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ABSTRACT

Background: In view of the concern about the nosocomial character of SARS-CoV-2 known for its
high variability and its strong ability to spread, this study was conducted to assess the
immunogenicity status through the seroprevalence of COVID -19 among healthcare workers in the
three University hospitals of Abidjan (Cocody, Angré, Treichville).

Methodology: On a sample of 275 healthcare workers randomly chosen from the different
professional strata taking into account the levels of risk intensity of contamination according to
services and workstations, we measured total antibodies IgG / IgM and antibodies (neutralizing)
anti RBD IgG of SARS-CoV-2 using the following kits respectively: Diagnostics Evolution CHORUS
Diesse® Ref 81401 SARS-CoV-2 IgM and 81400 SARS-CoV-2 IgG and Diagnostics Evolution
CHORUS Diesse® Ref 81408 SARS- CoV-2 Neutralyzing Ab by a technique based on double
enzyme fluorescence labeling (ELFA — Enzyme Linked Fluorescence Assay) which combines a
two-step sandwich enzyme immunoassay method with fluorescence detection.

Results: The predominantly female study population was characterized by young age with rates of
vaccination coverage and history of COVID-19 infection, which amount to 65,96% and 50,4%
respectively. Among these health agents of which 44.1% and 46.16% worked in a context of
intermediate level of risk contamination, considering respectively the department and the
workstation, a very strong immunization was noted with a high seroprevalence at 93.5% of the
population having produced total antibodies of 1gG isotype but no IgM while 6.5% produced both
IgG and IgM anti-SARS-CoV-2. Regarding anti-RBD neutralizing antibodies, 99.6% of agents are
carriers.

Conclusion: This strong immunization is the response both to the vaccine, whose coverage is
quite broad, and to the history of contact with the virus circulating in the population. This degree of
protection obtained among healthcare workers, can be considered as collective immunity, and
should be reassuring.

Keywords: Anti-RBD neutralizing antibodies; seroprevalence of COVID-19; healthcare workers; Ivory

Coast.

1. INTRODUCTION

Since March 2020, when the WHO declared the
COVID-19 pandemic, Cote d'lvoire has notified
its first case and despite the social measures put
in place, the incidence has rapidly increased to
the point of reaching two months later, 2,366
cases with 30 deaths in the country [1]. The
healthy environment was not spared. A growing
concern has led Médecins Sans Frontieres [2] to
warn that it is mandatory to prepare for case
management and to ensure the protection of
healthcare workers. According to the WHO, 19%

of reported infections are among healthcare
workers in Europe [3,4,5,6,7]. All clinical and
para-clinical health services and administrative
and support services are involved.

In Céte d'lvoire, despite the system of sorting at
the entrance of the admission services and the
use of epidemiological sheets based on clinical
symptoms and the notion of contamination,
within the framework of the anti-Covid response,
many flaws remained. Concerning clinical signs,
many patients were asymptomatic (80%) or only
mildly symptomatic, which means that they were
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not immediately linked to the disease. As for the
notion of contamination, few patients could affirm
it.

All these elements contribute to increasing the
risk of propagating in health facilities in Cote
d'lvoire, where there is a shortage of healthcare
workers [8] already heavily involved in the fight
against communicable and non-communicable
diseases. Moreover, Covid-19 infection is
considered a nosocomial infection that spreads
rapidly [4].

And despite the widespread of the virus around
the world, there was a difference in the spread of
the pandemic among countries affected by the
disease [9].

Thus, compared to other continents, very few
cases of COVID-19 were reported in subsaharan
Africa, and therefore very little quality genomic
data are available [10]. There was a so-called
“African exception” to the transmission of SARS-
CoV-2 in terms of low levels of infection on the
continent that required investigations. Faced with
this data, the healthcare worker who was both
the victim and the vector of this pandemic was in
the throes of doubt concerning both the
prevalence of the infection, the state of immune
protection of the agents and the existence of a
psycho-social support. It was therefore legitimate
to wonder about the prevalence of the infection
and especially its state of immune protection.
The objective of this study was to determine the
seroprevalence of COVID-19 in healthcare
workers in the three teaching hospitals of Abidjan
(Cocody, Angré, Treichville).

2. MATERIALS AND METHODS

It is an observational and descriptive study from
10/11/2021 to 13/01/2023 which included 275
agents regularly hired and having given their
informed consent. These agents were composed
of nursing staff (doctors, pharmacists, hospital
residents, dental surgeons, senior laboratory
technicians in medical biology, nurses, radiology
technicians, midwives, orderlies, stretcher
bearers), administrative staff. Trainees, staff
absent for various reasons at the time of the
investigators' visit and all those who refused to
participate were not included in the study.

2.1 Sampling

The sample size was calculated according to the
Schwarz formula: N= +2xPx (1-P)/i2 with +=1.96
P= 19% (prevalence of infected physicians in
Europe [3], no exact data in Céte d'lvoire) Q=1-

P=81% and i= 5%, N= 237 people (increased by
15% taking into account those lost to follow-up).
This was equal to a total of 275 healthcare
workers distributed among the 3 teaching
hospitals. The sample for each hospital was
drawn taking into account the total number of
workers in the hospital.

These workers were distributed according to the
level of risk of contamination related to the
workstation and the department (Staff at low risk
of exposure = no contact with patients ; Staff at
high risk of exposure = contact with known
COVID-19 patients ; Staff at intermediate risk =
contact with patients with unknown or suspected
COVID-19 status).

2.2 Data Collection
Procedures

Methods and

The data were collected over 6 months using a
validated questionnary and after three days of
prior training of three groups of investigators (6
investigators per group) and one group of

investigators per Teaching Hospital. The
guestionnary  described Agent Identity
(Surname and First Name, Age, gender),

Occupational Information (Institution of Origin,
Department, Occupational Category, Work
Station, Actual Wearing of Personal Protective
Equipment (PPE), Background (COVID-19,
medical, COVID-19 vaccination).

A sample of 3 ml of serum was obtained after
centrifugation (at 5000 rpm for 3mn) 5 ml of
venous blood sample from each healthcare
worker who has given a written consent. All
samples were stored at -40°C to the Immunology
Laboratory of the Medical Sciences Training and
Research Unit of the Felix Houphouét BOIGNY
University of Cocody — Abidjan (lvory Coast).

The anti-SARS-CoV-2 IgM and IgG antibodies
were assayed using the following Kits,
respectively Diagnostics Evolution CHORUS
Diesse® Ref 81401 SARS-CoV-2 IgM and 81400
SARS-CoV-2 1gG and Diagnostics Evolution
CHORUS Diesse® Ref 81408 SARS-CoV-2
Neutralyzing Ab by Enzyme Linked Fluorescence
Assay (ELFA) technique.

2.2.1 The assay technique was carried out
according to the manufacturer’'s
procedure

Interpretation of results:

* i< 1 Negative (no anti-SRAS-Cov-2 IgM or
IgG detected),
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* i1 Positive (anti-SRAS-Cov-2 IgM or IgG
detected).

*  When the result is positive, in accordance
with the WHO call for harmonisation of
serologic tests for SARS-CoV-2,
quantification is obtained by converting the
SARS-CoV-2 Immunoglobulin Index Units
into binding Antibody Units where : 1 index
unit = 20.33 BAU/ml according to
international standards established by the
WHO [11]. A 250 BAU/mI Antibody level
defines a low serological response ; A 250
BAU/mI Antibody level defines a strong
serological response.

2.3 Statistical Analysis

Data were entered on a spreadsheet (Excel
2013) and analyzed by SPSS Version 22.0.
Parametric tests (T Student, Anova a factor) for
equal variances and nonparametric tests for
unequal variances were used for comparison of
means. The T Student test was used for
gualitative variables with two modalities and the
Anova test for variables with more than two
modalities. A p-value of 0.05 (bilateral) was
considered a statistically significant difference.

3. RESULTS

Overall, the results showed that 81.10% of
workers relatively wore PPE, 50.4% reported a
history of SARS-CoV-2 infection and 65.96%
vaccination coverage was noted. The most
involved professional groups were Physicians
and Surgeons (26.5%), Nurses aides and Nurses
respectively 14.2% and 16.7%. They worked in
an environment with an intermediate level of risk
of contamination. Results concerning the
Immunogenicity revealed 99.6% carriers of RBD
neutralizing antibodies.

1. Characteristics of the study population
(Table 1)

2. Immunogenicity of SARS-CoV-2 in the
healthcare workers (Table 2)

3. Professional groups of healthcare
workers (Table 3)
4. Immune protection statut according

to neutralizing anti RBD antibodies

(Table 4).

4. DISCUSSION

The coronavirus (COVID-19) pandemic has
caused a major health crisis. It has quarantined

half of the world's population. In France, this has
led to an urgent reorganization of the healthcare
offer. Caregivers were mobilized in such a
climate of uncertainty [12]. The rate of spread
and especially the lethality of this infection
considered nosocomial [3,4,6] has raised a lot of
concern among health professionals who were
not only at the forefront of the management of
acute and chronic diseases, but also they were in
insufficient numbers in Co6te d'lvoire. This
concern is usually accompanied by an
unconventional attitude towards protective tools
(vaccination and PPE).

The aim of this work was, firstly to evaluate
through  seroprevalence, the contact of
caregivers with the virus during its circulation, in
order to appreciate the epidemiological
importance of the infection in the professional
health environment.

Then, this study also evaluated the capacity of
healthcare workers to respond immunologically
both to the infection and to the vaccine in this
context of doubt and concern. This could
contribute to reassure these essential actors of
the health system in Céte d'lvoire. The general
characteristics of the representative sample
population (275/2867) from the three university
hospitals (Table 1) showed a young adults
population (mean age at 39.49 years) who
obeyed the general demography of Céte d'lvoire.
The comparison of this study population with the
results of 2021 Ivorian population general census
showed a slightly older study population [13] with
75.6% under the age of 35. However, there was
a female predominance (sex ratio at 1.74) due to
certain professions exclusively exercised by
women (medical assistant, midwife). Female
predominance has been reported by other
authors [14,15] for the same reasons. Overall,
the study population was overweight (mean BMI
26.27), which represents a risk factor for severity
of COVID-19 infection cited elsewhere [16,17].
The relative wearing of PPE was 81.10% (the
relative wearing means that one of the following
measures is not applied: regular wearing of a
mask, regular washing of hands, application of
social distancing measures). Absolute wear was
47.29% (strict adherence to all measurements).
Indeed, the link between wearing PPE and the
rate of contamination was widely reported. This
highly contagious virus confers a significant but
largely preventable risk to healthcare workers
(HCWs) [18]. In some regions, HCWs accounted
for up to 11% of all confirmed COVID-19 cases
with an increase in reported work-related deaths
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[19,20]. Use of PPE could significantly reduce
the risk of infection associated with the
management of COVID-19 patients [21,22].
While there was little evidence that PPE provides
the best protection, donning and removal
training, simulation and face-to-face instruction
are likely beneficial [23] due to adequacy of
training, availability of adjustments and supply
limitations [24]. Despite the high risk of
contamination linked to the significant migratory
movements of the population through public
transport which have not been suspended in the
country, access to screening has been limited
only to the laboratory of the Institut Pasteur in
Abidjan. In addition, this laboratory was also the
only one authorized for PCR tests on air travel. In
these conditions of restricted access to
screening, the best marker for assessing the
importance of contact with the virus remained the
serological test [25]. It detects the presence of
immunoglobulins (antibodies), indicating previous
exposure to a pathogen or genetically similar
family member.

Although seroprevalence is often considered to
be an imperfect indicator of immunity and
serology does not directly assess a patient’s
ability to neutralize a pathogen [26], Although
seroprevalence is often considered to be an
imperfect indicator of immunity and serology
does not directly assess a patient's ability to
neutralize a pathogen [26], it should be noted
that anti-bacterial neutralizing antibodies [26]
SARS-CoV-2 are known to be protective.

SARS-CoV-2 is an RNA virus that penetrates the
cell by binding itself to the receptor of the
angiotensin Il conversion enzyme (ACEZ2), via
the binding domain (RBD) of its Spike protein
[27,28]. Viral proteins such as RBD of Spike and
nucleocapside are highly immunogenic [29] and
neutralizing especially anti-RBD [30]. Since
genetic material is not always detectable in
nasopharyngeal samples, these antibodies can
be not only a good screening biomarker but also
a proof of the effectiveness of vaccination and
post-infectious protection [31]. In our survey,
38.8% reported contracting COVID-19 infection
and 71.3% were fully vaccinated (two doses for
Pfizer and Astra Zeneca or mixed and one dose
for Johnson & Johnson). In terms of total
antibodies, 93.5% produced 1gG but not IgM
while 6.5% produced both anti-SARS-CoV-2 1gG
and IgM ; the high rate of healthcare workers
who reported a history of infection could be
explained by the high migration of the population
and the nonrespect of social distancing
measures during the peak of the pandemic.

Indeed, all professions were represented
(Table 3); among them, practitioners with all
clinical specialties and surgeons (26.5), nurses
(14.2%), nurse aids (16.17%) were the most
representative healthcare workers ; the majority
of the agents worked in a context of average
level of contamination. They were estimated at
56.76% considering the risk by department and
47.16% according to the workstation (This
average level of risk is defined by the notion of
contact with patients whose COVID-19 status is
unknown). And the high seroprevalence of IgG at
93.5% seemed linked not only to the importance
of previous contacts with the virus which has
circulated a lot in the population, but also to the
drop in vigilance in the application of social
preventive measures. Concerning the
neutralizing antibodies against RBD, 99.6%
(Table 4) of the agents were carriers. These
antibodies were in response both to vaccine
whose coverage was 71.3% and to the history of
COVID-19 infection reported by the health
workers. These seroprevalence levels
demonstrated the degree of protection achieved
among health workers, which could be
considered as herd immunity. Indeed, the herd
immunity threshold is the minimum proportion of
the population that must be immunised against
an infectious disease, wusually through
vaccination, for the incidence of the disease to
remain stable or decrease [32,33]. In relation to
the infectivity of the agent, for SARS-CoV-2 it is
variant-related. For variants under enhanced
surveillance, such as B.1.1.7 (Alpha), the
threshold is around 80% [34] and it may be
higher for newly emerging variants, such as
B.1.617.2 (Delta) [35]. Furthermore, the ACE
polymorphism could be involved in the process of
pathogenicity of COVID-19 [36]. These data
highlight the importance of identifying variants in
Céte d'lvoire.

Out of a total source population of 2867 agents
from the three Teaching hospitals, a sample of
237 agents to be surveyed, with a 15% increase
in the number of those lost to follow-up, was
retained. Thus, over the 6-month period, 275
agents gave their informed consent to participate
in the survey. This population was divided
according to the teaching hospital into 23.3%
(ANGRE), 57.5% (COCODY), 13.8%
(TREICHVILLE), (Table 1). The population was
young adults with an average age of 39.49 years,
predominantly female (sex ratio 1.74) and
overweight (average BMI 26.27). An average of
81.10% of workers wore PPE relatively (the
relative wearing corresponded to one of the
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Table 1. Baseline characteristics of participants population to the survey in the three Abidjan teaching hospitals

Chu Angre Chu Cocody Chu Treichville
Characteristics Number (%) Type Number (%) Type Number (%) Type
(n) (n) (n)
= Number of healthcare 69 23,3 - 163 57,5 - 43 13,8 -
workers
= Middle age (years) 38,59 - Young 40,56 - Young adults 39,32 - Young
=  Gender 48/69 70,3 i 92/163 56,3 F 27143 63,2 F
= BMI” 26,7 - Overweight 26,45 - Overweight 25,67 - Overweight
*  Wearing PPE" -
o Relative 52/69 81,25 123/163 77,84 32/43 84,21
o Absolute 17/69 24,6 . 40/163 24,5 11/43 25,6
= Medical background 43/112 38,39 HBP, Diabete, 59/112 52,68 HBP, Diabete, 10/112 8,93 HBP, Diabete,
Atopy, sickle Atopy, sickle cell Atopy, sickle
cell disease disease cell disease
= COVID-19 Vaccination 53/69 76,8 CcvC®: 68,9 95/163 58,3 CVC: 49 27/43 62,8 CvC:55,9
status Icve®: 7,9 ICVC: 8,2 ICVC: 6,9
= COVID-19 Infection status 36 36,2 YES 108/163 66,3 YES 21/43 48 .8 YES
25/69
Contamination risk context linked to department
= Low risk 21/69 30,4 22/163 13,5 12/43 28
= Middle risk 24/69 34,8 106/163 65 14/43 32,5
= High risk 24/69 34,8 34/163 20,5 17/43 39,5
Contamination risk context linked to the workplace
= Low risk 20/69 29 50/163 30,7 5/43 11,6
= Middle risk 27169 39,1 90/163  55.2 19/43 44,2
= High risk 22/69 31,9 23/163 14,1 19/43 44,2

*: Female ; ** : Body Mass Index ; *** : Personal Protective Equipment ; ° : High Blood Pressure ; *: Complete Vaccination Coverage :

99 Incomplete Vaccination Coverage
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following measures not applied - wearing a mask
- regular hand washing - social distancing
measures) and the absolute wearing of PPE was
applied by an average of 47.29% (strict
compliance with all the measures mentioned
above). Concerning the medical history, an
average of 33.3% of the agents from the three
hospitals had high blood pressure, type Il diabete
and an atopic context. While an average of
50.4% claimed to have been infected by
SARSCoV-2, 65.96% had been fully vaccinated
(two doses for Pfizer, Astra Zeneca or mixed and
one dose for Johnson &  Johnson).
Taking into account the level of risk of
contamination linked to service and to the
workstation, it was noted that respectively
averages of 44.1% and 46.16% of the agents
surveyed worked in a context with an
intermediate level of risk contamination by
SARS- CoV-2. In the 275 healthcare workers, the
determination of total IgG and IgM isotype
antibodies was carried out in the serum by a
technigue based on double enzymatic

fluorescence labelling (ELFA - Enzyme Linked
Fluorescence Assay) Diagnostics Evolution
CHORUS Diesse® Ref 81401 SARS-CoV-2 IgM
and 81400 SARS-CoV-2 IgG but not IgM carriers
were 257 agents (93.5%). Those carrying both
IgG and IgM are 18 (6.5%). The healthcare
workers of the three teaching hospitals were
divided according to occupation. All occupational
strata were represented, taking into account the
variable "level of exposure risk" according to
Department and Workstation. Medical Doctors of
all specialities (Physicians) and surgeons
(including dentists) represented 26.5%. Nurses
aides and Nurses represented 14.2% and 16.7%
respectively. In the 275 healthcare workers, the
determination of neutralizing antibodies (anti
RBD) was carried out in the serum by a
technique based on double fluorescence enzyme
labelling (ELFA - Enzyme Linked Fluorescence
Assay) Diagnostics Evolution CHORUS Diesse®
Ref 81408 SARSCoV-2 Neutralizing Ab. The
carriers of RBD neutralizing antibodies were
2747275 (99.6%).

Table 2. Presence or absence of SARS-CoV-2 total IgG/IgM antibodies in the participants of the

survey
IgG and IgM Number of healthcare workers (n) (%)
IgM Negative and 1gG Positive 257 93,5
IgM Positive and 1gG Positive 18 6,5
Total 275 100,0

Table 3. Differents professional groups of the three university hospital healthcare workers
involved in the survey

Professional groups

Number of healthcare workers (n) %

Others 12 4.4
Administrative 22 8,0
Cleaners 5 1,8
Medical assistants 9 3,3
Stretcher bearers 10 3,6
Nurse aid 46 16,7
Medical laboratory Technicians 28 10,2
Midwives 22 8,0
Nurses 39 14,2
Pharmaceutical Doctors 10 3,6
Physicians and surgeons 73 26,5
Total 275 100,0

Table 4. Presence or absence of SARS-CoV-2 neutralizing antibodies in the participants of the
survey

SARS-CoV-2 neutralizing antibodies

Number of healthcare workers (n) %

Negative 1 0,4
Positive 274 99,6
Total 275 100,0
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5. CONCLUSION

This high level of immunization was the answer
both to the vaccine, whose coverage is fairly
broad, and to the history of contact with the virus
circulating in the population. This level of
protection obtained, which could be considered
as a herd immunity, should reassure healthcare
workers but also encourage the general
population to get vaccinated.

CONSENT

As per international standard or university
standard, Participants’ written consent has been
collected and preserved by the author(s).

ETHICAL CONSIDERATIONS

The study benefited from the agreement of the
Medical and Scientific Directorates of the three
teaching hospitals by written authorisation and
the favourable opinion of the National Committee
N° 007-22/MSHPCMU/CNESV-km.

ACKNOWLEDGEMENTS

To FONSTI and its Secrétariat General for the
Financial support to this Research Project. Our
gratitude to the beneficiaries and their
representatives (the Medical and Scientific
Directors) of the results of this study for their
participation in this survey, without
compensation. To the entire team of
investigators, the authors express their sincere
thanks for their dedication during the survey in
the three University hospitals.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Ministry of Health and Public Hygiene
(MSHP). Coronavirus (CoVID-19)
Information Center. 05/23/2020.

Available: https://m.facbook.com

2. Doctors Without Borders (MSF).
Coronavirus: Coping with the virus in Cote
d'lvoire. 03/27/2020.

Available: http://msf.fr

3. WHO. Weekly Monitoring Report-COVID-
19. May 11-17, 2020 (Epi week 20).
Available:http://www.euro.who.int/fr/health-
topics/health-emergencies/coronavirus-
covid-19

10.

11.

12.

136

Lyon Study Group on Covidl9 infection
(Geriatric section- Alphabetic order): Adrait
A, Benoist F, Castel-Kremer E, Chuzeville
M, Dupin AC, Doh S, Kim B, Favrelle L,
Hilliquin D, Kanafer N, Marion E, Martin-
Gaujard G, Moyenin Y, Paulet-Lafuma H,
Ricanet A, Saadatian-Elahi M, Vanhems P.
Fast nosocomial spread of SARS-CoV2 in
a french geriatric unit lyon study group on
Covid-19 infection. Infection control &
hospital epidemiology as part of the
Cambridge Coronavirus Collection.

DOI: 10.1017/ice.2020.99.

Wei X-S et al. A cluster of health care
workers  with COVID-19 pneumonia
caused by SARS-CoV-2. Journal of
Microbiology, Immunology and Infection.
Available:https://doi.org/10.1016/j.jmii.2020
.04 .013

L. Meng F. Hua, and Z. Bian Coronavirus
Disease 2019 (COVID-19):Emerging and
future challenges dental and oral medicine.
Available:https://us.sagepub.com/en-
us/journals-permissions

Kanggi Ng, Beng Hoong Poon, M Med
Troy Hai Kiat Puar, Jessica Li Shan Quah,
Wann Jia Loh, Yu Jun Wong, Thean Yen
Tan, Jagadesan Raghuram. COVID-19
and the risk to health care workers: A case
report Annals of Internal Medicine; 16
March 2020.

Ministry of health and public hygiene.
Department of IT and Health Information
(DIIS). Annual report on the health
situation (RASS) ; 2017. Edition 2018
Diemer A. Modeling COVID 19,
Challenges and  prospects, Revue
Francophone du Développement Durable,
n° 15, March 2020, 72p.

Anjorin AA. The coronavirus disease 2019
(COVID-19) pandemic: A review and an
update on cases in Africa. Asian Pac J Too
Med [Internet]. [Cited 2020 May 7];13.
Available from: www.apjtm.org

WHO. WHO/BS.2020.2403 Establishment
of the WHO international standard and
reference panel for anti-SARS-CoV-2
antibody [Internet]. 2020 [Cited 2022
Apr 25].
Available:https://www.who.int/publications/
m/item/WHO-BS-2020.2403

El-Hage W. et al. Health professionals
facing the coronavirus disease (COVID-19)

pandemic: What are the risks for
their mental health? Brain. 2020;46:
S73-S80.


https://m.facbook.com/
http://msf.fr/
http://www.euro.who.int/fr/health-topics/health-emergencies/coronavirus-covid-19
http://www.euro.who.int/fr/health-topics/health-emergencies/coronavirus-covid-19
http://www.euro.who.int/fr/health-topics/health-emergencies/coronavirus-covid-19
https://us.sagepub.com/en-us/journals-permissions
https://us.sagepub.com/en-us/journals-permissions
http://www.apjtm.org/
https://www.who.int/publications/m/item/WHO-BS-2020.2403
https://www.who.int/publications/m/item/WHO-BS-2020.2403

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Romualde et al.; Asian J. Immunol., vol. 6, no. 1, pp. 129-138, 2023; Article n0.AJI.102453

GDPR 2021.
Available:https://www.gouv.ci/_actualite-
article.php?recordlD=13769

Lukas Frans Ocias, Anna Skogstam,
Torbjorn Kjerstadius, Fredrik Lundin and
Staffan Tevelb; Higher rate of SARS-CoV-
2 lgG seropositivity in hospital-based
healthcare workers compared to elderly
care staff in a swedish low-prevalence
region: A cross-sectional study Infectious
diseases. FLIGHT. 2021;53(12):920-929.
Nathalie de Visscher, Xavier Hollemans,
Aline Gillain, Anne Kornreich, Raphael
Lagasse, Philippe Piette, Manfredi
Ventura, Frédéric Thys. SARS-CoV-2
seroprevalence among healthcare workers
after the first and second pandemic waves.
Viruses. 2022;14:1535.

Fernandez Crespo S, Pérez-Matute P,
iniguez ~ Martinez M et al. Gravedad de
COVID-19 atribuible a obesidad segun
IMC y CUN-BAE. Medicina de Familia.
SEMERGEN. November—December.
2022; 48(8):101840.

Weizman O, Mika D, Cellier J. et al
Characteristics and impact of
cardiovascular comorbidities on
coronavirus disease 2019 in women: A
multicentre cohort study. Archives of
Cardiovascular Disease. 2021;114:
394-406.

An A, Liu L, Wang C, Guo H, Hao X, Wang
Q, et al. Association of public health
interventions with the epidemiology of the
COVID-19 outbreak in Wuhan, China.
JAMA. 2020;323(19):1915-23.
Available:https://doi.org/10.1001/jama.202
0.6130

Organization WH. Coronavirus disease

2019 (COVID-19): Situation Report.
2020;82.
Guardian T. Doctors, nurses, porters,

volunteers: The UK Health Workers who
have Died from COVID-19 ; 2020.
Available:https://www.theguardian.com/wo
rld/2020/apr/16/doctors-nurses-  porters-
volunteers-the-uk-health-workers-who-
havedied-from-covid-19

Alhazzani W, Moller MH, Arabi YM, Loeb
M, Gong MN, Fan E, et al. Surviving
sepsis Campaign: Guidelines on the
management of critically ill adults with
Coronavirus Dsease 2019 (COVID-19).
Intensive Care Med; 2020.

CookTM. Personal protective equipment
during the COVID-19 pandemic - A
narrative review. Anesthesia. 2020.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

137

Verbeek JH, Rajamaki B, ljaz S, Sauni R,
Toomey E, Blackwood B et al. Personal
protective  equipment for preventing
highly infectious diseases due to
exposure to contaminated body fluids in
healthcare staff. Cochrane Database
System R.

Kamerow D. COVID-19: The crisis of
personal protective equipment in the US.
BMJ. 2020;369:m1367.

Hadyn KN Kankam, George JM Hourston,
Pahalavi Ravindran, Bilal Azhar, Cassie
Pope. COVID-19 antibody tests: Statistical
implication. British Journal of Hospital
Medicine. 2020 ;81(11).

Wodlfel R, Corman VM, Guggemos W et al.
Virological assessment of hospitalized
patients with COVID-2019. Nature.
2020;581:465-9.

Jackson CB, Farzan M, Chen B, Choe H.
Mechanisms of SARS-CoV-2 entry into
cells. Nat. Rev. Mol. Cell Biol. 2022;23:
3-20.

Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S.
Structure of the SARS-CoV-2 spike
receptor-binding domain bound to the
ACE2 receptor. Nature. 2020;581:
215-220.

Juno JA, Tan HX, Lee WS, Reynaldi A,
Kelly HG, Wragg K. Humoral and
circulating follicular helper T cell responses
in recovered patients with COVID-19. Nat.
Med. 2020;26:1428-1434.

Fatma Betul Oktelik, Vuslat Yilmaz, Metin,
Yusuf Gelmez, Nilgun Akdeniz, Cevriye
Pamukcu, Tolga Sutlu, Murat Kose, Erdem
Tuzun, and Gunnur Deniz Decline of
humoral immune responses after natural
SARS-CoV-2 infection can be efficiently
reversed by vaccination. Canadian
Journal of Microbiology. August 2022;
68(8).

Petherick A. Developing antibody tests
for SARS-CoV-2. Lancet. 2020;395:
1101-1102.

Shelly Bolotin, Sarah Wilson, Michelle
Murti. Achieving and sustaining herd
immunity to SARS-CoV-2. CMAJ. 2021
Aug 16;193(32):E1279-E1280

DOI: 10.1503/cmaj.210892-f

Vynnycky E, White RG. An introduction to
infectious disease modelling. Oxford (UK):
Oxford University Press; 2010.

Hodgson D, Flasche S, Jit M, et al. Centre
for mathematical modelling of infectious
disease (CMMID) COVID-19 working
group. The potential for vaccination-


https://www.gouv.ci/_actualite-article.php?recordID=13769
https://www.gouv.ci/_actualite-article.php?recordID=13769
https://doi.org/10.1001/jama.2020.6130
https://doi.org/10.1001/jama.2020.6130

35.

Romualde et al.; Asian J. Immunol., vol. 6, no. 1, pp. 129-138, 2023; Article n0.AJI.102453

induced herd immunity against the SARS-
CoV-2 B.1.1.7 variant. Euro Surveill. 2021;
26:2100428.

3 June 2021 risk assessment for SARS-
CoV-2 variant: Delta (VOC-21APR-02,
B.1.617.2). London (UK) : Public Health
England; 2021.

Accessible Hear :
Available:https://www.gov.uk/government/p
ublications/investigation-of-sars-cov-2-

36.

variants-of-concern-variantrisk-

assessments

(Accessed June 8, 2021).

Nageen Hussain, Mohsin  Mumtaz,
Muhammad Adil, Muhammad Waseem.
ACE 1/D polymorphism and In-Silico
screening of potential bioactive
phytochemicals against COVID-19.

Bioinformatics and Biology Insights. 2022;
16:1-13.

© 2023 Romualde et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/102453

138


http://creativecommons.org/licenses/by/4.0

