 diabetes
has become the most common cause of end-stage
renal disease. To inhibit the progression of diabetic
vascular diseases, therapeutic agents such as renin-
angiotensin [l system (RAS) inhibitors, radical scav-
engers (6) and PKC-f inhibitors (12) have been
investigated. However, in order to prevent diabetes-
induced complications, the development of other
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therapeutic agents will still be necessary.

The Goto-Kakizaki (GK) rat represents a sponta-
neous non-insulin-dependent diabetes model. GK
rats are produced from normal Wistar rats by repeat-
ed selective breeding, and they are widely accepted
as a genetically determined rodent model of human
type 2 diabetes. This genetic rat model is particular-
ly relevant for human type 2 diabetes research, be-
cause defects in glucose-stimulated insulin secretion,
peripheral insulin resistance, and hyperinsulinemia
are seen as carly as four weeks after birth, and later-
onset abnormatities include hypoinsulinemia and
modest hyperglycemia (14).

The tropical plant, Hvgrophilia erecta Hochr.,
has been shown to contain certain cyclohexenonic
long-chain fatty alcohois (CHLFAs) that exhibit a
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neurotrophic activity on cultured neurons from the
cerebral cortex (2, 3). CHLFA has been found to
directly increase neurite extension as well as to
enhance the biochemical differentiation of these
neurons. We previously reported that CHLFA pre-
vented the progression of diabetes-induced altera-
tions in the trachea, aorta, and urinary bladder (22,
24, 25). Moreover, our previous reports demonstrat-
ed that CHLFA ameliorates the progression of dia-
betes-induced nephropathy in streptozotocin (STZ)-
induced diabetic rats (17, 21). Whereas CHLFA did
not ameliorate the general features of diabetes, ele-
vated serum glucose or decreased insulin levels in
the STZ-induced diabetic rats, it did significantly
prevent the progression of glomerulosclerosis. Based
on the findings of these earlier studies, we propose
that CHLFA may prevent not only type | diabetes-
induced nephropathy, but also type 2 diabetes-
induced nephropathy; furthermore, these preventive
effects appear to take place in a manner independent
of serum insulin and glucose levels.

Therefore, the aims of the present study were to
investigate a feature of type 2 diabetes-induced ne-
phropathy, and to clarify the possible ameliorative
effects of CHLFA on type 2 diabetes-induced ne-
phropathy.

MATERIALS AND METHODS

Animal models. All animal experiments were per-
formed in accordance with the guidelines established
by the Tottori University Committee for Animal Ex-
perimentation. Six-week-old male GK and Wistar
rats were purchased from SLC (Shizuoka, Japan).
All rats were kept under identical conditions, and all
had access to food and drinking water ad libitum.
At the age of 40 weeks, the rats were divided ran-
domly into four groups (n = 7-8 each): age-matched
Wistar rats administered vehicle (A), diabetic GK
rats administered vehicle (B), diabetic GK rats treat-
ed with cyclohexenonic long-chain fatty alcohol
(CHLFA; 2.4.4-trimethyl-3-[ | 5-hydroxypentadecy!}-
2-cyclohexen-1-one [Meiji Milk Products Co., Ltd.,
Tokyo, Japan}) at a daily dose of 2 mg/kg (C), and
diabetic GK rats treated with CHLFA at a daily dose
of 8 mg/kg (D) intramuscularly. CHLFA was dis-
solved in ethanol, and a mixture of physiological
saline/Tween 80 was added at a ratio of ethanol:
saline: Tween 80 =5:92.15:2.85 (total volume:
{ mL/kg). Drug or vehicle administration was initi-
ated when each rat had reached the age of 40
weeks. Upon reaching 70 weeks of age. the rats
were sacrificed with an overdose of pentobarbital
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(60 mg intraperitoneally) after twenty-four hours of
fasting. Immediately thereafter, blood samples were
collected from the vena cava, and the renal tissues
were removed. The blood samples and kidneys were
frozen at —80°C until use.

Measurement of urinary excretion and protein ex-
cretion. Qver one 24-hour period between days 489
and 490 (week 70), the rats were placed in a meta-
bolic cage containing a urine-collection funnel over
an electronic balance (HL200; AN.D., Tokyo, Ja-
pan) to measure urine excretion. Sesame oil (Nisshin
OilliO Group, Ltd., Tokyo, Japan) was used to
prevent evaporation of the urine during collection.
The balances were connected to a personal comput-
er (Macintosh Power Book G4; Apple Computer,
Cupertino, CA) via a multiport controller (PowerLab/
8sp; AD Instruments, Castle Hill, Australia) to mon-
itor the cumulative weight of the collected urine. All
rats received food and water ad libitum in the cage.
Each monitoring period started at 18 : 00, and urine
was collected for exactly 24 h. Then, the total urine
excretion of the rats was determined. After the urine
of each animal had been collected, the urinary lev-
els of protein were determined using an enzyme-
linked immunosorbent assay (ELISA) kit (Protein
Assay Rapid Kit Wako; Wako Pure Chemical Indus-
tries, Osaka, Japan) according to the manufacturer’s
instructions.

Serum glucose, insulin, creatinine, and blood urea
nitrogen measurement. The serum glucose, insulin,
creatinine, and blood urea nitrogen concentrations of
experimental rats were measured by the hexokinase
method {Glucose C 1l; Wako Pure Chemical In-
dustries), the ELISA method (Rat Insulin ELISA;
Mercodia AB, Uppsala, Sweden), the Jaffe method
(Creatinine-test Wako; Wako Pure Chemical Indus-
tries), and the urease-indophenol method (Urea N B;
Wako Pure Chemical Industries), respectively, all of
which were carried out according to the kit manu-
facturers’ instructions.

Histological examination of the rat kidney. The right
kidney was immediately fixed with 10% formalin.
After fixation, the tissues were embedded in paraf-
fin, and S-um-thick tissue sections were cut from
the paraffin blocks. All of the kidney specimens
were stained using hematoxylin and eosin (H & E)
and periodic acid-Schiff (PAS). Each section was
viewed under a light microscope at a magnification
of x100-400. Histological evaluation was performed
without knowledge of the identity of the various
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groups. In the PAS-stained sections, approximately
100 glomeruli in a specimen (=8, 7, 7, or 7 per
group, respectively) were evaluated by one patholo-
gist and one nephrologist, and mesangial matrix ex-
pansion and glomerular sclerosis were graded
semiquantitatively on a scale of 0 to 4+ according
to the method described by Raij er ol (19). The ar-
eas used for evaluation were randomly selected, and
the values were expressed as per high-powered field
(HPF). The numbers of glomeruli with nodule-like
lesions were counted, and these values were normal-
ized with the number of glomeruli counted.

Immunohistochemical analysis of the rat kidney. The
serial sections of the kidney were also subjected to
immunohistochemical staining for a-smooth muscle
cell actin (a-SMA). desmin, ED-1. and collagen
type 1V. Briefly, after the sections were deparaf-
finized, they were then reacted overnight with anti-
a-SMA., anti-desmin (Abcam Ltd., Cambridge, UK),
anti-ED-1 (AbD Serotec Ltd., Kidlington, UK) or
anti-collagen type [V polyclonal primary antibody
{Progen Biotechnik GmbH, Heidelberg, Germany) at
a 1:100, 1:200, 1:100 or I:50 dilution, respec-
tively. The specifically bound first antibodies were
visualized by a secondary antibody conjugated with
peroxidase using Histofine simple stain (rat MAX-PO)
(Nichirei Co., Tokyo, Japan) with a Histofine simple
stain substrate (Nichirei Co.). Mayer’s hematoxylin
was used for counterstaining. Negative controls
were established for each group according to the
procedure of immunohistochemical staining men-
tioned above, but without a secondary antibody
conjugated with peroxidase. Immunohistochemical
evaluation was performed without knowledge of the
identity of the various groups. In each of the stained
sections, approximately 100 randomly selected
glomeruli or a field of 20 tubulointerstitial areas
were analyzed in each specimen (group A, B, C and
D: n=28., 7.7 and 7, respectively) by one patholo-
gist and one nephrologist, and immunostaining of
the glomerular area and tubulointerstitial grid field
were graded semiquantitatively on a scale of 0 to 4+
according to the method of Janssen et al. (7).

Immunofluorescent microscopy of the rat kidney us-
ing frozen sections. To assess the glomerular nodule-
like lesions, immunofluorescent double-label staining
for platelet-endothelial cell adhesion molecule-I
(PECAM-1; CD-31) and Thy! antigen (OX-7) was
evaluated in group B. Frozen tissue sections were
incubated with mouse monoclonal antibody against
rat PECAM-[(Serotec Ltd.. Kidlington, UK) as
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a primary antibody, followed by incubation with
FITC-labeled rabbit anti-mouse immunoglobulins
{Dako Denmark A/S, Glostrup, Denmark) as a sec-
ondary antibody. Then, the sections were incubated
with biotinylated mouse antibody against rat OX-7
{Abcam) for identifying glomerular mesangial cells,
followed by incubation with tetramethyi rhodamine
B isothiocyanate-conjugated streptavidin (KPL Inc.,
Gaithersburg, MD). Stained sections were examined
with confocal laser scanning immunofiuorescent mi-
croscopy (MRC-1024; Bio-Rad Laboratories, Hemel
Hempstead, UK).

Serial sections of tissue were also subjected to
immunofluorescent double-label staining for rat en-
dothelial cell antigen-1 (RECA-1) and Thyl antigen
(OX-7) for further evaluation. Monoclonal mouse
anti-RECA-1 antibody was obtained from AbD Se-
rotec. The secondary antibodies were FITC-conju-
gated rabbit anti-mouse immunoglobulin (Dako
Denmark A/S) for the anti-RECA-1 antibody, and
TRITC-conjugated anti-mouse immunoglobulin (Dako
Denmark A/S) for the anti-OX-7 antibody. In the
immunofluorescent-stained sections, approximately 3
to 13 glomeruli in a specimen (n=4, 4, 4, or 3 per
group, respectively) were evaluated by one patholo-
gist and one nephrologist, and the expansion scores
based on immunofluorescent staining were graded
semiquantitatively on a scale of 0 to 4+

Data analysis. All data were evaluated by paramet-
ric ANOVA and expressed as the means + S EM.
Statistical analyses were conducted using the Tukey-
Kramer Test for multiple comparisons and Kyplot
software. Student’s f-test was used for comparison
of urinary albumin excretion and for biochemical
serum analyses. For all statistical tests, a P-value of
less than 0.05 indicated statistical significance.

RESULTS

Generul features of experimental rats

Genera!l features of each group are shown in Table I.
By the age of 40 weeks, GK diabetic rats showed a
significantly smaller amount of weight gain than
their non-diabetic counterparts, and these rats also
showed no weight gain during the experimental pe-
riod. The kidney weight and the kidney weight/body
weight ratioc of GK diabetic rats significantly in-
creased. Treatment with CHLFA neither increased
the body weight gain nor decreased the kidney
weight/body weight ratio. Moreover, GK diabetic
rats had significantly higher serum glucose levels
and lower serum insulin levels than control rats (Ta-
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ble 2). Treatment with CHLFA had no effect on ei-
ther serum glucose or insulin levels. The GK
diabetic rats also exhibited increased levels of serum
creatinine and urinary protein excretion, as com-
pared to those of control rats. CHLFA had no effect
on blood urea nitrogen fevels, but high-dose (8 mg/
kg) CHLFA improved serum creatinine and urinary
protein excretion levels compared to those of un-
treated GK rats (Table 2).

Histological examination of the rat kidney

Fig. I shows PAS-stained specimens of all groups,
and Fig.2 shows the mesangial matrix expansion
scores and glomerular sclerosis scores. In the un-
treated GK rat group (group B), mesangial matrix
expansion and segmental glomerular sclerosis were
evident. The mesangial matrix expansion scores in
Figs. 1A, B, C, and D were 1+, 4+, 2+, and 1+, re-
spectively. On the other hand, the glomerular sclero-
sis scores in Figs. 1A, B, C, and D were 0, 3+, 1+,
and 1+, respectively. Treatment with CHLFA signifi-
cantly ameliorated diabetes-induced alteration of the
kidney. The mesangial matrix expansion scores and
glomerular sclerosis scores of untreated GK rats
(group B) were significantly higher than those of
control rats (group A) (Fig. 2). Although the find-
ings did not reach the level of statistical signifi-

Table 1
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cance, CHLFA appeared to inhibit the progression
of glomerular sclerosis in a dose-dependent manner
and tended to reverse mesangial matrix expansion.

Glomeruli with segmental nodule-like lesions
(Figs. 1B, 1C, and 1D} similar to nodular Kimmel-
stiel-Wilson lesions were observed in all groups.
The scores in the untreated GK rats {group B) were
significantly higher than those of the control group
(Fig. 3). Although the assoctation was not statistical-
ly significant, CHLFA tended to be associated with
scores approaching normal levels.

Immunohistochemical analysis of the rat kidney

Immunostaining for a-SMA, a marker of activated
mesangial cells (8), in the glomeruli did not differ
among groups (Fig. 4). The glomerular expression
of desmin, a marker of injured podocytes (4, 32),
was significantly higher in untreated GK rats (group
B) than in control rats (group A), and CHLFA in-
hibited the expression of desmin in a dose-depen-
dent manner (Figs.4 and 6). Fig. 6B shows an
accumulation of desmin in the podocyte region, and
this accumulation was significantly lower in group
D. Although the findings did not reach the level of
significance, the expression of ED-1, a marker of
monocyte/macrophage infiltration into glomeruli,
was upregulated in untreated GK rats (group B),

The general features in the experimental rats

Body weight (g)

Age 40 weeks Age 70 weeks

Kidney weight (mg)/

Kidney weight (g) body weight (2)
- S o

A 5356+ 19.8 546.3 £20.0
B 4193+ 4.0* 3943+ 3.7*
C 4164+ 8.3* 4000+ 8.7*
D 4093+ 5.6* 387.1+ 8.1*

1.40 = 0.04 2.58 £0.06

1.59 = 0.04* 4.01 £0.08*
1.65 + 0.06* 4.18 £0.14%
1.53 £ 0.05 396 £0.16%

A: control rats. B: diabetic rats, C: diabetic rats treated with 2 mg/kg cyclohexenonic long-chain
fatty alcohol (CFLFA). and D: diabetic rats treated with 8 mg/kg CHLFA.
Data are shown as mean = S.E.M. of six to eight separated determinations in each group.

*Significantly different from group A. (P < 0.05)

Table 2 The experimental data in the rats

Serum insulin

Serum BUN

Serum glucose Urinary excretion Serum creatinine Proteir excretion
{mg/dL) (pe/L) (ml./day) {mg/dL) (mg/dl) {mg/24 h)
A 1322= 3569 2351033 127=13 2(8=19 0.78 £ 0.09 887=234
B 2081+ 85% 0.33 = 0.10% 132=15 227=+13 0.99 + 0.04* 2211 =38.4*
C 2173+ 1647 0.54 = 0.10% 141+26 24010 099 +0.08* 2094 = 24 3%
D 2090 = 6.(* 0.94=0.15% 153=13 208 = 1.1 0.92=0.05 171.02364

A: control rats. B: diabetic rats. (! diabetic rats treated with 2 mg/kg cvelohexenonic long-chain fatty alcohol (CHLFA). and D: dia-

betic rats treated with 8 mg/xg CHILFAL

Diata are shown as mears
*Significanthy different from group AP < D.05)

SMofsix to eight separated determinations in cach group.
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Fig. 1 Histological examination of the kidney. A: Wistar rats, B: GK rats treated with vehicle, C: GK rats treated with 2 mg/
kg of cyclohexenonic long-chain fatty alcohol (CHLFA), and D: GK rats treated with 8 mg/kg of CHLFA. Severe mesangial
matrix expansion and segmental glomerular sclerosis are observed in the untreated GK rat group (B). Glomeruli with seg-
mental nodule-like lesions are observed (arrows). (x400 magnification)
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Fig.2 Histological evaluation of the kigney for mesangial matrix expansion score and giomerular sclerosis score. A: Wistar
rats, B: GK rats treatea with vehicle, C: GK rats treatea with 2 mg/kg of cyclohexenonic long-chain fatty alconol (CHLFA),
and D: GK rats treated with 8 mg/kg of CHLFA. Data are shown as the means + S.E.M. of five separate determinations in
each group. ™ Significantly different compared to group A {P < 0.05). *: Significantly different compared to group B (P < 0.05).

and tended to be lower in groups C and D in a
dose-dependent manner (Fig. 4). On the other hand,
glomerular collagen type IV expression did not dif-
fer among the groups (Fig. 4).

In the renal tubules and the peritubular intersti-
tium. the levels of expression of u-SMA, a marker
of myofibroblasts in the interstutium. and ED-1. a

marker of monocyte/macrophage infiltration into the
interstitium in the untreated GK rats (group B) tend-
ed to increase as compared to those of control rats
(group A) (Fig. 5). In contrast, the level of collagen
type IV, a marker of fibrosis of the interstitium. in
the untreated GK rats {group B) significantly in-
creased as compared to those ot control rats (group
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A} (Fig. 5). Treatment with high-dose CHLFA de-
creased the expression of these markers, albeit not
significantly. Low levels of desmin expression were
seen in all groups (data not shown).

0.3 [

0.2 T I 1

0.1 1
A B Cc D

Fig. 3 Histological evaluation of nodule-like lesions. A: Wi-
star rats, B: GK rats treated with vehicle, C: GK rats treated
with 2 mg/kg of cyclohexenonic long-chain fatty alcohol
(CHLFA), and D: GK rats treated with 8 mg/kg of CHLFA.
Data are shown as the means + S.E.M. of five separate de-
terminations in each group. *: Significantly different com-
pared to group A (P < 0.05). '
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Immunofluorescent microscopic analysis of frozen
sections of the rat kidney

Anti-CD-31 antibody and anti-OX-7 antibody re-
spectively reacted with endothelial cells of the glo-
merular capillary and mesangial cells. Positive
staining with both antibodies was observed in the
glomeruli (Fig. 7). CD-31 staining in the glomeruli
surrounded nodule-like lesions, and negative internal
staining of the nodule-like lesions was also observed
(Fig. 7). On the other hand, OX-7-positive staining
was observed in the nodule-like lesions, as shown in
the merged images (Fig. 7).

Fig. 8 shows the results of immunostaining for
RECA-1 or OX-7 in all groups, and Fig. 9 shows
the expansion scores based on immunofluorescent
stainings. Immunostaining for RECA-1 in untreated
GK rats (group B) (Fig. 8d) revealed that the
number of RECA-1-positive capillaries decreased as
compared to that in control rats (group A) (Fig. 8a),
and capillary density had recovered to normal in
group D (Figs. 8j and 9), although neither result was
statistically significant. On the other hand, immu-
nostaining for OX-7 in untreated GK rats (group B)

desmin

0.81 #

ey

0.4

]

A B C D

collagen type IV
0.5;

0.4 I I

0.31 i
0.2
0.1

0

A B Cc D

Fig. 4 Immunohistochemicat scoring of tne glomeruli for a-smooth muscle cell actin (a-SMA), aesmin, ED-1, ana collagen
ype V. A: Wistar rats, B: GK rats weated with vehicle, C: GK rats treated with 2 mg/kg of cyclohexenonic long-chain fatty
alcohol (CHLFA), and D: CK rats treatec with 8 mg/kg of CHLFA. Data are shown as the means=S.E.M. of three separate
ceterminatiors in each group. " Significantly different compared to group A (P<0.05). *: Significantly different compared to

¢roup B (P <0.05).
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Fig. 5 Immunohistochemical evaluation of renal tubules and peritubular interstitium for a-smooth muscle cell actin (a-SMA),
ED-1, and collagen type IV. A: Wistar rats, B: GK rats treatea with vehicle, C: GK rats treateo with 2 mg/kg of cyclohexe-
nonic long-chain fatty alcohol (CHLFA), and D: GK rats treated with 8 mg/kg of CHLFA. Data are shown as the means=
S.E.M. of three separate determinations in each group. *: Significantly different compared to group A (P < 0.05).
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Fig. 6 [mmunohistochemicai examination c¢f the glomerull for desmin. A: Wistar rats. B: GK rats treatea with vehicle, C: GK
rats treatec with 2 mg/kg of cyciohexenonic long-chain faity alcorol {(CHLFA), and D: GK rats treatec with 8 mg/kg of
CHLFA. Desmir expressior mostly exhibitec an ercocaniliary pattern and was Jp-recuiated in the untreated GK rat ¢roup
(B). (x400 magnification)
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Fig. 7
served (arrows).

(Fig. 8f) tended to be more intense than that of con-
trol rats (group A) (Fig. 8c), and normal immuno-
staining intensities were observed in group D (Figs. 8l
and 9), although neither result was significant.

DISCUSSION

In this study, we investigated the effects of CHLFA
on spontaneous type 2 diabetes-induced nephropathy
using a rat model. Treatment with CHLFA did not
alter diabetic status—e.g., body weight, urinary
excretion, serum glucose, or insulin or blood urea
nitrogen levels—but it ameliorated high urinary pro-
tein excretion and serum creatinine levels. Treat-
ment with CHLFA also inhibited diabetes-induced
increase in kidney weight. CHLFA reduced the glo-
merular matrix expansion, inhibited the progression
of glomerular sclerosis, and improved the glomeru-
lar expression of desmin. Our data indicate that
CHLFA could prevent type 2 diabetes-induced ne-
phropathy.

The GK rat represents a spontaneous non-insulin-
dependent diabetes model. GK rats are produced
from normal Wistar rats by repetitive selective
breeding, and are widely accepted to be a genetical-
ly determined rodent mode! for human type 2 diabe-
tes. This genetic rat model exhibits a modest degree
of renal dysfunctional or structural changes, in addi-
tion to the development of glomerular basement
membrane (GBM) thickening in animals at 8 to 12
weeks (27). Nobrega and co-workers have also re-
ported that GK rats exhibited a thickening of the
GBM, mild mesangial matrix expansion, and glo-
merular hypertrophy (16). When age-induced pro-
gression of glomerular sclerosis was evaluated.
glomerular sclerosis ot 24-month-old GK rats was

S. Okada er al.

OX-7

Immunofluorescent microscopy of the untreated GK rat kidney for CD-31 and OX-7. Nodule-like lesions were ob-

more severe than that of 8- or 12-month-old GK
rats (23). In type 2 diabetes-induced nephropathy,
including that in GK rats, exposure to a prolonged
diabetic state occurs.

In the present study, we demonstrated that GK
rats exhibited mesangial matrix expansion, segmen-
tal glomerular sclerosis, and nodule-like lesions; to
our knowledge, few of the previous reports on dia-
betes-induced nephropathy in GK rats have shown
the existence of nodule-like lesions. This discrepan-
cy might be due to differences in the strains of GK
rats used or in the durations of the diabetic state. In
this study, the nodule-like lesions showed positive
staining for OX-7, a mesangial marker, and an ab-
sence of staining for PECAM-1, an endothelial
marker. These findings indicate that the nodule-like
lesions observed here consisted of mesangial matrix.
Kimmelstiel-Wilson nodules consist of mesangial
matrix and endothelial cells (28), and show positive
staining for OX-7 and PECAM-1. Therefore, Kim-
melstiel-Wilson nodules differ from the nodule-like
lesions observed in the present study, which lacked
PECAM-1 expression. In diabetic nephropathy,
mesangial extracellular matrix accumulates in the
glomeruli, leading to glomerular sclerosis. The over-
all accumulation of mesangial extracellular matrix is
regulated by the relative levels of synthesis and
degradation of the matrix, and is determined by a
balance between proteases and inhibitors (29). Be-
cause CHLFA reduced mesangial matrix expansion,
CHLFA may exert its effects on proteases or inhibi-
tors, or both. Further examination of this issue will
be necessary in future studies.

Hyperglycemia plays an important role in the de-
velopment of diabetic nephropathy. Although treat-
ment with CHLFA was not found to alter serum
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Wistar

Gk
vehicle

Fig. 8 Immunofluorescent microscopy of the rat kidney for rat endothelial cell antigen-1 (RECA-1) and OX-7. Wistar: Wistar
rats {group A), GK vehicle: GK rats treatea with vehicie (group B), GK 2 mg: GK rats treated with 2 mg/kg of cyclohexencnic
iong-chain fatty alcohoi (CHLFA) (croup C), and GK 8 mg: GK rats treatea with 8 mg/kg of CHLFA (group D). The paneis a,
d, g, and j shrow immunostaring for RECA-1 antiboqgles. The parels ¢, f, i, and [ show immunostaining for OX-7 antibocies.
The pare's b, e, h, and k show merged '™mages.
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RECA-1

A B c D
Fig. 9

S. Okada et al.

OX-7

A B C D

Immunofluorescent analysis of the kidney for expressions of rat endothelial cell antigen-1 (RECA-1) and OX-7. A:

Wistar rats, B: GK rats treated with vehicle, C: GK rats treated with 2mg/kg of cyclohexenonic long-chain fatty alcchol
(CHLFA), and D: GK rats treated with 8 mg/kg of CHLFA. Data are shown as the means + S.E.M. of five separate determi-

nations in each group.

glucose levels in the present study, it did prevent
the progression of diabetic nephropathy similar to
that caused by type 1 diabetes (17, 21). It is known
that an angiotensin [l blockade prevents the progres-
sion of diabetic nephropathy without altering glu-
cose levels; CHLFA may exert its effects in a
similar manner, although the precise mechanism of
such effects, including those at the molecular level,
remains unclear at present.

Recently, it has been reported that inhibition of
sympathetic nerve activity reduced albuminuria in
patients with chronic kidney disease (13), and ame-
liorated glomerulosclerosis in subtotally nephrecto-
mized rats (1). Another study reported that, by
reducing the increased activities of renal sympathet-
ic nerves, the renal efferent arteries could be vasodi-
lated, leading to an improvement in glomerular
hypertension (31). It has been reported that CHLFA
affects extensions of neurites and differentiations of
neurons (2, 3). Watanabe and Miyagawa reported
that CFLFA has beneficial effects on peripheral neu-
ropathy and cystopathy in STZ-induced diabetic rats
(26). Such effects of CHLFA on neurites and neu-
rons may be one of the mechanisms involved in the
alterations of diabetic nephropathy.

The progression of diabetes-induced complica-
tions is correlated with endothelial dysfunction,
which in turn plays an important role in the progres-
sion of diabetic nephropathy (9, 30). Nakagawa and
co-workers reported that endothelial NO synthase-
knockout mice under diabetic conditions exhibit se-
vere diabetic nephropathy (15). As endothelial cells
regulate mesangial cell proliferation (20). diabetes-
induced endothelial dysfunction induces mesangial
cell injury, in turn leading to mesangial matrix ex-

pansion. In this study, high-dose CHLFA treatment
was associated with a recovery of capillary density,
as shown by immunofluorescence analysis. In our
previous reports, we have shown that CHLFA inhib-
its the progression of diabetes-induced endothelial
dysfunction of the aorta in rats with STZ-induced
diabetes (10, 25). Here, CHLFA improved diabetes-
induced endothelial dysfunction, resulting in the
amelioration of diabetic nephropathy.

Podocyte injuries are observed in association with
diabetic nephropathy (18), and it is known that in-
jured podocytes express desmin (4, 32). In the pres-
ent study, diabetic GK rats showed an increased
expression of desmin in the glomeruli, and CHLFA
reduced this increase. The mechanisms of this effect
were not clear, but it is possible that CHLFA exerts
direct effects on glomerular podocyte processes,
much as it affects neurons (5). It has been reported
that the characteristics of podocyte processes closely
resemble those of neuronal dendrites. In both podo-
cyte primary processes and neurites, microtubules
and intermediate filaments are major cytoskeletal
components, and the microtubules contribute to es-
tablishment of the mixed polarity in the podocyte
primary processes and neurites. Furthermore, the
elongation of podocyte processes and neurites is
regulated by the same mechanisms as used for
membrane transport (11). Therefore, CHLFA may
ameliorate diabetes-induced podocyte injury via
mechanisms similar to the effects it exerts on neu-
rons, although further investigations will be needed
to examine these issues in more detail.

In conclusion. CHLFA was shown to ameliorate
type 2 diabetes-induced nephropathy, just as it ame-
liorates nephropathy caused by type [ diabetes.
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Aim: The lack of a nationwide survey on hepatitis B virus
(HBV) and hepatitis C virus (HCV) infections in Japan led us to
investigate the epidemiological profiles of these infections
among Japanese children.

Methods: We conducted a questionnaire survey of children
(<20 years of age) infected with either HBV (n = 136) or HCV
(n=114), who visited 636 pediatric institutions in Japan
from 2003 through 2005. Most HBV-infected subjects (94%)
were born in 1986 or after when a nationwide immunization
program for infants born to HBe antigen-positive carriers was
initiated. The transmission routes were divided into five
groups: maternal, horizontal (subdivided into intrafamilial,
iatrogenic and other horizontal), and unknown transmission.

Results: Comparison of subjects born in 1990 or after and
those born in 1989 or before, when anti-HBc and anti-HCV

(c100-3) screening tests of blood donors began, showed a
shift in the relative proportions of maternal, intrafamilial,

iatrogenic, other horizonta!, and unknown transmission from
52%, 19%, 4%, 7% and 19% to 70%, 14%, 6%, 1% and 9%, respec-
tively, for HBV, which was statistically insignificant (P = 0.120),
and from 14%, 0%, 76%, 4% and 7% to 89%, 2%, 4%, 0% and 5%,
respectively, for HCV, which was statistically significant
(P <0.001). HBV horizontal transmission did not decrease
in proportion. No transfusion-acquired HCV infection was
reported in subjects born in 1993 or after.

Conclusion: Maternal transmission is a prominent source of
HCV infection among Japanese children. The implementation
of measures to prevent HBV horizontal infection is also essen-
tial, and the present system of selective vaccination should be
expanded to universal vaccination.

Key words: children, hepatitis B virus, hepatitis C virus,
transmission route

INTRODUCTION

HE MAJOR TRANSMISSION routes of hepatitis B
virus (HBV) and hepatitis C virus (HCV), which are
representative agents of blood-borne infections causing
hepatitis, are maternal transmission, blood transfusion,
intrafamilial contact, sexual intercourse and i.v. drug
use. Improvements in the screening of blood donors
have led to a rapid decrease in blood transfusion-related
infections of both viruses."? Regarding preventive mea-
sures against these infections by other routes, immuno-
prophylaxis by vaccine is available for HBV, but not for
HCV. ‘
In Japan, passive and active immunoprophylaxis of
babies born to carrier mothers with hepatitis B surface
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antigen (HBsAg) and hepatitis B e antigen (HBeAg) by
combined hepatitis Bimmunoglobulin (Ig) and vaccine
has been performed since 1986 using a selective vacci-
nation policy. This policy was successful in terms of
reducing the number of HBV carrier infants contracting
the virus from their HBV carrier mothers.>* Following
the establishment of this vaccine program, the annual
rate of HBV carriers was estimated to decrease from
0.26% of all babies in 1985 to 0.04% in 1992 and
0.024% in 19957 Since 1995, this program was
extended to carrier mothers with HBsAg regardless of
the mother's HBeAg/anti-HBe antibody (anti-HBe)
status. However, a universal vaccination program for all
children has not been established yet. As a result, most
Japanese young adults are therefore considered to
remain susceptible to HBV.**

Under these circumstances, the occurrence of adult
acute HBV infection is currently showing an increasing
tendency in Japan. It tends to occur mostly in young
men, and genotype A, which was imported from over-
seas and is mainly transmitted by sexual contact with

© 2010 The Japan Society of Hepatology
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multiple partners, shows an increasing proportion.” "’

Because HBV genotype A has a relatively high tendency
to become chronic, adult chronic infection is expected
to increase in the future. As a result, there is concern
regarding the occurrence of hepatitis B among children,
which should also be investigated.

Concerning HCV, the prevalence rate of anti-HCV
antibody (anti-HCV) among Japanese blood donors has
decreased yearly depending on the year of birth,™ and
there have been no reports of an increasing tendency in
HCV infection among adults or children in Japan. In
Italian children, HCV infection is mainly caused by
maternal transmission,'” and it is expected to decrease
because 1CV shows low efficiency of vertical and house-
hold transmission, which are responsible for the spread
of childhood hepatitis B in endemic areas, and also
because children and adolescents have limited exposure
to highly efficient routes of transmission such as
parenteral drug abuse. It is therefore expected that
similar observations will also be made in Japan.

A national survey on HBV and HCV carriers has not
been conducted yet, making it difficult to accurately
assess the epidemiological features. The transmission
rates by the different infection routes appear to differ
between HBV and HCV, but the risk factors for virus
acquisition are considered to be similar between them
since both are blood-borne viruses. Therefore, investi-
gating HBV and HCV infections together will help to
establish effective new management strategies to elimi-
nate these two infections.

Instead of a national surveillance program, the aim of
this study is to carry out a questionnaire survey on chil-
dren with HBV and HCV infections throughout the
country, to investigate the incidence, routes of transmis-
sion and clinical pictures of these diseases, and to con-
sider the management and preventable measures after
implementation of the current blood donor screening
tests and national HBV vaccination programs for high-
risk infants born to HBV carrier mothers in Japan.

METHODS

Questionnaire

A QUESTIONNAIRE SURVEY was conducted in 2007
at a total of 636 institutions, including pediatric
departments of university hospitals, departments of
internal medicine at children’s hospitals, and pediatric
departments of general hospitals with at least 300 beds
in Japan. Institutions of internal medicine were
excluded but those of transplant surgery were included.

Survey of pediatric hepatitis B and C in Japan 879

The subjects of this questionnaire were children
under 20 years of age, who were infected with either
HBV or HCV and had visited any of the relevant insti-
tutions in the 3 years from January 2003 to December
2005. Therefore, it is a survey of patients who visited
for the first time during this period, as well as those
who had visited for the first time in 2002 or before,
and visited again during 2003-2005. Patients with
either HBsAg or HBV DNA positive were diagnosed
with HBV infection, and those with either HCV core
antigen or HCV RNA positive were diagnosed with
HCV infection.

The anonymous questionnaire form included the
patient’s background data such as date of birth, sex, age
at the time of the first hospital visit and age at the time
of the diagnosis, as well as the laboratory findings
supporting the diagnosis. The presumed transmission
routes were also reported according to the following
categories: (i) maternal transmission including vertical
transmission and horizontal transmission from mother
to child; (ii) intrafamilial transmission other than
maternal transmission including transmission from the
father, grandparents or siblings; (iii) iatrogenic trans-
mission including blood transfusion and transplanta-
tion; (iv) other horizontal transmission including
sexual intercourse and i.v. drug use; and (v) unknown
transmission. Other transmission than maternal
(excluding unknown transmission) was therefore
described as horizontal. As for children infected with
HBV by maternal transmission, a history of hepatitis B
Ig (HBIG) administration and HB vaccination was also
clarified as far as possible. Investigated hepatitis virus
markers included HBsAg, anti-HBs antibody (anti-HBs),
HBeAg, anti-HBe and HBV DNA for cases of HBV infec-
tion and anti-HCV, HCV RNA and HCV core antigen for
cases of HCV infection.

The clinical conditions were categorized as follows:
constantly normal transaminase levels, occasionally
abnormal transaminase levels, chronic hepatitis, cirrho-
sis, hepatocarcinoma, acute hepatitis and fulminant
hepatitis in case of HBV infection, and constantly
normal transaminase levels, occasionally abnormal
transaminase levels, continuously abnormal transami-
nase levels for at least 6 months, cirrhosis and hepato-
carcinoma in case of HCV infection.

Patients

The questionnaire was sent by mail to 636 institutions,
and a response was received from 268 institutions
(response rate 42%). We extracted a total of 164 HBV-
infected children meeting the inclusion criteria of our
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