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Abstract

By using Vero E6 cell culture, 10 strains of SARS coronavirus (SARS-CoV) were isolated.
Continuous passages of two strains (TW1 and TW6) are kept. One strain (TW1) can keep high
titer yield of virus after continuous passages in Vero E6 cells for ten times. Among different
cell lines (Vero E6, FRHK-4, MK-2, HEp-2, A549, MDCK, BEAS-2B, Hep-G2, QT, Molt-4,
U937, Jurkat) tested, the Vero E6 is the most susceptible cell line for growing SARS-CoV.

The traditional micro-neutralization test has been setup and optimized. Convalescent human
sera were collected from 13 patients with SARS and examined for their neutralization
activities. Results indicated that all of the patient sera possess neutralizing activity against
both homologous and heterologous strains of SARS-CoV. The cross neutralization activities
of the patient sera to the heterologous SARS viruses were mostly equal or only at a 2-fold
difference to the homologous strain.

In this study, we also set up a reference laboratory for screening of the neutralizing
activities against SARS-CoV present in the serum of patients, immunized animals, and in
monoclonal antibodies and to develop a rapid test for this purpose. In addition to traditional
neutralization method, combination of reverse transcription (RT) and real-time PCR is used to
detect positive-sense or negative-sense RNA a few hours after the step of neutralization. In
order to find the appropriate time to detect the RNA species, the kinetics for positive-sense
and negative-sense RNA transcription will be quantitatively analyzed first. SARS-CoV TW-1
strain and Vero E6 cell line are used throughout the experiments. The preliminary data
showed that both positive-sense and negative-sense RNA could be detected early after
infection. Using RT real-time PCR, neutralization of SARS-CoV could be determined as early
as eight hours after inoculation of cells with the virus-serum mixture. This method could
reduce the waiting time at least 48 hours as compared to the traditional TCID50 method. In
addition to the advantage of rapidity, this method could reduce the observation time under the
microscope and the working time in the P3 laboratory. The preliminary data showed this rapid
method of neutralization assay can work and practice well.

The P3 laboratory facility was also kept in whole function. It provides all SARS related
study in National Taiwan University. This project also help to do neutralization assay of
mouse hyper-imimune with Co60 inactivated SARS CoV or SARS VLP and some chemical
agents for antiviral activity. A lot of samples requested for neutralization assays were from
several PIs from NHRI, Academica Sinica , NTU and other research institutes.

Key words: SARS-CoV, Neutralization test, RT Real time PCR
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Introduction

Since November 2002, severe acute respiratory syndrome (SARS) has been spreading in the
world for 8 months. China, Hong Kong and Vietnam, Canada are the most affected areas.
Taiwan also has been hit by this epidemic. There were 346 probable cases were found in Tawan,
2003. The mortality rate was 10.7% (WHO). New coronavirus (SARS-CoV ) has been
recognized as the etiology of SARS. After comparing full length of SARS CoV genome,
various genotypes were found circulated in different geographic areas (Ruan et. al, 2003). The
first SARS-CoV (TW1) was isolated in our laboratory from the patient with probable SARS in
first outbreak in Taiwan. The genomic full length of this virus isolate has been done and filed in
GenBank (Huseh et al). After the first episode of SARS in Taiwan, several cluster of outbreak
has occurred. By using Vero E6 cell culture, 10 strains of SARS coronavirus (CoV) were
isolated in our laboratory from patients with probable SARS during the period from March to
May 2003 that covered the first and second stage of SARS outbreak in Taiwan. Four strains
were isolated from fatal cases. Most of the strains were isolated from clinical specimens such as
sputum, nasopharyngeal aspirates or throat swabs. Only one strain was from urine sample.
Among 10 strains, whole genomes of 4 strains were completely sequenced and put on
GeneBank. Two strains, TW1 (from NTUH) and TW6 (from Ho-Ping Hosp) were passage in
Vero E6 cells for 10 and 5 times respectively. Various genotypes of SARS-CoV were also
found in different period of outbreaks in Taiwan (Yeh et al). However, the biological properties
of SARS-CoV were still not well characterized. Ng et al has been reported SARS-CoV can
grow rapidly in Vero E6 cells. Extracellular SARS-CoV virus particles were presented by 5
hours post inoculation in about 5 % of infected cells. The other properties such as plaque
morphology, sensitivities in different growth temperature etc have been not known. Is there any
difference of biological properties exited in these different clinical isolates? And are the
biological properties of parent strains still kept in those virus strains after continuous passage
for several times? For control and prevention of reemerging of SARS, a safe and efficacious
vaccine against SARS is urgently needed. Neutralization of virus infectivity by antibodies is an
important component of immunity to several virus infections (Klasse and Sattentau, 2002).
Production of neutralizing antibodies is crucial for evaluation of the effectiveness of a candidate
vaccine. Thus detection of neutralizing antibodies is an essential part of SARS vaccine
development .In order to answer these questions and to provide neutralization assay, we
proposed this research proposal. The project consists three parts.

(1) In order to understand the biological properties of SARS-CoV isolated in Taiwan. We
use the first SARS-CoV strain isolated in our laboratory as reference. Some clinical isolates
of SARS-CoV in the later time of outbreaks were chosen for study. In addition to the low
passage number of virus isolates, the higher passage numbers of some strains were also
used for comparing. By using the established neutralization assay, we will compare the
neutralization activity of different clinical isolates against various SARS patient sera.
(2) We also intend to continue set up a reference laboratory for screening of the neutralizing
activities against SARS coronavirus present in the serum of immunized animals and in
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monoclonal antibodies. SARS coronavirus. TW-1 strain and Vero E6 cell line will be used
throughout the experiments. Micro-neutralization test for SARS-CoV will be used in general.
The inhibition of 100 TCIDs, was used as the criteria for neutralization assay. The conditions
for performance of micro-neutralization assays (TCIDsg) will be optimized and standardized
further. In addition to conventional neutralization assay, rapid virus neutralization test is
performed by quantitatively detection of viral RNA using reverse transcription and real-time
PCR. Real-time PCR has been extremely useful for studying viral agents of infectious disease
and helping to clarify disputed infectious disease processes. Real-time PCR is very sensitive
and rapid. It has been used to detect viral transcripts with high sensitivity (Wang, et al. 2000,
2002).

Using reverse transcription (RT) and real-time PCR, it is possible to detect changes of
the quantities of viral RNA. Our preliminary data showed that viral RNA could be detected
early after infection. Using RT real-time PCR, neutralization of SARS CoV could be
determined as early as eight hours after inoculation of cells with the virus-serum mixture. This
rapid method will be optimized, standardized and compared with traditional methods. In order
to find the appropriate time to detect the RNA species, the kinetics for RNA transcription
were quantitatively analyzed. This method could reduce the waiting time at least 48 hours as
compared to the traditional TCIDsy method. In addition to the advantage of rapidity, this
method could reduce the observation time under the microscope and the working time in the
P3 laboratory.

(3) Since the virological work of the SARS-CoV needs to be carried out in the P3 facility,
maintenance of a standard P3 core facility is very important for the SARS research. In last
year’s project, the P3 facility at the College of Medicine, National Taiwan University has gone
through a complete check up and maintenance as well as renewal of several equipments. In this
year, the P3 facility requests expenses for the basic maintenance, consumables and the

laboratory manager.

With the global efforts to combat this highly contagious and potentially life-threatening
infectious disease, it is essential to maintain a standard P3 core facility for many studies
involving the SARS-CoV. A good P3 facility at the College of Medicine, National Taiwan
University will contribute greatly to our fights against this important infectious disease.

The results of this study can provide virus strains for molecular epidemiological study of

SARS- CoV in Taiwan. It will provide important information for the vaccine development.



Materials and Methods

Continuous passage of SARS-CoV isolates. 3 to 5 strains of SARS-CoV isolated in NTUH
will be selected for continuous passage. Vero E6 will be used as the host cells. After confluent
growth of cells in 25 cm” tissue culture flask, virus will be added into the flask and incubate at
37 C 5% CO; incubator for absorption.1 hour. Eagle’s MEM supplemented with 2 % fetal
calf serum will be added as maintenance media. After 3-5 days, when the viral cytopathic
effect reaching above 75%, the culture supernatants are collected and centrifuged at 1800 rpm
for 10 min. The clarified supernatants are collected and aliquoted into small quantities and

stored at temperatures below —75°C . The passages were all performed in P3 laboratory located
in College of Medicine, National Taiwan University (MC, NTU).

Titration of SARS virus infectivity. The virus stock will be titrated using standard TCIDs
method and plaque assay. Virus suspension will be serially 10-fold diluted. For TCIDs,
method, the diluted virus will be seeded onto 96-well plate, then Vero E6 cells will be added.
In order to get the best results, the length of incubation time, from 2 to 5 days, will be
determined first. TCIDso, 50% tissue culture infective dose, will be calculated according to the
Reed-Muench method. For plaque assay, the diluted virus will be inoculated onto monolayer
cultures of Vero E6 in 6-well or 24-well plate. After adsorption at 37°C for 1h, the cells will
be overlaid with EMEM containing 2% FCS and 0.3-0.4% agarose. The plaques will be
visualized by staining with crystal violet. Before counting the plaques, the virus and cells in
the plates will be treated with 10% formalin for at least 1 h. Plaque forming unit per ml
(PFU/ml) will be calculated. .

Virus neutralization test. Neutralization test utilizing TCIDso method will be performed in
96-well plate. Virus suspension diluted to contain 100 TCIDs (in the volume loaded into each
well) will be mixed with equal volume of diluted serum or monoclonal antibodies. When
screening of large numbers of immunized animal serum, the serum will be diluted at 1:10 and
tested by using TCIDso method. After the virus-serum mixture is incubated at 37°C for one
hour, 100 ¢ 1 of mixture was added to each micro-well with confluent growth of Vero E6
cells. T Two to 5 days later, the viral CPE will be examined under the inverted microscope.
The serum with neutralizing activity will be further diluted, and the endpoint of the

neutralizing activity will be determined.

Extraction of viral RNA. After Vero E6 cell suspension has been added onto the virus-serum
mixture in 96-well plate, total RNA will be extracted from the virus-infected cells at certain
time point. A semi-automatic RNA extractor (ABI 6100) employed the RNA isolation kit (ABI)

will be used.



Primer and probe design. Appropriate primer and probe sequences for real-time PCR are
selected through screening by the software PrimerExpress (ABI). The sequences in ORFla
and N gene of the genome of TW-1 strain (AY291451) have been screened. Fragments of less
than 100 bp in length will be generated when subjected into the RT-real-time PCR. Primers
for amplification of larger fragments of 200-300 bp in length containing the above sequences
will also be designed using software OLIGO 6. These larger fragments are cloned and used as

the constructs for production of RNA.

Generation of constructs and RNA. The 200-300 bp fragments generated by PCR, using the
plasmid containing TW-1 fragment as the template, are cloned into the vector pCRII-TOPO
(Invitrogen). The clones are screened by restriction enzyme digestion and nucleotide sequence
analysis. The in vitro-transcribed positive-sense RNA generated by T7 transcription (Promega)
of the HindIII-linearized plasmid are purified by phenol-chloroform extraction and quantified
by spectrophometry (Wang et al. 2000, Wang et al. 2002). The copy number of the RNA is

calculated based on the concentration measured and its molecular weight.

RT-real-time PCR. RT-real-time PCR will be performed in a separate room from that used
for RNA isolation, and precautions for PCR will be followed to avoid contamination (Kwok and
Higuchi 1989). An RT-real-time PCR will be used to quantify intracellular SARS virus RNA by
using different primers in the RT step. For quantification of positive-sense SARS virus RNA,
an aliquot of total RNA isolated from SARS virus-infected or uninfected cells and known
amounts of positive-sense RNA (ex. 1, 10, 100, 1,000, 10,000, 100,000, and 1,000,000 copies)
are subjected to RT using an antisense primer, and a cDNA synthesis kit (Life Technologies).
An aliquot of the cDNA is then subjected to real-time PCR using the designed primers and
Probe, the TagMan universal PCR master mix reagent kit (ABI). The amplification conditions
will follow that recommended by the manufacturer. The ABI Prism 7000 sequence detector
will be used to analyze the emitted fluorescence during amplification. A positive result is
defined by the cycle number (CT value) required to reach the threshold, which is 10 times the
standard deviation of the mean baseline emission calculated for PCR cycles 3 to 15. The

amounts of intracellular SARS virus RNA will be determined.

Neutralization Test for Real-Time RT-PCR

Vero E6 cells were seeded in a 96-well plate in MEM plus 10% FBS at 37°C overnight
until confluence. 100 TCIDsy) SARS-CoV was incubated with the sera from patients in the
convalescent phase or from mice immunized with synthetic peptides of SARS-CoV at 37°C for
1 h. Subsequently the cells were inoculated with the mixture of virus and sera at 37°C for 1 h.
After the wells were washed with PBS three times, and then MEM plus 2% FBS was added to
each well in a total volume of 100 pL. The contents of wells were collected on 8hr
post-infection and titrated with real-time RT-PCR described as above.



Optimization and standardization of neutralization assay for SARS-CoV. We intend to
continue the task to establish a reference laboratory for screening of SARS neutralizing
antibodies, not only by the traditional methods but also by a rapid method. In addition
conventional neutralization assay, rapid virus neutralization test is performed by quantitatively
detection of viral RNA using reverse transcription and real-time PCR. This method will be
standardized and compared with traditional methods. The efficiency of real-time PCR using
different sequences of SARS CoV genome as the target will be evaluated. It will be useful for
improving the rapid assay. The neutralization will be collaborated with other principal

investigators for antiviral activity assay and vaccine effectiveness evaluation.

Maintenace of P3 facility. In last year’s project, our P3 facility has gone through a complete
check up and maintenance as well as renewal of several equipments. In this year, the P3
facility requests expenses for the basic maintenance, consumables and the laboratory manager
for support all the SARS study..



Results

Susceptibility of cell lines for SARS-CoV growth

The cellular tropism of SARS-CoV was analyzed by passage TW1 strain in the different
cell lines. The results indicated that cell lines (Vero E6 and FRHK-4) established from
monkey were susceptible for SARS-CoV (Table 1). Among them, Vero E6 was more sensitive
than FRHK-4 for virus growing. All cell lines from human origin were not support for
SARS-CoV growth.

Optimization and standardization of neutralization assay for SARS-CoV

At original developed neutralization test, the cell suspension was added after the end of
incubation of serum-virus interaction, the pre-cultured Vero E6 cells on 96 well plates were
used in the latter stage due to the consistence of reading of the final results of neutralization.
The titrations of SARS-CoV on the Vero E6 cells were also compared between culture
medium with 2% fetal calf serum and serum free culture medium. The results indicated that
the higher titer of SARS-CoV was found in serum medium than it did in the serum free
medium (1 logjo). So the monolayer and the culture medium with 2% fetal calf serum was
used for neutralization test in the whole study.

Neutralization activity of SARS-patients sera against SARS-CoV

Convalescent human sera were collected from 13 patients with probable SARS and
examined for their neutralization activities. Among the 13 specimen, three (sera 1-3) were
collected from patients infected at the first stage of the SARS outbreak in Taiwan, ten (sera
4-13) were collected from patients infected at the second stage of the outbreak. The TW1 and
TW6 strains were originally isolated from the patients 1 and 4, respectively. Results in Table 2
indicated that all of the patient sera possess neutralizing activity against both homologous and
heterologous strains of SARS-CoV. The cross neutralization activities of the patient sera to the
heterologous SARS viruses were mostly equal or only at a 2-fold difference to the
homologous strain. The established neutralization test can also applied for the detection of
mouse sera against synthetic peptides of SARS-CoV(Table 3).

Continue passage of SARS-CoV
SARS CoV can grow very after the continuous passage of TW1 in VeroE6 ten times. The
virus yield sill keeps in the high titer even at the end of ten passagers(Table 4).

Establishment of a real-time PCR assay

To establish a real-time RT-PCR assay for SARS-CoV, a primer pair, real-pol-F and
real-pol-R, and a fluorescent probe (FAM), probe-pol, in SARS-CoV RdRP region were
designed. In addition, a primer pair, real-3’-F and real-3’-R, and a fluorescent probe (VIC),
probe-3’°, in SARS-CoV NC region were designed. The feasibility of the real-time PCR assay
was examined first. A standard curve was generated from serial 10-fold dilutions of known
amounts of the SARS-CoV RdRP RNA transcript or NC RNA transcript (Fig.1,2)). The assay
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had a linear response over at least a 7-logjo concentration range, from 50 to 50,000,000
copies/reaction (R* = 0.997 or 0.999).

Time course of SARS-CoV RNA in virus-infected Vero EG6 cell

The SARS-CoV stock titer was determined by observation of cytopathic effect, which
was 10>° TCIDsy/25 ul (1.64 x 10’ TCIDso/ mL). Vero E6 cells were inoculated with serial
10-fold dilutions of SARS-CoV stock and subsequently the amounts of SARS-CoV RNA were
detected at different time points, 0, 4, 6, 8, 10, 12, and 24 hours. Quantification of SARS-CoV
by the real-time PCR assay during the course of infection is shown. The amounts of viral RNA
increased gradually with time and could be detected at significant level after 8 hours. Even viral
RNA could be detected at 4 hours after cells were infected with 107 virus stock (Fig. 3). These
results indicated the applicability of this assay in monitoring viral replication during the course
of infection.

Neutralization test by real-time RT-PCR

To determine whether the antibodies in the sera had neutralizing activity against
SARS-CoV, the neutralization tests were necessary. The sera from patients in the convalescent
phase or from mice immunized with synthetic peptides of SARS-CoV were examined by the
neutralization tests. Thereafter the cytopathic effects (CPE) were observed by microscopy; the
viral RNA, meanwhile, was measured by real-time PCR(Fig 4,5). The results obtained by
traditional method demonstrated that the sera from healthy individuals had no neutralizing
activities against SARS-CoV as CPE could be observed. However, the sera from patients in the
convalescent phase could neutralize SARS-CoV because of no CPE. Unfortunately, the sera
from mice immunized with synthetic peptides of SARS-CoV were unable to neutralize
SARS-CoV.

The results of real-time PCR were consistent with those of traditional methods as above.
The SARS-CoV RNA could be detected after the SARS-CoV was pretreated with sera from
normal individuals and from mice. Nevertheless it could not be detected after virus was
pretreated with sera from patients in the convalescent phase.

Neutralization activity assay

The P3 laboratory facility was kept in whole function. It provide all SARS related study in
National Taiwan University. This project also help to do neutralization assay of mouse
hyper-imimune with Co60 inactivated SARS CoV or SARS VLP and some chemical agents.
The samples asked for neutralization assays were from several Pls

from NHRI, NTU other research institutes.



Discussion

The different susceptibility of various cell lines suggested that the expression of receptors for
SARS CoV on the cells are different. For clinical diagnosis use the VeroE6 is still the best
chose for culture of SARS CoV.

Various phyologenetic clusters of SARS-CoV have been reported during different outbreaks
occurred in Taiwan. However the hyper-immune mouse of one cluster of SARS-CoV isolated
from the first stage of outbreak could also effectively neutralize another cluster of SARS-CoV
isolated from the second stage of outbreak. And the convalescent sera from SARS patients in
two outbreaks also could cross neutralize both kinds of clusters of SARS-CoV efficiently. The
results imply that choosing of SARS-CoV virus strain from first stage of outbreak in Taiwan as
a vaccine candidate may provide the protection of different clusters virus infection and vice
versa. It is also suggested that to get re-infection in human population recovered from the first
stage outbreak of SARS with different clusters of SARS-CoV occurred in the late stage of
outbreak in Taiwan is not easily anticipated. The biological properties of ten SARS-CoV
isolates will be characterized in the future.

This study revealed that utilizing RT real-time PCR could indeed detect the neutralizing
activity against SARS-CoV more rapidly. The parameters of this new method need be
optimized further and more serum samples are required for further evaluation.
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Table 1. Gorwthof SARS-CoV(TW1) in Different Cell Cultures

Kind of cells CPE Titer IF stain with SARS
observation poloclonalantibody

HEp-2 - ND -

A549 - ND -

HEL - ND -

MDCK - ND -

BEAS-2B - ND -

Hep-G2 - ND -

oT ] ND ;

MK-2 +/- ND +

Molt-4 - ND i

U937 - ND -

Jurkat +/- ND +/-

ND:Not done

10




Table 2. Neutralization of 13 patient sera against two different SARS-CoV strains

Patient Sera* SARS-CoV**

TW1 TW6
1 32 64
2 1024 512
3 512 128
4 128 128
5 64 32
6 128 64
7 512 256
8 64 32
9 256 128
10 256 256
11 64 32
12 128 128
13 512 512

* Sera 1-3 were collected from patients infected at stage 1 of SARS outbreak in Taiwan and
sera 4-13 were collected from patients infected at stage 2 of SARS outbreak.

** TWI1 and TW6 were isolated from patients 1 and 4, respectively.
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Table 3. Detection of neutralizing antibodies against SARS-CoV

Serum* CPE**
Mouse 1 +
Mouse 2 +
Mouse 3 +
Mouse 4 +
Patient 1 -
Patient 2 -
Patient 3 -
Patient 4 -
Patient 5 -
Human normal serum control +
Virus  control +
Cell control -

Mouse 1~4: sera from mice immunized with synthetic peptides of SARS-CoV
Patient 1~5: sera from patients in the convalescent phase
Human control: sera from normal individuals
CPE observation at 72 hours after SARS-CoV infection
+: CPE > 50% -:No CPE

Table 4. Virus titers in different passages of TW 1

Number of Passage Copies
5 1.133X10°
6 5.469X10°
7 4.504X10°
8 1.687X10°
9 1.931X10°
10 1.288%X10°
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Fig. 1 Standard curve for real-time PCR with the RARP RNA

transcripts
The total volume of reactants is 25 pL, including 1x TagMan Universal PCR Master Mix, 8
pmol primers(Real-pol-F and Real-pol-R), 8 pmole Tagman-MGB probe (Probe pol) and 5 pL
RdARP positive-sense RNA standards (5 ~ 5 x 10’ molecules). Real-time PCR was used to
quantify the amounts of RNA and standard curve was plotted. R* = 0.9966 - NTC: no template

control o
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Fig. 2 Standard curve for real-time PCR with the NC RNA transcripts

The total volume of reactants is 25 pL, including 1x TagMan Universal PCR Master Mix, 8
pmol primers(Real-3’-F and Real-3’-R), 8 pmole Tagman-MGB probe (Probe 3’) and 5 uL NC
positive-sense RNA standards (5 ~ 5 x 10" molecules). Real-time PCR was used to quantify the
amounts of RNA and standard curve was plotted. R* = 0.9987 - NTC: no template control
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Fig. 3 Time course of SARS-CoV RNA in virus-infected Vero E6 cells suspension was
10-fold serially diluted and then inoculated Vero E6 cells. The contents of wells were collected
on 0, 4, 6, 8, 10, 12, and 24 hr postinfection. The templates, positive-sense NC gene RNA were
reverse transcribed with clone-3’-R primer. The negative-sense NC gene RNA were reverse
transcribed with clone-3’-F primer. Real-time PCR was then used to quantify the amounts of
cDNA. Cell: uninfected Vero E6 cells °
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Fig 4. Detection of neutralizing antibodies in sera by real-time PCR (RdRP

gene)
100 TCIDsy SARS-CoV was incubated with the 10-fold diluted sera from patients in the
convalescent phase or from mice immunized with synthetic peptides of SARS-CoV at 37°C for
1 h. Subsequently the cells were inoculated with the mixture of virus and sera. Then the wells
were washed with PBS three times. The contents of wells were collected on 0 and 8hr
postinfection. The templates, positive-sense RARP gene RNA were reverse transcribed with
clone-pol-R primer. Real-time PCR was then used to quantify the amounts of cDNA.
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Neurtalization Test (NC)
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Fig. 5 Detection of neutralizing antibodies in sera by real-time PCR (NC

gene)

100 TCIDsy SARS-CoV was incubated with the 10-fold diluted sera from patients in the
convalescent phase or from mice immunized with synthetic peptides of SARS-CoV at 37°C for
1 h. Subsequently the cells were inoculated with the mixture of virus and sera. Then the wells
were washed with PBS three times. The contents of wells were collected on 0 and 8hr
postinfection. The templates, positive-sense NC gene RNA were reverse transcribed with

clone-NC-R primer. Real-time PCR was then used to quantify the amounts of cDNA.
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