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Difference in the sensitivity to cytokine stimulations in different species may
even play a role in the pathogenesis of hantavirus infections. Hantaviruses are
pathogenic to humans but not to the natural hosts, rodents, except for suckling
animals [30, 34, 38, 44]. It is, therefore, tempting to postulate that the high
sensitivity of human to pro-inflammatory cytokines [10] may be one of the possible
explanations for the different pathogenesis between human and other animals, as-
suming that the combination of the low level of TNF-alpha and the endothelial cell
infection plays a major role in the pathogenesis of human hantavirus infections.
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Abstract

The recent emergence of severe acute respiratory syndrome (SARS) was caused by a novel
coronavirus, SARS-CoV., It spread rapldly to many countries and developing a SARS vaccine is now
urgentiy required. In order to study the immunogenicity of UV-inactivated purified SARS-CoV virion as
a vaccine candidate, we subcutanecusly immunized mice with UV-inactivated SARS-CoV with or
without an adjuvant. We chose aluminum hydroxide gel {(alum) as an adjuvant, because of its leng
safety history for human use. We observed that the UV-inactivated SARS-CoV virion elicited a high
level of humoral immunity, resulting in the generation of long-term antibody secreting and memory B
cells. With the addition of alum to the vaccine formuia, serum IgG production was augmented and
reached a level similar to that found in hyper-immunized mice, though it was still insufficient to elicit
serum IgA antibodies. Notably, the SARS-CoV virion itself was able o induce tong-term antibody
production even without an adjuvant. Anti-SARS-CoV antibodies elicited in mice recognized both the
spike and nucleocapsid proteins of the virus and were able to neutralize the virus. Furthermore,
the UV-inactivated virion induced regional lymph node T-cell proliferation and significant levels of
cytokine production (IL-2, IL-4, IL-5, IFN-y and TNF-«) upon restimulation with inactivated SARS-CoV
virion /n vitro, Thus, a whole killed virion could serve as a candidate antigen for a SARS vaccine to
elicit both humoral and cellular immunity.

Introduction

A new disease called severe acute respiratory syndrome
{SARS) criginated in China in late 2002 and spread rapidly to
many countries. Upon this outbreak, a global collaboration
network was coordinated by WHO. As a result of this un-
precedented international effort, a novel type of coronavirus
(SARS-CoV)was identified as the etiologic agent of SARS (1,2)
in March 2003. The genomic sequence of SARS-CoV was
completed and we now know that SARS-CoV has all the
features and characteristics of other coronaviruses, but it
is quite different from all previously known coronaviruses
(groups 1~I1), representing a new group {(group IV) (34). It
is assumed that SARS-CoV is a mutant coronavirus trans-
mitted fram a wild animal that developed the ability to
productively infect humans (3,5). The genome of SARS-CoV

is a single-stranded plus-sense RNA ~30 kb in length and
containing five major open reading frameg that encoede non-
structural replicase polyproteins and structural proteins: the
spike (8), envelope (E), membrane (M) and nucleccapsid
protein (N}, in the same order and of approximately the same
sizes as those of other ceronaviruses (5).

The reason why SARS-CoV induces severe respiratory
distress in some, but not all, infected individuals is stillunclear.
In patients with SARS and probable SARS cases, virus is
detected in sputum, stool and plasma by RT-PCR {1,2). These
patients developed serum antibodies against SARS-CoV and
high antibody titers against N preiein were maintained for
more than 5 months after infection (6). Because of their
generally poor pathogenicity and difficulty of propagation
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2 Immunagenicity of inactivated SARS-CoV virion

in vitro, there have been few studies regarding immunity to
hurman coronaviruses OC43 and 229E, In the veterinary field,
however, coronaviruses have been known for many years to
cause a variety of fung, liver and gut diseases in animals. As
we learned from these animal models, both humoral and
cellular immune responses may contribuie to pratection
against coronavirug diseases, including SARS [for review
see {7)).

The clinical manifestation of SARS is hardly distinct from
other common respiratory viral infections including influsnza.
Because an influenza epidemic may occur simultaneously
with the re-emergence of SARS, it is urgently required that
we develop effective SARS vaccines as well as sensitive
diagnostic tests specific for SARS. Recently, the angictensin-
converting enzyme 2 (ACEZ) was identified as a cellular
receptar far SARS-CaoV (8). The first step in viral infection is
presumably the binding of S protein to its receptor, ACE2. In
the murine MBV model, S proteins are known to contain
important virus-neutralizing epitopes that elicit reutralizing
antibedies in mice (2,10). Therefore, the S protein would be the
first candidate coronavirus protein for induction of immunity.
However, the §, M and N proteins are also known te contribute
to generating the host immune response (11,12},

Following an established vaccine protocol is one of the
best ways fo shorten the time and cost of new vaccine
developrnent. Most of the currently available vaccines for
humans are inactivated and appilied cutaneously, except oral
polio vaccine, and adjuvant usage is mostly limited to
aluminum hydroxide gel (alum}. In aorder to know the
imrmunogenicity of inactivated SARS-CoV as a vaccine can-
didate, we immunized mice with UV-inactivated SARS-CoV
either with or without alum. We report here the evaluation of
humnoral and cellular immunity elicited by UV-inactivated
SARS-CoV administered subecutaneously.

Methods

Preparation of UV-inactivated purified SARS-CoV

SARS-CoV (HKU39849) was kindly supplied by Dr J.S.M,
Peiris, Department of Microbiology, The University of Hong
Kong. The virus was amplified in Vero E6 celis and purified
hy sucrose density gradient centrifugation. Concentrated
virus was then exposed to UV kght (4.75 J/em?) in crder to
inactivate the virus. We confirmed that the virus completely
lost its infectivity by this method.

Immunization of mice

Fernale BALB/c mice were purchased from Nippon SLC Ing.
(Shizuoka, Japan) and were housed under specific pathogen-
free conditions. All experimental precedures were carried out
under NIlID-reccmmended guidelines, Mice were subcutane-
ously injected via their back or right and left hind leg footpads
with 10 pg of UV-inactivated purified SARS-CoV with or without
2 mg of alum, and boosted by the same procedure 7 weeks
after priming.

Detection of immunogiobulins in the serum samples

Blood was obtained from the tail vein and allowed to clot
overnight at 4°C. Sera were then collected by centrifugation.

For ELISA, microtiter plates (Dynatech, Chantily, VA) were
coated overnight at 4°C with SARS-CoV-infected or mock-
infected Vero E6 cell lysates, which had been treated with 1%
NP40 followed by UV-inactivation. To detect S or N protein, the
plates were coated with 1% NP40 lysates of chick embryo
fibroblasts that had been infected with § or N protein-
expressing Dls (attenuated vaccinia virus) (13). The plates
were biocked with 1% OVA in PBS-Tween (0.05%) and then
incubated with the sera serially diluted at 1:25-1:10% for 1 h
at room temperature. Plates were incubated with either
peroxidase-conjugated anti-mouse 19G (1:2000, Zymed, San
Francisco, CA), IgM or 1gA (1:2000, Southern Biotechnology,
Birmingham, AL) antibody. For detection of IgG subclasses,
either peroxidase-conjugated anti-mouse 1gGy, 19Gza, 19G2s
(1:2000, Zymed) or IgG; (1:2000, Southern Biotechnology)
was used. Plates were washed three times with PBS-Tween at
each step. Antihodies were detected by C-phenylenediamine
{Zymed), and the absorbance of each well was read at 490 nm
using a model 630 microplate reader {Bio-Rad, Hercules, CA).
As a standard for 1gG detection, serum was obtained from
a hyper-immunized mouse; the QD490nm value of 100 Ufml
standard was ~3 in all assays. SARS-CoV-specific 1gG titer
was calculated as follows: SARS-specific 1gG titer {(Ufml} =
(the unit value obtained at wells coated with virus-infected cell
lysates) — (the unit value obtained at wells coated with non-
infected cell lysates).

ELISPOT assay for antibody-secreting cells (ASCs)

Recombinant N protein (amino acids 1-49 and 340-390) of
SARS-CoV (Biodesign, Saco, ME) was diluted to 10 pg/ml in
PBS, and then added at 100 pl per well to plates supparted by
a nitrocellulose filter (Millipore, Bedford, MA). After overnight
incubation at 4°C, the plates were washed with PBS three
times and then biocked at 4°C overnight with 1% OVA in PBS-
Tween (0.05%). After erythrooyle lysis, single cell suspensions
from BMs were suspended in RPM| suppiemented with 10%
FCS, 5 x 1075 M 2ME, 2 mM t-glutarnine, 100 Ufm penicillin
and 100 pg/mi streptomycin, and then applied 1o the plates at
aconcentrationof 3 X 10° cells per well. After 24 hcultivation, the
plates were recovered and stained with alkaline phosphatase-
conjugated anti-mouse lgG4 antibody {Southern Bictechnol-
ogies). Alkaline phosphatase activity was visualized using
3-amino-ethyl carbozole and napthol AS-MX phesphateffast
blue BB (Sigma). The frequency of plasma cells specific for N
protein was determined from the N protein-coated plates after
background on the uncoated plates was subtracted.

Coronavirus neutralizing assay

Serum was inactivated by incubation at 56°C for 30 min. The
known tissus culture infectious dose {TCID) of SARS-CoV was
incubated for 1 h in the presence of absence of serum
antibodies serially diluted 5-fold, and then added to Vero E6
cell culture grown confluently in a 96-well microtiter plate. After
48 h, cells were tixed with 10% formaldehyde and stained with
crystal violet 1o visualize the cytopathic effect induced by the
virus (14). Neutralization antibody titers were expressed as
the minimum diluticn number of serum that inhibited the
cytopathic effect.
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Western blotting

Purified SARS-CoV virion (0.5 pg) was fractionated on SDS-
PAGE under reduced conditions. Proteins were transferred to
PVOF membrane {Genetics, Tokyo, Japan) and reacted with
the diluted sera (1:1000) that had been obtained from mice
inoculated with UV-irradiated SARS-CoV. After washing, the
membrane was reacted with HRP-conjugated F(ab’),; frag-
ment anti-mouse 1gG (H+L) (1:20 000 Jackson Immuno
Research, West Grove, PA), followed by visualizaticn of the
bands on X-ray film {Kodak, Rochester, NY} using chemilumi-
nescent regents {Amasham Biosciences, Piscataway, NJ).

Regional T cell response

Popiiteal and inguinal lymph nodes and spleens were
harvested from mice 1 week after the boost vaccination. After
the preparation of a single cell suspension, T cslls were
purified by depletion of B220*, Gr1*, CD11b*, IgD* and IgM*
celis using a magnstic cell sort system (MACS: Miltenyi
Biotec, Bergisch Gladbach, Germany). To prepare antigen-
presenting cells (APC), normal BALB/c mouse splenocytes
were depleted of CD3* T cells by MACS and irradiated at
2000 cGy.

Purified T celis taken from lymph nodes (1 x 10° cellsiwell)
were cultured with irradiated APC (5 X 10° cellsfwell) in the
presence or absence of W-irradiated purified SARS-CoV
virion (1 or 10 pg/ml). Four days after the cultivation, the level of
cytokine concentration in the culiure supernatant was mea-
sured by flow cytomefry using a mouse Th1/ThZ cytokine
cytormetric bead array kit (Becton Dickinson, San Jose, CA).
T-cell proliferation was monitored by the incorporation of
[BH]thymidine {18.5 kBa/wel, ICN Biomedicals, Costa Mesa,
CA} added 8 h prior to cell harvest. The cells were harvested
on a 96-weli microplate bonded with a GF/B filter (Packard
Instruments, Meriden, CT). Incorporated radioactivity was

{A) (B)
Control {Nonel/Alum)  Virion

SARS.specific lgG titer (Uiml}

I

Immunogenicity of inactivated SARS-CoV virion 3

counted by a microplate scintillation counter (Packard
Instruments).

Results

Inocultation with UV-inactivated SARS-CoV resuits in an
antigen-specific igG; response, probably by generating
long-term ASCs as well as memory cefls

To examine the level of anti-SARS-CoV response in mice after
incculation with vaccine candidates, three mice in each group
were subcutaneously inoculated with 10 pg of UV-inactivated
purified SARS-CoV with (Virion/Alum) or without alum (Virion),
or inoculated with alum alone (Alum} or left untreated (None)
as a control (Fig. 1). One month after incoulation, vaccinated
mice elicited the anti-SARS CoV IgG antibedy in sera at high
levels. As expected, the alum adjuvant enhanced the level of
1gG antibody response, >10-fold higher than the lavel without
adjuvant (Fig. 1C compared with B). When mice were boosted
at 7 weeks, the level of IgG antibody in both groups of mice
was further increased ~10-fold above the primary response
{Fig. 1B and C). Notably, the level of serum antibedies induced
by a single injection of virion, even in the absence of the
alum adjuvant, was maintained at least more than 6 months
(Fig. 1D). These resuits suggest that long-term ASCs can
be established by a single shet of UV-inactivated virion
administration.

Upon restimulation with antigen, memory B cells rapidly
differentiate into ASCs and migrate into the bone rmarrow to
establish a long-term ASC pool {15,16). To enumerate the
number of plasma celis specific for SARS-CoV, we performed
an ELISPOT assay using recombinant N proteins, amino acid
numbers 1-49 (N1-49) and 340-390 (N340-390) as coating
antigens. Consistent with the serum anti-SARS CoV IgG level,
SARS-specific 1gG, plasma cells were maintained in the bone

marrow at day 10 after boost immunization with virion/alum

(C) (D)

Virion/Atum Virion

,..
2
s

S

Q—0

-

=
o
g

)
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h

SARS-spacific 1gG titer (Ufml}

TR R

4

Boost

4w Tw Bw

o
<

4w Tw 8w Tw 26w

Boost Weeks after Inaculation

Weeks after priming

Fig. 1. Thelevel of SARS-specific |gG in subcutaneously vaccinated mice. Mice ware subcutaneously primed with 10 pg of UV-inactivated SARS-
CoV vition (B), or virion with 2 mg of alum (C), or alum alore or none {A) and boosted with the same dase in thelr [oolpads al 7 weeks alter priming.
Serum was collected at the indicated time point and subjected o ELISA to detect SARS-specific IgG using SARS-CeV-infected Vero cell lysates as
a cealing antigen, Circles and bars represent the amcunt of IgG antibody in tha serum of each mouse and the mean, respectively. The amount of
19G was arbitrarily calculaied based on the concentration of hyper-immune sera. A representative result of two independent experiments is shown.
(D) Mice were vaccinated with 10 ug of U\tinactivated SARS-CoV virian subcutaneously inte their backs. Serum was collected from individual mice
at the indicated time point and subjected to ELISA to detect SARS-specific 1gG.
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4 Immunogenicity of inactivated SARS-CoV virion

(Fig. 2). In contrast, the number of spots from control mice was
below the detection limit {i.e. <1 ASC/a x 10% cells).

UV-inactivated SARS-CoV induces 1gG, antibody with
neutralizing activity

We determined the subclass of serum anti-SARS-CoV IgG
antibodies in the boosted mice using anti-mouse 1gG,, 1gGza,

20+

pury
L#1]
1

The number of plasma cells
(per 108 BM cells)
o5
1

ND. ND.
CTRL SARS CTRL SARS
N1-49 N340-390

Flg. 2. The number of SARS-specific IgG&, plasma cells in BM. Mice
were primed and boosted by subcutaneous injection into thelr back
with 10 pug of UV-inactivated SARS-CoV virion with 2 mg of alum (VA).
BMswere collected at 10 days after boost and subjected 1o ELISPOT to
detect SARS-specific IgG4 plasma cells. Bars represent the number
of plasma cells specific to N1-49 and N340-39C antigen in SARS-
vaccinated and control mice, respectively. Data are means of triplicate
cultures. The number of spois from control mice was below the
detection limit {i.e. <1 ASC/9 % 105calls: dashed line). Arepresentative
result of two independent experiments is shown. N.O.: not detected.

1gGa;, or 19Giz second antibody by ELISA (Fig. 3). Interestingly,
the level of anti-SARS-CoV 1gGz, in mice immunized with
virion/alum was comparable to that in mice immunized with
virion alone, whereas the level of ant-SARS-CoV IgG, was
higher in mice with virionfalum than the mice with virion alone,
In contrast, the levels of IgGz, and 1gGs antibodies were fairly
low in both groups. Therefore, our results indicated that
vaccination with a combination of inactivated virion and alum
induced a predominantly Th2-type immune response.

We also measured serum immuncglobuling other than IgG
in the early and late phases of immunization. To avoid high IgG
concenirations interfering with the detection of IgM and
IgA antibodies, the serum 1gG was absorbed with protein G-
conjugated beads (>98%). The levels of anti-SARS-CoV IgM
antibodies in the 1gG-depleted sera, which were obtained
4 weeks after priming, were balow our detection limit. Likewise,
anti-SARS-CoV IgA antibody in the |gG-depleted sera, which
werg obtained 1 week after booster, was not detectable {data
not shown).

Whether or not immune sera possess a neutralizing activity
against SARS-CoV is a crucial aspect of vaccination. We
estimated the neutralizing activity of sera obtained 1 wesek
after boost inoculation (Table 1}. We observed that neutralizing
activity against SARS-CoV was detected at a high level in sera
of mice incculated with virionfalum or virion alone. Taken
together, these results indicate that subcutaneous vaccination
with UV-inactivated SARS-CoV virion is able to elicit a sufficient
amount of 1gG antibedies with neutralizing activity.

Ulinactivated SARS-CoV induces serum IgG antibody
specific for S and N protains

Using the immune sera of mice boosted with virionfalum
1 week before, we analyzed the specificity of serum IgG by
western blot analysis {see Methods). As shown in Fig. 4(A), the
robust signal detected at 50 kDa corresponds to the N protein
of SARS-CoV, as predicted by its genome size (3,4). A band
near 200 kDa appears to correspond to S protein, analogous
with the S protein of other human coronaviruses, HCV-229E
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Flg. 3. 1gG subctass of immunized serum. Mice were subgutaneously primed and boosted by injection in their footpads with 10 ng of Uv-inactivated
SARS-CoV virion (W}, or virion with 2 mg of alum (VA). Serumwas collected from individual mice at 1 week after boost and subjected to ELISA to detect
SARS-speciticIgGy, 196 24, 19G2, and [g G titer. The Y value is the reciprocal serum dilution number whare the OD480nm = 0.2ineach ELISA. Circles
and bars represent the titer for each mouse and the mean, respectively; results are repraseniative of two separate experiments.
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and HCV-0C43, which are known to be heavily glycosylated
and detected at 186 kDa and 190 kDa, respectively (17). Qur
result is consistent with the data reported recently by Xiac
et al. who expressed the full-length S glycoprotein of SARS-
CoV Tor2 strain in 293 cells and showed that the protein ran
~180-200 kDa in SDS gels (18). The origins of the 120 kDa and
the faint 37 kDa bands were unknown. However, similar bands

Table |. Neutralizing activity in serum after vaccination

Reciprocal endpoint titer

Experiment 1 Experiment 2
None/alum <5* <5*
Virion mouse 1 250 250
2 1250 250
3 1250 250
Virion/alum 1 250 1250
2 1250 1250
3 1250 1250

*All six mice examined did not have deteciable neutralizing activity,
Sera were obtained from mice 1 week after boost vaccination and
subjected to SARS-CoV neulralizing activity assay as described in
Methads. The tiler is a reciprocal number of minimum serum dilution
that inhibits the cytopathic elfect.

(8)
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4,254
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Fig. 4. Specificity of the serum antibodies. (A} Purified UV-inactivated
SARS-CoV virion (0.5 pg) was fractionated by SDS-PAGE and
subjected to western blotting. Diluted pocled sera (1:1000) from mice
primed and boosted with virion/alum were exploited to detect virus
proteins. Upper and lower arrows indicate the predicted band of
S (spike protein) and N (nucleocapside protain) of SARS-CoV,
respectively. The size of motecular weight markers (kDa) is shown
on the left. (B} § protein- or N protein-specific ELISA. ELISA plates
ware coated at the indicated dilution with 1% NP40 lysates of chick
embryo fibroblasts that had been infected with S protein-expressing
vaccinia virus (circle), N protein-expressing vaccinia virus (triangle) or
uninfected {mock; square). Diluted serum (1:1000) from mice prime
and boost immunized with virion/alum, was exploited for detection of
virus proteins.
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were also detected on a fluorogram by using anti-N mAbs
{Ohnishi, K., Sakaguchi, M., Takasuka, N. &f al, unpublished
data}, suggesting that it is related to N protein. The specificity
of IgG in the immune sera was also determined by ELISA
plaies coated with lysales of cells infected with either S- or
N-expressing recombinanm vaccinia viruses (Fig. 4B). The
results indicated that anti-S as well as anti-N protein IgG
antibodies were elicited by virion/alum vaccination.

UW-inactivated SARS-CoV whole virion induces T-celf
response

To examine whether or not subcutaneously vaccinated mice
gained an induced T-cell response against SARS-CoV, mice
were immunized either with virion/alum, virion, or atum only via
the footpad. T cells of these mice were enriched from the
spleen and regional lymph nodes 1 week after a booster
immunization and cultured with irradiated APCs in the
presence or absence of UV-inactivated SARS-CoV virion at
1 or 10 pg/mt. As shown in Fig. 5(A), regional iymph node
Tcells proliferated in vitro in response to LJV-inactivated virion
in virion/alum-immunized mice and, to a lesser extent, in virion-
immunized mice. Because mice inoculated with virionfalum
showed a high hasal level of praliferation of lymph node Tcells
in the absence of antigen, there is not much difference in the
net proliferative response of these cells between the virion/
alum group and the virion only group. On the other hand, in
splenic T cells, a low level of proliferation was observed only in
the virionfalum group of mice. The level of proliferation of these
T cells, however, was virion-dose independent. Therefore, our
results suggest that tne subcutaneous injection of inactivated
virlon, even without afum, does induce Tcell activation to some
extent in the draining lymph node, a result which hardly occurs
systemically.

We also measured the level of cytokine production in the
supernatant of lymph node T cells stimulated with inactivated
virion in vitro for 4 days. We found that the inactivated virion
induced the production of all the cytokines (IL-2, IL-4, 1L-5,
IFN-y and TNF-g) in T cells of virion/alum-immunized mice, in
a dose-dependent manner {Fig. 5B). Likewise, T cells of virion-
immunized mice produced low, yet significant, levels of these
cytokines in a dose-dependent manner, except IL-5. In
ceontrast, lymph node T cells from normal mice did not produce
any cytokines at ail in response to virion, suggesting that the
viricn itself does not possess innate stimulating activity as
bacterial products [such as lipopolysaccharide (LPS) and
purified protein derivative of mycobacterium tuberculosis
(PPD)] do. Taken together, these results suggest that sub-
cutaneous vaccination with UV-inactivated SARS-CoV is able
to activate CD4* T cells in regicnal lymph nodes, where T cells
produce several immunoregulatory cytokines, including IFN-y.

Discussion

The present results demonstrated that even a single sub-
cutaneous administration of UV-irradiated virion without alum
adjuvant induced a high level of systemic anti-SARS-CoV
antibody response in mice, probably followed by the gener-
ation of long-term antibody-secreting cells and memery cells
in the bone marrow. Considering that polyvalent particulate
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Fig. 5. In vitroresponses of SARS-CoV-specific T cells taken from mice vaccinated with inactivated SARS-CoV. Mice were subcutansously primed
with 10 pg of Uv-inactivated SARS-CaV virton, or virion with 2 mg of alum, or none, and then boosted with the same dese in their footpads at
7 weeks aller priming. Draining lymph nodes and spleens were isolated at 1 week after boost and stimulated with T-cell depleted splenocytes that
had been pulsed with the indicated concentration ot Uv-inactivated SARS-GoV virion, These cells were culiured for 2-4 days and [*H)thymidine
was added 8 h pricr to the harvest. The peak response on day 4 after cultivation is shown in {A). {B) Culture supernatant was collected at day 2-4
post cullivation and the level of IL-2, IFN-y, IL-4, |L-5 and TNF-x was delermined by CBA kit. The maximum cytokine preduction: at day 4 is shown.

Results are representative of two separate experiments,

structures such as hepatitis B virus surface antigen-based,
HIV-1 Gag-based and Ty virus-like particles have been shown
to elicit humoral as well as cellular immune responses (19},
these particulates probably have comparable dimensions and
structures to the pathogens that are targeted for uptake by
APCs to facilitate the induction of potent immune responses.
The antibodies elicited in mice vaccinated by the current
protocol with or without adjuvant recegnized boththe Sand N
prateins of SARS-CoV and were able o neutralize the infection
of virus to Vero EG cells, However, serum anti-SBARS-CoV IgA
antibody was not detectable, probably owing to the route of
vaccination. In addition, the present vaccination protocol
caused T cell response at the regienal lymph nodes, although
it did not allow for the induction of a sufficient cellular immune
response systemically.

We show here the potentiality of subcutaneous injection of
inactivated virion with alum, which is utilized for most of current
human vaceinations. Alum has been used as an adjuvant for
vaccines such as diphtheria, pertussis and tetanus, and these
vaccines have a tong safsty record for human use (20). We
observed that the addition of alum to the vaccine formulg
resulted in a large augmentation of serum 1gG, production, but
not IgGza production. The level of IgG, in alum-vaccinated
mice reached a level similar to that found in hyper-immunized
mice, which were subcutaneously injected with 5 pg of
inactivated virion emulsified with a complete Freund adjuvant,
followed by consecutive three-times intravenous boosters
with 2 pg of virion. Alum is known to selectively stimulate an

IgG+ dominant, type 2 immune response [reviewed in {21)].
Activation of complement by alum could contribute to the type
2-biased immune response partly via an inhibition of 1L-12
production. Interestingly, a quite recent repert demaonstrated
that an alum-induced Gr1* myeloid cell population produced
IL-4 and activated B-cells {22).

There are various diseases associated with animal corcna-
virus infection. The clinical manifestaticns of the disease and
the correlates of protection with immunity have been studied
extensively in these animal coronavirus infections [reviewed in
(7). Allhough antibodies and T cells may play a role in
exacerbating the pathology in some animal corcnavirus
infections (23,24}, both humoral and celiular immune re-
sponses are known to contribute to protection against corona-
virus infection. In murine hepatitis virus, a Group 2 coronavirus,
the mortality of susceptible mice was partially prevented by
the transfer of immune serum containing neutralizing anti-
body prior to chaflenge (25). Recently, Zhi-yong et al. reported
in the murine acute infection model that the neutralizing
antibody elicited by vaccination of DNA encoding S was
protective, but cellular components of vaccinated mice were
nol required for the inhibition of viral replication (26). Because
a twice parenteral administration of inactivated virion with alum
induced a high level of antibodies that are able to neutralize
SARS-CoV, this vaccination protocol may have a cerlain effect
on the protection of humans fram SARS-CaoV infection.

We observed that two successive inoculations with inacti-
vated virus at 7 week intervals generated SARS-CoV-specific
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T celts. These cells were restimulated with the irradiated virus
in vitro, but their response was low in terms of the level of
proliferation and production of INF-y and IL-2. However,
irespective of vaccination protoceols with or without alum
adjuvant, virus-primed T cells of vaccinated animals were
capable of producing -4 at high levels upon in vitro
stimulation, comparable to other reports for a variety of
vaccination sludies (27,28). This outlook seems compatible
with the idea that the present vaccine protocol may tend to
select T-cell subsets with Th2 phenctype. However, it remains
{o be elucidated whether such T cells may exhibit serological
memory phenctype and persist in the immune system after
vaccination as long as memory B cells, which may persist
more than 180 days post vaccination. In addition, further
analysis is needed to clarify whether Tcell response is a crucial
factor for long-term protection against SARS-CoV infections.

Efforts to develop a SARS-CoV vaccine have been carried
out by many profitable or non-profitable organizations in
varicus ways. For example, it has recently been reported that
the combination of adenovirus vactor exprassing SARS-S, -M
or -N protein elicited a neutralizing capacity in serum and N-
specific T-cell response in rhesus macagues (29). However, it
is still uncertain whether or not the immunity against only these
compenents of SARS-CoV is sufficient for virus protection,
SARS-CoV tends to cause replication errors, which may allow
the virus to escape the host-immune response and result in
a seasonal outbreak. From this point of view, it resembles
influenza virus. In influenza virus, inactivated HA vaccine
showed incomplete protection but had a ¢ertain efficacy and
safety record for a long period of time. Indeed, this approach
has been used in the veterinary field, such as with the bovine
coronavirug (30) and canine coronavirus (31). These advan-
tages make a whole killed virion a prime candidate for a SARS
vacceine, even if it may not have the hest protective ability.

Unfortunately, no information i¢ available so far on the
immune correlates of protection against human corchaviruses,
including SARS-CoV. In consideration that SARS-CoV trans-
raigsion occurs by direct contact with droplets or by the fecal
oral route, mucosal secretary I1gA in both the lower respiratory
tract and digestive tract sesm to be crucially impaortant. Failure
to induce 1gA-iype antibodies in a current systemic vaccina-
tion method should be improved. Notably, [gA antibedies were
detectable in the sera and bronchoalveolar lavage fluid
obtained from mice hyper-immunized with Uv-irradiated virug
(data not shown). Therefore, if & non-toxic and more potent
adjuvant becomes available for human uss, the subcutaneous
injection of inactivated virion would become an effective
vaccination method to reduce the number of susceptible
people,

In the future, it will be necessary to determine whether or
not the inactivated whole virion vaccine possesses protective
ability against SARS-CoV infection by the use of adequate
animal models. Furthermore, whether the alum addition
augmented the protection and the effective period of SARS-
CoV virion wvaccination shouid be addressed, because
currently used inactivated influenza virus whole virion vaccine
is significantly effective without any adjuvant. Meanwhile, we
also need to develop a potent adjuvant for induction of a much
stranger mucosal immunity, in addition to evaluating available
methods of virion inactivation.
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Abbreviations

ACE2 angiotensin-converting enzyme 2
ASC antibody-secreting cell

E envelope

M membrane

N nucleocapsid protein

SARS severe acute respiratory syndrome

SARS-CoV  SARS-associated coronavirus
S spike protein

References

Drosten, €., Gunther, 5., Preiser, W. at al. 2003. dentification of
a novel corcnavirus in patients with severe acute respiratory
syndrome. N. Engl. J. Med. 348:1967.

2 Ksiazek, T. G., Erdman, D., Goldsmith, C. S. et al. 2003. A novel
coronavirus associaled with severe acute respiratory syndrome.
N. Engi. J. Med. 348:1953.

3 Marra, M. A, Jones, 8. J., Astell, C. B. et a/, 2003. The genome
sequence o} the SARS-associated coronavirus. Science 300:1399.

4 Rota, P, A, Oberste, M. 5., Monroe, 5. S. ef al. 2003. Charac-

terization of a novel coronavirus associated with severe acute

respiraiory syndrome. Sciance 300:1394,

Holmes, K. V. and Enjuanes, L. 2003. Virclogy. The SARS

coranavirus: a postgenomic era. Science 300:1377.

Liu, X., Shi, Y., Li, P, Li, L., Yi. Y., Ma, Q. and Cao, C. 2004. Profile

ol antibodies to the nucleocapsic protein of the severe acule

respiratory syndrome (SARS}-associated corenavirus in probable

SARS patlents. Ctin, Diagn. Lab, Immunol. 11:227.

7 De Groot, A. S. 2003. How the SARS vaccine afiort can learn from
HIV—speeding towards the future, learning frem the past. Vaccine
21:4005,

8 Li, W, Moore, M. J,, Vasilieva, N. ef al 2003. Angiotensin-
converting enzyme 2 is a functional receptor for the SARS
coronavirus. Nature 4246:450.

9 Colting, R. A., Kncbler, R. L., Powell, H. and Buchrmeier, M. J. 1982,
Mongclonal antibodies 1o murine hepatitis virus4 (strain JHM)
define the viral glycoprotein respensible for attachment and celi-
cell fusion. Virology 112:358.

10 Fleming, J. 0., Stohliman, S. A., Harmon, R. C., Lai, M. M., Frelinger,
J. A, and Weiner, L. P.1983. Antigenic relationship of murine
coronaviruses: analysis using moncclenal antibedies to JHM
(MHV-4) virus. Virology 131:296.

11 Jackwood, M. W. and Hilt, 0. A. 1995. Production and Immuno-
genicity of multiple antigenic peptide (MAP) constructs derived
from the $1 glycoprotein of infectious bronchitis virus (IBV). Adv.
Exp. Med. Biol 380:213.

12 Antan, |. M., Gonzalez, S., Bullido, M. J., Corsin, M., Risce, C.,
Langeveld, J. P. and Enjuanes, L. 1996. Cooperalion between
transmissible gastroenteritis coronavirus {TGEV) structural proleins
in the in vifroinduction of virus-specitic antibodies. Virus Res. 46:111.

13 Ishii, K., Ueda, Y., Malsuo, K. et a/. 2002. Structural analysis of
vaccinia virus DIs strain: application as a new replicaticn-deficient
viral vector. Viralogy 302:433.

14 Storch, G, A. 2001. Diagnostic virclogy. [n Knipe, 0. M., Howley,
P. M., ed., Fields Virology, 4th edn. Lippincott Williams & Wilkins,
Philadelphia, PA. pp. 493-531.

15 Benner, 8., Hijmans, W. and Haaijman, J. J. 1981. The bone
marrow: the major source of serum immuneglobulins, but still
a neglected site of anttbody formation. Clin. Exp. Immunol 48:1,

16 Slifka, M. K., Matloubian, M. and Ahmed, B, 1995, Bone marrow is
a major site of long-term antibody production after acute viral
infection, J. Virol. 69:1895.

17 Schmidt, O. W. and Kenny, G. E, 1982. Polypeptides and functions

of antigens from human coronaviruses 229E and OC43, Infect.

immun, 35:515.

ury

o

—130—



8 Immunogenicity of inactivated SARS-CoV virion

18 Xiao, X., Chakraborti, 8., Dimitrov, A. S., Gramatikoff, K. and
Dimitrov, 0. S. 2003. The SARS-CoV S glycoprotsin: expression
and funclional characterization. Biochem, Biophys. Res. Commun.
312:1159.

19 Singh, M. and O'Hagan, D. 1399. Advances in vaccine adjuvants.
Nat, Bictechnol. 17:1075.

20 Clements, C. J. and Griffiths, E, 2002. The globalimpact of vaccines
centaining aluminium adjuvants. Vaceine 20 (Suppl. 3): 24,

21 HogenEsch, H. 2002, Mechanisms of stimulation of the immune
response by aluminum adjuvants. Vaccine 20 (Suppl. 3); $34.

22 Jordan, M. B., Mills, D. M., Kappler, J., Marrack, P. and Cambier,
J. C. 2004. Promotion of B cell immune responses via an alum-
induced myeloid cell population. Science 304:1808.

23 Weiss, R, C. and Scotl, £ W. 1981. Antibody-mediated enhancement
of disease in [eling infectious peritonitis: comparisons with dengus
hemorrhagic tever. Comp. immunc!. Microbiol. infact, Dis, 4:175.

24 Wu, G. F, Dandekar, A. A., Pewe, L. and Perlman, S. 2001, The role
of CD4 and CO8 T cells in MHY-JHM-induced demyelination. Adt,
Exp. Med. Biol. 494:341.

25 Pope, M., Chung, $. W., Mosmarnn, T,, Leibowitz, J. L., Gorezynski,
R. M. and Levy, G. A. 1996, Resistance of naive mice to murine
hepatitis virus strain 3 requires development of a Th1, but not
a Thz, response, whereas pre-existing antibody partially protects
against primary infection. J. immunol, 156:3342.

26 Yang, Z. Y., Kong, W, P, Huang, Y., Robarts, A., Murphy, B. &.,
Subbarao, K. and Nabel, G. J. 2004. A DNA vaccine induces SARS
coronavirus neutralization and protective immunity in mice. Mature
428:561.

27 Mazumdar, T, Anam, K. and Ali N. 2004, A mixed Thi/Th2
response elicited by a liposomal formaltion of Leishmania vaccine
instructs Th responses and resistance to Leishmania donovaniin
susceptible BALB/c mice. Vaccine 22:1162.

28 Nicollier-Jamot, B., Ogier, A., Piroth, L., Pothier, P. and Kohli, E.
2004. Recombinant virus-like particles of a norovirus (genogroup
!l strain) administered Intranasally and orally with mucosal
adjuvants L¥ and LT{R192G) i BALB/c mice induce specific
humoral and cellular Th1/Th2-ike immure responses. Vaccine
22:1079.

29 Gao, W, Tamin, A., Solofi, A., D'Aiuto, L., Nwanegbo, E., Robbins,
P. D., Bellini, W. J., Barratt-Boyes, S. and Gambhotto, A. 2003.
Effects of a SARS-asseciated caranavirus vaccing in monkeys,
Lancet 362;1895.

30 Takamura, K., Matsumoto, Y. and Shimizu, Y, 2002. Field study of

bovine coronavirus vaccine enriched with hemagglutinating

antigen for winter dysentery in dairy cows, Can. J. Vet. Res. 66:278,

Pratelli, A., Tinelli, A., Decara, N., Crone, F, Elia, G., Roperto, S.,

Tempesta, M. and Buonavoglia, C. 2003. Efficacy of an inactivated

canine coronavirus vaccine in pups. New Microbial, 26:151,

3

g

—131—



Jpun. J. Infect. Dis., 57, 55-57, 2004

Short Communication

Possible Horizontal Transmission of Crimean-Congo Hemorrhagic
Fever Virus from a Mother to Her Child
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SUMMARY: The case of a child with Crimean-Congo hemorrhagic fever (CCHF) presumably infected with
CCHF virus from her 27-year-old mother is described. The mother with CCHF was treated with ribavirim and
did not present with any symptoms of obvious hemorrhage. The child developed fever on the 5th day afler the
mother’s ouset, The partial virus genome was amplified by RT-PCR, and nested PCR from the child and the
genome sequence were identical to that from the mother, indicating possible transmission of the virus from
mother to child. This case indicates the importance of preventive measuees for in-house outbreaks of CCHE

Crimean-Congo hemorthagic fever (CCHF) virus (CCHF V),
a tick-bomne virus distributed across Africa, Eastern Europe,
the Middle East, and Asia, causes illness in humans and has a
high fatality rate of up to 30% (I). Humans are usually
mfected with the virus through the bite of a tick (genus,
Flyalomma) or by close contact with freshly slaughtered meat,
or blood from viremic animals such as sheep, cattle, and goats
(1). CCHF outbreaks have also occurred as nosocomial
infections in several instances (2-53). In a review article by
Hoogstraal (6), several cases of human-to-human infection
of CCHF in households were described, indicating the irupor-
tance of this infection route in CCHF outbreaks, However,
the impact of human-to-human transmission of CCHFV ina
household has not been studied with virological analysis,
although in-house outbreaks of CCHEF are considered to be
relatively frequeat, beyond expectations.

A27-year-old female, who lived i a village in the Western
part of the Xinjiang Uygur Autonomous Region, P. R. China,
presented with fever, backache, headache, flushed face and
general malaise without obvious hemorrhagic symptotns, and
was transferred 1o a local hospital. She was diagnosed as
having CCHF based on the epidemiology of CCHF in the
area, and was hospitalized and treated with a 0.8 g/dose of
ribavirin by drip infusion, twice daily for 7 days. Five days
after the onset of the symptoms, her 4-year-old daughter also
presented with high fever. She was clinically diagnosed as
having CCHF, and was treated with intravencus administra-
tion of a 0.4 g/dose of ribavirin through drip infusion, twice a
day for 7 days. No other proximate households showed any
symptoms such as fever, arthralgia, and bleeding around that
time. Both these patients lived in close contact with ticks,
though neither recalled being bitten by one. Neither patient
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developed hemorrthagic manifestations. They recovered
without any consequences.

Taking the day on which the fever first appeared as day 1,
blood speciniens were collected on days 3 and 11 from the
mother and on days 3 and 8 from the daughter (Table 1).
Serum samples were carefully separated under strict pre-
cautions, wearing a mask, protective glasses, double gloves,
and a gown. RNA was extracted from serum samples using
a High Pure Viral RNA Kit (Roche Diagnostics GmbH,
Manonheim, Germany), according to the manufacturer’s
instructions. The reverse-transcription polymerase chain
reaction (RT-PCR) and nested PCR was performed for
amplification of a portion of the S-RNA segment according
to the previous report (7) with some modifications (8).
Serum samples were heat-inactivated at 56°C for 1 h for
serological assays,

CCHFV immunoglobulin G (IgG) antibedies were detected
by recombinant CCHFV nucleoprotein (CCHFV iNP)-based
IgG enzyme-linked immunosorbent assay (ELISA) as
described previously (9). CCHFV IgM antibodies were also
detected by IgM-capture ELISA format using purified
CCHFV NP as an antigen (8). The cutoff optical density
values for both ELISA tests were set at 0.200 (8,9).

The CCHFV genome was successfully amplified from the
samples taken from the mother ont days 3 and 11 and from the
daughter on day 3 (Table 1). The danghter’s serum collected
on day 8 showed a positive reaction in the IgM-capture
ELISA. The serum sampls collected from the mother on day
11 also showed a positive reaction in the JgM-capture ELISA.
On the other hand, a significant IgG response was demon-
strated in the daughter but not in the mother (Table 1). The
262-base viral genome frapments, which were amplified in
the sera collected from the mother and the child, respectively,
were sequenced using ABI PRISM 310 Genetic Analyzer
(Applied Biosystemns, Foster City, Calif.,, USA). The nucleotide
sequences of these viral genomes were the same (Accession
No. AB102852 and AB 102853 in DNA Data Bank of Japan).
Furthermore, the sequence was confirmed to be identical to
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Table 1. Results of RT-PCR, G ELISA, and IgM-capture ELISA

Serum samples collected

Virological tests from Mother Daughter
on day 3 1 3 3
RT-PCR +0 + + -
IgG ELISA (OD,) —-{0.071%)  —(0.059)  -(0.059) +(0.310)
IgM-capture ELISA (ODvg) -0.015%)  +(0216) -(0021) +(143%)

9: + and - indicate positive and negative results, respectively.
%31 The QD values in IgG ELISA and IgM-copture ELISA were measured at the dilution

fevel of 1:400 and 1:100, respectively.

that of CCHFV Chinese strain 66019 (Accession No,
AJ101648 in National Center for Biotechnology Information).
Although the data are not shown here, the CCHF outhreak in
the region of residency in 2002 was caused by multiple strains
of CCHFV. The paitial viral genomes amplified from three
patients, including the mother and her daughter, out of 6
patients from whom CCHFV genomes were amplified, were
identical. This result strongly suggests that the pair were
infected with the same strain of CCHEV from the sarue source
or that the daughter was infected by her mother.

The incubation period of CCHF is 4-7 days (1). The
interval between the onset of the mother and that of the child
was 5 days. If both of them were infected with CCHFV
simultaneously from the same source on the same occasion,
the expected incubation time for the mother and ber daughter
would be 4-7 and 9-12 days, respectively. The expected
incubation time of 9-12 days in the daughter is too long,
suggesting that she was not infected with CCHEV at the same
time her mother was. Therefore, it is quite likely that she was
infected by her mother, However, we must not exciude the
possibility that they were infected with CCHEFY from the same
source but on different occasions.

The mother did not show any symptoms of bleeding;
therefore, if the daughter was infected by ber mother, the
daughter was infected through close contact with visvally
non-bloody bodily fluids secreted from the mother such as
saliva, respiratory secretions, and/or urine. It is also possible
that traces of blood were present in the mother’s bedily fluids.
This case of possible mother-to-child horizoutal fransinission
of CCHFV indicates the importance of preventive measures in
a household, even in cases without any hemorrhagic mani-
festations. In order to prevent n-house outbreaks, it must be
emphasized that the education of the residents in endemic
areas concerning modes of CCHFYV transmission, risk of
infection, and preventive measures is essential. In addition,
rapid and accurate diagnosis of CCHF is also necessary.

The present study indicates the necessity of preventive
measures against transmission of CCHFV te caregivers such
as family members and hospital staff. It must be stressed that
not only blood but also other bodily fluids should be regarded
as possible sources of human-to-human transmission.

These patients were treated with an intravenous admin-
istration of ribavirin with favorable outcomes, as reported
previously (8). The efficacy of ribavirin should be studied as
atreatment of CCHF in the future.

In summary, we reported a pediatric case of CCHF, con-
firmed by virological studies, in which a child was possibly
infected by her mother.
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An enzyme-linked immunosorbent assay (ELISA)
using recombinant nucleoprotein {rNP) was
reported for the detection of immunogiobulin G
(IgG} antibodies to Crimean—-Congo hemorrhagic
fever (CCHF) vitus {CCHFV). Theimmunoglobulin
M {lgMi)-capture ELISA was developed for the
diagnosis of CCHFV infections, using CCHFV rNP
as an antigen. These newly developed assays
were applied to a study of a CCHF-outbreak and
svaluated with sera collected from patienis
diagnosed as having CCHF by positive reverse
transcription-polymerase chain reaction (RT-
PCR) and by detection of IgG response. IgM
antibodies tc CCHFV were detected in 10 of the 13
patients. IgM antibodias to the rNP of CCHFV
were detected by the CCHFV riNP-based igh-
capture ELISA in all 6 patients in whom IgG
responses were demonstrated, while it was not
detected in the 10 patients in whom IgG re-
sponses were not demonstrated. Furthermare,
the lgM antibodies were detacted in 6 of the 61
residents living a CCHF endemic area during the
endemic season, while it was not detected in any
of the 48 Japanese residents that had never
visited the CCHF endemic area. it is concluded
that this newly developed CCHFV rNP-based igM-
capture ELISA is a useful method for the diag-
nosis of CCHFV infections. J. Med. Virel 75:
295-299, 2006. © 2004 Wiley-Liss, Inc.

KEY WORDS: Crimean—Conge hemorrhagic
fever; CCHF;, recombinant
nucleoprotein; ELISA; RT-PCR;
serological diagnosis

INTRODUCTION

Crimean—Conge hemorrhagic fever (CCHF) virus
(CCHFYV) is a member of the family Bunyaviridae,

@ 2004 WILEY-LISS, INC.

genus Nairovirus [Nichol, 20011, CCHF i an acute viral
hemorrhagic fever with a high mortality rate of up to
30% [Nichol, 2001]. Humans are infected with the virus
by a tick (genus Hyalomma) bite or by close contact with
freshly slaughtered meat or blood from viremic animals
including sheep, cattle, and goats [Nichol, 2001].
CCHFYV infections in humans have been reported in
Africa, Eastern Europe, the Middle East, and Ceniral
and Southern Asia [Hoogstraal, 1979]. The actual
number of patients with CCHF is believed to be far
greater than that reported, becanse the disease usually
oceurs in remote areas. Noscomial outbreaks of CCHF
are not rare [Burney et al., 1980; Suleiman et al., 1980;
van Keden et al., 1985; Fisher-Hoch et al., 1995; Papa
et al., 2002}

Although there have been no reports of the efficacy of
ribavirin therapy for CCHF as evaluated by a control-
based study, ribavirin isknown to inhibit the replicaiion
of CCHFYV in vitro and in vive {Huggins, 1989; Watts
et al.,, 1988; Tignor and Hanham, 1993]. Furthermore,
there have been several reporis of patients with CCHF
treated successfully with ribavirin {van de Wal et al,,
1985; Fisher-Hoch et al., 1292; Papa et al., 2002; Tang
et al., 2003]. Therefore, the rapid diagnosis of CCHF is
important.
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The CCHFV recombinant nucleoprotein ({NP)-based
enzyme-linked immunosorbent assay (ELISA) and
immunofluorescent assay are effective for the detection
of immunoglobulin G (IgG) antibodies to CCHFV [Saijo
et al., 20023; Saijo et al., 2002b]. Paired serum samples
are required for diagnosis by IgG ELISA, because a
significant rise in antibody titers must be demonstirated.
Detection of immunocglobulin M (IgM) antibodies is
another reliable procedure for the rapid diagnosis of
CCHF. A patient who was diagnosed as having CCHF by
detection of IgM and Ig antibodies using CCHFV rNP-
based ELISAs was reported previously [Tang et al,,
2003].

In the present siudy, a CCHFV rNFP-based IgM-
capture ELISA was evaluated for its efficacy in
diagnosis of CCHF using sera collected from patients
with acute CCHF confirmed by viral genome amplifi-
cation with RT-PCR and/or by the detection of IgG
responses with rNP-based IgG ELISA. The relationship
of IgM and IgG responses determined by the CCHFV
rNP-based ELISAs with viremia determined by RT-PCR
was examined.

MATERIALS AND METHODS
Serum Samples

The western part of the Xinjiang Uygur Autonomous
Region, China, is known to be the site of CCHF
outhreaks [Yen ef al., 1985; Saijo et al., 2002a; Saijo
et al., 2002b; Qing et al., 2003; Tang et al., 2003]. Serum
samples drawn from nine patients (“Panel A"}, from
whom the CCHFV genome was amplified by RT-PCR, in
theregion during the outbreak seasonsin 2001 and 2002
were used. Subsequent serum samples were also collect-
ed from five of the nine patients approximately I week
alter the firs{ samples were collected. The time of
collection after enset was defined by taking the day on
which fever first appeared as day 1. Although the exact
days of blood sampling from the other four palients, from
whom only the lst blood samples were drawn, were
unclear, these samples were collected within 10 days of
onset; i.e., during the acute phase of CCHF. The samples
from the two sampling times were designated as 1st and
2nd samples, respectively.

Apart from the nine patients, paired serum samples
were collected from 14 individuals (“Panel B”) in the
same regions in the outbreak season. They were
suspected as having CCHF or other viral infections
based on clinical manifestations such as fever and joint
pain.

There was a relatively large outbreak of CCHF in a
small village in the area (data not shown). Serum
samples were collected from 61 residents, “Panel C%,
living in the CCHF endemic area in June 2001, at which
time the CCHF outbreak had nearly ended. The age of
these recidents ranged from 6 to 66 and the male to
female ratio was 38:23.

Serum samples collected from 48 Japanese subjects,
“Panel D", who had never visited the CCHF endemic
area, were used as a control.

Saijo et al.

The sera used in the present study were collected
under informed consent. In the case of unconscious
patients and children less than 20 years of age, informed
consent was obtained from their family members and
parents, respectively.

Positive- and negative-control sera for IgG and Ighl-
capiure ELISA were produced in a monkey (Macaca
fascicularis) by immunization with the purified His-
CCHFV rNP using Inject Alum™ (Pierce Biotechnol-
ogy, Inc., Rockford, IL) [Saijo et al., 2002b] and were
tested by each 1gG ELISA and JgM-capture ELISA for
verification.

CCHFYV rNP-Based IgG ELISA
and IgM-Capture ELISA

The CCHFV rNP was expressed as a fusion protein
with a 6 His-tag on the N-terminus in the recombinant
baculovirus system and was designated CCHFV rNP
[Baijo et al., 2002b]. The IgG antibodies to CCHFV were
detected by Ig(G ELISA using CCHFV rNP in the came
way as desecribed previously {Saijo et al., 2002b]. The
CCHFV rNP-base IgM-capture ELISA was performed
as previously reported [Tang et al., 2003].

Reverse Transcription-Polymerase
Chain Reaction (RT-PCR)

The detnils of RT-PCR were also described in a
previous paper {Tang et al., 2003).

RESULTS

Cut-Off Values of OD 5 in IgG
and IgM-Capture ELISA

Forty-eight serum samples collected from the “Panel
¥ subjects were tested as anegative control for the IgM-
capture ELISA. The ODyo5s at a dilution of 1:100 were
between —~0.17 and 0.15, and the average and standard
deviation (8D) at that dilution were —0.008 and 0.071,
respectively. The cut-off value, caleculated asthe average
+38D, was 0.205. Positive and negative results by the
IgM-capture ELISA werejudged on the basis of this cut-
off value at a dilution of 1:100. This cut-off value was
applied to the other dilution levels, 1:50, 1:200, and
1:400,

The average and SD values of the adjusted optical
densily (ODyog) at a dilution of 1:400 in the IgG ELISA
were 0,069 and 0.039, respectively. Therefore, the cut-
off value [average + 3x SD of “Panel I)” seral in the IgG
ELISA format measured at a dilution of 1:400 was set at
0.186 in the study. This cut-off value was also applied to
the other dilution levels, 1:100, 1:1,600, and 1:6,400.

1gM Responses Determined
by IgM-Capture ELISA
TheIgM antibody status to CCHFV rNP fogether with
the results of RT-PCR and IgG ELISA are shown in

Tables I and II. Positive IgM responses were demon-
strated in six of the “Panel A” patients: two in the first
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TABLE I. RT\PCR and IgG/IgM Responses to CCHFV rNP in the Serum Samples Drawn From Nine “Pane] A” Patients With
CCHF ag Diagnosed by Positive RT-PCR

Day(s) after nnset, RT-PCR, IgM, and IgG ELISA

1st sumples (cotlected within day 3)

2nd samples (collected between days 5 and 11}

IeM 1gG IgM IgG
Pagient I Day(s)® RT-PCR' (ODygs)° (OD 405} Day(s)* RT-PCR® (ODygs5)° (0D 4051
1 2 + —(0.035) —{(0.071} 8 + —{0.065) —(0.059)
2 2 + -(0.015) —{0.071 10 + +(0.216) -(0.058)
3 2 + —(8.021) ~{0.059} 8 - +(1.433) -{(0.160}
4° 1 + ~(0.020) —(0.031} 5 - +2.711) +(0.972)
5 3 + —{0.000) —(0.007) 11 ~ +(1.227) +{0.235)
6 UK’ + ~{0.080) —(0.181) ND#

q UK + —(0.018) —{0.024} ND

8 UK + +(2.208) —{0.023} ND

9 UK + +(0.860) —~(0.019) ND

“Day(s) after onset was defined by taking the day on which fever first appeared as day 1.
MO and Y—" indicate positive and negative reactions in RT-PCR, respectively.

»s

G and

indicate positive and negative reactions inIgM-capture ELISA, respectively. The OD o5 values at & dilution level of 1: 100 are shown.

412 and = indicate positive and negative resctions in IgG ELISA, respectively. The ODyos vatues at a dilulion tevel of 1:400 ave shows.

*This case was reported in the previous report [Tang et al., 2003].
FUK” indieates unknown.
E“ND” indicates not drawn.

set of samples and four in the second set of samples
{Table I}, Positive IgM responses were demonstrated in
four of the five patients (Patients 1-5) from whom 2nd
samples were collected, but no IgM responses were
demonstrated in any of the five 1st samples from these
patients (Table I). The IgM antibody to CCHFV was not
detected in Patient 1 within 8 days from onset.

Ofthe nine patients, in whom the CCHFV genome was
amplified, a significant rise in IgG antibody titer was
demonstrated in two patients (Patients 4 and 5, Table I).
Furthermore, a significant rise in IgG antibody titer was
demonstrated in 4 individvals {(Patients 10~13, Table II)
of the 14 “Panel B” patients from whom a paired serum
sample was collected. In summary, IgG responses de-
fined as a positive significant rise in IgG antibody titer
were demonstrated in six patients. The CCHFVY rNP-
based IgM-capture ELISA showed a posilive reaction in
the sera collected from all of the 6 patients (Table IT),
while it did not show a positive reaction in the sera
collected from the other 10 “Panel B” patients, in whom
IgG responses were not demonstrated.

Relationship of IgM, 1gG
Responses, and Viremia

The 1st and Znd blood samples were drawn from five of
the “Panel A” patients. The relationship between the
time of sample collection after onset and antibody
responses was evaluated in these patients.

IgM and IgG responses were demonstrated in four
(80%) and two {(40%) of the 2nd samples collected be-
tween day 5 and day 11, respectively, while no antibody
responses were demonstrated in the lst sampies col-
lected within 3 days after onset (Table I}. On the other
hand, all the 1st samples and two of the 2nd samples
showed a positive reaction in RT-PCR (Table I).

Antibody Responses and Viremia

The relationship between the IgM responses and
viremia was evaluated using the serum samples
collected from the “Panel A” patients (Table I). Only 3
of the 11 RT-PCR-positive sera (27%) were positive
by the IgM-capture ELISA, while atl of the 8 RT-PCR-

TABLE II. IgM Responses to CCHFV rNP in Six Patients With CCHF Diagnoesed by Positive Ig(z Responses Determined by
CCHFV vNP-Baged IgG ELISA

OD.ps5 in IgM-capture (1:100), IgG ELISAs (1:100), and antibody titers

1st samples {(within day 3)

2nd samples (days 8—14)

3rd samples (3-4 weeks from onset)

Panel Patient ID IgM IgG IgM 1gG IgM IeG
A 4 0.020, <50 0.031, <100 2,711, >400  0.972, 1,600 ND*® ND
5 0.000, <50 0.007, <100 1.227, =400 0.235, 400 ND ND
B 10 0.159, <50 0.181, <100 0.358, 200 1.412, »6,400 ND ND
11 0.184, <50 (G.128, <100 1079, >400  1.408, >6,400 ND ND

12 ND ND 3.129, »400  0.118, <100 2.76%, »400 »3.500, 26,400

13 ND ND 3.147, 400  0.367, 400 2.669, =400 1.943, >6,400

S4ND" indicates not drown.
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negative samples were positive by the IgM-capture
ELISA (Table I). In contrast, viral RNA was amplified by
RT-PCRin all of the 11 IgM-negative and IgG-negative,
in 3 of the 4 IgM-positive and IgG-negative samples,
and in neither of the 2 TgM-positive and IgG-positive
samples.

I#M and IgG Antibedies to CCHFV Among
Residents in CCHF Endemic Area
During the Qutbreak Season

Of the 61 “Panel C” sera, 5 showed positive reactions
by both IgM-capture and IgG ELISAs, 1 showed positive
reaction by the IgM-capture ELISA only, 13 showed
positive reactions by the IgG ELISA only, and the rest
showed negative reactions by both IgM-capture and IgG
ELISAs. Clinical manifestations in four of the six IgM-
positive patients were available. All four patients had
{ever, headache, and backache, Two of the four had
symptoms of nasal and gingival hemorrhage.

DISCUSSION

Patients with CCHF are usually seen in very remote
areas and the number of patients with CCHF is
relatively small. Patients with suspected CCHF do not
always visit hospitals for treatment in CCHF endemic
areas, because of economic difficulties and problems in
gaining access to hospitals. Furthermore, the facilities
at the hospitals in such remote areas are usually not
adequate for virological testing or for storing serum
samples. Therefore, virological testing of CCHF, and the
collection and storage of blood samples are very difficult.
Under such difficult conditions, the serum samples of
patients with and without CCHPF in one CCHF endemic
area in the wesiern part of the Xinjiang Uygur Anto-
nomous Region were coliected. The serum samples
collected from 132 subjects including 13 CCHF -patients
were used in the present study. Therefore, it is con-
sidered to be acceptable to draw conclusions regarding
the efficacy of the rNP-based ELISA for serological
diagnosis of and epidemiological study on CCHT by
analyzing the data obtained in this study.

The patients with positive IgG responses, taken asthe
detection of a significant rise in IgG antibody titer
determined by CCHFV rNP-hased IgG RELISA, are
considered to be CCHF-positive palients, because the
IgG ELISA has been confirmed to have high sensitivity
and specificity in detecting specific IgG antibodies to
CCHIV [Saijo et al., 2002b]. Within this limited number
of patients, the efficacy of the CCHFV rNP-based Igh
ELISA in diagnosis of CCHF and the relationship
between time after onset, antibody responses, and
viremia were evaluated.

Six of the nine “Panel A” patients were confirmed to
be IgM-positive by CCHFV yNP-based IgM-capture
ELISA. The blood samples of the other three “Panel A®
patients with IgM-negative result were collected within
about 10 days after onset. [fthe blood had been collected
a little later, IgM responses to CCHFV rNP would have
been detected. IgM antibodies to CCHFV were detected

Saijo ot al.

in all the 6 patients with IgG responses to CCHFV
(Table IT}, while no IgM antibodies were detected in any
of the other 10 “Panel B” individuals in whom IgG
responses not demonstrated. IgM antibodies to CCHFY
were demonstrated in 6 of the 61 serum samples
collected from the “Panel C” residents living in a CCHF
endemic area during the outhreak season, while none
of the Japanese sera showed a positive reaction in the
IgM-capture ELISA. These data indicate that the IgM-
capture ELISA using His-CCHFV rNP has high sensi-
tivity and specificity in detecting IgM antibodies to
CCHFYV and that it is useful for the rapid and accurate
diagnoesis of CCHF. If the sensitivity and specificity are
analyzed using the paired sera collected from 14 “Panel
B” subjects composed of 4 CCIHF-patients and 10 non-
CCHF-patients, both the sensitivity and specificity
would be considered to be 100%.

Although, further study is needed, the data in the
present study suggest that the IgM antibodies to
CCHFV become detectable within at least 2 weeks from
onset. It was found that viremia was still present at the
stage in which positive IgM responses but not IgG
responses were observed and that the viremia was
already eliminated at the stage in which positive IgG
responses were observed. To increase the sensitivity in
detecting viremia, nested RT-PCR was performed for
serum samples. However, mononuclear phagocytes are
one of the main targets of CCHFV infections [Burt et al.,
1997]. Therefore, it is possible that the sensitivity of the
nested RT-PCR for detection of the CCHFV genome
increases when whole blood samples rather than serum
samples are used.

The effectiveness of the newly developed CCHFV
rNP-based IgM-capture ELISA for the diagnosis of
CCHF should be compared with that of the already
developed metheds such as indirect immunofluores-
cence assay [Fisher-Hoch et al., 1992; Burt et al., 19985;
Papa et al., 2002} and/or [gM-capture ELISA [Saluzzo
and Le Guenno, 1987; Gonzalez et al., 1990; Chapman
et al, 1991; Burt et al, 1994; Khan et al, 1997;
Rodriguez et al., 1997, Schwarz et al., 1997} using
authentic CCHFV antigens. However, CCHFV is
regarded as a biosafely level-4 (BLS-4) pathogen in
Japan, and viral antigen preparation is difficult. There-
fore, the CCHFEV rNP-based IgM-capture ELISA was
nol compared with IgM antibody detection systems
using anthentic viral antigens. The inability to produce
authentic viral antigens was overcome by evaluatingthe
CCHFV rNP-based IgM capture ELISA using the sera
collected from patients with and without CCHF.

The main antigenic region in the NP of CCHFV (482
amino acid residues) was located on the central portion
from amino acid positions 201 to 306 as reported
previously {Sajjo et al., 2002b]. The amino acid sequence
of this region in NP (Chinese strain 8402} has 97%—
100% homology to the other Chinese strains and 92%—
96% homelogy to non-Chinese strains. Furthermore, the
antibodies to CCHIFV in Asian patients with CCHF were
detected by the IgG ELISA using the recombinant NP
of CCHFV strain IbAr 10200 (GenBank accession no.

— 138 —



Recombinant NP-Based ELISA for CCHF

1788410, data not shown). These results indicate that the
IgM-capture ELISA using the CCHFV rNP of Chinese
strain 8402 might be useful in detecting not omly
antibodies to CCHFV Chinese strains but alse anti-
bodies to strains in other regions.

As CCHFVisaBSL-4 pathogen, the preparation of the
CCHFYV antigen must be performed in a BSL-4 labora-
tory and this restriction makes the preparation of CCHF
antigens difficult in institutes without a BLS-4 labora-
tory. It was demonstrated that the ¥NP-based IgM-
capture ELISA offers a definite advantage in the
diagnosis of and seroepidemiological study on CCHEF.
In summary, diagnosis by the combination of IgM-
capture ELISA and RT-PCR is more sensitive, accurate,
and reliable than that by either single method.
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Abstract

Severe acute respiratory syndrome (SARS) has become a global public health emergency, Understanding the molecular mech-
anisms of SARS-induced cytopathic effects (CPEs) is a rational approach for the prevention of SARS, and an understanding of the
cellular stress responses induced by viral infection is important for understanding the CPEs. Polyclonal antibodies, which recognized
nucleocapsid (N) and membrane (M) proteins, detected viral N and M proteins in virus-infected Vero E6 cells at least 6 and 12h
post-infection (h.p.i.), respectively. Furthermore, detection of DNA ladder and cleaved caspase-3 in the virus-infected cells at
24h.p.i. indicated that SARS-CoV infection induced apoptotic cell death. Phosphorylation of p38 MAPK was significantly up-
regulated at 18h.p.i. in SARS-CoV-infected cells. The downsiream targets of p38 MAPK, MAPKAPK-2, HSP-27, CREB, and
¢IF4E were phosphorylated in virus-infected cells. The p38 MAPK inhibitor, SB203580, inhibited effectively phosphorylation of
HSP-27, CREB, and ¢IF4E in SARS-CoV-infected cells. However, viral protein synthesis was not affected by treatment of

$B203580.
© 2004 Elsevier Inc. All rights reserved.

Severe acute respiratory syndrome coronavirus
(SARS-CoV) is the etiological agent responsible for the
outbreak of SARS, an extremely severe disease that has
spread to many countries throughout the world. In the
period from February to June 2003, 32 countrics were
affected by SARS. SARS-CoV is a positive-strand RNA
virus, and its genome is composed of about 29,700 nu-
cleotides. The genomic organization of SARS-CoV is
that of a typical coronavirus, and sequentially contains
genes encoding polymerase (and polymerase-related
proteins), spike, envelope, membrane (M), and nucleo-
capsid (N) proteins. Three groups of coronaviruses were
known prior to SARS, while phylogenic analysis indi-
cated SARS-CoV to be a member of a fourth group
[1,2]. A vaccine is currently under development and
there is no efficacious therapy for SARS.

Mitogen-activated protein kinases (MAPKs) are sig-
nal transducers that respond to extracellular stimulation
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by cytokines, growth factors, viral infection, and stress,
and in turn regulate cell differentiation, proliferation,
survival, and apoptosis [3-6]. In particular, p38 MAPK
is strongly activated by stress and inflammatory cyto-
kines. In the case of mouse hepatitis virus (MHYV), a
prototype coronavirus, virus-infected cells showed in-
duction of p38 MAPK [7]. The SARS-CoV N protein
has been reported to be involved in the regulation of
cellular signaling pathways [8). The levels of transcrip-
tion factors binding to promoter sequences of c-Fos,
ATF-2, CREB-1, and Fos B, which are related to AP-1,
were increased by expression of N protein. However,
there have been no previous reports regarding activation
of signaling pathways by infection with SARS-CoV. In
addition, no information is available regarding the
molecular mechanisms of the cytopathic effects of
SARS-CoV-infection, In the present study, we demon-
strated that infection of Vero E6 cells by SARS-CoV
induced apoptotic cell death and that p38 MAPK and
its downstream targets were phosphorylated during viral
replication. Understanding the mechanisms of p38
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