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Abstract

The emergence of SARS-CoV-2, responsible for coronavirus disease-2019 (COVID-19), has become a major global health
problem. The molecular testing is the accepted assay in SARS-CoV-2 detection. However, there are several reasons for low
sensitivity by RNA detection, causing challenges in SARS-CoV-2 diagnosis. In this study, we aimed to investigate serological
patterns of SARS-CoV-2 specific IgM, and IgG in 111 hospitalized, and 34 recovered COVID-19 patients and 311 prepan-
demic normal serum specimens by ELISA. The validity of the ELISA kits was evaluated using samples from normal and
recovered cases. This showed that 98.1%, and 98.4% of prepandemic normal samples were negative for anti-SARS-CoV-2
IgM, and IgG, respectively. Assessment of 34 COVID-19 confirmed recovered patients showed a test sensitivity of 76.5%,
and 94.1% for IgM, and IgG, respectively. In COVID-19 hospitalized patients, 42.3%, and 51.4% were positive for IgM and
IgG, respectively. Viral RNA was not detectable in 43.3% of the hospitalized patients. Interestingly, combined molecular and
serological testing improved the sensitivity of COVID-19 diagnosis to 79.6%. Using PCR with combined IgM/IgG results
augmented the patient diagnosis sensitivity to 65.3% and 87.2% in <7 days, and > 7 days intervals, respectively. Overall,
serological tests in combination with PCR can improve the sensitivity of COVID-19 diagnosis.
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Introduction

A cluster of patients with “unknown viral pneumonia” was
reported, in Wuhan, Hubei province, China in late Decem-
ber 2019 [1, 2]. Later on, WHO officially announced the
disease as coronavirus disease 2019 (COVID-19), and the
causative virus was called SARS-CoV-2 [3]. SARS-CoV-2
infection has quickly spread across China and worldwide [4,
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5]. The most common clinical manifestations of COVID-19
included fever, followed by cough, fatigue, sputum produc-
tion, shortness of breath, sore throat, headache, diarrhea, and
vomiting [1, 6]. In addition, most severe patients exhibited
lung CT abnormality such as subsegmental areas of con-
solidation and multiple ground-glass opacity and infiltration
shadows in both lungs [1, 6]. The most common lab findings
in COVID-19 include leukopenia, lymphocytopenia, neutro-
philia, high C-reactive protein, and elevated serum alanine
and aspartate aminotransferase levels as well as p-dimers
[1, 7, 8]. Currently, detection of viral RNA by polymerase
chain reaction (PCR)-based technique is the golden lab test
and is almost the only way to confirm the clinical diagnosis
of COVID-19. However, detection of viral RNA is mostly
dependent on the presence of the viral genome in sufficient
amounts at the site of sample collection, and RT-PCR assay
is incapable of detecting the SARS-CoV-2 in the early stages
of infection, and false-negative RT-PCR test results have
been reported in subjects for up to 2 weeks from symptoms
onset [9, 10]. Furthermore, detection of viral RNA from
throat or nasopharyngeal swab is mostly associated with
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considerable risk of false-negative results [11]. This can be
due to various viral loads in different stages of the infection,
improper clinical sampling and nucleic acid extraction, vari-
ations in the sensitivity of assays from various manufactur-
ers, insufficient cellular material in the collected samples,
and finally lower viral load in upper respiratory tract. These
suggest that RT-PCR may not be the best and sole choice for
detection of SARS-CoV-2 infection.

Hence, development of more efficient screening methods
which are able to detect lower viral loads in the early stages
of the disease can be invaluable to ensure timely diagno-
sis of the patients. Although molecular diagnostic methods
for COVID-19 were rapidly developed, multiple serologic
assays were developed recently due to a lack of sufficient
immunological information about the SARS-CoV-2 virus.
Nevertheless, recent limited studies suggested that serologi-
cal tests might be able to detect those patients with either
current or previous infection and a negative PCR test [9,
12]. The serological assay is also very important for fast
screening, surveillance, epidemiological studies, and control
of the current COVID-19. In the present study, we aimed to
investigate the specific serologic response to SARS-CoV-2
in 111 hospitalized and 34 recovered COVID-19 patients
using enzyme-linked immunosorbent assay (ELISA), as
controlled by 311 prepandemic normal serum specimens.

Materials and methods
Patients and samples

During 20 January to 14 April 2020, a total of 111 hospital-
ized COVID-19 patients admitted in Dr. Shariati hospital
and 34 recovered COVID-19 patients recruited to Baqiyat-
allah hospital included in the present study. The diagno-
sis of COVID-19 was based on the clinical manifestations,
including common symptoms and signs, chest CT scan,
laboratory findings, as well as primer—probe-based real-time
RT-PCR. The recovered patients were selected from con-
firmed COVID-19 cases who were recovered and negative
for SARS-CoV-2 RT-PCR and 14 days passed their recov-
ery. For all enrolled patients, demographic information (age,
sex, coexisting disorders), clinical findings and their timing,
chest CT scan, and real-time RT-PCR results were obtained
from clinical records. All patients had mild to severe acute
respiratory syndromes and/or abnormalities in chest CT
images. In addition, 311 prepandemic normal serum samples
collected 2 years before COVID-19 pandemic and stored
at—70 °C in the biobank of digestive diseases research
institute, Tehran-Iran, were used for validation of serologic
tests. Written informed consent was obtained from each
enrolled patient. The patients’ sera were immediately stored
at—20 °C. Nasopharyngeal and oropharyngeal samples from
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respiratory tracts were used for SARS-CoV-2 RNA detec-
tion by quantitative RT-PCR. In case of negative results,
RT-PCR was repeated using new samples. The PCR results
were extracted from the clinical records of each patient. This
study was reviewed and approved by the Medical Ethical
Committees of Shahid Beheshti University of Medical Sci-
ences (approval number IR.SBMU.MSP.REC.1399.031).

RNA extraction and RT-PCR assay

Total RNAs were extracted from patients’ nasopharyn-
geal and oropharyngeal swabs using column-based kit as
instructed by manufacturer (BEHGENE, cat. number:
BPVDO050 Fars, Iran). Target genes of SARS-CoV-2 were
detected using approved primer—probe-based Real-time PCR
(Pishtaz Teb Diagnostics, cat. number: PT-COVID.19-100
Tehran, Iran). RT-PCR assay was performed under the fol-
lowing conditions: incubation at 50 °C for 20 min and 95 °C
for 3 min, followed by 45 cycles of denaturation at 94 °C
for 10 s, then annealing, extending and collecting fluores-
cence signal at 55 °C for 40 s. The fluorescence signal of
HEX, FAM and ROX were detected for N gene and RdRP
region of SARS-CoV-2 and RNase P as internal control,
respectively using Rotor-Gene Q MDx Splex HRM (Qiagen,
Germany). If a typical S-type amplification curve is detected
by the FAM or HEX channel, with Ct <40, it indicates that
SARS-COV-2 virus is positive.

Antibody measurement using enzyme-linked
immunosorbent assay (ELISA)

IgM, and IgG antibodies specific to SARS-CoV-2 nucle-
ocapsid antigen were detected in serum samples using cor-
responding ELISA kits (Pishtaz Teb Diagnostics, Tehran,
Iran; cat. numbers: PT-CoV2 IgM-96, and PT-CoV2 IgG-
96) according to manufacturer’s instructions. In summary,
the serum samples were diluted 1:100 in sample diluent and
then 100 pl of each positive and negative control sera and
1:100 diluted serum specimens were added into appropriate
wells in duplicate. After 30 min incubation at 37 °C, the well
contents were flicked and washed 5 times using working
wash buffer. Next, 100 ul of appropriate conjugates (anti-
human IgM-HRP, or anti-human IgG-HRP) were applied
into the wells and incubated for 30 min at 37 °C. After wash-
ing the wells for 5 times, 100 ul of chromogenic substrate
was dispensed into the wells. All plates were incubated at
room temperature and darkness for 15 min in order for the
color to develop. The reaction was then stopped by adding
100 pl stop solution, and the optical densities of the wells
were measured at 450 nm as well as 630 nm as the ref-
erence filter using ELISA reader (BioTek Instrument Inc.,
Winooski, VT, USA). Both negative and positive controls
were included in all assays. Those samples with OD450 nm/
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OD630 nm above the cut-off value of 1.1 were considered
to be positive. The cut-off value was calculated based on
mean + 3SD of prepandemic normal serum samples col-
lected before COVID-19 pandemic.

Statistical analysis

The findings were analyzed using SPSS 22.0 software
(SPSS Inc., Chicago, IL, USA) and GraphPad Prism soft-
ware version 8.0 (GraphPad Software, Inc., San Diego,
USA). Continuous variables were displayed as mean =+ stand-
ard deviation (mean + SD) and categorical variables were
reported as counts and percentages. All groups were
tested for normal distribution using the Shapiro—Wilk
test. Mann—Whitney U test was used for non-parametric
comparisons.

Test values were calculated as sample ODs divided by
cut-off index as instructed by the manufacturer. Those test
values above 1.1 and below 0.9 were considered to be posi-
tive and negative, respectively, while those values between
0.9 and 1.1 considered to be borderline. A p value less than
0.05 was considered to be statistically significant. Asterisks
*, %% and *** were used to show those p values between
0.01-0.05, 0.001-0.01, and 0.0001-0.001, respectively.

Results

SARS-CoV-2 RT-PCR and chest CT findings
in COVID-19 patients

A total of 111 hospitalized COVID-19 patients were enrolled
in this study. The inclusion criteria were determined for hos-
pitalized patients based on clinical symptoms and signs and
diagnostic chest CT scan. The mean age of the hospital-
ized COVID-19 patients was 56 years (inter-quartile range
31-90 years; range 16-90 years) and 57.7% were males
(Table 1). The most common symptoms of COVID-19
cases included fever (20.7%), weakness (14.5%), dry cough
(20.7%), dyspnea (31.7%), and myalgia (6.9%).
COVID-19-related chest CT patterns were observed in
99.1% (109/110) of hospitalized patients. The main CT
findings in COVID-19 hospitalized patients were ground-
glass opacity (89.6%), bilateral patchy shadows (24.6%),
and consolidation (35.1%) (Table 1). Interestingly, some CT
findings appeared to be more frequent in patients over 50
as compared to those under 50 years old, including: patchy
infiltrates (30.8% vs. 12.5%), and consolidation (44.4% vs.
37.5%). In hospitalized patients, SARS-CoV-2 RNAs were
detected in the upper respiratory tract of 56.7% (51/90)
patients using real-time RT-PCR as stated in the medical

Table 1 Demographic and clinical characteristics of 111 enrolled
patients

Characteristic Results

Age (years)

Age, mean+SD 56.97 +17.13, range of 31-90

Age<50 25 (79.41%) (available data)
Age>50 53 (20.59%) (available data)
Male 64 (57.7%)
Female 47 (42.3%)

Results of RT-PCR assay
Positive 56.7% (51/90)
Negative 43.3% (39/90)

CT scan results and findings

99.1% (109/110)
0.9% (1/110)
89.6% (69/77)

24.6% (19/77)
35.1% (27/77)

Positive

Negative
Ground-glass opacity
Patchy infiltrate
Consolidation

Table 2 Serological detection of anti-SARS-CoV-2 antibodies in 34
recovered COVID-19 patients

Antibodies Positive percentage (N)
IeM/IgG 94.1% (32/34)
IgG 94.1% (32/34)
IgM 76.5% (26/34)

records of patients. One patient with normal CT showed
positive RT-PCR for SARS-CoV-2.

Profile of SARS-CoV-2 antibodies in normal
and recovered COVID-19 subjects

Serum specimens from normal subjects were tested using
IgM, and IgG SARS-CoV-2 ELISA kits to evaluate assay’s
specificity. This showed a test’s specificity of 98.1% (304
negative out of 311), and 98.4% (306 negative out of
311) for IgM, and IgG antibodies, respectively. On the
other hand, blood samples of the recovered patients were
obtained 14 days after recovery and tested for assay’s sen-
sitivity. In 34 COVID-19 recovered patients, assay’s sen-
sitivity was found to be 76.5% (26/34), and 94.1% (32/34)
for IgM, and IgG, respectively (Table 2). Combined use of
SARS-CoV-2 IgM/IgG did not increase the assay’s sensi-
tivity (94.1%) compared to SARS-CoV-2 IgG (Table 2). In
other words, 94.1% of recovered patients showed at least
one SARS-CoV-2 specific antibody from IgM, or IgG iso-
types. The presence of specific IgM after 14 days of recov-
ery in most patients could be interesting as it is expected
to be produced during acute phase of infections but still
persisting at recovery phase.
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Tab]e 3 Viral RNA and Test Positive

antibody results in 111

hospitalized COVID-19 patients PCR 56.7% (51/90)
IgM 42.3% (47/111)
IgG 51.4% (57/111)
IgM/1gG 55.9% (62/111)

PCR/IgM/IgG  79.6% (86/108)

Table 4 Viral RNA and antibody results in the hospitalized COVID-
19 patients detected by RT-PCR and ELISA in different days from
initial onset of symptoms

Test <7 days >7 days

PCR positive 57.5% (42/73) 46.7% (1/15)
1gM/1gG 34.0% (17/50) 69.2% (27/39)
PCR/IgM/1gG 65.3% (32/49) 87.2% (34/39)
IegM 28.0% (14/50) 51.3% (20/39)
IgG 34.0% (17/50) 61.5% (24/39)

Profile of SARS-CoV-2 antibodies in hospitalized
COVID-19 patients

We assessed patients’ antibody profiles to see whether sero-
logic testing could help to identify patients with COVID-19.
Among COVID-19 hospitalized patients, 42.3% (47/111),
and 51.4% (57/111) were found to be positive for anti-
SARS-CoV-2 IgM, and IgG, respectively (Table 3). Com-
bined use of SARS-CoV-2 IgM/IgG increased the test’s
sensitivity for hospitalized COVID-19 patients to 55.9%
(62/111) (Table 3). There was a positive correlation between
test values of IgM and IgG (r=0.82, P <0.001).

Fig. 1 Levels of SARS-CoV-2
specific IgM, and IgG antibod-
ies in different intervals after
symptoms onset in hospitalized
COVID-19 patients. The scatter
dot plots indicate cut-off values
of IgM and IgG specific to
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Furthermore, the sampling time was subdivided
into two periods encompassing <7 days, and > 7 days
(8-18 days) after the onset of symptoms, then, the sero-
positivity rate for each of IgM, and IgG antibodies as well
as their combinations were analyzed in defined intervals.
The test’s sensitivity was found to be increasing by pass-
ing time of symptoms onset, so that the sensitivity of IgM,
and IgG assays were 28.0% (14/50), and 34.0% (17/50),
respectively, in time period of <7 days (Table 4 and Fig. 1)
and it increased to 51.3% (20/39), and 61.5 (24/39) in time
period of > 7 days, respectively (Table 4). These results
showed that the combination of SARS-CoV-2 IgM, and
IgG could improve the test’s sensitivity at time period
of > 7 days but not at the early stages of disease (<7 days).

The mean of sample to cut-off value of SARS-CoV-2
IgM in recovered patients (mean + SD: 4.47 +4.46) was
significantly higher than hospitalized COVID-19 patients
(mean + SD: 3.09 +4.70) (P=0.02) (Fig. 2). The level of
IgG in the recovered patients (11.63 +5.94) appeared to
be higher than hospitalized patients (9.5 +10.56), although
no significant difference was seen (P =0.14) (Fig. 2).
Our findings showed IgM (P =0.02) as well as IgM/IgG
(P=0.02) significantly associated with patchy infiltra-
tion frequency in hospitalized COVID-19 patients. In this
regard, patchy infiltration were found in 39.3%, and 36.1%,
of patients with IgM+, and IgM/IgG+ as well as 16.3%
and 14.6%, IgM-, and IgM/IgG-patients, respectively. In
addition, 83.7% and 85.4% of 1gM and IgM/IgG nega-
tive cases did not have patchy infiltration. Indicating the
possible role of antibody mediate immune responses in
COVID-19 pathogenesis.
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Fig.2 Comparison of SARS-CoV-2 specific IgM, and IgG antibod-
ies in hospitalized and recovered COVID-19 patients. Cut off values
were calculated as sample ODs divided by cut-off index as instructed
by the manufacturer. Means of cut-off value in each group for IgM
and IgG specific to SARS-CoV-2 have been shown in the graph

Correlation between CT findings and RT-PCR results
with antibody profile

Detection of viral RNA is almost the golden method to con-
firm the infection of SARS-CoV-2 in practice. As stated
above, the RT-PCR was positive in 56.7% of hospitalized
COVID-19 patients. Checking the rate of positive RNA
detection testing in symptoms onset to swabbing time inter-
vals revealed that 57.5% and 46.7% of cases were positive
for SARS-CoV-2 RT-PCR <7 days, and > 7 days, intervals
(Table 4). Importantly, we found that 39/90 (43.3%) of hos-
pitalized patients had negative RT-PCR (Table 3). In this
context, the frequency of patients with anti-SARS-CoV-2
antibodies were evaluated in the RT-PCR negative cases.
Our findings indicated that in RT-PCR negative cases, anti-
SARS-CoV-2 IgM, and IgG were detected in 35.9% (14/39),
and 41% (16/39) of patients, respectively (Table 5). The anti-
SARS-CoV-2 IgM, and IgG were also detectable in the two
defined intervals between symptoms onset and sampling
time, even in the early stage of diseases which expected
the PCR has the highest sensitivity for COVID-19 diagno-
sis (Table 6). Thus, serological assays for combination of

Table 5 Serological detection

: . Antibodies Positive
of anti-SARS-CoV-2 specific
ant%bodies'iﬁ ho(sipitalizg;i - IgM/IgG 43.6% (17/39)
patients with undetectable viral 1M 35.9% (14/39)
RNA
IgG 41% (16/39)

IgM, and IgG resulted in detection of 38.7%, and 62.5% of
RT-PCR negative cases in <7 days, and > 7 days intervals
between sampling time and symptoms onset, respectively
(Table 6). Interestingly, combination of molecular and sero-
logical testing greatly improved the sensitivity of COVID-
19 patient diagnosis. In this regard, when the PCR results
were used along with SARS-CoV-2 IgM/IgG in hospital-
ized patients, the sensitivity increased to 79.6% (86/108)
(Table 3). Implication of PCR altogether with one of IgM
or IgG results augmented the patient diagnosis sensitivity to
65.3% and 87.2% in <7 days, and > 7 days intervals, respec-
tively (Table 4).

Discussion

Detection of SARS-CoV-2 RNA by qPCR depends on the
presence of a sufficient amount of viral load in tissues. Of
note, this method is effective during a short period espe-
cially acute phase of infection. While molecular diagnostic
methods for COVID-19 have been rapidly developed, several
reasons lead to the low sensitivity of this method, which
poses a challenge to diagnosis of SARS-CoV-2 infection.
This shortcoming of molecular testing was also observed
in the current study in which viral RNA was not detect-
able in 39 out of 90 (43.3%) of hospitalized patients. On
the other hand, there are few reports indicating the impor-
tance of serological assays in improving the RT-PCR clini-
cal sensitivity when applied together [13, 14]. In line with
the applicability of serological methods, our results showed
that in COVID-19 hospitalized patients 42.3%, and 51.4%
were positive for anti-SARS-CoV-2 IgM, and IgG, respec-
tively. A combination of SARS-CoV-2 IgM/IgG enhances
the detection sensitivity of hospitalized COVID-19 patients’
detection rate to 55.9% that is to some extent similar to PCR
sensitivity (56.7%) in the current study. It is recommended

Table 6 Serological detection of anti-SARS-CoV-2 specific antibod-
ies in 38 hospitalized patients with undetectable viral RNA at differ-
ent time since onset of symptoms

Test <7 days > 7 days

1gM/1gG 38.7% (12/31) 62.5% (5/8)
IgM 35.5% (11/31) 37.5% (3/8)
1eG 35.5% (11/31) 62.5% (5/8)
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considering the timing of appearance of antibody to SARS-
CoV-2 in serum to choose the best time for getting appro-
priate results. In this context, Zhao et al. disclosed the sero-
conversion rate for total antibody, IgM and IgG was 93.1%,
82.7%, and 64.7% in confirmed COVID-19, respectively.
The median time for seropositivity of total antibody, IgM,
and then IgG were days 11, 12, and 14, separately. They
also reported the presence of antibodies only in <40% of
patients within 7 days since onset, while it increased rapidly
to 100.0% (total antibody), 94.3% (IgM), and 79.8% (IgG)
for 15 days after disease onset. Conversely, the detectabil-
ity rate of SARS-CoV-2 RNA reduced from 66.7% (58/87)
in samples obtained before day-7 to 45.5% (25/55) during
day 15-39 [13]. Another study showed a rapid increase in
the antibody level since 6 days post-exposure along with a
decline of viral load [14]. The results obtained from a cohort
serology study of COVID-19 patients exhibited that all
patients achieved seroconversion of IgG within 17-19 days
after symptom onset. Although the peak of IgM serocon-
version rate was 94.1% at around 20-22 days after symp-
toms onset [13]. The application of serological test will be
extended in recovered patients with preceding exposure to
SARS-CoV-2. As our results pointed out that IgM and IgG
were detected in 76.5%, and 94.1%, of COVID-19 recovered
patients, respectively.

Thevarajan et al. reported a progressive increase in
plasma SARS-CoV-2-binding IgM and IgG antibodies from
day 7 until day 20 [15]. Increased level of specific antibody
may be related to disease severity, immune pathogenesis,
and therapeutic approaches in COVID-19 [13, 16, 17].
More recently it has been revealed that the positive rate of
SARS-CoV-2 IgG reached 100% approximately 17-19 days
after symptoms onset, whereas, I[gM peak reached 94.1% at
20-22 days after disease symptoms onset. In addition, fol-
low-up of 26 seronegative patients showed that all patients
achieved seroconversion of both IgG and IgM within 20 days
after symptom onset median day of 13 days post-symptom
onset [13].

Moreover, studies demonstrated that serological tests can
detect patients who have either current or previous infection
with a negative PCR test. The duration time for detection of
N-specific antibody against SARS-CoV-2 including IgM,
and IgA were 5 days, while for IgG were 14 days, with a
positive rate of 85.4%, 92.7%, and 77.9%, respectively [18].
Indicating that serological tests, particularly in combined
with RT-PCR can help COVID-19 diagnosis, even days
after initial onset of symptoms. Our data highlighted that
virus-specific antibody detection could be applicable as a
complementary tool for nucleic acid assay in the diagnosis
of COVID-19, especially in cases with negative RT-PCR.
Thus, confirming suspected COVID-19 cases using serologi-
cal testing could be useful to reduce false-negative results
and improve invaluable RT-PCR tests. In compliance with
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our finding, Zhao et al. reported that combination of RNA
and antibody detections markedly enhanced the sensitiv-
ity of diagnosis for COVID-19 [13]. Other study founded
a rapid increased in the antibody level since 6 days post-
exposure along with a decline of viral load [14].

In the current study, combination of IgM/IgG resulted in
detection of 38.7%, and 62.5% of RT-PCR negative cases
in <7 days, and > 7 days intervals between sampling time
and symptoms onset, respectively. Interestingly, combina-
tion of molecular and serological testing greatly improved
the sensitivity of COVID-19 patient diagnosis. We exhib-
ited the implication of PCR altogether with one of IgM or
IgG results augmented the patient diagnosis sensitivity to
63.5% and 87.2% in <7 days, and > 7 days intervals, respec-
tively. Our findings highlighted that the combination of CT
scan and/or RT-PCR with serological testing can efficiently
improve COVID-19 detection, even in the early stage of
the disease. Mounting an antibody response in COVID-19
patients can be essential for determination of disease out-
come as well as for patients to overcome a challenge from
this pathogen. Taken together, these results demonstrated
that serological tests, particularly in combined with RT-PCR
can help to improve the sensitivity of COVID-19 diagnosis,
even days after the initial onset of symptoms as well as in
recovered patients.
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