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Abstract

Background: The knowledge of antibody’s significance and frequency in patients cured of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) is extremely limited.
Objectives: This study aimed to evaluate anti-SARS-CoV-2 IgG antibodies in patients exposed to SARS-CoV-2.
Methods: Healthcare professionals infected with SARS-CoV-2 were enrolled in this study. The levels of anti-SARS-CoV-2 IgG antibodies
were detected 15 days after the onset of symptoms and five months later.
Results: A total of 167 patients with coronavirus disease 2019 (COVID-19) were evaluated, including 119 (71.3%) females and 48 (28.7%)
males. Of the 88 polymerase chain reaction (PCR)-positive patients, 55 (62.5%) had IgG-positive antibodies, and of the 79 reverse
transcriptase (RT)-PCR-negative patients, 12 (16.9%) had IgG-positive antibodies. Out of 23 anosmia cases, 19 (82.6%) had positive an-
tibodies. There was a significant relationship between anosmia and positive antibody (P = 0.001), but there was no correlation
between antibody titers and gender and other disease symptoms. Immortally, 63 (94%) cases demonstrated high levels of anti-SARS-
CoV-2 IgG antibodies after five months of infection. Moreover, 6.5% (N = 11) of the total population were re-infected with COVID-19
six months later.
Conclusions: Overall, anti-SARS-CoV-2 IgG antibodies detection may be an appropriate method to identify suspected patients with a
negative RT-PCR test. Antibodies can remain high in most infected patients for up to five months after infection. Moreover, anosmia
seems to be a valuable diagnostic factor, and the healthcare system should implement isolation measures for patients with anosmia.
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1. Background

In late 2019, viral pneumonia cases of unknown cause
were reported in Wuhan, China. This new viral disease was
called coronavirus disease 2019 (COVID-19) viral pneumo-
nia. The causative agent of COVID-19 is a single-stranded
RNA virus. Comparison of the genetic sequence of this
virus and other viruses has shown similarities with the se-
vere acute respiratory syndrome (SARS) virus and bat coro-
navirus. The viruses transmit to humans through an in-
termediate host (1, 2). Human-to-human transmission of
the virus has been confirmed. Coronaviruses are trans-
mitted primarily in close contact with COVID-19 patients,
mainly through respiratory droplets caused by coughing
and sneezing up to about 4 m; it is also found in fecal sam-
ples from infected patients. Studies have shown that the
virus can be transmitted even during incubation. If left

unchecked, the virus typically causes 1.4 to 3.9 new cases
per infection. Preliminary estimates indicate that the virus
mortality rate is between 1.32% and 2.04% of those infected
(3-5).

Quantitative reverse transcription-polymerase chain
reaction (RT-PCR) was used to analyze samples taken from
the upper and lower respiratory tracts for clinical diagno-
sis of COVID-19; however, it needs special equipment and
is time-consuming and costly. Also, since quantitative RT-
PCR needs samples from the upper and lower respiratory
tracts, the process of collecting samples and extracting
RNA increases the risk of exposure to viral droplets for per-
sonnel. Therefore, an alternative diagnostic test for quan-
titative RT-PCR seems necessary to identify COVID-19 infec-
tion (6).

Serological tests for antibody detection are helpful di-
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agnostic tools widely used to diagnose viruses. These an-
tibodies in the peripheral blood indicate that the person
has been exposed to the virus and developed antibod-
ies against it. Naturally, this event protects against re-
infection; however, in the case of COVID-19, it is not yet
clear how strong the acquired immunity can be or even
how long it will last (7). Recent studies have evaluated
the levels of anti-severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) IgG and IgM in the sera of patients
with history of SARS-CoV-2. Many reports have shown that
IgM and IgG levels increase in the first week of infection (8-
10). Many Iranians, particularly healthcare professionals,
have been infected with this virus, like other nationalities.
However, only a few studies have followed up these anti-
bodies’ levels for a long time after infection.

2. Objectives

Herein, we report the importance of anti-SARS-CoV-2
IgG as a functional laboratory test and anosmia as clinical
observation for diagnosing COVID-19.

3. Methods

3.1. Patients and Sampling

A total of 167 healthcare professionals with COVID-19
working at Besat Hospital, Kurdistan University of Medical
Sciences (KUMS), were enrolled in this study from March to
June 2020.

Inclusion criteria: The study included: (1) patients with
confirmed COVID-19 based on quantitative RT-PCR and (2)
Patients with confirmed COVID-19 based on Vertical arti-
facts/pleural irregularities/white lung areas or sub-pleural
consolidations on lung Computed Tomography (CT) scan.
Exclusion criteria: They were: (1) Death of patients, (2) Re-
luctance of patients for cooperating and participating in
the research, and (3) Not showing up for check-ups and not
compliance with therapy for any reason. Three milliliters
of venous blood were collected from each of the subjects
15 days and five months after infection. The blood samples
were centrifuged at 1,000 rpm for 5 min. To determine the
level of IgG in the blood, we isolated serum samples, stored
them at a temperature below 20°C, and then sent them to
the laboratory in less than 24 h. Next, IgG levels were mea-
sured using the E200519AY Euro Immune Kit (Germany).
The sensitivity and specificity of IgG levels for coronavirus
detection were 63.3% and 100%, respectively.

3.2. Determination of anti-SARS-CoV-2 IgG

According to the manufacturer’s instructions, the lev-
els of anti-SARS-CoV-2 IgG were determined by ELISA (EU-
ROIMMUN, Lübeck, Germany). Briefly, first, 100 µL of sam-
ple dilution solution was added to all wells. Then, 50 µL of
controls and samples were poured into the wells accord-
ing to the instructions; the first two wells were consid-
ered blank, and the subsequent two wells were negative
controls. Next, the positive control was duplicated, and
other wells were used for the samples. The plate was gen-
tly shaken for 30 s until the samples and controls were well
mixed with the diluent solution. After covering the plate
label walls, the wells were placed at 37 °C for 30 min. The
wells were washed five times with 300 µL of ready-to-use
washing solution. Then, 100µL of the ready-to-use enzyme-
conjugated solution was added into the wells, except for
the blank wells. The wells were rewashed five times, and
100µL of dye solution was added to all wells. The plate was
placed at room temperature in the dark for 15 min. Enzyme
reactions stopped by adding 100µL of stop solution to each
well.

3.3. Statistical Analysis

We used SPSS 21 (SPSS Inc., Chicago, Ill., USA) to analyze
the study data, and a P-value of less than 0.05 was consid-
ered significant.

4. Results

A total of 167 patients with COVID-19 were evaluated, in-
cluding 119 (71.3%) females and 48 (28.7%) males. The dis-
ease prevalence was higher in women than in men. The
most common symptom in these patients was fever (97%).
Other symptoms included cough and respiratory distress
(84%), myalgia (77%), weakness (73%), sore throat (71%), anos-
mia and headache (23%), ageusia (20%), diarrhea (8.4%),
and vomiting (7.2%). Further, 3.0% of the patients had a
history of an underlying disease. In 8.4% of the patients,
pulmonary manifestations of COVID-19 were observed in
CT scans. Seventeen patients were hospitalized, none of
whom died. Of the 88 PCR-positive patients, 55 (62.5%) had
IgG-positive antibodies, and 33 had negative IgG titers; fur-
ther, of the 79 PCR-negative patients, 12 (16.9%) were IgG-
positive.

Out of 23 anosmia cases, 19 (82.6%) had a positive an-
tibody, and there was a significant relationship between
anosmia symptom and positive antibody (P = 0.001); how-
ever, there was no correlation between antibody titers and
gender and other symptoms (Table 1). At the second follow-
up five months later, of the 67 patients with a positive anti-
body, 63 (94%) had a positive antibody, and only four (6%)
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had a negative antibody. The primary symptoms of pa-
tients with positive IgG were evaluated, showing that the
most common primary symptom was fever (86.6%), fol-
lowed by myalgia and weakness (14.9%), cough and distress
(9%), and headache (3%); vomiting and diarrhea were not
observed in any of the patients. At follow-up, 6.5% (N = 11)
of the total population were re-infected with COVID-19 six
months later; all had positive PCR in the first episode of the
disease.

5. Discussion

Although COVID-19 was discovered more than a year
ago, the role of antibodies against antigens of the virus
has not yet been well-documented. Accordingly, we stud-
ied the levels of anti-SARS-CoV-2 IgG in healthcare profes-
sionals during the disease course and five months after
infection. According to the study results, COVID-19 was
more common in women, and fever was the most com-
mon symptom. Among COVID-19 patients with clinical ev-
idence and lung manifestations, the PCR test was nega-
tive in about half of the patients. Also, the present study
showed that the IgG antibody titer was high in a small mi-
nority of PCR-negative patients. Therefore, it can be sug-
gested that the PCR test has a high false-negative level; ac-
cordingly, the anti-SARS-CoV-2 IgG test may be an appropri-
ate method to identify suspected patients with a negative
PCR test. These results are in line with a recent report show-
ing that the detection of anti-SARS-CoV-2 IgG and IgM can
help diagnose asymptomatic infections and suspected pa-
tients with negative RT-PCR results (11).

Adams et al. (9) examined the anti-SARS-CoV-2 IgG and
IgM levels in patients with a history of SARS-CoV-2. The
study was performed on 40 plasma samples of RT-PCR-
positive patients. Also, 142 plasma samples collected be-
fore the outbreak of COVID-19 (before December 2019) were
used as controls. The IgM and IgG ELISA results were posi-
tive in 34 of 40 patients with a previous diagnosis of COVID-
19 (sensitivity of 85% and specificity of 95%). The IgG titers
were also positive in 31 of 31 patients more than 10 days
after the onset of symptoms. Anti-SARS-CoV-2 IgG titers
increased three weeks after symptom onset and dropped
eight weeks later. They showed that IgM and IgG 10 days af-
ter symptom onset were specific for diagnosing COVID-19
infection (9).

In 2020, Long et al. (11) examined IgM and IgG anti-
body levels in patients with a history of SARS-CoV-2. The
study was performed on 285 COVID-19 patients. Nineteen
days after the onset of COVID-19 symptoms, the IgG test
was positive in all patients. IgG peaked around 17 - 19 days
after the onset of symptoms, and IgM peaked around 20-
22 days. Also, in the first three weeks after the onset of

symptoms, the titers of anti-SARS-CoV-2 IgG and IgM anti-
bodies increased. However, IgM decreased slightly three
weeks after the onset of symptoms. IgM and IgG antibody
titers were also higher in people with severe infection than
those with mild infection (11). Liu et al. examined the re-
sponse pattern of anti-SARS-CoV-2 IgG and IgM antibodies
in COVID-19 patients; COVID-19 infection was detected us-
ing RT-PCR. This study showed that IgM increased faster
than IgG and reached a peak. The IgM antibodies started
to decrease three weeks after infection. In contrast, the
IgG antibody response continued and was preserved in pa-
tients (12).

According to the present study, it can be suggested that
the antibody remains high in a high percentage of patients
up to five months after infection. A recent study showed
that the anti-SARS-CoV-2 IgG test was suitable for assess-
ing previous virus exposure, although it illustrated that
the test results could be negative during the first weeks
after infection (13). The results also showed that patients
whose antibodies remained positive for the second time
had a higher percentage of symptoms, such as myalgia and
weakness at the time of infection. Our results illustrated
that the IgG level remained high after five months in pa-
tients who experienced anosmia during infection. There-
fore, it can be said that anosmia is one of the symptoms
that appear in patients and indicates a high antibody titer
remaining after five months. Hence, if anosmia appears as
a symptom of the disease in patients, it can indicate high
immunity with the production of more antibodies in pa-
tients, which is an excellent prognostic factor. A recent
study showed that high anti-SARS-CoV-2 IgG antibody titers
in patients with olfactory disorders could be considered
a warning sign of the disease (14). Based on our results,
6.5% of the total patients were re-infected with COVID-19 six
months later; thus, re-infection can occur in patients.

5.1. Conclusions

Based on the present study, the anti-SARS-CoV-2 IgG test
may be appropriate for identifying suspected patients with
a negative PCR test. The study further showed that anos-
mia is a good prognostic factor for indicating high immu-
nity in COVID-19 patients. Therefore, the healthcare system
should do rapid screening tests and isolation measures
for patients with anosmia. Also, re-infection may occur in
some patients.

Footnotes

Authors’ Contribution: B. M. designed the study and crit-
ically reviewed the manuscript. F. Z. and SB collected the
clinical data. A. K. was the major contributor to writing the
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Table 1. Correlation Between Antibody and Anosmia a

IgG
Total P-Value

Positive Negative

Anosmia 0.0001 b

Positive 19 (82.6) 4 (17.4) 23 (100.0)

Negative 48 (33.3) 96 (66.7) 144 (100.0)

Total 67 (40.1) 100 (59.9) 167 (100.0)

a Values are expressed as No. (%) unless otherwise indicated.
b A P-value less than 0.05 was considered the significance level.

manuscript. A. J. did the PCR and Ig-G titer tests. K. R. an-
alyzed and interpreted the data. All authors read and ap-
proved the final manuscript.
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