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Abstract

the kinetics of SARS-CoV-2 antibodies response and factors predicting igG levels are still limited. We report a
prospective analytical study of patients admitted for SARS-cov-2 in the medical intensive care unit of the
Mohammed VI™ University Hospital of Marrakech for three months.We measured the level of igG antibodies to
SARS-Cov-2 on plasma blood samples from all patients collected on admission and then every seven days
respectively until discharge or death. The kinetics of antibodies with disease progress were analyzed. The mean
igG levels increased between ICU admission till day 21, then they dropped on day 28. Critical patients had
higher igG levels than severe ones with no statistically significant difference. Between day one and day 14,
males had higher igG levels than females; however, females had higher levels on days 21 and 28 with a
statistically significant difference on day 28. On the chest CT scan, patients with ground-glass opacities and/or
crazy paving distribution of 75% or more had higher igg levels with a statistically significant difference on day
7. In terms of mortality, deceased patients had higher igG levels with no statistically significant difference than
survivors. Our results may suggest the incrimination of SARS-cov-2 igg antibody high level as a prognostic

factor for disease severity.
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1. Introduction

Coronavirus (2019-nCoV) was identified in 2019 in Wuhan, China. It causes severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) named COVID-19. It is a new coronavirus that has not yet been identified. Due to
the rapid increase in cases, on March 11, 2020, the World Health Organization (WHO) declared COVID-19 a
global pandemic [1].

Inter-human transmission of this virus occurs in two ways, directly through close contact with respiratory
droplets generated by coughing and sneezing and indirectly by handling contaminated objects such as hands or
others. After infection, The incubation period of COVID-19 ranges between 1 and 14 days, with the majority of
cases manifesting within 3 to 5 days. The symptomatology consists in most cases of an influenza-like syndrome,
fever, cough, and dyspnea. This infection often evolves towards the cure, but in some instances can be
complicated and gives off severe forms, hypoxemic pneumonia, a syndrome of acute respiratory distress, or

acute lesional lung edema that requires mechanical ventilation in the intensive care unit [2,3].

This virus is composed of an envelope surrounding a helicoidal capsid, which contains the genetic material in
which we have a single-stranded RNA. The viral envelope comprises phospholipids, making this virus very

fragile in the external environment and permeable to water and alcohol [4,5].

The immune system responds to SARS-CoV-2 infection by producing specific antibodies that reflect the
primary humoral immune response to defend against foreign agents. These antibodies appear in a few days to

two weeks. The IgM isotype appears from day 7, and the 1gG from day 10 on average[6-10].

The detection of these antibodies indicates exposure to the 2019-nCoV, but several questions remain
unanswered. It is not yet known whether the presence of antibodies confers protection (neutralizing antibodies),
nor whether this protection persists over time [11,12]. Previous studies have shown that the level of 1gG
antibodies was influenced by disease severity, comorbidities, and immunosuppression. Besides, the IgG
response can persist for up to 8 months after the onset of symptoms, but data on factors predicting IgG levels are
still limited [11].

Our purpose was to study the kinetics of 1gG antibodies in critically ill patients.

2. Materials and Methods

2.1. Patients

This study was a prospective analytical study of patients admitted for SARS-CoV-2 in the medical intensive

care unit of the Mohammed VI

University Hospital of Marrakech for three months (from November 2020 to
January 2021). Patients over 18 years with SARS-CoV-2 confirmed by real-time quantitative Polymerase Chain
Reaction (RT-gPCR).
We measured the level of IgG antibodies to SARS-Cov-2 on plasma blood samples from all patients collected

on admission (day 1) and then every seven days respectively until discharge or death. We considered the first
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day of symptoms onset as the start of the COVID-19 infection.

2.2. Biological principles of the procedure [13]

The SARS-CoV-2 IgG assay is designed to detect class G (1gG) antibodies to the core protein of SARS-CoV-2.
We used the SARS-CoV-2 IgG 6R86 Reagent Kit in this study. The test is an automated two-step immunoassay
for the qualitative detection of 1gG antibodies to SARS-CoV-2 in human serum and plasma using

chemiluminescent microparticle immunoassay technology (CMIA).

The sample, paramagnetic SARS-CoV-2 antigen-coated microparticles and test diluent are combined and
incubated. Anti-SARS-CoV-2 IgG antibodies in the sample bind to the SARS-CoV-2 antigen-coated
microparticles. The mixture is washed. The acridinium-labelled products labeled products are added to create a
reaction mixture and incubated with an anti-human IgG conjugate. After a wash cycle, the pre-trigger and

trigger solutions are added. The resulting chemiluminescent response is measured as a relative light unit (RLU).

The presence/absence of IgG antibodies is determined by comparing the chemiluminescent RLU in response to
the calibrator RLU, calculated as an index (S/C)

2.3. Interpretation of Results

The ARCHITECT i-System calculates the average signal of the chemiluminescent calibrator fromt hree replicas
of the calibrator and stores the result. Results are reported by dividing the sample result by the stored calibrator
result. The default result unit for the SARS-CoV-2 IgG test is the index (S/C). The cut-off value for a positive
SARS-CoV-2 test result has been set at

1.4. signal/threshold units (S/CO)[13]

2.4. Ethics

We have obtained written informed consent from patients and respected their anonymity.

2.5. Statistical analysis

All statistical analysis was performed using SPSS software (version 10.0; SPSS, Inc., Chicago, IL, USA) and
Microsoft Excel (Microsoft Corporation, Washington, USA). Statistical comparisons were performed using the

chi-square test. A probability (p) value less than 0.05 was considered statistically significant.
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3. Results

From November 2020 to January 2021, 60 patients with at least one positive polymerase chain reaction (PCR)
were tested for IgG. The mean age was 60 + 14.5 years, with a predominance of the male gender (75%).
Diabetes mellitus was the most frequent underlying disease (25%). Non-invasive and invasive ventilation was
required in 57.6 % and 13.6%, respectively. The ICU mortality rate was 39% of cases (Table 1).

Table 1: Baseline characteristics of the 60 patients.

Variables Statistics
Age (year), mean £ SD 60+14.5
Male 45 (75)
Gender, n (%) Female 15 (25)
Yes 35 (58)
Diabetes mellitus 15 (25)
Hypertension 12 (20)
N Cardiopathy 3(5)
Comorbidities, n (%) Solid tumor 2(3.3)
Chronic obstructive pulmonary disease 1 (1.7)
Hematological disease 1(1.7)
Connective tissue disease 1(1.7)
The time between first symptom and 1CU admission (day), mean + SD 1245
Glasgow coma scale at ICU admission, mean £ SD 1542
Pulsed oxygen saturation at ICU admission, mean + SD 9048

Pa0,/FiO, at ICU admission, median (IQR)

120 (75-200)

Lymphocytes at ICU admission (/mm°), median (IQR)

720 (570-1100)

Ferritinemia at ICU admission (hg/mL), median (IQR)

986 (470-1900)

Immunoglobulin G at admission (index value), median (IQR) 5.5 (1-8)
Immunoglobulin G at day 7 (index value), median (IQR) 6 (4-8)
Immunoglobulin G at day 14 (index value), median (IQR) 6 (4.5-7)
Immunoglobulin G at day 21 (index value), median (IQR) 7 (5-8)
Immunoglobulin G at day 28 (index value), median (IQR) 6.5 (4-8)
Performed 54 (90)
CT scan, ground-glass opacity <25 % 11 (20.4)
and/or crazy paving distribution, 25-49 % 15 (27.8)
n (%) 50-75 % 18 (33.3)
>75 % 10 (18.5)
Need of non-invasive ventilation, n (%) 34 (57.6)
Need of invasive ventilation, n (%) 8 (13.6)
Anticoagulation, n (%) 60 (100)
Need of noradrenaline, n (%) 4 (6.8)
ICU length of stay (day), median (IQR) 9 (6-17)
Mortality, n (%) 23 (39)

The mean 1gG levels increased between ICU admission till day 21, then they dropped on day 28 (Figure 1).
Critical patients had higher 1gG levels than severe ones with no statistically significant difference (Figure 2-A).
Between day one and day 14, males had higher IgG levels than females; however, females had higher levels on
days 21 and 28 with a statistically significant difference on day 28 (p=0.02) (Figure 2-B). On the chest CT scan,
patients with ground-glass opacities and/or crazy paving distribution of 75% or more had higher IgG levels with
a statistically significant difference on day 7 (Figure 2-C). In terms of mortality, deceased patients had higher

1gG levels with no statistically significant difference than survivors (Figure 2-D).
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Figure 1: Kinetic of IgG levels since the ICU admission of all patients
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Figure 2-A: Kinetics of IgG levels in severe and critical patients since the ICU admission. *p>0.05
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Figure 2-B: Kinetics of IgG levels in female and male patients since the ICU admission. *p>0.05; &: p=0.02
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Figure 2-C: Kinetics of IgG levels since the ICU admission in patients according to the CT scan lesions
distrbution. *p>0.05; #: p=0.01
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Figure 2-D: Kinetics of IgG levels in survivors and non-survivors patients since the ICU admission. *p>0.05

4. Discussion

Since we are dealing with a newly emerged virus, understanding the kinetics of SARS-CoV-2 antibodies is
essential for early detection and intervention in potentially severe patients. Despite several studies, the humoral
immune response of patients with COVID-19 remains largely unknown. During SARS-CoV-2 infection,
specific antibodies against the virus are produced in most patients except those with severe immunosuppression
[14]. IgM antibodies, the first line of defense, can be detected as early as three days after infection, while 1gG
antibodies are detected later (on average 14 days after the onset of disease) and may persist for several months
after infection and serve as an indicator of the previous condition [7-11]. Still, the duration of their persistence

remains unknown.

Our patients were aged 6014 years, of which 75 % were male. Several authors have studied factors aggravating
the disease due to COVID 19; age and sex seem to be essential elements to consider. Indeed, elderly subjects
(60-85 years) had significantly higher neutralizing antibody titers than younger patients [15,16]. This male
predominance can be explained by the higher prevalence of chronic disease in males compared and the sex
hormones that may, in some cases, contribute to the worsening of clinical symptoms [17,18]. Of all included,
36% of critically ill patients had died. This mortality rate was related to comorbidities, lung involvement,

biological disturbance, and delayed care (Table 1).
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In our patients, the level of IgG antibodies increased progressively until the 21% day after the

beginning of the infection, then decreased progressively from the 28" day. The Antibody titer up to three weeks
after the start of the disease (figure 2A). Previous studies have reported controversial results, with some
publications describing a significant relationship between disease severity and antibody levels [14,19,20,21].
However, others did not, with only ten patients with severe symptomatology [22]. In our study we didn’t detect
a significant correlation between the severity of symtomatology and the level of antibodies, but this may be due

to our small sample size.

SARS-CoV-2 infection triggered the humoral and cellular immune response. However, uncontrolled

inflammatory humoral responses and impaired cellular immune responses can lead to severe tissue damage [23].
It remains unclear whether the SARS-CoV-2 antibody response results in virus neutralization

or contributes to pathogenicity in severe disease COVID-19 [23]. Antibody levels appear to be

related to host protection and viral neutralization, but in rare cases, antibodies may constitute

a hazard by promoting disease progression, resulting in a phenomenon known as antibody-

dependent enhancement (ADE) [24,25]. In the case of SARS-CoV-2, ADE has promoted uptake of the virus by
macrophages, resulting in elevated production of inflammatory cytokines [23]. This phenomenon also inhibits
the control of inflammation, especially in the lungs, kidneys, and others, leading to organ failure, explaining the
acute respiratory distress syndrome and other inflammatory organ damage seen in severe COVID-19 patients
[25-27].

5. Conclusion

Although the relationship between disease and humoral response is not well-illustrated.Our results may suggest

the incrimination of SARS-CoV-2 IgG antibody high level as a prognostic factor for disease severity.
6. Research Limitations

The lack of information on the date of covid PCR positivity for patients transferred from other institutions; and

the number of our samples was not very large because the number of intensive care unit places was limited.
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