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Abstract
The pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-COV-2) has become the 
most dangerous viral infection worldwide. Since its identification in late 2019, the number of medical 
trials to combat the infection has sharply increased. Here, we investigated the profiles of IgG and 
IgM in 85 patients with confirmed SARS-CoV-2 infection from day 1 after symptom onset until day 35 
with 5-day intervals. Serum samples were collected and stored until use. We observed that IgM levels 
were detectable on day 5 post symptom onset and increased sharply, with the highest rate detected 
in moderate cases (32.332 ± 4.32, n=10). Subsequently, a significant reduction in IgM was observed 
until it was undetectable on day 35 after symptom onset. Meanwhile, IgG levels were detected on day 
10 post symptom onset, and the highest rate was observed in moderate cases (8.232 ± 2.3, n=10). A 
significant increase in IgG rate was observed in all patients, with the highest rate in moderate cases 
(42.432 ± 4.34, n=67) on day 35 post symptom onset. The statistical difference between the case and 
control groups was significant (p≤0.001). Two out of 85 patients died during the study.
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iNtRODUCtiON
 A new outbreak of coronavirus (severe 
acute respiratory syndrome coronavirus 2, SARS-
COV-2) that causes severe pneumonia started in 
late 2019.1,2 All age groups are vulnerable to SARS-
COV-2, causing infectious diseases from mild to 
moderate and severe cases.3,4 SARS-COV-2 causes 
the coronavirus disease 2019 (COVID-19) that has 
been declared a pandemic due to the spread of 
COVID-19 cases worldwide, with an increasing 
number of fatalities. Viral infections have been 
declared as a pandemic when the cases spread 
all over the world with an increasing number 
of COVID-19 fatalities. COVID-19 was observed 
to be more contagious than those with severe 
acute respiratory syndrome (SARS-COV) and 
Middle East respiratory syndrome.5,6 COVID-19 
is diagnosed using real-time polymerase chain 
reaction (RT-qPCR) amplification of the viral RNA 
and computerized tomography (CT) scans of the 
lungs with transparent lesions.7,8 The sensitivity of 
these diagnostic tools are relatively high. However, 
diagnosis is time consuming and expensive, and a 
low viral load might also give a false negative result 
for SARS-COV-2.8-10 Therefore, a rapid serological 
detection of IgG and IgM specific to viral spike 
glycoprotein and nucleocapsid is introduced.11,12 
It relies on the detection of the viral nucleocapsid 
(N) and spike glycoprotein (S). Antibody profiling 
in patients with COVID-19 might be beneficial 
to understand the antibody response against 
SARS-COV-2 and the virus-host interaction in 
patients tested negative in RT-PCR and those with 
asymptomatic infections.7,12,13 This method is used 
worldwide to diagnose patients with COVID-19 
especially those who tested negative using 
reverse transcription techniques. However, cross-
reactivity of SARS-COV-2 antibody with antibodies 
against other pathogens, such as SARS-COV and 
other seasonal coronaviruses, is possible.14-16 
Furthermore, the serological detection of anti-
SARS-COV-2 IgG and IgM is still unclear and poorly 
understood.17

 The production of humoral immunity 
components, including IgG and IgM, protects 
the body from viral invasion. However, excessive 
response might damage the tissues; for instance, 
IgG response increases lung inflammation.18,19 
Moreover, hyperinflammatory response might 
affect several organs, such as the kidney and liver, 

and cause organ failure that may result in heart 
failure and death.20,21

 In this study, we screened the IgG and IgM 
profiles in patients with COVID-19. A total of 85 
patients infected with SARS-COV-2 visited hospitals 
presenting with mild to severe symptoms. Some 
of the patients were hospitalized in urgent care, 
and some needed mechanical ventilation. Serum 
samples were collected from day 1 of viral infection 
and upon symptom onset until recovery.

MATeRIALS AnD MeTHODS
Study design
 A total of 85 patients with COVID-19 
confirmed using reverse transcription polymerase 
chain reaction (RT-PCR) volunteered to participate 
in this study. All cases were confirmed to be 
infected using routine clinical testing, such as 
monitoring of symptoms, RT-PCR, and CT scan 
of the patient’s chest. The study was conducted 
between September 15, 2020 and February 1, 
2021. All patients were admitted to specialty 
hospitals in Mosul City, Iraq. The age of the patients 
was between 35 and 72 years (average age, 45 
years). Patients were observed to have moderate 
to severe symptoms and critical symptoms 
requiring respiratory mechanical ventilation. The 
patients were grouped according to the following 
criteria: moderate cases are defined as having 
high fever, fatigue symptoms, and pneumonia 
on lung radiography; severe cases should show 
respiratory distress saturation with aerial partial 
pressure symptoms; and critical cases should 
show respiratory failure requiring mechanical 
ventilation and exhibit multiple organ dysfunction 
symptoms. Serum samples were collected from 
all patients from day 1 of symptoms onset until 
recovery with 5day intervals, having a total of 
eight serum samples from each patient. Ten serum 
samples from healthy individuals were included as 
controls. All serum samples were stored at −19°C 
until further use. 
Antibody detection
 Anti-spike-glycoprotein (S) IgG and IgM 
antibody levels were measured using the VIDAS® 
immunoassay system (Biomerieux, France) that 
is based on a two-step sandwich assay with a 
final florescence detection called enzyme-linked 
fluorescent assay. Detection of specific SAR-
COV-2 IgG and IgM antibodies was performed 
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according to the manufacturer’s instructions. 
Briefly, the serum samples were thawed and used 
immediately to minimize false results. A 100µl of 
serum sample were used for each test performed 
in duplicates. The VIDAS® SARS-COV-2 IgG and 
VIDAS® SARS-COV-2 IgM (Biomerieux, France) 
used in this study were relatively sensitive to IgG 
(85%–95%) and IgM (90%–95%), respectively. 
The index value was calculated by subtracting the 
relative florescence value of sera samples from 
the obtained florescence from the calibrator 
(recombinant anti-SARS-COV-2 IgG and IgM). 
Antibody level was expressed as one index value. 
A positive result is considered as≥ 1 index value, 
while a negative result is considered as < 1 index 
value. Serum samples from 20 people who tested 
negative for SARS-COV-2 served as a negative 
control. 
Statistical analysis
 GraphPad Prism software (Graphpad 
software version 6, USA) was used for data 
analysis. Results are presented as the mean ± 
standard deviation (SD) or median. A p ≤ 0.001 
was considered significant. 
ethics approval
 This study was approved by the Iraqi 
Medical Institutions and Medical Hospitals. The 
consent of all patients and healthy controls was 

approved to conduct this study and collection of 
serum samples. The identity of all patients was 
kept confidential, as requested.

ResUlts
 A total of 85 patients with confirmed 
COVID-19 symptoms were included in this study. 
The median age of the patients was 45 years, there 
were 50 men and 35 women. Symptoms were 
classified as moderate to severe, and some were 
critical cases that required mechanical ventilation 
for recovery. Table 1 shows the symptom profiles 
of the patients. A total of 67 patients (38 men 
and 31 women) were considered moderate cases 
owing to the symptoms that appeared during 
infection until recovery. Meanwhile, 11 patients 
(seven men and four women) were considered 
severe cases, seven of which (all male) were 
considered critical cases with severe symptoms 
and organ dysfunction and required mechanical 
ventilation. Unfortunately, two out of 85 patients 
died during this study due to organ failure and 
COVID-19-related complications.
 The IgG and IgM level profiles of patients 
have been reported from day 1 post-symptom 
onset with five-day intervals. Fig. 1 shows IgG 
and IgM levels in 67 moderate cases. The level of 
IgG was below the detection rate and considered 

Fig. 1. IgG and IgM level profile in moderate cases. The level represents the median of 67 replicates. All patients 
samples were collected from day 1 until day 35 post symptoms onset with 5 days intervals. The levels of IgG and 
IgM were measured using VIDAS® immunoassay system (Biomerieux, France). 
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negative on day 5, although the cases were 
confirmed positive using RT-PCR testing. The level 
of IgG increased rapidly at day 10 post symptom 
onset (8.232 ± 2.3, n=67) and peaked at day 35 
post symptom onset (42.432 ± 4.34, n=67). IgM 
levels were also measured in 10 random patients 
with moderate cases. Moreover, IgM was detected 
at day 5 (6.412±2.12, n=67) and peaked at 15 
days post symptom onset (32–332 ± 4.32, n=67). 
Afterwards, the level started to decrease sharply 
(1.12 ± 0.89, n=67) at day 35 post symptom 
onset (Fig. 1). IgG and IgM levels in patients with 
COVID-19 were significantly different from those 
in the control group (p ≤ 0.001, n=67). 
 Moreover, IgG and IgM in 11 severe cases 
were measured (Fig. 2). The Ig-related profile in 

severe cases was not relatively different from that 
of moderate cases. As shown in Fig. 2, IgG was 
detected at day 10 after symptom onset (1.323 
± 0.343, n=11). Afterwards, it started increasing 
gradually, reaching 29.332 ± 5.44 (n=11) on day 30 
post symptoms onset. On the other hand, IgM was 
detected on day 5 after symptom onset (7.223 ± 
3.2, n=11), peaked on day 15 post symptom onset 
(19.547±5.54, n=11), and then decreased sharply 
(3.321±2.1, n=11) on day 35 post symptom onset. 
IgG and IgM levels in all patients were significantly 
different at all time points compared to those in 
the control group (p≤0.001). 
 Fig. 3 shows the IgG and IgM levels in 
critical cases from day 1 after symptom onset. IgG 
level was detectable from day 5 after symptom 

Table 1. The symptoms profile and proportions of patients in this study

 Moderate Severe  Critical 

Patients number 67 11 7
Age range 44.6±5.3 65.3±4.1 69.6±3.5
Gender 38 male   7  male 7 male
 31 female 4 female 0 female
Death 0 0 2 male
Patients symptoms High fever O2 levels lower than 80% Failure of respiratory
 Shortness of breath Chest pain system
 Fatigue High level of CRP Organ dysfunction
  Cough   Blood clots
 Headache

Fig. 2. IgG and IgM level profile in severe cases. The level represents the median of 11 replicates. All patients samples 
were collected from day 1 until day 35 post symptoms onset with 5 days intervals. The levels of IgG and IgM were 
measured using VIDAS® immunoassay system (Biomerieux, France).
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onset (1.512 ± 0.334, n=7) and increased in a 
time-dependent manner, peaking on day 35 post 
symptom onset (24.546 ± 3.22, n=5). Furthermore, 
the IgM response in critical cases was relatively 
low compared to moderate and severe cases. IgM 
was detectable on day 5 post symptoms (7.434 
±0.441, n=7), peaked on day 15 post symptoms 
onset (15.325 ± 2.42, n=5), and then sharply 
decreased (2.124 ± 0.434, n=5). IgG and IgM levels 
were significantly different between the critical 
and control groups (p≤0.001). For patients who 
have died on days 22 and 24 post symptom onset, 
we measured the presence of IgG and IgM until  
day 20. 
 
DisCUssiON
 The COVID-19 outbreak has become the 
most increasing pandemic since its first discovery 
in China in late 2019.1 Therefore, there is an urgent 
need for a fast diagnosis of SARS-COV-2 in patients 
with basic symptoms of COVID-19. Time is critical 
in detecting the virus as patients may not be able 
to combat viral invasion if it is in the late stage.12 
Since the pandemic started, several approaches 
for the successful diagnosis of COVID-19 have 
been developed. The IgG and IgM level profiling 
has become the routine for the host humoral 
immune response against SARS-COV-2. Detection 
of IgG and IgM levels in symptomatic patients with 

COVID-19 has become consistent with other vital 
diagnostic methods, such as standard RT-qPCR 
and CT scans of the chest. Moreover, several 
detection methods to analyze immunoglobulin 
levels are also available, such as the lateral flow 
immunoassay, two step indirect immunoassay 
with direct chemiluminescence technology, and 
enzyme-linked immunosorbent assay (ELISA).22-25 
 It has been reported that during SARS-
COV-2 infections, IgG and IgM production are 
consistent in patients for all disease stages. IgM 
is detectable on days 3–5 post viral infection, 
which plays a key role in the early detection of 
the virus.26 However, IgM may not be useful in 
exploring the humoral immune response during 
long-term defense because it decreases sharply 
after the patient recovers. On the other hand, 
IgG production was detected on days 7–10 days 
post viral infection. Therefore, it is important to 
observe the IgG profile in patients as it persists in 
the body after viral infection. Furthermore, some 
symptomatic patients with COVID-19 appear to 
have negative results in RT-PCR, as the technique 
is viral load dependent.10,17

 In this study, we examined the IgG and 
IgM levels in patients who were confirmed to 
have COVID-19 and displayed symptoms. Our 
study showed increasing levels of IgG and IgM in 
a time-dependent manner. However, IgM showed 

Fig. 3. IgG and IgM level profile in severe cases. The level represents the median of 7 replicates. All patients samples 
were collected from day 1 until day 35 post symptoms onset with 5 days intervals. Two patients were reported 
dead on day 20. The levels of IgG and IgM were measured using VIDAS® immunoassay system (Biomerieux, France).
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a sharp decrease on day 15 after the onset of 
symptoms. This reflects a typical adaptive immune 
response against viral infection.26 Several studies 
also observed IgG and IgM levels in patients 
with COVID-19.27-31 A report by Li et al.24 showed 
increased IgG and IgM levels in 20 patients with 
confirmed COVID-19 at a relatively early stage 
of infection. Our results also reported that the 
production of IgG and IgM is dependent upon the 
severity of cases; in critical cases, the production 
of IgG and IgM was detectable as early as 5 days 
post symptom onset, similar to the observations 
of Park et al.32

 Although the serological process for 
COVID-19 diagnosis supports other standard 
techniques, it has several limitations. First, the 
specification of anti-spike IgM and IgG might 
cross-react with other diseases, such as seasonal 
coronavirus infections and other severe infections. 
The presence of autoantibodies in patients with 
autoimmune diseases cannot be ignored, as 
they can be highly interfered with COVID-19 
antibodies.33 However, cross-reaction with other 
viral infections is estimated to be very low (0.8%).34 
Thus, cross-reactivity may not be relevant in our 
study. Nevertheless, further studies are needed 
to rule out the false positive results. Second, the 
number of case participants and serum samples 
might not be sufficient as some participants 
decided not to participate, and some have passed 
away during the study. The number of participants 
in each study group might have affected the 
results. Detection of anti-spike IgG and IgM may 
also be limited; therefore, further detection of 
antibodies against other viral parts is needed, such 
as anti-nucleoside proteins.
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