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Abstract

Background The COVID-19 pandemic has presented various challenges, one of which is the discovery that after the
acute episode, around 30% of patients experience persistent symptoms or develop new ones, now known as long
COVID. This new disease has significant social and financial impacts. The objective is to determine the prevalence of
long COVID in the Tunisian population and identify its predictive factors.

Methods This was a cross-sectional study conducted among Tunisians who were infected with COVID-19 between
March 2020 and February 2022. An online self-administered questionnaire was distributed through social media,
radio, and television channels over the course of one month (February 2022). Long COVID was defined as the
persistence of existing symptoms or the development of new symptoms within three months after onset, lasting
for at least two months, and with no differential diagnosis. We performed univariate and multivariate analyses using
binary stepwise logistic regression with a significance level set at 5%.

Results A total of 1911 patients participated in our study, and the prevalence of long COVID was 46.5%. The two
most frequent categories were general and neurological post-COVID syndrome, with a prevalence of 36.7% each.
The most commonly observed symptoms were fatigue (63.7%) and memory problems (49.1%). In the multivariate
analysis, the predictive factors for long COVID were female gender and age of 60 years or older, while complete anti-
COVID vaccination was found to be a protective factor.

Conclusions Our study found that complete vaccination was a protective factor against long COVID, while female
gender and age of 60 years or older were identified as the main risk factors. These findings are consistent with studies
conducted on other ethnic groups. However, many aspects of long COVID remain unclear, including its underlying
mechanisms, the identification of which could guide the development of potential effective treatments.
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Introduction

Coronavirus disease 2019 (COVID-19) became a pan-
demic on 2020 [1]. About 80% of cases were mild to mod-
erate, while 5% developed critical illness. As of October
16, 2022, there have been 621 million confirmed cases
and 6.5 million deaths reported globally [2]. However,
research has shown that more than 30-50% of adult
patients continue to experience persistent symptoms or
develop new ones at one to two months, and 10-15%
still have symptoms at six to eight months after infec-
tion [3]. These symptoms can be disabling and diverse, as
they may affect a patient’s ability to perform daily activi-
ties and household chores. They can be related to several
organs, with the most common being fatigue, sleep disor-
ders, psychiatric illness, and dyspnea. Based on current
literature, these long COVID symptoms tend to evolve
slowly and fluctuate towards improvement. However, a
significant proportion of patients have also reported no
improvement [3, 4]. Long COVID is not yet well under-
stood, but it has been associated with female gender,
respiratory symptoms at onset, and the severity of the
illness [5]. On the other hand, the social and financial
impacts of long COVID-19 are considerable and must
be addressed. Research has shown that long COVID
can lead to work absences, reduced work productivity,
and increased healthcare utilization, which can strain
healthcare systems already burdened by the pandemic.
Additionally, long COVID can have mental health impli-
cations, with some patients experiencing depression,
anxiety, and post-traumatic stress disorder. These impli-
cations have the potential to affect the overall wellbeing
and resilience of individuals and communities. Therefore,
understanding the broader implications of long COVID
is critical for developing effective management strate-
gies and providing support for affected individuals [6]. A
better understanding of the symptoms, risk factors, and
treatment of long COVID is necessary to manage this
disease more effectively within healthcare systems [7].
To our knowledge, and after conducting a bibliographic
search, no studies have been conducted in North Africa
that focus on long COVID. It is important to identify the
epidemiological and clinical specificities of long COVID
in North Africa compared to other ethnic groups and to
determine if there is a genetic predisposition that pro-
tects the Tunisian population, as was the case for severe
forms and mortality [8, 9]. Additionally, many previous
studies have focused either exclusively on inpatients or
outpatients, but data on the entire population are scarce.
Studies using health data in both populations are needed
to elucidate and compare symptoms that are indepen-
dently associated with the long-term effects of COVID-
19. Therefore, the aim of this study is to determine long
COVID symptoms and their predictive factors among
the Tunisian population.
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Methods

Study design

This was a cross-sectional study conducted in February
2022 among Tunisian individuals who were infected with
COVID-19 between March 2020 and February 2022.

Study population

The study included all Tunisians who were infected with
COVID-19 at least once and agreed to participate in the
study. The required sample size was calculated using the
formula: n=[(Z,,)* xp x (1-p)]/i>. The prevalence of long
COVID-19 varies between 5 and 50% [10]. A proportion
(p) of long COVID-19 of 50% was chosen to maximize
the sample size [10], a precision (i) of 5%, a risk error
(a) of 5% and a loss of 30% due to non-eligible partici-
pants (not being a Tunisian, under 18 years of age, ect.)
were considered, resulting in a required sample size of at
least 501 participants. Individuals under 18 years of age,
Tunisians living abroad, and non-Tunisian residents in
Tunisia were excluded from the study. Subjects who were
infected during the last two months were also excluded
to allow for a two-month period for the onset of long
COVID symptoms.

Data collection

We collected data using an online self-administered
questionnaire developed with Google Forms, which was
available in French and Arabic. The questionnaire was
distributed through social media (Facebook), radio, and
television channels for one month (February 2022) with
weekly reminders, since Facebook is the most popular
social media in Tunisia [11]. Respondents were asked
about their socio-demographic characteristics, COVID-
19 infection history, impact on their health, and post-
COVID infection symptoms.

Data analysis

We used the Statistical Package for Social Sciences
(SPSS) version 21.0 for data entry and analysis. Quantita-
tive variables were presented as means*standard devia-
tions if normally distributed and compared using the
t-test. Qualitative variables were presented as frequencies
and percentages and compared using the chi-square test.
Multivariate logistic regression was used to identify pre-
dictive factors of long COVID. We included all variables
with a p-value less than or equal to 20% in the univariate
analysis. The significance threshold was set at 5%, and the
strength of association was estimated by calculating the
odds ratio (OR) and its 95% confidence interval.

Variables’ definitions

Long COVID

The definition of Long COVID adopted in this study
was based on the WHO definition [12]. It refers to the
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condition that occurs in people with a history of prob-
able or confirmed SARS-CoV-2 infection, usually within
three months of the onset of COVID-19, with symptoms
and effects that last for at least two months, and cannot
be explained by an alternative diagnosis. The symptoms
can be categorized into various categories [13, 14], such
as general syndrome (Fatigue, fever, sweating, general
pain, loss of appetite and/or weight, red eyes, arthralgia,
muscle pain and weakness, lower limb edema), neuro-
logical syndrome (affecting the central and/or peripheral
nervous system, including headaches, cognitive disorders
such as memory and concentration disorders, epilepsy,
and dizziness), psychiatric syndrome (sleep disturbances,
irritability, depression, or anxiety), respiratory syndrome
(shortness of breath, difficulty breathing, cough), cardiac
syndrome (chest pain, burning sensation, palpitations),
digestive syndrome (abdominal discomfort, constipa-
tion, diarrhea, vomiting, nausea), ear, nose and throat
syndrome (ageusia, anosmia, tinnitus, odynophagia), and
dermatological syndrome (hair loss, vesicular maculo-
papular urticarial lesions).

Ethics approval and consent to participate

This study was conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki and was
approved by the Ethical Committee of Farhat Hached
University Hospital (Reference of opinion of the commit-
tee of medical ethics and research: CER:34-2022). Partici-
pation in the study was voluntary, and written informed
consent was obtained from each participant after clari-
fication of the study objectives and activities. To ensure
anonymity and confidentiality, full names and email
addresses were not collected.

Results

Descriptive analysis

In total, 1911 participated, out of which 1381 were
selected. The mean age was 37.25+9.26, and the majority
were females (79.9%) with a sex ratio (M/F) of 0.25. Par-
ticipants belonged to all 24 Tunisian governorates with
the highest number from Tunis governorate (n=267,
19.3%) followed by Sousse (n=242, 17.5%), Ariana
(n=135, 9.8%), Monastir (n=80, 5.8%) and Sfax (n=66,
4.8%).

The prevalence of post COVID was 45.6% (n=642)
and the prevalence of specific post-COVID syndrome
categories were as follows: general (36.7%), neurological
(36.6%), psychiatric (32.1%), respiratory (16.8%), cardio-
logical (21.6%), ear, nose and throat (22.7%), dermatologi-
cal (22.8%), and digestive (4.2%).

Most patients with long COVID were females (85.2%)
with a sex ratio (M/F) of 0.17 and aged between 30
and 39 years (44.2%). The symptoms of long COVID
were fatigue (63.7%), memory disturbances (49.1%),
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concentration difficulties (49.1%), hair loss (47.6%), mood
swings (40.5%), sleeping disturbances (38.5%), depression
(36.3%), anxiety (36%), difficulty finding words (34.3%),
irritability (33.5%), arthralgia (31.9%) and headache
(31.8%) (Table 1). The majority of long COVID patients
(64.48%) sought medical consultation, and their treating
physician confirmed the diagnosis of long COVID. In one
case the diagnosis of myocarditis and pericarditis post
COVID was established.

The vaccination status before infection was 73.2%
unvaccinated, 7.7% % partially vaccinated and 19.1% fully
vaccinated against COVID-19.

In the univariate analysis, the predictive factors of long
COVID were female sex (p<10~3, OR=1.92, CI95%[1.46—
2.52]), obesity (p=0.033, OR=1.02, CI95% [1.06-1.84]),
the number of symptoms recorded in acute COVID>5
(p=0.008, OR=3.05, CI95%[1.33-6.98]), comorbidi-
ties (p=0.002, OR=1.48, CI95%[1.15-1.91]), history of
a respiratory affection (p=0.046, OR=1.55, CI95%[1.00-
2.40]) and being hospitalized in intensive care (p=0.010,
OR=7.16, CI95%[1.59-32.16]). Having complete vac-
cination (p<1073, OR=0.47, CI95%[0.35-0.62] ) was
a protective factor (Table 2). The multivariate analysis
showed that the predictive factors of long COVID were
female gender (p=0.02, OR=1.66, CI95%[1.21-2.28]),
age=60 years (p=0.049, OR=0.049, CI95%[1.00-5.49]),
anosmia during acute COVID (p<1073, OR=2.68,
CI95%[1.85-3.87]), diarrhea during acute COVID
(p=0.022, OR=1.33, CI95%[1.04—1.71]), dyspnea dur-
ing acute COVID (p< 1073, OR=1.72, CI95%[1.27-2.33])
and rash during acute COVID (p=0.011, OR=1.95,
CI95%[1.16-3.27]). Complete anti-COVID vaccination
(p<1073, OR=0.22, CI95%[0.16—0.29]) was identified as
a protective factor (Table 3).

Discussion

To our knowledge, this is the first Tunisian study to
determine the prevalence of long COVID in the Tunisian
population and its predictive factors. The most frequent
long COVID syndrome categories were the general and
neurological categories with a prevalence of 36.7% each.
The most commonly reported symptoms were fatigue
(63.7%) and memory problems (49.1%). In the multi-
variate analysis, the predictive factors for long COVID
were female gender and age>60 years. Complete anti-
COVID vaccination was found to be a protective factor.
Our study found a prevalence of long COVID of 46.5%,
similar to other studies that suggest it occurs in as many
as 30% of people infected [15]. The prevalence can vary
from 5 to 50% due to its complex definition [10].

Most commonly reported symptoms were fatigue
(63,4%), memory disturbances (61,1%), hair loss (47,2%),
concentration difficulties (48,6%), mood swings (40,5%).
These findings are consistent with the literature [16].
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Table 1 Long COVID symptoms
Categories Symptoms n=642 (%)
General symptoms Fatigue 409 (63.7)
Arthralgia 205(31.9)
Muscle pains 141 (22.0)
General pain 140 (21.5)
Intermittent Fever 16 (2.5)
Sweating 86 (13.4)
Chills 74(11.5)
Lower limb edema 47 (7.3)
Anorexia 71(11.1)
Weight loss 70 (10.9)
Red eyes 36 (5.6)
Neurological symptoms Headache 204 (31.8)
Dizziness 190 (29.6)
Concentration difficulties 5(49.0)
Memory disturbances 393 (61.1)
Difficulty finding words 220 (34.3)
Psychiatric symptoms Irritability 4(33.3)
Depression 233(36.3)
Anxiety 232 (36.1)
Mood swings 260 (40.5)
Sleeping disturbances 250 (38.9)
Respiratory symptoms Dyspnea 99 (15.4)
Polypnea 8(182)
Cough 07 (16.7)
Cardiological symptoms Burning sensation 101 (15.7)
Tachycardia 161 (25.1)
Palpitations 176 (27.4)
Chest pain 104 (16.2)
Ear, Nose and Throat symptoms Rhinorrhea 36 (5.6)
Anosmia 141 (22.0)
Ageusia 80 (12.5)
Odynophagia 36 (5.6)
Tinnitus 164 (25.5)
Dermatological symptoms Cutaneous lesions 38(5.9)
Hair loss 306 (47.7)
Digestive symptoms Nausea 29 (4.5)
Vomiting 15(2.3)
Diarrhea 32(5.0)
Epigastralgy 5(0.8)
Other symptoms Hot flushes 1(0.2)
Hallucinations 1(0.2)
Ear, eye pain 5(0.8)
Hyperglycemia 2(03)
High blood pressure 2(03)

Various sociodemographic and clinical risk factors
associated with long COVID have been described in the
literature. Women have been found to be at a higher risk
than men in most studies [3, 17—-19], which is consistent
with our findings. However, a few studies have found no
gender difference [20, 21]. Hormones may contribute to
perpetuating the hyperinflammatory status even after
recovery from a disease [22], and females may produce

stronger IgG antibodies in the early phase of the disease,
potentially leading to a more favorable outcome [23].
However, this may also contribute to perpetuating dis-
ease manifestations in females. The statement also sug-
gests that women may be more attuned to their bodies
and related distress.

In a British study, age above 70 was found to be asso-
ciated with a higher risk of reporting long COVID
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Table 2 Univariate analysis predictive factors of Long COVID
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Table 3 Multivariate analysis predictive factors of long COVID

Factor Long COVID n(%) p value OR CI95% Factor Long COVID n (%) p value OR CI95%

Yes No Yes No
Gender Gender
Male 95(6.9) 185(13.4) Reference  Reference Male 95(6.9) 185(13.4) Reference  Reference
Female 547(39.6) 554(40.1) <103 1.92 (1.46-2.52) Female 547(39.6) 554(40.1) 0.02 1.66 (1.21-2.28)
BMI Age
<185 17(1.2) 22(1.6) 0.964 0.95 (0.52-1.89) <30 12509 259(18.7) Reference  Reference
18,5-25 251(18.2) 320(23.2) Reference  Reference 30-39 290(21) 507(36.7) 0.075 1.32(0.97-1.79)
25-30 237(17.2)  270(19.5) 0.359 1.11(0.88-1.42) 40-49 177(12.8) 350(25.3) 0.653 1.08 (0.76-1.53)
>30 137(99) 127(92)  0.033 1.02 (1.06 -1.84) 50-59 40(2 9) 102(74) 096 1.01 (0.60-1.71)
Smoking status >60 18(1.3) 19(1.4) 0.049 2.34(1.00-5.49)
No 546(39.5) 593(42.9) Reference  Reference Symptoms in
Yes 96(7) 146(106)  0.02 0.71 (0.53-0.94) acute COVID
Number of Anosmia 496(35.9) 439(318) <103 068 (1.85-3.87)
symptoms in Diarrhea 226(164) 276 (20)  0.022 1.33(1.04-1.71)
acute COVID Dyspnea 184(133) 115(83) <103 1.72(127-2.33)
0 7(0.5) 15(1.1)  Reference  Reference Rash 4835  23(17)  0.011 1.95(1.16-3.27)
1-5 134097)  255(184) 043 140 (0.60-3.24) Vaccination
>5 501(36.3) 469(34) 0.008 3.05(1.33-6.98) status
Severity of No 507(36.7) 505(36.6) Reference  Reference
acute COVID Partially 5036)  56(4) 0397 0.83 (0.55-1.25)
No 590(42.7) 705(51) Reference  Reference Complete 85(6.1) 179(13) <103 0.22 (0.16-0.29)
Hospitalization
;Zijﬁlct:lhiii ina 4009 3204 01 149 (092:240) symptoms [19]. Initially, we found no differences between
Hospitalizedin 1209 2(.1) 0.01 216 age groups, but in the multivariate analysis, older age
intensive care (1.59-32.16) above 60 was significantly associated with a higher risk
unit of developing long COVID. In contrast, another Brit-
Symptoms in ish study, after adjusting for baseline covariates, found
acute COVID that older age was associated with a lower risk, with
Soreness 427(309) 437(31.6) 0.007 5(1.08-1.68) those aged 30-39 years having a 6% lower risk and those
Chest pain 215(156)  252(182) <107 (1 25-1.97) aged>70 years having a 25% lower risk compared to
Anosmia 496(359) 439(31.8) <103 232(1.83-293) those aged 18-30 years [17]. This discrepancy may be due
Ageusia 450(326) 390(282) <107 209( 67-261) to vaccination campaigns starting later in North Africa
Nausea 199(144) 147(106) <1073 80 (1:41-2.31) than in European countries, or that anti-COVID vaccina-
Vomit 131005)  91(66) =107 1.82(1.36-2.44) tion was primarily meant for the elderly. However, older
Diarrhea 226(164)  276(20)  <10” 1.71(137-213) adults are at higher risk of experiencing severe illness due
Arthralgia 413(29.9) 402(29.1) =103 51(1.21-1.87) to pre-existing conditions such as diabetes, hypertension,
Myalgia 301(21.8) 284(206) 0.002 141 (1.14-1.75) . .

s and cardiovascular disease [24].

Dyspnea 184013.3) 11583) <10 18 (] 67-283) Being overweight or obese has consistently been asso-
Fatigue 510(36.9) 550(39.8) 0.028 2(1.03-1.71) . ith . d risk of persistent symptoms in
Rhinorrhea 229(16.6) 312(226) 0.013 0.75 (O 61-0.94) Clat.Ed wit E.ln ln.cre.ase P . . ymp . .
Rash 855 307 €107 251 (1514.18) various studies, similar to our findings in jche univariate
Comorbidities analysis [17, 25]. The COVID-1‘9 pandemic has glready
No 472342) 984(12) Reference  Reference demonstr‘ated a strqng cqrrelatlon F)etween obesity and
. 170023) 253(183) 0.002 148 (115-1.91) the severity <.)f th<? viral dls.ease. This may be due to the
Comorbidity prolonge‘d VlI'LlS-ll’l.dllCEd 1nﬂammat0r‘y response and
Respiratory 5086) 3827 0.046 155(1.00-240) hyperactivated pro-inflammatory cytokines and immune
affection cells, leading to prolonged COVID symptoms [26].
Vaccination In ten UK longitudinal studies and electronic health
status records, current smoking was found to lower the risk of
No 507(36.7) 505(366) Reference  Reference long COVID [25], which is consistent with our results
Partially 50B86)  56(4) 056 0.88(0.59-1.32) in the univariate analysis. However, a study found that
Complete 85(6.1) 179(13) <107 047 (0.35-0.62) smokers and former smokers were at an increased risk

of reporting long COVID symptoms, compared to those
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who had never smoked [17]. Thus, this exposure should
be further explored.

Studies have identified a high number of initial symp-
toms during acute COVID as a predictive factor for long
COVID [3, 19, 20]. Furthermore, while some studies have
set the number of initial presenting symptoms for long
COVID risk at more than five [18, 19], our study vali-
dated these findings before adjusting baseline covariates.
The initial presenting symptoms that were significantly
associated with the development of long COVID in our
study were anosmia, diarrhea, dyspnea, and rash.

The association between initial disease severity during
acute COVID and long COVID has been studied. The
results are varied as most studies did not find any asso-
ciation [27-30], while a few reported that patients who
needed invasive mechanical ventilation, intensive care
unit admission, or prolonged hospitalization were more
likely to experience long-term tissue damage associated
with persistent symptoms and, thus, long COVID [31,
32]. In our study, initial severity implying the hospitaliza-
tion in a medical unit or intensive care was only signifi-
cantly associated with the occurrence of long COVID in
the univariate analysis.

Another important potential risk factor that has been
examined by a number of studies is preexisting medical
conditions. In fact a wide range of comorbidities, such as
asthma or depression have been identified as risk factors
for long COVID [3, 17, 19, 25].

Similarly to our findings, high cholesterol levels and
diabetes are not associated with long COVID [17, 25].

Respiratory conditions are widely associated with long
COVID in the literature, with chronic obstructive pul-
monary disease being one of the most incriminated con-
ditions, as described in British study, as well as allergies
and asthma [3, 17, 19, 25].

Hypertension was not found to be a predictor of long
COVID in our study, but this comorbidity is still contro-
versial [17, 25]. While we found respiratory conditions to
be a risk factor for long COVID in the univariate analysis,
this association was not found in the multivariate analy-
sis. Psychiatric disorders are also associated with long
COVID [5, 17, 25], but this was not found to be the case
in our study.

A complete anti-COVID vaccination lowered the risk
of long COVID by 0.22 (CI95% [0.16-0.29]) in our study.
Similarly, a systematic review suggested that vaccination
before COVID could reduce the risk of subsequent long
COVID. It seems that two doses of vaccine could be more
effective than just one dose. However, the impact of vac-
cination on people with existing long COVID symptoms
is still controversial, with some data showing changes in
symptoms and others not [33]. Randomized controlled
trials are required to validate the effects of vaccination on
long COVID symptoms.
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Therefore, the reasons for the ongoing ambiguity
in long COVID risk factors may be the use of different
definitions of the condition. In this perspective, we high-
lighted our trials to compare our findings to studies using
the WHO definition. Another possibility may be vari-
ances in reporting, study design, and participants’ clinical
and demographic characteristics, as well as the multifac-
eted pathophysiology of long COVID [18, 19].

The results of the current study must be interpreted
with some limitations in mind. First, the cross-sectional
nature of the study did not allow for causal relationships
to be reported, but only statistical associations. Secondly,
the representativeness of the general population needs to
be considered, although our study included all the gover-
norates of Tunisia.

Conclusion

Our study confirmed that full vaccination provides pro-
tection against long COVID, while female gender and
age=60 years were identified as significant risk fac-
tors. These findings are consistent with previous studies
conducted in diverse ethnic groups. However, further
research is needed to understand the underlying mecha-
nisms of long COVID, which is crucial for the develop-
ment of effective treatments. Overall, our study provides
valuable insights into the risk factors associated with
long COVID, which could inform public health strategies
aimed at preventing and managing this condition.

Abbreviations
COVID-19  Coronavirus disease 2019

Acknowledgements

We thank all the people and groups who have shared the link of the
questionnaire on Facebook, we also thank all the radio and TV channels that
have allowed us to share the questionnaire.

Authors’ contributions

The authors SC designed the work. SC, AS and SF disseminated the online
survey. SC and SR participated in data analysis and interpretation. SC, SR, AA,
OE and MM drafted the work. SC and IF revised it. SC, MM and MN supervised
all the steps of the manuscript editing. All authors approved the final version
of the manuscript, agreed to be personally accountable for their own
contributions and ensure that questions related to the accuracy or integrity of
any part of the work, are appropriately investigated and resolved. All authors
read and approved the final manuscript.

Funding
Not applicable.

Data Availability
Available from the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

This study was conducted in accordance with the ethical principles of the
Declaration of Helsinki and was approved by the Ethical Committee of Farhat
Hached University Hospital (Reference of opinion of the committee of medical



Chelly et al. BMC Health Services Research (2023) 23:487

ethics and research: CER:34-2022). Participation in the study was voluntary,
and written informed consent was obtained from each participant after
clarification of the study objectives and activities. To ensure anonymity and
confidentiality, full names and email addresses were not collected.

Consent for publication
Not applicable.

Received: 13 December 2022 / Accepted: 27 April 2023
Published online: 15 May 2023

References

1. COVID-19. - Chronologie de I'action de 'OMS n.d. https://www.who.int/fr/
news/item/27-04-2020-who-timeline---covid-19 (accessed December 9,
2022).

2. Weekly epidemiological update on COVID-19-19. October 2022 n.d. https://
www.who.int/publications/m/item/weekly-epidemiological-update-on-
covid-19---19-october-2022 (accessed December 5, 2022).

3. Salmon Céron D, Davido B, Tubiana R, Linard F, Turgis CT, Oustric P et
al. Les formes prolongées de la COVID-19 ou COVID long: formes cli-
niques et prise en charge. Médecine et Maladies Infectieuses Formation
2022:52772743221000118.

4. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, Rebolledo PA,
Cuapio A, et al. More than 50 long-term effects of COVID-19: a systematic
review and meta-analysis. Sci Rep. 2021;11:16144.

5. Asadi-Pooya AA, Akbari A, Emami A, Lotfi M, Rostamihosseinkhani M, Nemati
H, et al. Risk factors Associated with Long COVID Syndrome: a retrospective
study. Iran J Med Sci. 2021;46:428-36.

6. Macpherson K, Cooper K, Harbour J, Mahal D, Miller C, Nairn M. Experiences
of living with long COVID and of accessing healthcare services: a qualitative
systematic review. BMJ Open. 2022;12:¢050979.

7. Crook H, Raza S, Nowell J, Young M, Edison P. Long covid-mechanisms, risk
factors, and management. BMJ. 2021;374:n1648.

8. WHO:"COVID-19 Weekly Epidemiological Update”. Available online
25/10/2022 https://apps.who.int/iris/bitstream/handle/10665/363681/nCoV-
weekly-sitrep190ct22.pdf?sequence=18&isAllowed=y.

9. Njenga MK, Dawa J, Nanyingi M, Gachohi J, Ngere |, Letko M, et al. Why is
there low morbidity and mortality of COVID-19 in Africa? Am J Trop Med Hyg.
2020;103:564-9.

10.  Al-Aly Z, Bowe B, Xie Y. Long COVID after breakthrough SARS-CoV-2 infection.
Nat Med. 2022;28:1461-7.

11, Social Media Stats Tunisia. StatCounter Global Stats n.d. https://gs.statcounter.
com/social-media-stats/all/tunisia (accessed December 9, 2022).

12. Aclinical case definition of post COVID-19 condition by a Delphi consensus,
6. October 2021 n.d. https://www.who.int/publications-detail-redirect/
WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
(accessed December 5,2022).

13. Raveendran AV, Jayadevan R, Sashidharan S, Long COVID. An overview.
Diabetes Metab Syndr. 2021;15:869-75.

14. Clin B, Esquirol Y, Gehanno J-F, Letheux C, Gonzalez M, Pairon J-C et al. Role
des services de santé au travail dans le repérage et 'accompagnement des
personnes concernées par des symptomes persistants suite a la Covid-19.
Recommandations de la Société francaise de médecine du travail (SFMT)
Role of occupational health services in identifying and supporting people
affected by persistent symptoms following Covid-19. French Society of
Occupational Medicine Guideline. Archives Des Maladies Professionnelles et
De LEnvironnement 2021;82:395-400.

15. Yoo SM, Liu TC, Motwani Y, Sim MS, Viswanathan N, Samras N, et al. Factors
Associated with Post-Acute Sequelae of SARS-CoV-2 (PASC) after diagnosis of

Page 7 of 7

symptomatic COVID-19 in the Inpatient and Outpatient setting in a diverse
cohort. J Gen Intern Med. 2022;37:1988-95.

16.  Aiyegbusi OL, Hughes SE, Turner G, Rivera SC, McMullan C, Chandan JS, et al.
Symptoms, complications and management of long COVID: a review. J R Soc
Med. 2021;114:428-42.

17. Subramanian A, Nirantharakumar K, Hughes S, Myles PR, Williams T, Gokhale
K, et al. Symptoms and risk factors for long COVID in non-hospitalised adults.
Nat Med. 2022;2022:1-20.

18.  Yong SJ. Long COVID or post-COVID-19 syndrome: putative pathophysiology,
risk factors, and treatments. Infect Dis (Lond). 2021;53:737-54.

19.  Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, et al.
Attributes and predictors of long COVID. Nat Med. 2021;27:626-31.

20. Petersen MS, Kristiansen MF, Hanusson KD, Danielsen ME, A Steig B, Gaini S, et
al. Long COVID in the Faroe Islands: a longitudinal study among Nonhospital-
ized Patients. Clin Infect Dis. 2021,73:e4058-63.

21.  Moreno-Pérez O, Merino E, Leon-Ramirez J-M, Andres M, Ramos JM, Arenas-
Jiménez J, et al. Post-acute COVID-19 syndrome. Incidence and risk factors: a
Mediterranean cohort study. J Infect. 2021;82:378-83.

22. Mohamed MS, Moulin TC, Schiéth HB. Sex differences in COVID-19: the role of
androgens in disease severity and progression. Endocrine. 2021;71:3-8.

23. Zeng F, Dai C, Cai P Wang J, Xu L, Li J, et al. A comparison study of SARS-CoV-2
IgG antibody between male and female COVID-19 patients: a possible reason
underlying different outcome between sex. J Med Virol. 2020,92:2050-4.

24.  Ayoub HH, Chemaitelly H, Seedat S, Mumtaz GR, Makhoul M, Abu-Raddad LJ.
Age could be driving variable SARS-CoV-2 epidemic trajectories worldwide.
PLoS ONE. 2020;15:e0237959.

25. Thompson EJ, Williams DM, Walker AJ, Mitchell RE, Niedzwiedz CL, Yang TC,
et al. Long COVID burden and risk factors in 10 UK longitudinal studies and
electronic health records. Nat Commun. 2022;13:3528.

26. Khoja O, Silva Passadouro B, Mulvey M, Delis |, Astill S, Tan AL, et al. Clinical
characteristics and mechanisms of Musculoskeletal Pain in Long COVID. J
Pain Res. 2022;15:1729-48.

27. Townsend L, Dyer AH, Jones K, Dunne J, Mooney A, Gaffney F, et al. Persistent
fatigue following SARS-CoV-2 infection is common and independent of
severity of initial infection. PLoS ONE. 2020;15:¢0240784.

28. van den Borst B, Peters JB, Brink M, Schoon Y, Bleeker-Rovers CP, Schers H, et
al. Comprehensive Health Assessment 3 months after recovery from Acute
Coronavirus Disease 2019 (COVID-19). Clin Infect Dis. 2021;73:21089-98.

29. LuY,LiX Geng D, Mei N, Wu P-Y, Huang C-C, et al. Cerebral micro-struc-
tural changes in COVID-19 patients - an MRI-based 3-month follow-up
study. EClinicalMedicine. 2020;25:100484. https.//doi.org/10.1016/j.
eclinm.2020.100484.

30. Miyazato Y, Morioka S, Tsuzuki S, Akashi M, Osanai Y, Tanaka K, et al. Prolonged
and late-onset symptoms of Coronavirus Disease 2019. Open Forum Infect
Dis. 2020;7:0faa507.

31, Halpin SJ, Mclvor C, Whyatt G, Adams A, Harvey O, McLean L, et al. Postdis-
charge symptoms and rehabilitation needs in survivors of COVID-19 infec-
tion: a cross-sectional evaluation. J Med Virol. 2021;93:1013-22.

32. Raman B, Cassar MP, Tunnicliffe EM, Filippini N, Griffanti L, Alfaro-Almagro F,
et al. Medium-term effects of SARS-CoV-2 infection on multiple vital organs,
exercise capacity, cognition, quality of life and mental health, post-hospital
discharge. EClinicalMedicine. 2021;31:100683.

33. Notarte KI, Catahay JA, Velasco JV, Pastrana A, Ver AT, Pangilinan FC, et al.
Impact of COVID-19 vaccination on the risk of developing long-COVID and
on existing long-COVID symptoms: a systematic review. EClinicalMedicine.
2022;53:101624.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.who.int/fr/news/item/27-04-2020-who-timeline---covid-19
https://www.who.int/fr/news/item/27-04-2020-who-timeline---covid-19
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---19-october-2022
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---19-october-2022
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---19-october-2022
https://apps.who.int/iris/bitstream/handle/10665/363681/nCoV-weekly-sitrep19Oct22-
https://apps.who.int/iris/bitstream/handle/10665/363681/nCoV-weekly-sitrep19Oct22-
https://gs.statcounter.com/social-media-stats/all/tunisia
https://gs.statcounter.com/social-media-stats/all/tunisia
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
http://dx.doi.org/10.1016/j.eclinm.2020.100484
http://dx.doi.org/10.1016/j.eclinm.2020.100484

	﻿Symptoms and risk factors for long COVID in Tunisian population
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Study population
	﻿Data collection
	﻿Data analysis

	﻿Variables’ definitions
	﻿Long COVID
	﻿Ethics approval and consent to participate

	﻿Results
	﻿Descriptive analysis

	﻿Discussion
	﻿Conclusion
	﻿References


