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Accurate and timely diagnosis of severe acute respiratory syndrome coronavirus (SARS-CoV) infection is a
critical step in preventing another global outbreak. In this study, 829 serum specimens were collected from 643
patients initially reported to be infected with SARS-CoV. The sera were tested for the N protein of SARS-CoV
by using an antigen capture enzyme-linked immunosorbent assay (ELISA) based on monoclonal antibodies
against the N protein of SARS-CoV and compared to 197 control serum samples from healthy donors and
non-SARS febrile patients. The results of the N protein detection analysis were directly related to the
serological analysis data. From 27 SARS patients who tested positive with the neutralization test, 100% of the
24 sera collected from 1 to 10 days after the onset of symptoms were positive for the N protein. N protein was
not detected beyond day 11 in this group. The positive rates of N protein for sera collected at 1 to 5, 6 to 10,
11 to 15, and 16 to 20 days after the onset of symptoms for 414 samples from 298 serologically confirmed
patients were 92.9, 69.8, 36.4, and 21.1%, respectively. For 294 sera from 248 serological test-negative patients,
the rates were 25.6, 16.7, 9.3, and 0%, respectively. The N protein was not detected in 66 patients with cases of
what was initially suspected to be SARS but serologically proven to be negative for SARS and in 197 serum
samples from healthy donors and non-SARS febrile patients. The specificity of the assay was 100%. Further-
more, of 16 sera collected from four patients during the SARS recurrence in Guangzhou, 5 sera collected from
7 to 9 days after the onset of symptoms were positive for the N protein. N protein detection exhibited a high
positive rate, 96 to 100%, between day 3 and day 5 after the onset of symptoms for 27 neutralization test-positive
SARS patients and 298 serologically confirmed patients. The N protein detection rate continually decreased
beginning with day 10, and N protein was not detected beyond day 19 after the onset of symptoms. In
conclusion, an antigen capture ELISA reveals a high N protein detection rate in acute-phase sera of patients
with SARS, which makes it useful for early diagnosis of SARS.

Severe acute respiratory syndrome (SARS) is an emerging
infectious disease of significant public health concern. Due to
the recurrence of SARS in Guangzhou and Beijing, China, we
would like to stress the tremendous importance of sensitive,
easy, and reliable early diagnosis of the SARS coronavirus
(SARS-CoV) infection. The three major diagnostic methods
currently available are (i) viral RNA detection using real-time
reverse transcription (RT)-PCR (8, 15, 20), (ii) antibody de-
tection using indirect immunofluorescence assay (2), or (iii)
using both the recombinant N protein and culture extracts of
SARS-CoV-based enzyme-linked immunosorbent assay (ELISA)
(10, 16, 19). Although RT-PCR is a useful assay during the
early phase of SARS-CoV infection with regard to sensitivity,
it relies heavily on experienced technicians and specialized
laboratory equipment and sometimes provides false-positive

results due to contamination. Serological tests, however, do
not provide early diagnosis, since the median time to serocon-
version in patients with SARS is 17 to 20 days after the onset
of symptoms (14). Since SARS-CoV appears in the blood
much earlier than the antibodies (21), the identification of
SARS-CoV antigen in sera may provide a possible method for
early diagnosis of SARS. Since the nucleocapsid (N) proteins
of known coronaviruses are relatively conserved, immuno-
genic, and abundantly expressed during infection (6, 9), we
tried to determine whether the N protein is a potential early
diagnostic marker for SARS. Recently, we reported the devel-
opment of an antigen-capture ELISA based on monoclonal
antibodies (MAbs) against the N protein of SARS-CoV (4).
High levels of circulating N protein can be detected in the sera
of patients with SARS (3). In this study, we further evaluate its
early diagnostic value by using a large number of clinical sam-
ples collected between 2 February and 5 May 2003, during the
SARS epidemic in Guangzhou, People’s Republic of China.
The serum specimens from the recurrence of SARS in Guang-
zhou are also analyzed (12).
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MATERIALS AND METHODS

Clinical samples. A total of 829 serum specimens were collected at 1 to 115
days after the onset of symptoms from 643 patients who were reported to have
probable or suspicious symptoms of SARS between 2 February and 5 May 2003
during the SARS epidemic in Guangzhou. Of these patients, 204 had paired
serum specimens available for serologic analysis, in which the acute-phase serum
specimens were collected at day 1 to day 15 and the convalescent-phase serum
specimens were subsequently obtained at day 28 or longer after the onset of
illness. Sixteen serum specimens were collected from four patients during the
recurrence of SARS in Guangzhou from 22 December 2003 to 30 January 2004.
Another 197 serum specimens were used as controls. Of these samples, 30 sera
were identified as positive for the influenza immunoglobulin G (IgG) antibody at
a fourfold increase in antibody titer, 35 sera were identified as positive for the
dengue IgM antibody, 32 sera were identified as positive for the measles IgM
antibody, and 100 sera were from healthy blood donors. All of the serum spec-
imens were stored at �20°C until tested.

MAb-based antigen capture ELISA for detection of SARS-CoV nucleocapsid
protein. Cloning and purification of the glutathione S-transferase-nucleocapsid
fusion protein and development of monoclonal antibodies specific to the N
protein of SARS-CoV have been reported previously (5). Evaluation of the
MAb-based ELISA for detection of the N protein of SARS-CoV in sera and viral
cell culture supernatant has been described previously (4). Briefly, Costar mi-
crotiter wells (Corning Incorporated) coated with a mixture of three different
antinucleocapsid monoclonal antibodies, N10E4, N1E8, and N8E1, were vacuum
dried and stored at 4°C before use. One hundred microliters of serum was added
to the wells of the microtiter plate coated with the mixture of three anti-
nucleocapsid protein MAbs, and the plates were incubated at 37°C for 60 min.
After the wells were washed in phosphate-buffered saline with 0.05% Tween 20,
antinucleocapsid rabbit serum was added at a 1:4,000 dilution and the plate
contents were incubated at 37°C for 1 h. After the wells were washed, a 1:5,000
diluted horseradish peroxidase-conjugated goat anti-rabbit antibody (Zymed
Laboratory Inc., South San Francisco, Calif.) was added. After three further
washes, 100 �l of tetramethylbenzidine solution was added to each well. The
reaction was stopped by adding 50 �l of 0.5 N sulfuric acid, and the plates were
examined at 450 nm. Samples with an absorbance at 450 nm above the cutoff
value (mean of negative control � [2.56 � standard deviation of 1,272 healthy
blood donors]) (4) were considered positive.

Detection of SARS-CoV neutralizing activity with a neutralization test. Serum
specimens were tested for neutralizing activity according to the previously de-
scribed procedures with modifications (22). Briefly, 56°C heated serum speci-
mens were serially diluted from 1:20 to 1:1,280 and then mixed with 100 50%
tissue culture infective doses of SARS-CoV. After incubation for 1 h at 37°C, the
mixture was inoculated in triplicate into 96-well plates of Vero E6 cell cultures.
Cultures were held at 37°C and 5% CO2, with daily observations for cytopathic
effect (CPE). The results were determined after 3-day incubation at 37°C. A
sample was considered positive if the neutralization antibody exhibited at least a
fourfold increase in titers between the acute- and convalescent-phase serum
specimens in the paired specimens group.

Detection of SARS-CoV-specific IgG antibody with indirect ELISA. IgG anti-
body of SARS-CoV was tested by using the ELISA test kit manufactured by
Beijing Huada GBI Biotechnology Co. Ltd., Beijing, People’s Republic of China.
The assay was performed according to the manufacturer’s instructions. One
hundred microliters of specimen diluent was added to each well, and 10 �l of
sera was added, mixed, and incubated for 30 min at 37°C. The plates were washed
six times with washing solution, and 100 �l of working conjugate (anti-human
IgG horseradish peroxidase conjugate) was added and incubated for 30 min at
37°C. After the plates were washed, 100 �l of substrate was added and incubated
for 10 min at 37°C. The reaction was stopped by adding 50 �l of stop solution,
and the plates were examined at 450 nm. Samples with an absorbance at 450 nm
above the cutoff value (mean of negative control � 0.13) were considered
positive.

To ensure biosafety, the experiments using sera from patients for the ELISA
were performed in a biosafety level 2 laboratory, and the neutralization test was
performed in a biosafety level 3 laboratory.

RESULTS

Serum specimens (829 specimens) were tested for the N
protein of SARS-CoV by using MAb-based antigen capture
ELISA for 639 patients who were reported likely to be infected
with the SARS-CoV. These 639 patients were divided into four

groups by using confirmation through serological diagnosis.
The results of N protein detection obtained were directly re-
lated to the serological analysis data.

Group I, comprising 27 patients who had paired or more
than two serum specimens, were subsequently confirmed to
have SARS-CoV infections on the basis of both being neutral-
ization test positive and seroconversion. In these 27 patients,
there were 41 serum specimens taken at day 2 to day 20 after
the onset of illness, which were available for N protein analysis.
Among the 41 samples, 100% of the 24 serum specimens col-
lected from days 2 to 10 after the onset of symptoms were
positive for N protein. However, the N protein was not de-
tected beyond day 11 in this group (Table 1).

Group II comprised 298 patients subsequently confirmed to
be infected with SARS-CoV due to a positive serological anal-
ysis. Among these patients, 111 exhibited seroconversion (for
those who had paired or more than two serum specimens), for
which the acute- and convalescent-phase serum specimens
were collected at day 1 to 15 and at 28 or more days after the
onset of illness, respectively. For the other 187 patients in this
group, only a single serum specimen was collected during the
illness and a serological analysis showed IgG to be positive for
SARS-CoV. For this group of 298 patients, 419 serum speci-
mens were available for N protein analysis. The N protein
positive rates for this group collected during days 1 to 5, 6 to
10, 11 to 15, 16 to 20, and 21 to 115 after the onset of symptoms
were 92.9, 69.8, 36.4, 16.7, and 0%, respectively (Table 2).

Group III comprised 248 patients whose convalescent-phase
sera taken beyond 28 days were not available. From these 248
patients, 294 serum specimens were collected between 1 and 27
days after symptom onset. Of these samples, 284 (96.5%) were
collected between 1 and 20 days after symptom onset and 10
samples were collected between 21 and 27 days after symptom
onset; serological tests were negative for all samples. Because
of the lack of convalescent-phase serum obtained from these
patients, we could not judge how many patients were truly

TABLE 1. Results of the N protein of SARS-CoV assay for sera
from patients with SARS in the neutralization test-positive group

Days after onset
of symptoms

No. of patients with
positive sera/total

no. of patients with
SARS (%)

1–5 19/19 (100)
6–10 5/5 (100)
11–15 0/11 (0)
16–20 0/6 (0)

TABLE 2. Results of the N protein of SARS-CoV assay for sera
from patients with SARS in the serological test-positive group

Days after onset
of symptoms

No. of patients with
positive sera/total

no. of patients with
SARS (%)

1–5 78/84 (92.9)
6–10 44/63 (69.8)
11–15 12/33 (36.4)
16–20 4/19 (16.7)
21–115 0/220 (0)
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infected with SARS-CoV. However, the N protein-positive
rates for this group for samples collected during days 1 to 5, 6
to 10, 11 to 15, 16 to 20, and 21 to 27 after the onset of fever
were 25.6, 16.7, 9.3, 0, and 0%, respectively (Table 3).

Group IV, comprising 66 patients who had paired serum
specimens and who were subsequently excluded based on their
convalescent-phase serum specimens collected beyond 28 days
after symptom onset, were negative for SARS-CoV antibodies.
There were 75 serum specimens from these 66 patients avail-
able for N protein analysis. The N protein was not detected in
this group (Table 4).

In addition, 30 serum specimens collected from influenza
patients, 35 specimens from dengue patients, and 32 specimens
from measles patients, which were serologically confirmed, and
100 serum specimens from healthy donors were negative for N
protein detection. The specificity was 100% (Table 5).

The N protein capture ELISA was also used to test 16 serum
specimens collected from four patients who exhibited SARS
during a recurrence of the disease with laboratory-confirmed
SARS-CoV infection in Guangzhou from 22 December 2003
to 30 January 2004. As shown in Table 6, the N protein was
detected in the serial serum specimens of three patients taken
within 7 to 9 days after the onset of symptoms. For patient 4,
the first serum sample was taken at day 17 after the onset of
symptoms and the N protein was not detectable in his serial
serum specimens during his illness.

To further investigate the profile of N protein detection, a
combination of 27 SARS patients who tested positive with the
neutralization test and 298 SARS patients with serologically
confirmed SARS-CoV infection were analyzed (Fig. 1). The
highest positive rates (80 to 100%) were observed between day
3 and day 8 after the onset of symptoms, and nearly all sera
were found to be positive for the N protein between day 3 and

day 5 (96 to 100%). The detection rate of the N protein
decreased after day 10 and was never detected beyond day 19
after the onset of symptoms.

DISCUSSION

In a previous study, we demonstrated that SARS-CoV N
protein could be detected by using MAb-based antigen capture
ELISA in early acute phase serum specimens of patients with
SARS (3, 4). In this study, we further confirmed these results
using a large number of clinical samples as well as samples
obtained during the recurrence of SARS in Guangzhou. Since
SARS is a new and poorly understood disease, especially dur-
ing the early breakout period, many non-SARS patients may
be mislabeled as having SARS. Therefore, in order to evaluate
the sensitivity and specificity of this assay accurately, data anal-
ysis was based on a serological diagnosis. Using samples from
325 patients with serologically confirmed SARS-CoV infec-
tion, N protein in 100% of the samples (19 of 19) from neu-
tralization test-positive patients and 92.9% of the samples (78
of 84) from serologically confirmed patients taken from days 1
to 5 was detected with the assay. At days 6 to 10, 100% of the
samples (5 of 5) from neutralization test-positive patients and

TABLE 3. Results of the N protein of SARS-CoV assay for sera
from patients with SARS in the serological test-negative group

Days after onset
of symptoms

No. of patients with
positive sera/total

no. of patients with
SARS (%)

1–5 34/133 (25.6)
6–10 14/84 (16.7)
11–15 4/43 (9.3)
16–20 0/24 (0)
21–27 0/10 (0)

TABLE 4. Results of the N protein of SARS-CoV assay for sera
from the excluded SARS patients

Days after onset
of symptoms

No. of patients
with positive
sera/total no.

of patients
with SARS

(%)

1–5 0/43 (0)
6–10 0/12 (0)
11–15 0/5 (0)
16–20 0/1 (0)
21–67 0/14 (0)

TABLE 5. Results of the N protein of SARS-CoV assay for sera
from non-SARS fever patients and healthy donors

Donor condition

No. of samples
with positive
sera/total no.

of samples (%)

Influenza 0/30 (0)
Dengue 0/35 (0)
Measles 0/32 (0)
Healthy donors 0/100 (0)

TABLE 6. Results of the N protein and IgG antibody of SARS-
CoV assays for sera from four patients during the recurrence of

SARS in Guangzhou

Patient no.a
Days after
onset of

symptoms

Results of N
protein

detection

Results of
SARS-CoV IgG

detection

1 (12/16/2003) 6 � �
8 � �
10 � �
12 � �

2 (12/26/2003) 6 � �
7 � �
8 � �
19 � �
10 � �
11 � �

3 (12/30/2003) 9 � �
10 � �
11 � �

4 (1/8/2004) 16 � �
17 � �
22 � �

a The date of the onset of symptoms is given after the patient number in
month/day/year format.
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69.8% of the samples (44 of 63) from serologically confirmed
patients were still positive for the N protein, and the detection
rate of the N protein decreased in later samples. These results
are consistent with those from our previous studies (3, 4).
However, the N protein could be detected in 25.6% of the
serum specimens (34 of 133) taken from days 1 to 5 and in
16.7% of the serum specimens (14 of 84) taken from days 6 to
10 after the onset of symptoms in patients exhibiting a negative
result with SARS-CoV antibody detection (Group III). Since a
few patients with SARS have had late seroconversion (11, 14),
to rule out SARS, it is best to test a convalescent-phase serum
collected beyond 28 days after the onset of symptoms (http:
//www.cdc.gov/mmwr/preview/mmwrhtml/mm5228a4.htm). Al-
though these patients were reported as likely to be infected
with SARS-CoV according to the World Health Organization
criteria, no convalescent-phase serum specimens collected be-
yond 28 days were available for those patients, and we do not
know how many patients were truly infected with SARS-CoV.
In addition, another 75 serum specimens from the “ruled-out”
group and 197 control serum specimens from patients with
influenza, dengue, and measles and healthy blood donors had
been tested with the N protein capture ELISA, but no positive
results were found. Based on serological diagnosis as the “gold
standard, ” the results demonstrated that the antigen capture
ELISA permitted a sensitive and specific detection of SARS-
CoV N protein in clinical specimens.

Recent studies have shown that RT-PCR for SARS-CoV
using nasopharyngeal aspirate samples appears to be the best
supportive test for an early diagnosis. However, the variation in
reported sensitivity and specificity makes it difficult for the
RT-PCR to be considered the standard criterion for early

diagnosis. Moreover, the best time for a high sensitivity for
nasopharyngeal aspirate sampling was on days 8 to 10 after the
onset of symptoms (18) or later (1). Waiting 8 to 10 days to
make a firm diagnosis or to plan for appropriate therapy is not
possible. Since it is important to diagnose and confirm SARS
within the first few days of illness, we studied the N protein as
an early diagnostic marker in 325 patients with serologically
confirmed SARS-CoV infection. Using the antigen capture
ELISA, we were able to demonstrate the presence of the N
protein in some serum samples as early as day 1 and up to day
18 (Fig. 1), and nearly all sera were found positive for the N
protein between days 3 and 5. The detection rates for the N
protein of SARS-CoV in serum specimens showed a much
higher percentage in blood during the first week of the illness
than in subsequent weeks. The N protein in blood, therefore,
is considered a good diagnostic marker during the early stage
of the SARS-CoV infection. Since the N protein appears rel-
atively stable to freezing and thawing and is stable for many
months frozen at �20°C, detection of the N protein in serum
samples retrospectively did not seem to affect the overall de-
tection rate. In contrast, the storage of the specimens at
�70°C, which is essential for RT-PCR in order to maintain
viral RNA in optimal conditions, is not feasible in many non-
research laboratories. In addition, the use of serum specimens
for diagnosing SARS-CoV infection has the advantage of not
requiring respiratory specimens, including sputum, nasopha-
ryngeal aspiration, and endotracheal tube samples, which are
regarded as a risk to health care workers.

Previous studies on coronaviruses have shown that the N
protein is highly conserved, immunogenic, and abundantly ex-
pressed during infection (6, 9). Recent serological studies using

FIG. 1. The profile of the N protein of SARS-CoV in sera detected with MAb-based antigen capture ELISA from the onset of symptoms to
the convalescent phase.
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the N protein-based ELISA have demonstrated that SARS
patient sera contained a high level of antibodies against the N
protein (16, 19). An immunohistochemical assay using a MAb
specific for the N protein of SARS-CoV has demonstrated that
the N protein was predominantly detected not only in the lung
but also in many other organs and tissues in patients with
SARS (7). The presence of N protein in the early acute-phase
sera of patients with SARS in our findings suggests that the N
protein of SARS-CoV may be a major viral target and released
from the virus or infected cell into the blood at an early stage
of infection. If so, these features make N protein a suitable
candidate for early diagnostic application, and an N protein-
based assay will provide good sensitivity. So far, it is still not
clear whether SARS-CoV undergoes a high rate of genetic
mutation, although some differences have been observed be-
tween the viral genomes sequenced (13).

To date, the correlation between virus loading and the clin-
ical outcome remains unclear, although recent studies have
demonstrated that the clinical outcomes for SARS patients
with RT-PCR-positive serum or SARS patients with high viral
loads are worse in general (17, 18). In our previous studies, the
optical density of the N protein was highly variable from one
individual to another on the same day (3). It is unclear from
these data whether this variation predicts clinical outcome.
However, based on the clinical data available, we were not able
to find any significant differences associated with disease se-
verity and levels of circulating N antigen in the patients with
SARS. Previous studies of animal coronavirus have shown that
the N protein plays an important role in viral pathogenesis and
replication (9). Future experiments are planned to address the
mechanism by which the N protein of SARS-CoV is presented
in blood as a viral antigen and its role in viral pathogenesis
and/or replication.

In conclusion, the high sensitivity of the capture ELISA in
detecting SARS-CoV N protein in serum samples makes it a
useful early laboratory diagnosis tool for SARS. This method
overcomes several problems associated with the RT-PCR ap-
proach. For example, the problems due to contamination of
RT-PCR products are not an issue in antigen detection assays.
In addition, ELISA is rapid and easy to perform and can be
carried out in less-well-equipped laboratory settings. Widely
employing this assay will enhance our ability to provide a rapid
response in the event of a return outbreak of SARS.
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