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We report the evaluation of recombinant severe acute respiratory syndrome (SARS) coronavirus (SARS-
CoV) nucleocapsid protein enzyme-linked immunosorbent assay (ELISA)-based antibody tests for serodiag-
nosis of SARS-CoV pneumonia and compare the sensitivities and specificities of this ELISA for detection of
immunoglobulin G (IgG), IgM, IgA, and their combinations with serum samples from 149 healthy blood donors
who donated blood 3 years ago as controls and 106 SARS-CoV pneumonia patients in Hong Kong. The
specificities of the ELISA for IgG, IgM, and IgA detection were 95.3, 96.6, and 96.6%, respectively, with
corresponding sensitivities of 94.3, 59.4, and 60.4%, respectively. The present ELISA appears to be a sensitive
test for serodiagnosis of SARS-CoV pneumonia, is much more economical and less labor-intensive than the
indirect immunofluorescence assay, and does not require cultivation of SARS-CoV.

Severe acute respiratory syndrome (SARS), caused by the
SARS coronavirus (SARS-CoV), is a new emerging disease
that has affected 30 countries, with more than 8,000 cases and
more than 750 deaths (6–10, 12–16, 19). For laboratory diag-
nosis of SARS-CoV pneumonia, isolation of the virus from
clinical specimens is insensitive and requires biosafety level 3
laboratory facilities, while detection of viral RNA by reverse
transcription-PCR can achieve a sensitivity of only 50 to 79%,
depending on the type and number of clinical specimens col-
lected and the protocol used (22).

At the moment, the most widely used methods for serodi-
agnosis of SARS-CoV infection in clinical microbiology labo-
ratories are antibody detection in acute- and convalescent-
phase serum samples by indirect immunofluorescence assay
and enzyme-linked immunosorbent assay (ELISA) with cell
culture extract (8, 14). However, antibody detection by indirect
immunofluorescence assay and ELISA with cell culture extract
may be less reproducible, difficult to standardize, and labor
intensive compared with ELISA-based antibody detection tests
with recombinant antigens. Furthermore, producing the in-
fected cell lines for coating the ELISA plates and the slides for
indirect immunofluorescence require cultivation of SARS-
CoV, for which biosafety level 3 laboratory facilities are re-
quired. Such facilities are not available in most clinical micro-
biology laboratories.

ELISA-based antibody detection tests with recombinant an-
tigens are well known to offer higher reproducibilities, are easy
to standardize and less labor intensive than antibody detection
by indirect immunofluorescence assay and ELISA with cell
culture extract, and do not require cultivation of SARS-CoV

(1–4, 20, 23). Recently, we have reported the use of a recom-
binant SARS-CoV nucleocapsid protein ELISA-based immu-
noglobulin G (IgG) antibody test for the study of the sero-
prevalence of nonpneumonic SARS-CoV infections (21). In
this article, we describe the evaluation of recombinant SARS-
CoV nucleocapsid protein ELISA-based IgM and IgA anti-
body tests for serodiagnosis of SARS-CoV pneumonia. The
sensitivities and specificities of antibody tests for detection of
IgG, IgM, IgA, and their combinations were compared. The
clinical usefulness of these antibody assays for serodiagnosis of
SARS-CoV infections is also discussed.

Cloning and purification of (His)6-tagged recombinant nu-
cleocapsid protein were reported previously (21). Serum sam-
ples from 149 healthy blood donors who donated blood 3 years
ago and 106 SARS-CoV pneumonia patients positive for IgG
antibodies against the SARS-CoV as detected by our indirect
immunofluorescence assay (14) were used for evaluation of the
ELISA-based antibody tests. Serum samples positive for IgG
antibodies against SARS-CoV by indirect immunofluorescence
assay from the 106 SARS-CoV pneumonia patients were taken
at a median of 25 (range, 12 to 43) days from the onset of
symptoms. The ELISA-based SARS-CoV antibody tests were
modified from our previous publication (21). Twenty, 80, and
30 ng of purified (His)6-tagged recombinant nucleocapsid pro-
tein were used for coating the ELISA plates for IgG, IgM, and
IgA detection, respectively, and diluted horseradish peroxi-
dase-conjugated goat anti-human IgG (1:4,000), mouse anti-
human IgM (1:500), and mouse anti-human IgA (1:1,000) an-
tibodies (Zymed Laboratories Inc., South San Francisco,
Calif.) were used as the secondary antibodies.

To establish the baseline for the tests, serum samples (all
tested negative by the indirect immunofluorescence assay)
from 149 healthy blood donors who donated blood 3 years ago
were tested in the SARS-CoV antibody ELISA. For the 149
specimens from healthy blood donors, the mean ELISA optical
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density at 450 nm (OD450) values for IgM and IgA detection
were 0.182 and 0.093, respectively, with standard deviations of
0.133 and 0.062, respectively. Absorbance values of 0.488 and
0.217 were selected as the cutoff values (equal to the sum of the
mean values from the healthy control and two times the stan-
dard deviations) (Fig. 1). With these cutoff values, five of the
serum samples obtained from the 149 healthy blood donors
had an OD450 of more than 0.488 in the IgM ELISA, and
another five had an OD450 of more than 0.217 in the IgA
ELISA (Fig. 1). The specificities of the IgM and IgA ELISAs
were both 96.6%. These serum samples were also confirmed to
be false-positives by Western blot analysis with recombinant
nucleocapsid protein and spike protein as the antigens (21).

The mean OD450 values (IgM and IgA) for the serum sam-
ples obtained from the 106 SARS-CoV pneumonia patients
that were positive for IgG antibodies against the SARS-CoV in
our indirect immunofluorescence assay were 0.739 and 0.451,
respectively, with standard deviations of 0.563 and 0.523, re-
spectively. Sixty-three serum samples had an OD450 of over
0.488 in the IgM ELISA, and 64 had an OD450 of over 0.217 in
the IgA ELISA (Fig. 1). The sensitivities of the IgM and IgA
tests, with the indirect immunofluorescence assay as the gold
standard, were hence 59.4 and 60.4%, respectively. Only 38
serum samples (35.8%) had all three antibodies (IgG, IgM,
and IgA) against the nucleocapsid protein of SARS-CoV (Ta-
ble 1). There was no statistically significant difference among
the results for serum samples obtained at different times after
disease onset (Table 2).

Detection of antibody to SARS-CoV nucleocapsid protein
appears to be a feasible approach to serodiagnosis of SARS-
CoV pneumonia. Previous studies with animal coronaviruses

FIG. 1. Evaluation of sensitivity and specificity of recombinant nu-
cleocapsid protein-based IgM (A) and IgA (B) antibody ELISA for
SARS-CoV pneumonia. Serum specimens were obtained from 106
patients with SARS-CoV pneumonia, and control serum specimens
were obtained from 149 healthy blood donors. The test results were
plotted as OD450. The cutoff line for positive diagnosis is drawn at a
value that equals the sum of the mean value and two times the stan-
dard deviation for the healthy blood donors.

TABLE 1. Comparison of sensitivities and specificities of
recombinant nucleocapsid protein-based ELISA for detection of

IgG, IgM, IgA, and their combinations for SARS-CoV pneumonia

Specific antibody detected Sensitivity
(%)

Specificity
(%)

IgG 94.3 95.3
IgM 59.4 96.6
IgA 60.4 96.6
IgG and IgM 54.7 99.3
IgG and IgA 59.4 99.3
IgM and IgA 38.7 100
IgG and IgM and IgA 35.8 100
IgG and/or IgM 96.2 93.3
IgG and/or IgA 95.3 92.6
IgM and/or IgA 80.2 94.0
IgG and/or IgM and/or IgA 96.2 90.6

TABLE 2. Sensitivities of recombinant nucleocapsid protein-based
ELISA for detection of IgG, IgM, and IgA in serum samples

obtained at different periods after disease onset

Days after
disease onset

No. of serum
samples

No. (%) positive

IgG IgM IgA

10–20 22 19 (86) 13 (59) 12 (55)
21–30 64 61 (95) 36 (56) 40 (63)
31–40 13 13 (100) 8 (62) 6 (46)
�40 7 7 (100) 3 (43) 6 (86)
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have shown that the nucleocapsid protein is highly immuno-
genic and abundantly expressed during infection and has been
used for serodiagnosis of animal coronavirus infections (5, 17).
In one study, recombinant nucleocapsid protein expressed in
Escherichia coli with a histidine tag at the amino terminus, the
fusion protein purified with a nickel column, was used as the
antigen for development of an assay to detect infectious bron-
chitis virus-specific antibody (11). Recently, Shi et al. described
the use of an antigen-capture ELISA for detection of SARS-
CoV nucleocapsid protein antibodies. With clinical criteria as
the gold standard, this assay had a sensitivity of 89.6% for
patients on days 11 to 61 of their illness (18). However, the
authors did not show the sensitivities of the assay for IgG, IgM,
and IgA detection.

In the present study, with the recombinant SARS-CoV nu-
cleocapsid protein as the antigen for ELISA-based antibody
testing with an indirect immunofluorescence assay as the gold
standard, detection of IgG antibody was shown to be sensitive,
whereas detection of IgM or IgA antibodies had sensitivities of
only 59.4 and 60.4%, respectively. The lower sensitivities of
IgM and IgA detection could be due to the transient appear-
ance of IgM and IgA antibodies in the patients, in whom the
peak levels of IgM and IgA antibodies appeared at different
times during the illness. This is in contrast to the high sensi-
tivity of the IgG ELISA, which increased from 86% for pa-
tients on days 10 to 20 after disease onset to 95 and 100% for
patients on days 21 to 30 and �day 30, respectively, after
disease onset (Table 2).

Although six (5.7%) serum samples (all reverse transcrip-
tion-PCR positive for SARS-CoV) that were seropositive by
the indirect immunofluorescence assay were negative by the
present recombinant nucleocapsid protein IgG ELISA, of five
SARS-CoV pneumonia patients who were “seronegative” by
the indirect immunofluorescence assay but reverse transcrip-
tion-PCR positive for SARS-CoV, two had IgG antibody
against the nucleocapsid protein of SARS-CoV as detected by
the present ELISA (unpublished data). These results showed
that the present recombinant nucleocapsid protein-based IgG
ELISA was as sensitive as the indirect immunofluorescence
assay for serodiagnosis of SARS-CoV pneumonia. In our ex-
perience, one technician who works for 8 h a day can perform
the indirect immunofluorescence assay on about 50 serum
samples but can perform ELISA on about 300 serum samples.
Furthermore, due to the significant variation in the quality of
slides used for the indirect immunofluorescence assay, the titer
of the same serum sample can differ as much as eightfold when
two different batches of slides are used. As ELISA is much less
labor intensive, the interpretation of results is more objective,
and the ELISA does not require cultivation of SARS-CoV, it
could replace the indirect immunofluorescence assay as a test
for detection of antibody against SARS-CoV in clinical micro-
biology laboratories.

Detection of specific antibodies against the SARS-CoV nu-
cleocapsid protein by the present ELISA would be useful for
serodiagnosis of SARS-CoV pneumonia, particularly during a
SARS epidemic. It is well known that in the presence of pos-
sible cross-reactions, the positive predictive value of serologi-
cal tests depends on the prevalence of the infection in a par-
ticular location at a particular moment. When the prevalence
of an infection is low, the positive predictive value of a sero-

logical test would be low despite its high specificity. On the
other hand, the positive predictive value of the serological test
would be increased if the prevalence of the infection is high,
such as during an epidemic and when applied in clinically
compatible cases. Although the amino acid identity between
the nucleocapsid protein of SARS-CoV and the nucleocapsid
protein of the human coronaviruses OC43 and 229E was only
32.7 and 21.3%, respectively, and it has been shown, in one
study, that there were no cross-reactions between 13 pairs of
OC43 and 14 pairs of 229E human coronavirus-infected serum
samples and SARS-CoV by cell culture extract-based ELISA
(8), our findings revealed that about 80% of the “seropositive”
serum samples from healthy blood donors and nonpneumonic
hospitalized patients, as detected by the recombinant nucleo-
capsid protein IgG ELISA, were false-positives when the
Western blot assay with the recombinant spike protein of
SARS-CoV was used for confirmation (21). As a small pro-
portion of false-positive reactions do appear with the present
ELISA, all positive results, especially those obtained in the
context of a low disease prevalence or from clinically incom-
patible cases, should be confirmed by Western blot analysis
with recombinant nucleocapsid protein and spike protein as
the antigens (21).
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