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Abstract

The immunogenicity of a candidate-inactivated vaccine prepared from SARS-CoV F69 strain was evaluated in Balb/c mice. Potent humora
immune responses were induced under the elicitation of three times of immunizations at 2-week intervals with this vaccine, combined with
three types of adjuvants (Freund’s adjuvant, Al(@HQljuvant and CpG adjuvant). Titers of specific IgG antibodies in three test groups all
peaked in the sixth week after first vaccination, but significant differences existed in the kinetics of specific IgG antibody levels. The strong
neutralizing capacity exhibited in micro-cytopathic effect neutralization tests indicated the specific antibodies are protective. Western blot
assay further demonstrated the specificity of the induced serum antibodies.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction coronavirus by the World Health Organization in April 2003,
which established solid bases for us to effectively control and
Severe acute respiratory syndrome (SARS) is the first finally eradicate this diseagg—6].

severe viral epidemic we encountered this century. It once  gARS coronavirus (SARS-CoV) is novel, mutative and
spread in more than 30 countries and regions in 2003,severelyhigh|y infectious compared to other known coronaviruses.
threatened worldwide public health. The causative agent of \jgre than 40 genomic sequences of different SARS-CoV
SARS was confirmed and formally announced to be a noveljsp|ates have been determined, and some important struc-
- tural and functional proteins have been unscramfded1].

* Corresponding author. Tel.: +86 20 3229 0708; fax: +86 20 3229 0606. The first outbreak of SARS has been controlled worldwide,
** Co-corresponding author. Tel.. +86 20 87330605; fax: +86 20 p;t many things regarding the nosogenesis, the antigenicity
87332438(J.-h. Lu)/Tel.: +86 20 8522 0504/309; fax: +86 20 8522 3426 _ 4 4 immuogenicity of SARS-CoV still remain unclear,

(Y.-f. Wang). .
E-mail addressegiahailu@yahoo.com.cn (J.-h. Lu), and no specific drugs ha_Ve been deVe|OPed by_ now. In the
twangyf@jnu.edu.cn (Y.-f. Wang), zhariliang@gibh.ac.cn (B. Zhang). long term, safe and efficient SARS vaccines will play im-
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portant roles in the prevention of SARS from possible future (DO)to day 64 (D64). Serum was separated by centrifugation
outbreaks. at 2500x g for 10 min and stored at20°C.
The present study was performed with the objective of
determining the immunogenicity of a candidate-inactivated 2.4. Enzyme-linked immunosorbent assay (ELISA)
SARS-CoV vaccine made from F69 strain in Balb/c mice.
Microtiter plates were coated with inactivated SARS-CoV
dilution (containing 1.Gwg/ml total virus proteins) overnight

2. Materials and methods at 4°C. After blocking with 15% bovine serum in PBST
(phosphate-buffered saline containing 0.1% Tween-20) at
2.1. SARS-CoV strain 37°C for 60 min, the plates were washed five times with

PBST. Then two-fold serial serum dilutions were added

SARS-CoV F69 strain (NCBI/Genbank AY313906) was (100pl/well) and incubated at 37C for 60 min. Washing the
isolated from the samples of an onset SARS patient in the plates, HRP (horseradish peroxidase)-conjugated antibodies
Guangdong province, China in 2003, and was screened out(1:1000 goat anti-mouse 1gG, or 1:10,000 goat anti-mouse
as the vaccine straif12,13] Vero E6 cells were cultivated  1gM, Sino-American Biotech) were added (10@well), and
routinely with MEM medium containing no bovine serum, incubated at 37C for 60 min. Washing the plates with PBST,
followed by infection with F69 strain virus. When the cyto- then OPD substrat@®{phenylendiamine, Sigma) was added
pathic effect (CPE) reached above 75%, the cell suspension(100ul/well) and incubated at 37C for 20 min. The reac-

was frozen and thawed three times, and stored &1°C. tion was stopped by 2.0 M sulfuric acid, and the absorbance at
The titer of virus suspension was measured at abofif 10 490 nm @490) was measured by a microplate reader (BioRad,
TCIDsg/ml. Model 550). In this assay, normal serum was used as negative
control, and a positive antiserum was included in each plate as
2.2. Preparation of inactivated vaccine an inter-plate variability control. Antibody titer was defined

as the highest dilution of serum at which g ratio (Az90

Large-scale cultivated F69 strain virus was inactivated by of sampleA490 of negative control) was greater than 2.0.
treatment with 0.4% formaldehyde (v/v) for 24 h, and the
inactivation efficiency (100%) and antigenicity of the inacti- 2.5. Neutralization test
vated virus were strictly identified 4]. After centrifugating
at 4000x g for 30 min, the virus supernatant was collected Neutralizing antibody titer was measured according to
and purified (concentration and gel permeation chromatog- the modified protocol for polio antibodi¢$5]. Each serum
raphy) as the immunogen for animal immunization. Three sample was diluted into two-fold serial dilutions with MEM
adjuvants were employed, namely, Freund’s adjuvant (includ- maintenance medium, then mixed with an equal volume of
ing Freund’s complete adjuvant and Freund'’s incomplete ad- 100 TCIDsg active virus and incubated at 3€ for 60 min.
juvant, Sigma), CpG adjuvant (1Q@/ml, provided by the After neutralization, the mixtures were successively added
Molecular Immunology Institute of the First Military Medi-  (100ul/well) into Vero E6 cell monolayers in microtiter
cal University, China), and Al(OH)adjuvant (self-prepared, plates; but wells for normal cell control were added into
1.0 mg/ml). An equal volume of adjuvant was mixed with the 100l maintenance medium, and wells for virus control were

prepared immunogen before immunization. added into unneutralized virus instead. After that, the plates
were incubated at 37T in 5% CQ incubator, and cell sta-
2.3. Animal immunization tus was monitored by SARS-CoV CPE every 24 h, until all

wells of virus control showed CPE but the cell control re-

The 6-week-old Balb/c mice were fed in groups in a neg- mained normal. Neutralizing antibody titer was defined as the
ative pressure isolator. These mice were divided into three highest dilution of serum, which protects 50% of the cultures
test groups according to the adjuvant: group A (immunized against CPE. Photographs were taken by a phase-contrast
with Freund’s adjuvant vaccine=4), group B (Al(OH} ad- microscope.
juvant vaccinen=4), and group C (CpG adjuvant vaccine,
n=4). Simultaneously, adjuvant controls (injected with ad- 2.6. Western blot assay
juvant alone) were set. Three times of immunizations were
given at intervals of 2 weeks (on DO, D14 and D28). The first ~ Western blot assay was carried out according to the Pro-
immunization was performed subcutaneously with a dose of tocol in Molecular Clonind16]. First, SARS-CoV proteins
0.2 ml (the virus protein concentration was 0.8 mg/ml before were separated by SDS-PAGE on a 5% stacking polyacry-
mixing with adjuvant) each mouse. The second and the third lamide gel in combination with a 12% separating gel in a
vaccination were carried out in celiac way with a dose of mini-apparatus (Bio-Rad, Mini Protean 3 Well). The sepa-
0.1 ml, but the vaccine for the third immunization contained rated proteins in the gel were then transferred to a nitrocellu-
no adjuvant. After the first vaccination, 11 batches of blood lose membrane in a small apparatus (Bio-Rad, Mini Trans-
samples were collected by tail bleeding from the initial day Blot) with 0.65 mA/cnf current for 2.5 h. After blocking with
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15% bovine serum in PBST for 60 min, the membrane was 18000

incubated with 1:400 mouse antiserum dilution or with nor- i | T :;‘:1‘[‘2}&
mal serum as negative control for 60 min at room tempera- o group B

ture. Washing with PBST, then the membrane was incubated lo0pp | —®— control B

| —#&— group C
| —a— control C

with HRP-conjugated goat anti-mouse 1gG (1:1000 dilution)

IgG antibody titers

for 60 min. Washing again, DAB substrate (diaminobenzi- 6000

dine, Sigma) was added and incubated until brown color D |

developed. A convalescent serum from SARS patient was p

used as a positive control, and incubated with 1:1000 HRP- 2000 f— g s
conjugated goat anti-human IgG antibodies (Sino-American 0 o 20 30 40 50 60 70
Biotech). Days after first vaccinatio

Fig. 2. Dynamic variations of specific IgG antibody titers. Three immuniza-
tions were given on DO, D14, and D28 (marked with three arrows in this

3. Results figure). Eleven batches of mice serum were sampled on DO to D64, and
were detected by ELISA. Each sample was two-fold serially diluted. HRP-
3.1. Variation of IgM antibody levels conjugated goat anti-mouse IgG antibodies and OPD substrate were applied.

The specific antibody titers were shown as the reciprocal of the highest serum

i : . . dilution at whichA4gp was two-fold greater than that of the negative control.
IgM antibody levels of the five sets of mice sera in the

first month were measured by ELISA, the results were shown
in Fig. L Results of adjuvant controls all were negative. In tions showed no positive effects on the rise of IgM antibody
test groups, anti-SARS-CoV specific IgM antibodies were titers.

induced by the inactivated vaccine. In groups A (immunized
with Freund’s adjuvant vaccine) and C (with CpG adjuvant
vaccine), IgM antibody levels varied regularly, both reached
a peak point on D12 and went down hereafter. In group B
(with Al(OH)3 adjuvant vaccine), IgM antibody titers pre-
sented a fluctuation between D8 and D19. Boosterimmuniza-

3.2. Dynamic changes of specific IgG antibody titers

Eleven batches of serum samples from DO to D64 were
measured by indirect ELISAF{g. 2). Specific IgG anti-
bodies were detectable one week after the first immuniza-
tion in all three test groups, but in very low titers. With the

0.80 r group A . . . . . . i
i contcol A stimulation of the second immunization, especially the third
060 O group B one, IgG antibody levels increased rapidly, and all peaked in
’ M control B

the sixth week. The maximum titer of groups A (with Fre-
und’s adjuvant vaccine) and B (with Al(Okladjuvant vac-
cine) was 1:12,800 and 1:25,600, which was four and eight
times of that of group C (with CpG adjuvant vaccine), re-
spectively. After this stage, the specific IgG antibody titers
0,00 b e . . of three test groups all went down to a relatively steady

- 8 12 19 26 level.
Days after first vaccination

8 group C
E control C

Ao of IgM

Fig. 1. IgM antibody levels of mice serum. Two inoculations had been given 3-3- Neutralizing antibody titers
on DO and D14. Five sets of mice serum were collected from three test
groups (group A: immunized with Freund's adjuvant vaccine, group B:with  Two sets of mice antisera were examined. These samples

Al(OH)3 adjuvant vaccine, group C: with CpG adjuvant vaccine) and control were collected on D26 (2 days before the third Vaccination)
groups (injected with adjuvant alone) on D4 to D26, and were measured by

indirect ELISA. Each sample was 1:100 diluted. HRP-conjugated goat anti- and D40 (12 days after thlr.d vacqlnatlon) frf)m t_he mice of
mouse IgM antibodies and OPD substrate were used. The absorbance aBfoUP A, which were immunized with Freund’s adjuvant vac-

490 nm Qyg0) Was read and analysed as the mean valued). cine. The results were shownTable landFig. 3

Table 1

Neutralization test assay of mice antisera immunized with inactivated vaccine from SARS-CoV F69 strain

Serum no. Dilutions of serum Neutralizing titer
1:128 1:256 1:512 1:1024 1:2048 1:4096 1:8192

D26 _ _ — — ++ +++ ++++ 1:2410

D40 — — - + ++ +++ +H++ 1:2028

2 Two sets of mice antisera sampled on D26 and D40 from group A (immunized with Freund’s adjuvant vaccine) were detected by micro-cytopathic effect
neutralization tests. Symbols ef, +, ++, +++, and ++++ represent the CPE rates of 0, 1-25, 26-50, 51-75 and 76—100%, respectively. Neutralizing antibody
titers were calculated by theg#ber formula.
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®)

Fig. 3. Photographs of micro-cytopathic effect neutralization tests. The antiserum collected on D26 from group A (with Freund’s adjuvant aactingdv

into two-fold serial dilutions, and incubated with an equal volume of active F69 virus dilution (100spCWfter neutralization, each mixture was added to

Vero E6 cell monolayers in micro-plates, and incubated aC3t observe CPE status. These photographs showed the morphologic changes of Vero E6 cells at
72 h after infection. (A) Cell control (no CPE); (B) virus control (infected with active SARS-CoV, 100% CPE); (C) cell morphologic changes intadteel wi
antiserum-neutralized virus mixtures. (C-1 and C-3) Without CPE, at the serum dilution of 1:1024. (C-2 and C-4) About 50% CPE, at the dilutidh of 1:204

For the serum samples on D26, no CPE presented at the
dilution of 1:1024, 50% CPE at 1:2048, 100% CPE at 1:8192
(columns 5, 6 and 8 in row Jable J); the neutralizing an-
tibody titer was calculated to be 1:2410. For the samples on
D40, 25% CPE was observed at the dilution of 1:1024, 50%
CPE at 1:2048, and 100% CPE at 1:8192 (columns 5, 6 and
8 in row 4, Table J); the neutralizing titer was 1:2028.

Fig. 3 displayed the neutralization photographs at 72h
with the antiserum collected on D26 from group A. Com-
pared with cell control Kig. 3A), positive control showed
marked morphologic changes with CPE, the cells infected
with SARS-CoV became refractile and roundédg( 3B).

In neutralization tests, the active virus was first neutralized
with serially diluted antiserum, then added to Vero E6 cell
monolayers. Under the neutralization of 1:1024 diluted an-
tiserum, cells still kept the same normal morphologic char-
acters Fig. 3C-1 and C-3) as the uninfected cells. But un-
der the neutralization of 1:2048 dilution, the cells presented
morphologic changes with about 50% CHEg 3C-2 and
C-4).

(A) (B)

3.4. Specificity identification of the antiserum
Fig. 4. Identification of the specific IgG antibodies by Western blot assay.

Th . led D33 Al ized SARS-CoV proteins were separated by SDS-PAGE, and transferred to a
e antiserum sampled on romgroup (lmmumze nitrocellulose membrane. The membrane was incubated with serum dilutions

with Freund’s adjuvant vaccine) was identified by Western and then with HRP-conjugated secondary antibodies. DAB substrate was
blot. Separated proteins from inactivated SARS-CoV sus- added to develop a brown color. (A) SDS-PAGE gel. This gel was stained
pension showed two dominant bands (about 50 and 25 kDa)with Coomassie blue (M: protein marker, lane 1: separated protein bands).
and several minor bands in the gel (Ian(Fig. 4) The anti- (B) Western blot profile (lanes 2, 3 and 4 were separately operated). Lane 2:
. . . . . _mouse antiserum interacted with the antigenic proteins in the membrane, two
serum interacted with the electro-transferred wrgs antigenic strong positive bands presented; lane 3: positive control with a convalescent
proteins, and two strong bands showed on the nitrocelluloseserum of SARS patient, similar positive resultwas exhibited; lane 4: negative

membrane (lane Fig. 4). A convalescent serum of SARS  control with a normal mouse serum.
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patient was used as positive control, and also showed twoparent values, which was estimated at about 50 and 25 kDa
similar bands (lane Fig. 4). But no positive reaction was that was equivalent to N and M protein of SARS-CoV, re-
detected with normal serum (laneHg. 4). spectively. S protein was not detected; it is likely due to the
loss in long-term storage after inactivation and in the sample
treatment, or together with the relatively low S protein con-
4. Discussion tent[11,26] Following the immunochemical reactions with
the antiserum, two strong bands exhibited on the membrane
Immunogenicity evaluation is an essential work to the de- (lane 2,Fig. 4) exactly at the corresponding position in the
velopment of viral inactivated vaccines. SARS-CoV is highly gel, whereas no color bands generated on the membrane with
infective and lethal, no ready immune protocols may be di- normal serum (lane #ig. 4). A convalescent serum of SARS
rectly employed. In this study, SARS-CoV was 100% inac- patient was used, and the same positive result was obtained
tivated by treatment with 0.4% formaldehyde (v/v) for 24 h, (lane 3,Fig. 4), which further demonstrated the specificity of
and the antigenicity was well presernddl]. Three times of the antibodies induced with the inactivated vaccine produced
immunizations at two-week intervals were applied. The re- from F69 strain.
sults showed that SARS-CoV F69 strain inactivated vaccine  In summary, this study described the safety and immuno-
could induce potent humoral immune responses in Balb/c genicity of the deactivated SARS vaccine tested on C57BL/6
mice. Our other studies on the evaluation of this vaccine in model. The results indicated that the specific IgG antibod-
rats, rabbits, horses and rhesus monkeys (results not shown)gs were produced after being immunized with inactivated
also suggested its strong immunogenicity. SARS-CoV vaccine and the kinetics of the IgG-specific
Adjuvants may play active roles in the generation and antibody was shown well regularity. The antiserum could
maintenance ofimmune responses. Freund’s adjuvantis comspecifically neutralize the SARS-CoV. The antibodies against
monly used in animal vaccines. Al(Ogladjuvant is a safe ~ SARS-CoV proteins (M and N) appeared in the antiserum by
and recommended adjuvant in human vaccjt&sl8] CpG Western blot assay. Our results provided the evidence that the
(CpG maotif) is a new immune stimulatory DNA sequence, it inactivated SARS vaccine can produce the specific antibodies
is likely to be used as a new type of human vaccine adjuvantand implicated the therapeutic application of the deactivated
with low side-effects and high immune poter{@g]. In this SARS vaccine.
study, these three kinds of adjuvants were used combining
with F69 inactivated vaccine, a marked difference existed
among them, Al(OH) adjuvant and Freund’s adjuvant ex- Acknowledgement
hibited stronger stimulatory efficacy than CpG adjuvant.
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