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Abstract
Background: COVID-19, caused by, had spread throughout the world. Its clinical manifestations ranged from asymptomatic 
to severe forms. The immunological markers that determine these forms are poorly investigated in Togo. This study aimed 
to investigate the dynamics of antibodies and cytokines in COVID-19 infected patients in Togo. Methodology: Sera from 
symptomatic (n = 40) and asymptomatic (n = 40) patients, collected at Day0, Day3 and Day10 post admission, were 
analyzed for SARS-CoV-2 specific IgM and IgG1 antibodies and IL-1b, IL-6, TNFa, IL-5, IL-10, IL-17A and IFNg by 
sandwich ELISA. Results: In response to SARS-CoV-2 infection, IgM was expressed first followed by IgG1 in symptomatic 
patients. However, in asymptomatic patients, these antibodies were expressed simultaneously from the beginning of the 
infection with higher titers of IgG1. Except of IL-1b that increased from the admission to D10 all other cytokines were 
elevated at the admission and decreased to D10. Serum IL-6 levels were three times higher in symptomatic compared to 
asymptomatic patients. Conclusion: COVID-19 asymptomatic patients were characterized by high IgG1 antibodies titers 
whereas COVID-19 symptomatic patients, by high IL-6 levels.
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Introduction
In December 2019, a new coronavirus emerged in China 

and caused an acute respiratory illness known as coronavirus 
disease 2019 (COVID-19) [1]. The virus was identified as a beta-
coronavirus related to the Severe Acute Respiratory Syndrome 
Coronavirus (SARS-CoV) and was therefore named SARS-
CoV-2 [2]. In less than two decades, this virus is the third known 
coronavirus to cross the species barrier and cause severe respiratory 
infections in humans after SARS-CoV in 2003 and Middle East 
Severe Acute Respiratory Syndrome Coronavirus (MERS-CoV) in 
2012; but with an unprecedented spread compared to the previous 
two viruses.

Due to the rapid increase in cases and uncontrolled spread 
worldwide, the World Health Organization declared SARS-CoV-2 
a pandemic on March 11, 2020 [3]. By then, the virus had infected 
more than 118,000 people in 113 countries, with 4292 deaths 
[4]. In Togo, the first case was reported on March 6, 2020 and 
as of November 21, 2022; there were 39323 confirmed cases at 
COVID-19 with 290 deaths [5].

Although early reports described mainly patients with 
severe pneumonia [6], the spectrum of the disease is broad, with 
more than 80% of those infected showing moderate, mild or no 
symptoms [7].

Early studies involved hospitalized patients with severe 
or critical illness. In these patients, peak viral load in the upper 
respiratory tract occurs during the second week after the onset 
of symptoms, whereas viral clearance is achieved after 10 days 
in more than 90% of patients with mild disease [8]. Elevated 
cytokine levels, including interleukine 6 (IL-6) and IL-10 levels, 
increased C-reactive protein (CRP), and T-cell lymphopenia signal 
worsening disease [9]. This inflammatory response disorder is 
thought to result from an initial alteration in interferon production, 
which thus reduced early viral control. Early studies in China 
suggested that anti-SARS-CoV-2 antibody titers are higher in 
patients with a more severe form of the disease [10]. In order to 
better understand the trends in antibody and cytokine levels, other 
studies were conducted in patients at different stages of the disease 
(mild, severe, critical) [11-13].

Knowing that genetic diversity, environment and race may 
influence the kinetics of antibodies and cytokines while little is 
known about this aspect in Togo, this study aimed to investigate 
the dynamics of antibodies immunoglobulin M (IgM) and 
immunoglobulin G (IgG) and cytokines in COVID-19 infected 
patients in Togo.

Materials and methods
Type, period and area of study

This was a retrospective analytical study that focused on 
samples collected from June 3 to August 31, 2021. The study was 
conducted in the Autonomous District of “Grand Lomé” which 
recorded the most cases of COVID-19 (20404 out of 26291), i.e. 
78% [14].

Sera were obtained from adults (age ≥18years) male and 
female volunteers SARS-CoV-2 infected and living in the “Grand 
Lomé” Autonomous District.

Antibodies and cytokines assays were performed at the 
“Unité de Recherche en Immunologie et Immunomodulation 
(UR2IM)/Laboratoire de Microbiologie et de Contrôle de Qualité 
des Denrées Alimentaires (LAMICODA)”.

Study population

The study population consisted of 80 patients positive for 
SARS-CoV-2 by real time PCR, including 40 patients with severe 
symptoms requiring hospitalization at the Lomé-Commune care 
center (reference center for COVID-19 patients follow up in Togo) 
and 40 patients with no severe symptoms that were followed up at 
the IBIS Hotel in Lomé.

Sample size

The sample size (n = 66) was calculated using Schwartz 
formula n = Z2 P (1-P) / d2 where Z, the accepted risk error is 1.96; 
d, the precision, is 0.05; P, the prevalence of SARS-CoV-2 positive 
tests. As of December 04, 2021; out of 584,028 tests performed in 
Togo; 26,291 cases were confirmed SARS-CoV-2 PCR positive 
with a prevalence of 4.51% [14].

Samples

Sera were collected from symptomatic and asymptomatic 
patients at D0 (at admission), D3 (day 3 of admission) and D10 
(day 10 of admission) and stored at - 20°C at the “Division des 
Laboratoires” biobank.

Anti-SARS-CoV-2 IgM and IgG1 antibodies assay

IgM and IgG1 antibodies to SARS-CoV-2 were determined 
in asymptomatic and symptomatic COVID-19 patient’s sera by 
indirect Enzyme-Linked Immunosorbent Assay (ELISA).

In brief, 96 wells ELISA plates were coated with 50μl per 
well of “Recombinant human coronavirus SARS-CoV-2 Spike 
Glycoprotein S1” at a concentration of 25ng/ml diluted in “coating 
buffer 1x PBS” and then incubated at 4°C overnight.
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On one hand sera were pre-diluted 1:101 in IgG/RF absorbent 
solution and incubated for 10 min at room temperature. Coated 
ELISA plate content was discarded and the plate was washed 5 
times and dried. Then the “IgG/RF absorbent” was distributed 
50μl to wells A1 and A2 as negative controls. Also, 50μl of each 
pre-diluted sample were added to the samples corresponding wells 
and the plate was incubated for 30mn at room temperature. After 
washing the plate 5 times and drying, 50μl of peroxidase-labeled 
anti-human IgM conjugate was dispensed in each well and the 
plate was incubated at room temperature for another 30mn.

On other hand, for anti- SARS-CoV-2 IgG1 antibodies, sera 
were pre-diluted 1:101 in “1X ELISA/ELISPOT Diluant” and 
distributed in samples corresponding wells after washing 5 times 
and drying the coated plate, followed by incubation for 30mn. “1X 
ELISA/ELISPOT Diluant” was used as negative control in wells 
in A1 and A2 wells. The “anti-human IgG1-Biotin” was diluted to 
1/3000th with “1X ELISA/ELISPOT Diluant”, content of ELISA 
plate was discarded and the plate was washed 5 times and dried. 
Thereafter, 50μl of diluted anti-human IgG1-Biotin antibody was 
spiked per well and the plate was incubated for 30mn at room 
temperature. Following steps consisted in the addition of 50μl per 
well of “Avidin-HRP 1X” after washing and drying the plate and 
the incubation of the plate for 30mn at room temperature.

At the end of peroxidase-labeled anti-human IgM conjugate 
and Avidin-HRP reactions, contents of ELISA plates wells were 
discarded and plates were washed 7 times and dried. 50μl of “1X 
TMB substrate solution” was added to each well and plates were 
incubated for 5 minutes at room temperature in dark. The reaction 
was stopped with 50μl of 2N sulfuric acid per well and plates 
were read on Huma-Reader HS plate reader (Human, Wiesbaden, 
Germany) at a double wavelength of 450nm - 620nm.

Cytokines assay

Levels of cytokines IL-1b, TNFα, IL-6, IFNg, IL-5, IL-10 and 
IL-17A were measured in sera by sandwich ELISA using cytokines 
ELISA kits (Thermo Fisher Scientific, Bender MedSystems 
GmBH, Vienna, Austria) according to the manufacturer’s 
instructions. Cytokines concentrations were measured at 450 nm 
on HumaReader HS plate reader (Human Diagnostics Worldwide, 
Wiesbaden, France).

Statistical analysis

Demographic data were analyzed using R software version 
4.0.5. and immunological data were analyzed using GraphPad 
PRISM software version 5.02 for Windows (GraphPad Software, 
San Diego California USA). The Wilcoxon-Mann-Whitney, 
Fisher’s exact and chi-square tests were used to compare variables 
between the two groups of patients. A p-value less than 0.05 was 
considered significant.

Results

Socio-demographic and clinical characteristics

A total of 80 adults aged between 18 and 76 years were 
included in the study. The median age of asymptomatic patients 
was 32 (26-37) years and 56 (46-64) years for symptomatic 
patients. Most of asymptomatic patients aged between 29 and 
41years old while, symptomatic patients aged between 56 and 
76 years old. Male were more reprensted in asymptomatic group 
and female, in symptomatic group. Regarding the occupation, 
60% of asymptomatics were employees whereas 50% of 
symptomatics were self-employed.  The togolese in couple were 
more represented in both group of patients. Principal symptoms 
recorded in symptomatic patients were cough (60%), fever (57%) 
and tiredness (48%) and high blood pressure (45%), diabetes 
(25%) were the most frequent comorbidities found in them (Table 
I).

Variable Asymptomatic, 
n = 40

Symptomatic, 
n= 40 p-value b

Median age (Year) 32 (26 - 37) 56 (46 - 64) <0.001*

Age groups (Year) <0.001*

[18-23] 13 (32.5) a 4 (10.0)

[29-41] 18 (45.0) 3 (7.5)

[41-56] 8 (20.0) 13 (32.5)

[56-76] 1 (2.5) 20 (50.0)

Gender <0.001*
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Variable Asymptomatic, 
n = 40

Symptomatic, 
n= 40 p-value b

Female 4 (10.0) 25 (62.5)

Male 36 (90.0) 15 (37.5)

Occupation <0.001*

Student 7 (17.5) 1 (2.50)

Self employed 7 (17.5) 20 (50.0)

Housewife  1 (2.5) 8 (20.0)

Retired 1 (2.5) 4 (10.0)

Employee  24 (60.0) 7 (17.5)

Nationality 0.13

Togolese 31 (77.5) 36 (90.0)

Other 9 (22.5) 4 (10.0)

Marital status 0.11

In couple 21 (52.5) 28 (70.0)

Not in couple 19 (47.5) 12 (30.0)

Education level 0.005*

Not in school 1 (2.5) 5 (12.5)

Primary 1 (2.5) 9 (22.5)

Secondary 24 (60.0) 13 (32.5)

Higher 14 (35.0) 13 (32.5)

  Symptoms

      Fever 13 (32) 23 (57) 0.025*

      Myalgia 0 (0) 4 (10)

      Rhinorhea 6 (15) 4 (10)

      Headache 5 (12) 11 (28)

      Tiredness 10 (25) 19 (48) 0.036*

      Cough 8 (20) 24 (60) <0.001*

  Comorbidities 

      HBP NA 18 (45)

      Diabetes NA 10 (25)

      Sinusitis NA 1 (2.5)

      Obesity NA 2 (5)

      Asthma NA 1 (2.5)

      Prostate NA 1 (2.5)
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Variable Asymptomatic, 
n = 40

Symptomatic, 
n= 40 p-value b

      Sickle cell disease NA 2 (5)

      Kidney failure NA 1 (2.5)

      Blindness NA 1 (2.5)

      Pleurisy NA 1 (2.5)

      Hemorrhoid NA 0 (0)

      HBV NA 0 (0)

      HIV NA 0 (0)
a: n (%); b: Wilcoxon-Mann-Whitney test, Independence chi-square test, Fisher exact test; *: p-value Significant; HBP: High Blood Pressure; HBV: 
Hepatitis B Virus; HIV: Human Immunodeficiency Virus.

Table 1: Socio-demographic and clinical characteristics.

IgM and IgG1 antibodies kinetics

In asymptomatic patients, IgM antibodies raised at D0 were expressed rapidly, peaking at D3 and gradually decreasing until D10. 
In symptomatic patients, IgM antibodies elevated at D0 were progressively expressed to reach higher levels at D10 (Figure 1A).

 In asymptomatic patients, IgG1 antibodies were elevated at D0 and varied very little until D10. In symptomatic patients, IgG1 
were progressively expressed and reached higher levels at D10 (Figure 1B).

We observed that IgG1 was less produced in symptomatics compared to asymptomatics at D0 and D3. At D10, IgG1 had quite the 
same levels in both groups of patients. In addition, IgM did not vary among both groups (Figures 1C, 1D).

Figure 1: Kinetics of anti-SARS-CoV-2 antibodies. (A) represents the kinetics of IgM antibodies and (B) IgG antibodies, in the sera 
of asymptomatic patients in pink (n=20) and symptomatic patients in green (n=20). The mean DO (ELISA) obtained at D0, D3 and D10 
was used to establish the antibody kinetics. (C) represents the kinetics of the IgM/IgG1 ratio of symptomatic patients (D) represents the 
kinetics of the IgM/IgG1 ratio of symptomatic patients.
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Kinetics of innate cytokines

IL-1b cytokine levels were showed to increase progressively and were similar in both symptomatic and asymptomatic patients 
(Figure 2A). In contrast TNFa levels decreased in both groups rapidly from D0 to D3 and remained constant until D10. However, they 
were higher in asymptomatic patients than in symptomatic patients at D0 (Figure 2B). Regarding IL-6 cytokine, its levels were higher in 
symptomatics than asymptomatics at D0, then we observed a decrease in both groups from D0 to D3 (Figure 2C).

Figure 2: Kinetics of type I cytokines. (A) represents the kinetics of the innate immunity cytokines IL-1b (B); TNFa and (C) IL-6 
in the sera of asymptomatic patients in red (n=40) and symptomatic patients in blue (n=40). The mean of the concentrations in pg/ml, 
obtained at D0, D3 and D10 were used to establish the kinetics of the cytokines.

Kinetics of adaptive cytokines

We observed a decrease in IL-5, IL-10 and IFNg production from D0 to D3 in both symptomatic and asymptomatic patients 
(Figures 3A, 3B, 3D). IL-5 was more expressed at D0 in asymptomatic patients and augmented in symptomatic patients from D3 to D10 
(Figure 3A). IL-10 levels remained high in symptomatics whereas IL-17A remained elevated in asymptomatics. This latter cytokine 
increased from D0 to D3 and decreased from D3 to D10 in both groups (Figure 3C).
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Figure 3: Type II cytokine kinetics. (A) represents the kinetics of the adaptive immunity cytokines IL-5; (B) IL-10; (C) IL-17A and 
(D) IFNg, in the sera of asymptomatic patients in red (n=40) and symptomatic patients in blue (n=40). The mean pg/ml concentrations 
obtained at D0, D3 and D10 were used to establish cytokine kinetics.

Discussion

This study provides important insights into the COVID-19 
pandemic and immunological data in SARS-CoV-2 infection in 
Togo. We had a limitation in considering COVID-19 patients 
admission day as D0 and could not then determine when they were 
infected.

Among symptomatic patients, the most important symptoms 
reported in COVID-19 in our study were cough, fever and tiredness 
and this corroborate with those reported by Adil et al, (2021) [15]. 
Indeed, a study on epidemiological and clinical characteristics of 
the first wave of the pandemic showed that the most frequently 
reported symptoms were headache (66.4%), fever (63.5%), and 
cough (59.9%) [16].

With regard to age groups, all age groups were susceptible 
to SARS-CoV-2 infection in our study. However, the elderly and 
those living with comorbidities such as HBP and diabetes were 
more likely to develop the severe form of the disease. Some 
studies have also shown that men were twice as likely to die from 

COVID-19, and patients over 65 years of age with comorbidities 
such as diabetes, HBP and cardiovascular disease were factors 
associated with death from COVID-19 [17,18].

Our data revealed that housewives, pensioners and 
self-employed people were at greater risk of developing the 
symptomatic form of the disease. This could be explained not 
only by the fact that they were more exposed but also by their 
advanced age. Indeed, in the present study, age was a risk factor 
for the disease.

In response to SARS-CoV-2 infection, the body produced 
specific IgM and IgG1 antibodies to SARS-CoV-2 in both 
asymptomatic and symptomatic subjects. However, in symptomatic 
patients, our data showed that SARS-CoV-2 induced a classical 
viral response pattern, where IgM is the first isotype to appear, 
followed by IgG1. In contrast, in asymptomatic patients, the 
kinetics suggest simultaneous production of IgM and IgG1 from 
the onset of infection with higher titers for IgG1. This last result 
can have several explanations: either patients have been in contact 
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with SARS-CoV-2 several times and have developed antibodies or 
they have already been vaccinated against SARS-CoV-2.

Several types of seroconversions have been reported, such 
as synchronous IgG and IgM seroconversion, IgM seroconversion 
earlier than IgG and IgM seroconversion later than IgG [19,20]. 
In a study analyzing specific IgM and IgG by enzyme-linked 
immunosorbent assay, several patients were found to be 
seropositive for IgG than for IgM on day 0 and day 5 of hospital 
admission, with some patients showing earlier IgG than IgM 
seroconversion [21].

In the present study, innate cytokines were expressed in 
patients with elevated levels upon admission to the care center. 
In particular, TNFa was higher in asymptomatic patients. The 
cytokine IL-1b increased progressively and similarly in both 
groups of patients during the follow-up time. As COVID-19 is 
an inflammatory disease, it is characterised by cytokine storms 
associated with disease severity [22]. Thus, macrophage-related 
type I cytokines, in particular IL-6 and TNF-α, were significantly 
increased in the majority of severe cases. It has been also shown 
that the interaction between SARS-CoV Spike protein and murine 
macrophages could induce the release of IL-6 and TNFα cytokines 
through the activation of NF-κB [23]. This would explain the 
expression of these cytokines at the beginning of SARS-CoV-2 
infection found in both patients’ groups in our study. Indeed, innate 
immunity is the first line of host defence against viral infection 
and experimental infection in SARS-CoV-infected mouse models 
has provided evidence that innate immunity is important for viral 
clearance [23]. Moreover, IL-6 plays a central role in the innate 
and acquired immune response, and is a predominant inducer of 
the acute phase response to infection.

Comparing the level of IL-6 production at D0 with that of 
anti- SARS-CoV Spike protein IgM antibodies, we find that IL-6 
would dictate the expression of SARS-CoV Spike protein IgM in 
symptomatic patients at the beginning of the infection. Indeed, IL-6 
plays an important role in the subsequent development of acquired 
immunity against incoming pathogens by stimulating antibodies 
production by B cells [24]. This would explain the decrease in IL-6 
and the increase in anti-S IgM over time in our study.

Symptomatic patients maintained their inflammatory 
environment from D0 to D10, as demonstrated by IL-6 expression 
which remained significant even though it decreased over time. 
The hypothesis of a regulatory mechanism was verified by 
investigating the expression of adaptive cytokines, notably IL-5, 
IL-10, IL17-A and IFNg.

In the present study, IL-10 was expressed with low levels in 
both asymptomatic and symptomatic patients. In contrast to our 
data, serum IL-10 levels were significantly higher in COVID-19 
patients in the intensive care unit than in non-intensive care patients 

in Wuhan [7]. In addition, a meta-analysis of 1242 non-severe and 
915 severe COVID-19 patients from 18 clinical studies identified 
IL-6 and IL-10 as covariates accurately predicting disease severity 
[25]. The low level of IL-10 observed in our study would then 
explain the low lethality rate of COVID-19 recorded in Togo.

The level of cytokine IL-5 was low in both groups of 
patients in our study. It was observed that IL-5 levels were not 
significant between control subjects, severe cases and mild cases 
with COVID-19 (52). We did not include healthy controls which 
would allow us to assess the differences in concentrations observed 
between the two groups.

The mean level of IL-17A was increased in asymptomatic 
patients compared to symptomatic cases. Ghazavi et al found the 
same with a significant difference [26]. Indeed, Th17 cells are the 
main source of IL-17 production which stimulates the secretion of 
IL-8, which is a potent chemoattractant of neutrophils involved in 
conditions such as COVID-19 [27,28].

Th1 cells, NK cells and CD8+ T cells are the main sources of 
IFN-γ [29]. The increase in IFNγ production early in the infection 
indicates a Th1 cell response in COVID-19 [30]. Developing the 
Th1 response to eliminate the virus is part of the immune system’s 
strategies [31], and an IFNγ response may lead to better outcomes 
in patients with COVID-19. The decrease in IFNγ levels over time 
in our study is thought to be due to the treatment given to patients 
during follow-up.

Conclusion

The present study highlights the dynamic nature of immune 
response, which can escalate and then decline. The aim of this 
study was to investigate the dynamics of antibodies and cytokines 
in symptomatic and asymptomatic COVID-19 patients in Togo.

On the one hand, the present study showed that in 
symptomatic patients, the immune system expressed IgM 
antibodies first, followed by IgG1 in response to SARS-CoV-2 
infection. In contrast, in asymptomatic patients, expression was 
simultaneous from the onset of infection with higher titers for 
IgG1. This would explain the non-severity of the disease in some 
infected subjects. On the other hand, high IL-6 production was 
noted in symptomatic patients, a pro-inflammatory cytokine that 
is the predominant inducer of the response in the acute phase of 
the infection. The present study adds to the theory that IL-6 is a 
predictor of disease severity in patients with COVID-19.
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