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ABSTRACT 
 

In late 2019, a novel viral disease, designated as SARS-CoV-2, emerged in China and 

rapidly propagated, ultimately resulting in a global pandemic. This virus has had a 

profound impact on human health and has caused significant financial losses for various 

societal sectors. Consequently, researchers are endeavoring to expedite the identification 

and control of this pathogen. The ELISA method has emerged as a valuable tool in the 

screening of large patient populations during infectious epidemics. In this study, the 

nucleocapsid protein (NP) of the SARS-CoV-2 virus was utilized to measure serum 

antibodies, which were obtained from the Avicenna Research Institute. The antigen was 

coated on each well of the plate, followed by the addition of serum samples from medical 

diagnostic laboratories (positive and negative sera measured by ELISA and PCR). To 

optimize the ELISA assay, a checkerboard titration was performed for all serum samples 

and antigens. The ELISA test was an indirect assay that could detect antibodies against 

NP.Finally, the cut-off, sensitivity, and specificity of the ELISA test were measured. The 

findings of the study indicated a 95% sensitivity and 92% specificity rate. Additionally, 

the intra-assay and inter-assay coefficient of variation (CV) values were recorded at 

0.263% and 0.41%, respectively. These outcomes substantiate the remarkable precision 

and reliability of the ELISA test.In summary, the efficacy and precision of our kit in 

detecting antibodies targeting NP hold considerable promise. This innovative approach 

enhances diagnostic accuracy and holds significant potential for advancing antibody 

detection methodologies in the fields of virology and immunology. 
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1. Introduction 
In December of 2019, an outbreak of pneumonia of 
unknown etiology was reported in Wuhan, China. 
Subsequent genome analysis of the virus revealed its 
classification as a novel coronavirus, related to SARS-CoV 
and designated severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), a betacoronavirus belonging 
to the Sarbecovirus subgenus. The WHO declared a 
pandemic on March 12, 2020, due to the thousands of 
deaths caused by the disease and the subsequent global 
spread of SARS-CoV-2 (1, 2). The diagnosis of SARS-
CoV-2 is imperative for the management of the virus's 
propagation. Conventional diagnostic methodologies 
encompass RT-PCR tests, which detect the virus's genetic 
material, rapid antigen tests, which detect viral proteins, and 
antibody tests, which identify the immune system's 
response to the virus. However, each method possesses 
inherent limitations and challenges. A notable challenge in 
the diagnosis of SARS-CoV-2 is the potential for false 
negative or false positive results, which can impact patient 
care and the implementation of public health 
measures.Polymerase chain reaction (PCR) tests, which 
detect the RNA of the virus through a polymerase chain 
reaction (PCR), are regarded as the gold standard for 
diagnosing SARS-CoV-2 due to their high sensitivity and 
specificity (3, 4). However, the real-world sensitivity of 
RNA tests has been found to fall short of expectations. The 
presence of false-negative cases has been linked to issues 
related to sample transportation, collection, and the RT-
PCR methodology itself. The necessity of specialized 
equipment and trained personnel, in addition to the 
extended processing time required by this test, underscores 
its many limitations (5). Conversely, the Rapid Antigen 
Test offers rapid results but may exhibit reduced sensitivity 
compared to RT-PCR, leading to an increased probability 
of false negatives, particularly in individuals with low viral 
loads (6). A prompt and accurate diagnosis is imperative for 
effective contact tracing, isolation, and treatment. In this 
regard, the Enzyme-Linked Immunosorbent Assay 
(ELISA) test plays a pivotal role.The ELISA test is a 
sensitive laboratory technique that can detect and quantify 
proteins (antibodies or antigens) in a sample.During the 
SARS-CoV outbreak, many serological tests, including 
Western blot (WB) analysis, ELISA, and 
immunofluorescence assays (IFA), were developed. Viral-
based IFA and ELISA were reported to be highly sensitive 
but lacking in specificity, with results that were falsely 
positive being caused by cross-reaction with autoantibodies 
in autoimmune diseases and well-preserved antigens across 
various CoV species (7-9).Therefore, the foundation of 
numerous serological assays used in laboratory diagnosis 
was recombinant antigens derived from both spike (S) and 
nucleocapsid protein (NP). The utilization of recombinant 
antigens, in addition to their enhanced suitability for assay 
standardization, offers the advantage of being exempt from 
stringent biosafety regulations.The N protein, being devoid 
of glycosylation sites and characterized by its compact size, 

facilitates straightforward cloning into prokaryotic or 
eukaryotic expression plasmids.Studies have demonstrated 
that ELISA and Western blot assays based on recombinant 
proteins exhibit low to moderate specificity and are highly 
sensitive (10-15). In the context of the ongoing study on the 
novel coronavirus, SARS-CoV-2, ELISA tests can be 
strategically designed to specifically identify the antibodies 
against the N protein of the virus. Among the structural 
proteins, the nucleoprotein (NP) is an immunodominant 
antigen that is highly conserved in the CoVs genus and is 
one of the most abundant structural proteins in virus-
infected cells (16). The NP has a role in packaging the viral 
genome RNA into a long helical ribonucleocapsid (RNP) 
complex and participating in the assembly of the virion 
through its interactions with the viral genome and 
membrane protein M (17). Consequently, the ELISA test, 
which is a valuable diagnostic tool, can provide crucial 
information about the infection, especially in the early 
stages when viral RNA levels might be low. This is due to 
the fact that the NP can assist in the early detection of 
patients and monitoring the levels of antibodies against this 
protein in patients to track the progression of the infection 
and assess treatment efficacy. This can improve the 
accuracy of diagnosis and help healthcare professionals 
make informed decisions regarding patient care and disease 
management. Consequently, the ELISA test for detecting 
antibodies against the NP antigen can contribute to more 
precise and reliable SARS-CoV-2 diagnosis, ultimately 
aiding in the control and prevention of the spread of the 
virus. Therefore, in this research, we developed an ELISA 
kit based on NP to facilitate the diagnosis of COVD-19. 
 
2. Materials and Methods 
2.1. Preparation of Recombinant Proteins 
The recombinant proteins of N were purchased from the 
Avicenna Research Institute, Tehran, Iran. 
2.2. Lowry Method for Measuring Proteins 
The protein concentration of the virus solution purchased 
was measured using Lowry's protein assay method (18). 
Subsequently, the spectrophotometer was utilized to 
measure the optical density (OD) of 0 (Blank), 10, 25, 50, 
and 100 µl of the standard protein (bovine serum albumin 
(BSA) 1 mg/ml), as well as 1:5 and 1:10 diluted protein 
solutions, against a reagent blank (19, 20). 
2.3. ELISA test 
The ELISA test was performed by setting up the 
appropriate chequerboard titration for all serum samples 
and antigens.The NP of SARS-CoV-2 was diluted with 
coating buffer (carbonate and bicarbonate), and 100 
microliters of this solution were coated in each well of the 
strip. The plates were then incubated for one night at 4 °C. 
Subsequently, the plates were washed with PBST 
(phosphate-buffered saline with Tween 20).In the blocking 
stage, 300 microliters of 5% skim milk were utilized to 
block the spaces between the antigens in the bottom of the 
wells.The plates were then incubated for 90 minutes at 
37°C in the incubator.Following the incubation, the plates 
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were washed with PBST three times. Checkerboard 
titrations were prepared for serum samples, with four 
dilutions of serum prepared for this purpose: 1:25, 1:50, 
1:100, and 1:200.At this stage, the samples were incubated 
for 75 minutes at 37°C, and the washing steps were 
repeated four times. Subsequently, 100 µL of Goat Anti 
Human whole IgG HRP conjugate was added to each well, 
and the incubation was continued for an additional 75 
minutes at 37°C. Following this step, the plates were 
washed with PBST. Then, 100 µL of BM Blue, a specific 
substrate, was added to each well and placed in the dark for 
20–30 minutes at room temperature.Subsequently, 50 µL of 
1M sulfuric acid was added to each well as a stop solution. 
Immediately thereafter, the absorbances were measured 
using an ELISA reader at 450 nm. 
2.4. Calculating Cut-Off 
To calculate this level, the mean of the optical density (OD) 
of fifteen true positive samples and fifteen true negative 
samples was determined. The threshold limit was then 
calculated using the following formula: Threshold Limit = 
Mean ± xSD.The positive and negative samples were 
identified by the index value, which is obtained by dividing 
the light absorption of the sample by the threshold limit: 
Index Value (IV) = OD of sample/Threshold Limit.2.5. 
Reproducibility Test (Intra-assay and Inter-assay):This test 
is used to measure the validity of the system designed in 
ELISA, so that several samples are randomly selected so 
that their reproducibility can be tested once simultaneously 
in one day.This method is called Inter-assay(four positive 
samples and four negative samples were evaluated for this 
test), and the same number of samples are selected so that 
their reproducibility can be tested on different days. The 
former approach is referred to as "intra-assay" testing, and 
the latter as "inter-assay" testing.In both cases, the average, 
standard deviation, and coefficient of variation parameters 
are calculated. According to the definition of the standard, 
the coefficient of variation is considered acceptable for the 
reproducibility of the tests if its value is lower than 10. 
2.6. The Diagnostic Sensitivity, Specificity 
A total of 200 sera were received from medical diagnosis 
laboratories, and the optical density (OD) of these sera was 
measured in the medical diagnosis laboratory with a 
commercial enzyme-linked immunosorbent assay (ELISA) 
system. The results were used as true positives and 
negatives. Then, the results were compared with the results 
of a designed ELISA. According to the definition of the 
sensitivity and specificity equation, the following 
calculation was made: 
Number of true positives + number of false 
negatives/number of true positives = sensitivity 
Number of false positives + number of true 
negatives/number of true negatives = specificity 
 
3. Results 
3.1. Protein Measurement 
Subsequent to measuring the optical absorbance of each 
solution at 750 nm, the concentration of the available 

protein was determined based on dilutions of 1:5 and 1:10. 
This concentration was found to be 350 microgram per 
milliliter (µg/ml) (Table 1 and Figure 1). 
3.2.ELISA results 
3.2.1 checkerboard 
A serum sample from a patient group exhibiting elevated 
antibody titers in ELISA was identified as a "true positive" 
sample, as it demonstrated a higher titer compared to other 
serum samples. This serum sample was then confirmed as a 
"true positive" through PCR testing. An analogous serum 
sample from a healthy group was selected as the "true 
negative" sample. This sample was found to be negative in 
both ELISA and PCR tests. The checkerboard test was then 
performed, guided by the parameters outlined in Table 2. In 
this method, the concentrations of antigen were set at 4 
µg/ml, 2 µg/ml, and 1 µg/ml, while the dilutions of sera 
ranged from 1:25 to 1:200. The optimal concentration of 
recombinant NP of the SARS-CoV-2 as an antigen was 
determined to be 2 µg/ml, and the optimal serum dilution 
was identified as 1:100. 
3.2.2.Determining the Cut off Threshold 
To this end, the average optical density (OD) of 15 positive 
sera and 15 negative sera was measured using the ELISA 
system, and their standard deviation (SD) was subsequently 
calculated (Table 3).The average OD of positive and 
negative standards was determined to be 1.19586 and 
0.145, respectively. The corresponding SDs were 0.336358 
and 0.035106, respectively. Consequently, employing the 
Cut-off Index (COI), samples with OD values greater than 
1/1 are classified as positive, while those with OD values 
less than 0.9 are designated as negative.Samples exhibiting 
an OD value between these thresholds are considered 
suspicious and require re-evaluation with fresh serum at a 
later time. 
3.2.3. Intra-assay and Inter-Assay 
A total of eight samples were evaluated in this test: four 
positive and four negative. The results of the average, 
standard deviation, and coefficient of variation for the upper 
and lower limits are presented in Tables 4, 5, 6, and 7. 
Finally, the average of the upper and lower limits (intra-
assay) for the coefficient of variation of the controls was 
obtained as 0.263. In a similar manner, the results of the 
parameters such as mean, standard deviation, and 
coefficient of variation for the upper and lower limits were 
measured in inter-assay for control samples with upper and 
lower limits (Tables 8, 9, 10, and 11). Ultimately, the 
average of the upper and lower limits for the coefficient of 
variation of controls was obtained to be 0.41. As 
demonstrated in Figure 1, the intra-assay value of the 
coefficient of variation (CV) was 0.263%, and the inter-
assay value was 0.41%. These results indicate that the 
ELISA test exhibited both high accuracy and durability. 
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OD Concentration ( µg )  

0 Blank 

Standard 

0.061 10 

0.185 25 

0.322 50 

0.639 100 

0.446 1:5 
Sample 

0.220 1:10 

 

Table 1. Optical absorption of standard protein and diluted samples. 

 

Figure 1. Optical absorbance of standard proteins. 

 

Ag 

Concentration 

(μg/well) 

 

Serum dilution 

1 

μg/well 

 

- 

1 

μg/well 

 

+ 

2 

μg/well 

 

- 

2 

μg/well 

 

+ 

4 

μg/well 

 

- 

4 

μg/well 

 

+ 

1:25 0.622 1.174 0.583 1.500 0.530 1.885 

1:50 0.635 1.068 0.635 1.323 0.560 1.643 

1:100 0.611 1.004 0.537 1.212 0.505 1.656 

1:200 0.649 0.917 0.618 1.132 0.576 1.536 

 

Table 2. Checkerboard results 

Negative standard OD Positive standard OD 

0.123 1.036 

0.129 1.003 

0.132 1.044 

0.133 1.167 

0.114 1.223 

0.121 1.012 

0.153 1.400 

0.115 1.247 

0.112 1.632 

0.242 1.959 

0.171 1.684 

0.162 0.816 

0.185 0.912 

0.159 0.859 

0.124 0.934 

 

Table 3. Optical absorbance of positive and negative 

standard samples. 

Control Result 1 Result 2 Plate Plate mean 

high 2.379 1.180 1 1.779 

high 1.821 0.964 2 1.392 

high 1.709 1.436 3 1.572 

high 1.668 2.517 4 2.0925 

 

Table 4. Intra-assay results for high-limit control samples. 

Mean of means 1.709 

Std Dev 0.3004 

Cv of mean 0.175 

 

Table 5. Mean, standard deviation and coefficient of variation for high-limit. 
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3.2.4.Sensitivity and Specificity of ELISA Test 
In general, from the test of 200 serum samples that were 
evaluated, the results were as follows: 
Actual positive number = 100, Actual negative number = 
100 
Number of false positives = 8, number of false negatives = 
5 
Therefore, the sensitivity was 95% and the specificity was 
92%. 

 
4. Discussion 
In the wake of the global dissemination of SARS-CoV-2, 
the urgency of immediate diagnosis has become a 
paramount concern. Various diagnostic assays, such as viral 
gene detection by RT-PCR and antibody detection methods  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(ELISA), have emerged as standard methods for patient 
detection. ELISA, in particular, has been instrumental in 
detecting antibodies produced by the immune system in 
response to the virus, offering insights into past infections 
and immune responses. However, this test is subject to a 
significant limitation: the immune system requires a certain 
duration to produce antibodies against antigens. 
Conversely, PCR is a highly sensitive, specific, and rapid 
method of amplifying and detecting the genetic material 
(RNA) of the virus. However, it is more complex and 
generally more expensive than ELISA.In the context of 
epidemiological studies, the identification of contact with 
viruses is essential. ELISA can assist in tracing contacts 
with antibodies against the virus, thereby highlighting the 
immune system's memory (21-23). The immune system 

Control Result 1 Result 2 Plate Plate mean 

Low 0.325 0.296 1 0.310 

Low 0.157 0.218 2 0.187 

Low 0.372 0.391 3 0.381 

Low 0.426 0.509 4 0.467 

 

Table 6. Intra-assay results for low-limit control samples. 

Mean of means 0.3367 

Std Dev 0.1184 

CV of mean 0.351 

 

Table 7. Mean, standard deviation, and coefficient 

of variation for lower limit 

 Control Result 1 Result 2 Plate Plate mean 

high 1.180 0.993 1 1.086 

high 0.964 0.918 2 0.941 

high 1.436 1.330 3 1.383 

high 2.517 2.352 4 2.432 

 

Table 8. Inter-assay results for high-limit control samples. 

Mean of means 1.461 

Std Dev 0.674 

Cv of mean 0.46 

 

Intra assay = average of high and low control 

CV = 0.175 + 0.35 / 2 = 0.263 

 

Table 9. Mean, standard deviation and coefficient 

of variation for high-limit in inter-assay. 
Control Result 1 Result 2 Plate Plate mean 

Low 0.296 0.265 1 0.280 

Low 0.218 0.194 2 0.206 

Low 0.391 0.351 3 0.371 

Low 0.509 0.486 4 0.497 

 

Table 10. Inter-assay results for low-limit control samples in inter-assay. 

Mean of means 0.338 

Std Dev 0.125 

CV of mean 0.37 

 

Table 11. Mean, standard deviation and coefficient of variation for low-limit in inter-assay. 

Inter assay = average of high and low control CV = 0.46 + 0.37 / 2 = 0.41 
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can produce multiple antibodies against individual virus 
particles; however, for the present study, we selected NP 
for its capacity to coat the plates.While the spike protein is 
widely regarded as a critical antigen for neutralization and 
is incorporated into vaccines, diagnostic assays are 
predominantly based on other proteins to enhance 
sensitivity and specificity. This is due to the potential for 
antibodies against other SARS viruses to cross-react with 
the spike protein of SARS-CoV-2 (24). A study by Tan, 
Goh (25) on SARS-CoV-1 demonstrated that antibodies 
against the N-protein exhibited a longer lifespan in serum 
compared to antibodies against the S-protein. 
Consequently, the detection of antibodies against this 
protein can facilitate the identification of patients and the 
monitoring of their condition over extended periods. In the 
present study, an ELISA assay targeting nucleoprotein was 
developed and validated for the detection of SARS-CoV-2 
antibodies in blood samples. The specificity of this assay 
was found to be 92%, which is consistent with the 
specificity values reported in analogous assays in other 
studies (26–29). The assay yielded eight false positive 
results when testing 200 serum samples from individuals, 
likely attributable to immunity from influenza vaccines or 
severe respiratory conditions not related to SARS-CoV-2. 
The possibility of cross-reactivity with serum samples from 
individuals previously infected with common cold 
coronaviruses was also considered. While some cross-
reactivity may exist between antibodies to seasonal 
coronaviruses and SARS-CoV-2, its impact on the context 
of the pandemic is considered minimal (30, 31). In contrast 
to our study, which did not allow for the evaluation of 
cross-reactivity, the study by Tozetto-Mendoza and 
Kanung (32) examined cross-reactivity with sera from 
individuals with previous confirmed infections of the 
dengue, zika virus, other respiratory viruses, or bacterial 
and fungal infections that cause pneumonia. Notably, their 
study did not report any false negative results, thereby 
demonstrating the high specificity of their ELISA kit. 
Notwithstanding the superior specificity of the ELISA kit 
utilized in our study (97.9%), the cross-reactivity evaluation 
conducted by Tozetto-Mendoza et al. (32) yielded more 
favorable outcomes. This is attributable to the fact that the 
aforementioned study exclusively focused on individuals 
with documented past exposure to dengue, zika, other 
respiratory viruses, or bacterial and fungal pathogens that 
lead to pneumonia. The absence of false negative results in 
this particular study further substantiates the high specificity 
of the ELISA kit employed. Our kit demonstrated higher 
sensitivity compared to the aforementioned kit. According 
to the findings of our study, the sensitivity of our kit was 
95%, while the sensitivity of the kit designed by Tozetto-
Mendoza, Kanunfre (32) was approximately 90%. The 
research conducted by Chang, Sue (33) revealed that S1-
subunit and N-protein-based ELISA assays exhibited 
moderate sensitivity, with values of 91.8% and 84.8%, 
respectively.  While the sensitivity of the N-protein-based 
ELISA in the study by Chang et al. (33) was lower than that 

of the ELISA kit designed in this study, the combination of 
S- and N-protein-based ELISA increased the sensitivity of 
the latter to 93.2%.According to the results of Chang et al. 
(33), S- and N-protein-based ELISA are complementary to 
each other. Consequently, further studies may facilitate the 
enhancement of the sensitivity of our designed kit by 
integrating the recombinant NP with the recombinant S 
protein. In summary, the ELISA assay developed in this 
study, which was based on NP, demonstrated a high degree 
of sensitivity in detecting antibodies specific to SARS-
CoV-2. This ELISA kit has the potential to enhance 
diagnostic efficiency, reduce dependence on costly or 
sophisticated equipment, and optimize resource allocation, 
making it a cost-effective solution for large-scale testing 
initiatives. 
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