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Abstract

Background It has become increasingly clear that SARS-CoV-2 infection can lead to persistent physical and mental
health problems lasting weeks or months, requiring prolonged periods of clinical care and increasing the burden

on the healthcare system. This phenomenon, known as post COVID-19 syndrome (PCS), is a relatively new condition,
its incidence is still unclear and differs between studies.

Objectives In this cohort study, we aimed to estimate the incidence of PCS and to identify its risk factors in the Tuni-
sian population.

Methods This is a prospective cohort study that enrolled patients diagnosed with COVID-19 from the triage unit
of the University Hospital of Monastir, Tunisia. between April 2021 and June 2022. Patients were contacted by phone
for a follow-up evaluation of PCS 12- weeks after the diagnosis date.

Results A total of 1451 individuals diagnosed with COVID-19 during the study period, responded to the follow-up
evaluation after 3 months. The incidence of PCS was found to be 44.03% (95% Cl [41.47; 46.58]), with fatigue being
the most common symptom (21.5%), followed by cognitive impairment (10.3%), including memory loss and difficulty
concentrating. Multivariate analysis revealed that the main associated factors to PCS were female gender (RR=1.54;
Cl195% [1.30 - 1.82]), pre-existing comorbidities (RR=1.30; CI95% [1.10 - 1.52]), duration of acute COVID-19 illness (days)
(RR=1.02; C195% [1.01 - 1.03]), hospitalization (RR=1.27; CI95% [1.05 - 1.53]), number of COVID-19 episodes (RR=1.46;
C195% [1.28 - 1.67]) and patients having receive two or more doses of vaccine prior to COVID-19 infection (RR=0.82;
Cl195% [0.70 - 0.96]).

Conclusion Our study allowed to estimate the incidence and identify risk factors of PCS. Recognizing these factors
could help to better understand the underlying mechanisms and guide interventions for prevention and manage-
ment of this condition.
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Introduction

For over 3 years now, SARS-CoV-2 infection (COVID-
19) has affected almost every region of the world, with
more than 700 million confirmed cases and more than 6
million lives lost, causing significant economic repercus-
sions [1]. The disease presents a wide range of symptoms,
spanning from asymptomatic or mild cases to severe
respiratory problem, multi-organ failure, and death. For
most individuals, mild or moderate COVID-19 generally
lasts around 2 weeks [2].

Indeed, public health efforts initially focused on reduc-
ing the immediate effects of the disease. However, as the
pandemic progressed, it became increasingly evident that
SARS-CoV-2 infection could lead to persistent physical
and mental health problems for several weeks or months,
requiring prolonged periods of clinical care and increas-
ing the burden on the healthcare system [3, 4].

This condition aligns with UK clinical guidelines,
which differentiate between ongoing symptomatic
COVID-19 (manifestations present four to 12weeks
after onset) or post-COVID-19 syndrome (occur-
ring beyond 12weeks after onset) [5, 6]. To date, there
is no consensus on a standard terminology to describe
the prolonged symptoms following COVID-19 infec-
tion and various terms have been used in the literature.
Recent articles have commonly used the terms “long-
COVID-19” and “post-acute COVID-19” to describe this
condition. According to the World Health Organization
(WHO), symptoms that persist for more than 12 weeks
after the onset of COVID-19 and in the absence of an
alternative diagnosis are considered to be part of the
“Long COVID-19” also known as “post-COVID-19 syn-
drome” (PCS) [7, 3]. This later was first described as a
clinical entity in May 2020, when COVID-19 patients
were still showing symptoms several weeks after their
acute infection and shortly after the first advanced cases
appeared. Besides, it is a multi-system disease occurring
even in undiagnosed individuals (mild or asymptomatic
cases) [8, 9]. The incidence of PCS varies across studies
[10-12]. Its exact duration remains unclear and is an
area of ongoing research [6, 13].

Research efforts are currently underway to better
understand the causes and mechanisms of PCS, as well
as to develop effective prevention and treatment strate-
gies [4, 14]. In addition to the organ damage caused by
the initial infection, various other potential causes of PCS
have been suggested, including occult virus persistence,
autoimmune reactions, impaired endothelial function,
chronic inflammatory mechanisms, coagulation activa-
tion, and damage to the autonomic nervous system [15].

In Tunisia, there are few published studies on PCS, and
those that exist are all of a cross-sectional nature [16, 17].
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To the best of our knowledge, this is the first cohort study
dealing with the PCS in the general Tunisian population.

In this study, we aimed to estimate the incidence of
PCS in the Tunisian population and identify its potential
risk factors.

Methods

Study design

We carried out a cohort study that included mild-to-
moderate symptomatic patients diagnosed with COVID-
19 from the COVID-19 triage unit of the University
Hospital of Monastir between April 2021 and June 2022.
The follow-up period was 12 weeks.

Setting

Monastir is a coastal governorate located in the east of
Tunisia, with a population of approximately 600,000
inhabitants. The healthcare system in the governorate is
well-established, with several public and private hospitals
and clinics. The University Hospital of Monastir is a ter-
tiary care center that serves as a referral hospital for the
surrounding regions. Patients have been recruited from
the COVID-19 triage unit of the University Hospital of
Monastir.

Participants

Eligible participants were mild-to-moderate sympto-
matic patients with confirmed diagnosis of COVID-19
by either reverse transcriptase-polymerase chain reaction
(RT-PCR) or rapid antigen test during the period from
April 1, 2021 to June 30, 2022.

Exclusion criteria were patients who declined to partic-
ipate, uncooperative patients, patients diagnosed with a
mental health problem, patients who were not reachable
by phone, or had died.

Sample size

The required sample size was calculated based on an inci-
dence proportion of PCS of 45% [18] using the following
formula: n = (za/2)? p(1-p)/i2 with [Zor = 1,96,1=0.05, p
= estimated proportion]. The minimum number of sub-
jects required was then 381 patients.

Data collection
Data collection was made on two times (t; =the initial
assessment when attending the COVID-19 triage unit)
and (t,=12weeks after the date of diagnosis). The initial
assessment was through face-to-face interview and the
follow-up assessment was performed via telephone.

Data collected at t; were sex, history of chronic diseases
(Hypertension, Diabetes, respiratory diseases, cardiovascu-
lar diseases, renal diseases, immunosuppression...), other
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anterior episodes of COVID-19 infection, vaccination sta-
tus, number of vaccine doses received...

Data collected at t, were duration of the acute COVID-
19 illness, secondary hospitalization and post COVID-19
symptoms. The symptoms were categorized into vari-
ous subgroups including: neurological and psychologi-
cal symptoms (memory impairment, headache, sleep
disorders, depressed mood, Anxiety); Ear, nose, and throat
symptoms (Anosmia, Ageusia, vertigo, otalgia); Digestive
symptoms (Abdominal pain, diarrhea, nousea/vomiting);
rheumatological symptoms syndrome (Arthralgia/ lum-
balgia, Myalgia) and dermatological symptoms (hair loss,
skin rashes) [16].

Variable definitions

In our study, PCS was defined by the presence of at least
one symptom persisting or present beyond 12weeks after
the onset of acute COVID-19 and not attributable to other
diagnoses. This definition has been used in several studies
in the literature [3, 5, 18—20].

The diagnosis of PCS was retained if the persistent or the
present symptomatology beyond 12weeks after the onset
of acute phase was not reported by the patient before his
COVID-19 infection and could not be attributable to other
underlying diseases.

Symptoms prior to COVID-19 infection, underlying dis-
eases and comorbidities were searched through patient
interview and medical examination.

So far, there is no standardized test to diagnose PCS
[21, 22] WHO- Delphi recommendations developed the
first consensus of PCS definition [23]. However, PCS
diagnosis is very subjective because of the lack of specific
symptoms to the condition [21, 22]. Ruling-out other
diagnosis includes a complementary lengthy and expen-
sive process of tests that are difficult to achieve in com-
mon practice [22].

The viral variant (Alpha, Delta or Omicron) was defined
based on the epidemic wave of the virus at the time of diag-
nosis [24, 25].

Statistical analysis

The collected data were entered into a Google form and
transferred to the SPSS software. Continuous variables
were presented as the mean +standard deviation (SD) or
medians and interquartile ranges, depending on the distri-
bution of the variable, and categorical variables as counts
and percentages. We calculated the cumulative incidence
(Incidence proportion) of post COVID-19 syndrome
according to the following formula [26]:

New cases of Post COVID 19 syndrome after 12 week follow up
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We compared continuous variables using the Mann-
Whitney U test. We compared categorical variables
using the chi-square test. The determinants of PCS
were identified through multivariate analysis using
Poisson regression with robust variance [27, 28].
Covariates selection for the multivariate analysis was
based on clinical relevance and p value <0.20 in univar-
iate analysis. The significance level was set at p <0.05.

Ethical considerations

The protocol of the study was approved by the ethics
committee of the faculty of medicine in Monastir. All
participants were informed of the study’s purpose and
gave their informed oral consent to participate. Partici-
pant anonymity was strictly maintained throughout the
data collection and analysis process.

Results

From April 1, 2021, to June 30, 2022, 4739 patients with
mild to moderate symptomatology of COVID-19 infec-
tion visited the COVID-19 triage unit of Monastir Uni-
versity Hospital. Among them, 1996 were diagnosed
with COVID-19 via reverse transcriptase-polymer-
ase chain reaction (RT-PCR) or rapid antigen test. Of
these patients, 1841 gave their consent to participate
in the study and responded to the t; assessment. After
12 weeks from the date of diagnosis, 390 of them were
unreachable by telephone to answer the t, survey.
Thus, our study included 1451 patients diagnosed with
COVID-19 infection who responded to the follow-up
evaluation for PCS after 3 months.

The respondents had a mean age of 40.7years
(SD=17.2). Women accounted for 63.3% of the
respondents. Chronic conditions were recorded among
406 (28%) of patients. Arterial hypertension and type
2 diabetes were identified in 142 (9.8%) and 123 (8.5%)
respectively. Respiratory disease was present in 51
(3.5%) patients, chronic cardiac disease in 39 (2.7%),
and renal disease in 17 (1.2%). Among the respondents,
1322 patients (91.1%) reported receiving COVID-19
vaccination, while 119 patients (8.2%) remained unvac-
cinated. The majority of participants, 1320 (90.9%), did
not require hospitalization (Table 1).

Among the 1451 patients included for analysis, 639
developed post COVID-19 syndrome. The cumulative
incidence of PCS was of 44.03 (95% CI [41.47; 46.58]) per
100 persons among those who completed the follow-up.

Cumulative Incidence =

x 100

COVID 19 patients who completed the 12 week follow up
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Table 1 Characteristics of 1451 COVID-19 patients (Monastir,
Tunisia; April 2021 - June 2022)

n %
Gender
Male 532 36.7
Female 919 63.3
Age group
<18 96 6.7
18-39 618 426
40-64 596 41.0
>65 126 87
Not specified 15 1.0
Chronic conditions
Yes 406 70.8
No 1028 280
Not specified 17 12
Hypertention
Yes 142 9.8
No 1292 89.0
Not specified 17 1.2
Diabetes
Yes 123 8.5
No 1311 90.3
Not specified 17 1.2
Respiratory disease
Yes 51 35
No 1383 953
Not specified 17 1.2
Heart disease
Yes 39 2.7
No 1395 96.1
Not specified 17 12
Renal disease
Yes 17 12
No 1417 976
Not specified 17 1.2
Vaccination
Vaccinated 1322 91.1
Not vaccinated 119 8.2
Not specified 10 0.7
COVID-19 infection
Before vaccination 750 51.7
After one dose of vaccine 97 6.7
After two doses of vaccine 559 385
Not specified 45 3.1
COVID-19 episodes number
One episode only 1266 87.2
Two episodes 172 11.9
Three episodes or more 12 0.8
Not specified 1 0.1
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Table 1 (continued)
n %
Hospitalization
Yes 114 79
No 1320 90.9
Not specified 17 1.2

Individuals diagnosed with PCS revealed a range of per-
sistent symptoms: Fatigue was found to be the most com-
mon symptom, present in 312 cases (21.2%). Following
behind were cognitive impairment, including memory
loss and difficulty concentrating observed in 150 patients
(10.3%), then dyspnea reported by 117 patients (8.1%)
and headache by 97 patients (6.7%). Cough, arthralgia,
anosmia, and chest pain were respectively reported by
84 patients (5.8%), 61 patients (4.2%), 55 patients (3.8%)
and 49 patients (3.4%) (Table 2).

Table 2 Clinical manifestations of post-COVID syndrome after
12-Week Follow-Up among 1451 patients diagnosed between
April 2021 and June 2022 in Monastir, Tunisia

n Percentage

Fatigue 312 215
Cardiovascular and respiratory symptoms

Dyspnea 17 8.1

Cough and/or expectoration 84 58

Chest pain 49 34

Thrombophlebitis 3 0.2
Ear, nose, and throat symptoms

Anosmia 55 38

Ageusia 31 2.1

Vertigo 9 0.6

Otalgia 6 04
Neurological and psychological symptoms

Memory impairment 150 10.3

Headache 97 6.7

Sleep disorders 20 14

Depressed mood 17 1.2

Anxiety 13 0.9
Digestive symptoms

Abdominal pain 10 0.7

Nausea/vomiting 2 0.1

Diarrhea 2 0.1
Rheumatological symptoms

Arthralgia/lumbalgia 61 4.2

Myalgia 8 0.5
Dermatological symptoms

Hair loss 15 1.0

Skin rashes 2 0.1
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One out of two peoples with post COVID-19 syndrome
had two or more persistent symptoms after 3 months of
follow-up. The main recorded associations of symptoms
were fatigue and memory impairment (2.3%), fatigue and
dyspnea (1.4%) and fatigue and cough (1.2%) (Fig. 1).

Individuals who developed PCS had a significantly
longer duration of acute illness compared to those
who did not. Specifically, the median duration was
10days (range: 7 to 13days) in the PCS group, whereas
it was 8days (range: 6 to 10days) in the non-PCS group
(p<107%) (Fig. 2).

The univariate analysis showed a statistically significant
association between the development of PCS and various
factors, including age, female gender, presence of comor-
bidities, lack of vaccination, longer duration of acute ill-
ness, hospitalization, history of previous infections with
COVID-19, and the viral variant, as presented in Table 3.

Multivariate analysis revealed that the main predic-
tors of PCS were female gender (RR=1.54; CI95% [1.30
- 1.82]), pre-existing comorbidities (RR=1.30; CI95%
[1.10 - 1.52]), duration of acute COVID-19 illness
(days) (RR=1.02; CI95% [1.01 - 1.03]), hospitalization
(RR=1.27; CI95% [1.05 - 1.53]), number of COVID-19
episodes (RR=1.46; CI95% [1.28 — 1.67]) and patients
having receive two or more doses of vaccine before

[ Mmono symptomatic cluster B Multi symptomatic cluster
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COVID-19 infection (RR=0.82; CI95% [0.70 - 0.96])
(Table 4).

Discussion
Our study contributes to the growing body of evidence
on PCS, estimating its incidence in the Tunisian popu-
lation, and highlighting its symptoms, and its predictive
factors. To the best of our knowledge, the limited num-
ber of published national studies is essentially cross-sec-
tional in nature [16, 17]. Our study is therefore the first
Tunisian cohort study of PCS in the general Tunisian
population. The overall incidence was found to be high at
44%, with the most frequently reported symptoms were
fatigue, with an incidence of 21.5%, followed by cognitive
impairment (10.3%), including memory loss and difficulty
concentrating, dyspnea (8%), headache (6.6%), cough
(5.8%), arthralgia (4.2%) and anosmia (3.8%). Our find-
ings indicate that PCS is significantly predicted by female
gender, comorbidities, hospitalization, duration of acute
COVID-19 illness, and number of COVID-19 episodes.
Our cohort consisted of mild to moderate COVID-19
cases, where the majority (90.9%) not requiring hospitali-
zation. After 3 months from the initial symptom onset,
PCS was observed in 44% (95% CI [41.47 - 46.58]) of
these patients.

F: Fatigue; M: Memory impairment; D: Dyspnea; C: Cough; A: Arthralgia; As: anosmia; H: Headache; Ch: Chest pain; Di: Digestive symptoms; S: Sleep

disorders; Dp: Depressive symptoms; X: Anxiety; Dr: Dermatological symptoms; G: Ageusia; My: Myalgia; O: Ophthalmologic symptoms; V: Vertigo.
Fig. 1 Percentages of the main Post COVID-19 symptoms after 12-Week Follow-Up among 1451 patients diagnosed between April 2021 and June
2022 in Monastir, Tunisia



Zemni et al. BMC Infectious Diseases (2024) 24:461

Page 6 of 11

p<103

Duration of acute phase of disease (Days)

0= T
Yes

No

Post COVID-19 Syndrome
Fig. 2 Comparison of duration of the acute phase of disease between groups with and without post COVID-19 Syndrome among 1451 patients

diagnosed between April 2021 and June 2022 in Monastir, Tunisia

The majority of research has centered on PCS among
COVID-19 patients who were hospitalized, examin-
ing the condition at 1 to 2 or 6 months after the onset of
symptoms [11, 13, 29-31].

Cohort studies involving COVID-19 patients who were
previously admitted during the acute phase yielded the
following incidences of PCS: 76% (1876/2469) 6 months
after admission in China [30], 49.6% (267/538) 3 months
after discharge in the same country [31], 74% (81/110)
within 2-3months after admission in the UK [11], and
87% (124/143) 2 months after discharge in Italy [13].

In contrast, studies focused on mild to moderate
COVID-19 outpatients reported the subsequent frequen-
cies of PCS: 53.0% (304/573) after 12months of symp-
tom onset in Italy [32], 53.1% (108/203) after 4months
(125days) in the Faroe Islands [33], 46.3% (99/214) dur-
ing a 6-week follow-up [34], 14.2% (55,663 / 391,990)
after 3months, 27.8% (123/442) after 4months, and
34.8% (123/353) after 7months in Germany [29, 35], and
45% (227/504) after 3months after diagnosis in Saudi
Arabia [18].

Upon examining the available national literature, a
cross-sectional study was carried out in Tunisia during
February 2022. The study involved the general popula-
tion through an online platform and a self-administered
questionnaire. The results of this investigation revealed a
PCS prevalence of 46.5%, which aligns with the incidence
observed in our research. Nevertheless, it is imperative

to recognize that a direct comparison between incidence
and prevalence may not be entirely appropriate due to
differences in study design [16].

Additionally, a systematic review and meta-analysis
revealed that the global prevalence of PCS was estimated
at 0.37 0.37 (95% CI, 0.26-0.49), 0.25 (95% ClI, 0.15-0.38),
0.32 (95% ClI, 0.14-0.57), and 0.49 (95% CI, 0.40-0.59) at
30-, 60-, 90-, and 120-days post-infection, respectively
[36]. Besides, this systematic review provided separate
estimates for inpatients and outpatients, with prevalence
rates of 0.54 (95% CI, 0.44-0.63) and 0.34 (95% CI, 0.25-
0.46), respectively [36].

Therefore, it is quite clear that the incidence of PCS
may vary depending on several factors, including the def-
inition and criteria used to diagnose the syndrome, the
time elapsed since COVID-19 infection (ranging from 1
to 12months), the severity of the infection, the need for
hospitalization and the characteristics of the study popu-
lation [32, 36].

In agreement with other evidence, our study identi-
fied and characterized the most commonly reported
symptoms among individuals affected by PCS, which
included fatigue (21.5%), cognitive impairment (10.3%),
dyspnea (8%), headache (6.7%) and cough (5.8%), keep-
ing in line with pertinent research both at the national
and global levels [16, 37-39]. Indeed, a recent meta-
analysis reported that the most commonly reported
symptoms were fatigue, dyspnea, sleep disorder, and



Zemni et al. BMC Infectious Diseases

(2024) 24:461

Page 7 of 11

Table 3 Factors associated with post-COVID-19 syndrome among 1451 patients diagnosed between April 2021 and June 2022 in

Monastir, Tunisia (Univariate analysis)

N PCS (n (%)) p cRR Cl (95%)

Age

<18 9% 32(333) <107 1

18-39 618 236 (38.2) 1.14 [0.85-1.54]

40-64 596 310 (52.0) 1.56 [1.16-2.09]

>65 126 52 (41.2) 1.25 [0.88-1.77]
Gender

Male 532 185 (34.8) <10? 1

Female 919 454 (49.4) 142 [1.25-1.62]
Comorbidities

No 1028 402 (39.1) <1073 1

Yes 406 228 (56.2) 143 [1.28-1.61]
Hypertention

No 1292 555 (43.0) 0.025 1

Yes 142 75(52.8) 1.23 [1.04-1.45]
Diabetes

No 1311 570 (43.5) 0.25 1

Yes 123 60 (48.8) 1.12 [0.92 - 1.35]
Respiratory disease

No 1383 598 (43.2) 0.006 1

Yes 51 32(62.7) 145 [1.16-1.80]
Heart disease

No 1395 612 (43.9) 0.77 1

Yes 39 18 (46.2) 1.05 [0.74 - 1.48]
Renal disease

No 1417 622 (43.9) 0.79 1

Yes 17 8(47.1) 1.07 [0.64-1.78]
Two or more doses of vaccine before COVID-19 infection

No 847 427 (50.4) <1073 1

Yes 559 198 (35.4) 0.50 [047 - 0.53]
Hospitalization

No 1320 560 (42.4) <1073 1

Yes 114 73 (64.0) 151 [1.29-1.75]
Number of COVID-19-episodes

Only one 1266 521(41.2) <103 1

Two episodes 172 109 (63.4) 1.54 [1.35-1.75]

Three episodes or more 12 9 (75.0) 1.82 [1.30-2.54]
Viral variant

Omicron 651 231 (35.5) <1073 1

Delta 459 235(51.2) 144 [1.25-1.65]

Alpha 326 162 (49.7) 140 [1.20-1.60]

PCS Post Covid Syndrome, cRR crude Relative Risk, C/ (95%) Confidence Interval (95%)

difficulty concentrating (32, 25, 24, and 22%, respec-
tively, at 3- to <6-month follow-up) [37]. Besides,
findings from a further recent meta-analysis indicate
that a substantial proportion of individuals continue
to experience persistent fatigue beyond 12weeks fol-
lowing COVID-19 diagnosis (0.32, 95% CI: 0.27-0.37),

and exhibit cognitive impairment as well (0.22, 95% CI:
0.17-0.28) [38].

Moreover, two updated systematic review on PCS and
its lasting impact have shed light on the prevalent clini-
cal manifestations that persist after the acute phase of the
disease. The review underscores that fatigue (54.11%) and
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Table 4 Risk Factors of Post COVID-19 Syndrome among
1451 patients diagnosed between April 2021 and June 2022 in
Monastir, Tunisia (Multivariate analysis)

p aRR  Cl(95%)
Female gender <102 154 [130-182]
Comorbidities® 0002 130 [1.10-1.52]
Duration of acute phase of disease (days) < 1072 102 [1.01-1.03]
Hospitalization 0.012 127 [1.05-153]
Number of Covid-19 episodes <107 146 [128-167]
Two or more doses of vaccine 0016 082 [0.70-0.96]

before Covid-19 infection

aRR adjusted Relative Risk, Cl (95%) Confidence Interval (95%)

2 Comorbidities: The presence of at least one of these chronic conditions:
Hypertension, Diabetes, respiratory diseases, cardiovascular diseases, renal
diseases, immunosuppression...)

insomnia (25.98%) were the most frequently reported
persistent symptoms among patients, reflecting the con-
siderable challenge the disease poses to the physical and
mental well-being of those affected [40, 41].

It’s important to highlight that as of the time of writ-
ing this article, the exact pathophysiology of PCS remains
incompletely understood. However, immune dysregula-
tion, persistent inflammatory responses, autoimmune
response, reactivation of pathogens, and changes in
the host’s microbiome are believed to potentially play a
potential role in the onset of PCS [9].

Thanks to a growing body of literature, the manifesta-
tions of PCS are increasingly obvious. Hence, it becomes
crucial to raise awareness of the symptoms of PCS among
healthcare professionals. The objective of these efforts
is to detect early PCS indicators and offer appropriate
therapeutic interventions. Additionally, we propose the
establishment of comprehensive rehabilitation services
aimed at effectively managing these symptoms and opti-
mizing the functional recovery of COVID patients. These
services should be provided by a proficient multidiscipli-
nary team over an extended period, tailored to address
the specific needs of these individuals [42]. Lastly, it is
strongly recommended to create a structured and vali-
dated PCS questionnaire to thoroughly delineate the
complete clinical spectrum and enhance the reliability
and reproducibility of studies [32]. Nevertheless, more
research is needed to fully understand the long-term
effects of the virus and the range of symptoms that may
occur.

Furthermore, our study identified several risk factors
associated with PCS, including female gender, comor-
bidities, hospitalization, duration of the acute phase of
COVID-19, number of COVID-19 episodes and num-
ber of vaccine doses received before infection. Similarly,
two meta-analyses have identified that female sex is an
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independent prognostic factor [43, 44]. Indeed, many
studies suggested that female hormones as well as high
IgG antibodies production among women may prolong
the hyper inflammatory status resulting in PCS [45, 46].
Besides, our study confirmed that hospitalized patients
are more likely to develop PCS, keeping in line with pre-
vious research [47, 48]. This association could be attrib-
uted, on one hand, to the severity of hospitalized cases,
which is linked to significant immune responses and
excessive cytokine reactions, causing organ damage [49].
On the other hand, it could be due to extended periods
of immobility or the use of mechanical ventilation, but
this susceptibility is not exclusive to COVID-19. Conse-
quently, individuals in this category are likely to experi-
ence extended recovery periods [29].

Interestingly, based on our findings, the duration of the
acute phase of the disease emerged as a predictive fac-
tor of developing PCS. Notably, people with a prolonged
acute phase were at higher risk; each increase of 1 day in
the duration of the illness multiplies the risk of develop-
ing PCS by 1.02 with a confidence interval of [1.01-1.03].
To our knowledge, no previous study has explored the
relationship between the duration of the acute phase of
the disease and the development of PCS. However, two
meta-analyses have shown that the severity of the acute
phase and the fact of having several symptoms at the
same time constitute a risk factor for the development of
this syndrome [43, 44].

In addition, a higher risk of PCS was reported among
individuals with preexisting comorbidities. Consistently,
a recent meta-analysis published in 2023 revealed that
preexisting comorbidities were significantly associated
risk factors for developing PCS. These comorbidities
included anxiety and/or depression (OR, 1.19; 95% CI,
1.02 to 1.40; I>=96%), asthma (OR, 1.24; 95% CI, 1.15
to 1.35; I>=53%), chronic kidney disease (OR, 1.12; 95%
CI, 0.98 to 1.28; I*=22%), chronic obstructive pulmonary
disease (OR, 1.38; 95% CI, 1.08 to 1.78; I*=77%), diabe-
tes (OR, 1.06; 95% CI, 1.03 to 1.09; I>=0%), immunosup-
pression (OR, 1.50; 95% CI, 1.05 to 2.15; >*=0%), and
ischemic heart disease (OR, 1.28; 95% CI, 1.19 to 1.38;
2=0%) [50].

These predictors suggest a complex interplay of bio-
logical, environmental, and clinical factors in the devel-
opment of PCS. The identification of these factors offers
crucial insights into the underlying mechanisms of PCS
and may help inform targeted interventions for preven-
tion and management of this debilitating condition.
Moreover, understanding these risk factors can help
clinicians and public health officials identify individuals
who may be at higher risk of developing post-COVID
syndrome and provide targeted support and manage-
ment strategies. Indeed, risk factors knowledge are



Zemni et al. BMC Infectious Diseases (2024) 24:461

needed to guide management programs and infrastruc-
ture and will enable maximizing available resources
among high-risk population. It might also allow doctors
to be better prepared to take care of these patients [50].
In addition, risk factors knowledge will help raising
awareness among targeted COVID-19 patients of per-
sistent physical and psychosocial consequences possi-
bility [44].

In the light of our study results, we recommend sys-
tematic specialist follow-up consultations between two
and 3 months after the acute phase of COVID-19 for
people with the risk factors mentioned. The aim of these
measures is to identify early signs of PCS and provide
appropriate therapeutic interventions.

Contrariwise, two or more COVID-19 vaccine doses
was found to be a protective factor from long COVID-
19 symptoms. Consistently, A UK cohort study of 28,356
participants who received at least one dose of adenovi-
rus vector or COVID-19 mRNA vaccine after testing
positive for SARS-CoV-2 infection showed a decreased
probability (—12.8%) of lingering symptoms after first
dose COVID-19 vaccination and a sustained improve-
ment (—8.8%) after a second dose [51]. Further previ-
ous published studies suggested that immunization
reduce inflammatory responses leading to lower rates of
PCS [52, 53]. Hence, it is important to promote vaccina-
tion against COVID-19 and to emphasize the benefits of
receiving two or more doses of vaccine for the general
population, and in particular for individuals at risk.

Our study presents several notable strengths. Firstly,
the large sample size and a substantial number of relevant
outcomes provide statistical power to our analysis. Sec-
ondly, we employed a prospective data collection method
which effectively mitigates the potential for recall bias,
a common concern in retrospective studies. Thirdly, we
used validated diagnostic tests, including Rapid Diagnos-
tic Test and Polymerase Chain Reaction (PCR) to con-
firm COVID-19 diagnoses, thus enhancing the precision
and reliability of our results. These strengths collectively
contribute to the robustness and validity of our study’s
findings.

Despite the valuable insights provided by our study,
some limitations should be considered. First, our study
was conducted in a single center, which may limit the
generalizability of our findings to other regions or popu-
lations. Second, the study relied on self-reported which
may be subject to measurement bias. Third, our follow-
up period was limited to 3 months, which may not cap-
ture the long-term effects of PCS. Fourth, the study did
not explore the involvement of other factors in the onset
of the syndrome, such as socio-economic factors, smok-
ing, obesity and symptoms initially developed during the
acute phase of the infection [32].
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Considering the high incidence of PCS, there is a need
for further research concerning this condition and its
potential long-term consequences. Future studies should
aim to identify mechanisms of PCS and develop effective
treatments and management strategies to improve the
quality of life of affected individuals.

Conclusion

This study adds to the growing body of evidence on
PCS, demonstrating a high incidence (44%) among the
Tunisian population. These results are consistent with
other studies worldwide, highlighting the urgent need
for increased attention and research into this emerging
health issue. The identification of risk factors associated
with PCS, such as female gender, comorbidities, hos-
pitalization, duration of the acute phase of COVID-19,
number of COVID-19 episodes and number of vaccine
doses received before infection could help healthcare
professionals in developing effective preventive and man-
agement strategies. Moreover, further research is crucial
to understanding the underlying mechanisms of this con-
dition and to developing targeted interventions aimed at
improving outcomes for those affected by PCS.

Acknowledgements

The authors wish to thank all the team of the Department of Epidemiology
and Preventive.

Medicine at Monastir University hospital for their implication in data
collection.

Authors’ contributions

1Z: Conceptualization, Formal analysis, Methodology, Writing, AG, CBN, SE:
Writing - original draft, MK, RC, AM, SE: Formal analysis, MBF, HA, WD, IB:
Review, ASB: Supervision, Formal analysis, and review. All authors have read
and approved the manuscript.

Funding
There was no external funding for this article.

Availability of data and materials
Data are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted under Good Clinical Practice conditions and
according to ethical standards collections. All methods were performed in
accordance with the relevant guidelines and regulations. Informed consent to
participate was obtained from all study participants. The ethics committee of
Faculty of medicine of Monastir approved the protocol which was performed
according to the principles of the Helsinki Declaration of 1983.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

!'Department of Epidemiology and Preventive Medicine, Fattouma Bourguiba
University Hospital, Monastir, Tunisia. “Department of Epidemiology, Faculty
of Medicine of Monastir, University of Monastir, Monastir, Tunisia. *Technology



Zemni et al. BMC Infectious Diseases

(2024) 24:461

and Medical Imaging Research Laboratory - LTIM - LR12ES06, University
of Monastir, Monastir, Tunisia. “Department of Family Medicine, Faculty
of Medicine of Monastir, Monastir, Tunisia.

Received: 21 May 2023 Accepted: 24 December 2023
Published online: 01 May 2024

References

1.

20.

Bonotti M, Zech ST. The Human, Economic, Social, and Political Costs of
COVID-19. Recover Civ Dur COVID-19.2021. p. 1-36.

Tae C, Amanda KM, Ann P, Megan HM, Arun V. Long COVID: Long-Term
Effects of COVID-19. 2022. Internet, cited on 26 august 2023, Available
on: https.//www.hopkinsmedicine.org/health/conditions-and-diseases/
coronavirus/covid-long-haulers-long-term-effects-of-covid19.
Greenhalgh T, Knight M, ACourt C, Buxton M, Husain L. Management of
post-acute covid-19 in primary care. BMJ. 2020;370:m3026.

Menges D, Ballouz T, Anagnostopoulos A, Aschmann HE, Domenghino
A, Fehr JS, et al. Burden of post-COVID-19 syndrome and implications for
healthcare service planning: a population-based cohort study. PLoS One.
2021;16(7):e0254523.

National Institute for Health and Care Excellence Guideline. OVID-19 rapid
guideline: managing the long-term effects of COVID-19. London: NICE;
2020.

Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS,
et al. Post-acute COVID-19 syndrome. Nat Med. 2021;27(4):601-15.

World Health Organization. Post COVID-19 condition. Internet, Cited on 5
march 2023. Available on: https://www.who.int/teams/health-care-readi
ness/post-covid-19-condition.

Howe JL, Young CR, Parau CA, Trafton JG, Ratwani RM. Accessibility and
usability of state health department COVID-19 vaccine websites: a quali-
tative study. JAMA Netw Open. 2021;4(5):e2114861.

Batiha GES, Al-Kuraishy HM, Al-Gareeb Al, Welson NN. Pathophysiology of
post-COVID syndromes: a new perspective. Virol J. 2022;19(1):158.

Pavli A, Theodoridou M, Maltezou HC. Post-COVID syndrome: incidence,
clinical Spectrum, and challenges for primary healthcare professionals.
Arch Med Res. 2021,52(6):575-81.

. Arnold DT, Hamilton FW, Milne A, Morley AJ, Viner J, Attwood M, et al.

Patient outcomes after hospitalisation with COVID-19 and implica-

tions for follow-up: results from a prospective UK cohort. Thorax.
2021,76(4):399-401.

ChippaV, Aleem A, Anjum F. Post-Acute Coronavirus (COVID-19) Syn-
drome. In: StatPearls. Treasure Island (FL): StatPearls Publishing; 2023.
Cited on 16 august 2023. Internet, Available on: http://www.ncbi.nlm.nih.
gov/books/NBK570608/.

Carfi A, Bernabei R, Landi F. Gemelli Against COVID-19 Post-Acute Care
Study Group. Persistent Symptoms in Patients After Acute COVID-19.
JAMA. 2020;324(6):603-5.

Zadeh FH, Wilson DR, Agrawal DK. Long COVID: complications, underly-
ing mechanisms, and treatment strategies. Arch Microbiol Immunol.
2023;7(2):36-61.

Castanares-Zapatero D, Chalon P, Kohn L, Dauvrin M, Detollenaere J,
Maertens de Noordhout C, et al. Pathophysiology and mechanism of
long COVID: a comprehensive review. Ann Med. 2022;54(1):1473-87.
Chelly S, Rouis S, Ezzi O, Ammar A, Fitouri S, Soua A, et al. Symptoms and
risk factors for long COVID in Tunisian population. BMC Health Serv Res.
2023,23(1):487.

Chouchane A, Maoua M, Kacem |, Makhloufi M, Bouhoula M, Aloui A,

et al. Le syndrome post-COVID chez le personnel de santé dans un centre
hospitalo-universitaire dans la région du centre tunisien. Arch Mal Prof
Environ. 2022,;83(4):375-6.

Alghamdi SA, Alfares MA, Alsulami RA, Alghamdi AF, Almalawi AM,
Alghamdi MS, et al. Post-COVID-19 Syndrome: Incidence, Risk Factor, and
the Most Common Persisting Symptoms. Cureus. 2022;14(11):e32058.
World Health Organization. Post COVID-19 condition (Long COVID). Cited
on 18 april 2023, Internet, Available on: https://www.who.int/europe/
news-room/fact-sheets/item/post-covid-19-condition.

Peghin M, De Martino M, Palese A, Gerussi V, Bontempo G, Graziano E,

et al. Post-COVID-19 syndrome and humoral response association after

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 10 of 11

1 year in vaccinated and unvaccinated patients. Clin Microbiol Infect.
2022,28(8):1140-8.

Yelin D, Moschopoulos CD, Margalit |, Gkrania-Klotsas E, Landi F, Stahl JP,
et al. ESCMID rapid guidelines for assessment and management of long
COVID. Clin Microbiol Infect. 2022;28(7):955.

Srikanth S, Boulos JR, Dover T, Boccuto L, Dean D. Identification and
diagnosis of long COVID-19: a scoping review. Prog Biophys Mol Biol.
2023;182:1-7.

Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV. WHO clinical case
definition working group on post-COVID-19 condition. A clinical case
definition of post-COVID-19 condition by a Delphi consensus. Lancet
Infect Dis. 2022;22(4).e102-7.

Cherif 1, Kharroubi G, Chaabane S, Yazidi R, Dellagi M, Snoussi MA, et al.
COVID-19 in Tunisia (North Africa): Seroprevalence of SARS-CoV-2 in the
general population of the Capital City Tunis. Diagnostics. 2022;12(4):971.
Chouikha A, Fares W, Laamari A, Haddad-Boubaker S, Belaiba Z, Ghedira
K, et al. Molecular epidemiology of SARS-CoV-2 in Tunisia (North Africa)
through several successive waves of COVID-19. Viruses. 2022;14(3):624.
Wayne W. Incidence: Risk, Cumulative Incidence (Incidence Proportion),
and Incidence Rate. Boston University School of Public Health; 2023.
Internet, Available on: https://sphweb.bumc.bu.edu/otlt/mph-modules/
ep/ep713_diseasefrequency/ep713_diseasefrequency4.html.

Zou G. A modified poisson regression approach to prospective studies
with binary data. Am J Epidemiol. 2004;159(7):702-6.

Chen W, Qian L, Shi J, Franklin M. Comparing performance between log-
binomial and robust Poisson regression models for estimating risk ratios
under model misspecification. BMC Med Res Methodol. 2018;18(1):63.
Augustin M, Schommers P, Stecher M, Dewald F, Gieselmann L, Gruell

H, et al. Post-COVID syndrome in non-hospitalised patients with COVID-
19: a longitudinal prospective cohort study. Lancet Reg Health Eur.
2021;6:100122. Internet, cited on 26 august 2023, Available on: https://www.
thelancet.com/journals/lanepe/article/PlIS2666-7762(21)00099-5/fulltext.
Huang C, Huang L, WangY, Li X, Ren L, Gu X, et al. 6-month consequences
of COVID-19 in patients discharged from hospital: a cohort study. Lancet.
2023;401(10393):e21-33.

Xiong Q Xu M, Li J, LiuY, Zhang J, Xu Y, et al. Clinical sequelae of COVID-
19 survivors in Wuhan, China: a single-Centre longitudinal study. Clin
Microbiol Infect. 2021;27(1):89-95.

Boscolo-Rizzo P, Guida F, Polesel J, Marcuzzo AV, Capriotti V, D'Alessandro
A, et al. Sequelae in adults at 12 months after mild-to-moderate
coronavirus disease 2019 (COVID-19). Int Forum Allergy Rhinol.
2021;11(12):1685-8.

Petersen MS, Kristiansen MF, Hanusson KD, Danielsen ME, & Steig

B, Gaini S, Stram M, Weihe P. Long COVID in the Faroe Islands: A
Longitudinal Study Among Nonhospitalized Patients. Clin Infect
Dis.2021;73(11):e4058-63.

Armange L, Bénézit F, Picard L, Pronier C, Guillot S, Lentz PA, et al.
Prevalence and characteristics of persistent symptoms after non-severe
COVID-19: a prospective cohort study. Eur J Clin Microbiol Infect Dis.
2021,40(11):2421-5.

Donnachie E, Hapfelmeier A, Linde K, Tauscher M, Gerlach R, Greissel A,
et al. Incidence of post-COVID syndrome and associated symptoms in
outpatient care in Bavaria, Germany: a retrospective cohort study using
routinely collected claims data. BMJ Open. 2022;12(9):e064979.

Chen C, Haupert SR, Zimmermann L, Shi X, Fritsche LG, Mukherjee B.
Global prevalence of post-coronavirus disease 2019 (COVID-19) condi-
tion or long COVID: a Meta-analysis and systematic review. J Infect Dis.
2022,226(9):1593-607.

Alkodaymi MS, Omrani OA, Fawzy NA, Shaar BA, Aimamlouk R, Riaz

M, et al. Prevalence of post-acute COVID-19 syndrome symptoms at
different follow-up periods: a systematic review and meta-analysis. Clin
Microbiol Infect. 2022;28(5):657-66.

Ceban F, Ling S, Lui LMW, Lee Y, Gill H, Teopiz KM, et al. Fatigue and cogni-
tive impairment in post-COVID-19 syndrome: a systematic review and
meta-analysis. Brain Behav Immun. 2022;101:93-135.

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 system-
atic review and meta-analysis. medRxiv. 2021;11(1):16144.

Almas T, Malik J, Alsubai AK, Jawad Zaidi SM, Igbal R, Khan K, et al.
Post-acute COVID-19 syndrome and its prolonged effects: an updated
systematic review. Ann Med Surg (Lond). 2022;80:103995.


https://www.hopkinsmedicine.org/health/conditions-and-diseases/coronavirus/covid-long-haulers-long-term-effects-of-covid19
https://www.hopkinsmedicine.org/health/conditions-and-diseases/coronavirus/covid-long-haulers-long-term-effects-of-covid19
https://www.who.int/teams/health-care-readiness/post-covid-19-condition
https://www.who.int/teams/health-care-readiness/post-covid-19-condition
http://www.ncbi.nlm.nih.gov/books/NBK570608/
http://www.ncbi.nlm.nih.gov/books/NBK570608/
https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition
https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition
https://sphweb.bumc.bu.edu/otlt/mph-modules/ep/ep713_diseasefrequency/ep713_diseasefrequency4.html
https://sphweb.bumc.bu.edu/otlt/mph-modules/ep/ep713_diseasefrequency/ep713_diseasefrequency4.html
https://www.thelancet.com/journals/lanepe/article/PIIS2666-7762(21)00099-5/fulltext
https://www.thelancet.com/journals/lanepe/article/PIIS2666-7762(21)00099-5/fulltext

Zemni et al. BMC Infectious Diseases (2024) 24:461

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

Igbal FM, Lam K, Sounderajah V, Clarke JM, Ashrafian H, Darzi A. Charac-
teristics and predictors of acute and chronic post-COVID syndrome: a
systematic review and meta-analysis. EClinicalMedicine. 2021,36:100899.
Halpin DMG, Criner GJ, Papi A, Singh D, Anzueto A, Martinez FJ, et al.
Global Initiative for the Diagnosis, Management, and Prevention of
Chronic Obstructive Lung Disease. The 2020 GOLD Science Committee
Report on COVID-19 and Chronic Obstructive Pulmonary Disease. Am J
Respir Crit Care Med. 2021;203(1):24-36.

Pillay J, Rahman S, Guitard S, Wingert A, Hartling L. Risk factors and
preventive interventions for post Covid-19 condition: systematic review.
Emerg Microbes Infect. 2022;11(1):2762-80.

Maglietta G, Diodati F, Puntoni M, Lazzarelli S, Marcomini B, Patrizi L, et al.
Prognostic factors for post-COVID-19 syndrome: a systematic review and
Meta-analysis. J Clin Med. 2022;11(6):1541.

Bienvenu LA, Noonan J, Wang X, Peter K. Higher mortality of COVID-19 in
males: sex differences in immune response and cardiovascular comor-
bidities. 2020;116(14):2197-206. https://doi.org/10.1093/cvr/cvaa284.
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(10):2050-4.

Baruch J, Zahra C, Cardona T, Melillo T. National long COVID impact and
risk factors. Public Health. 2022,213:177-80.

Emecen AN, Keskin S, Turunc O, Suner AF, Siyve N, Basoglu Sensoy E, et al.
The presence of symptoms within 6 months after COVID-19: a single-
center longitudinal study. Ir J Med Sci. 2023;192(2):741-50.

Jassat W, Mudara C, Vika C, Welch R, Arendse T, Dryden M, et al. A cohort
study of post-COVID-19 condition across the Beta, Delta, and omicron
waves in South Africa: 6-month follow-up of hospitalized and nonhospi-
talized participants. Int J Infect Dis. 2023;128:102-11.

Tsampasian V, Elghazaly H, Chattopadhyay R, Debski M, Naing TKP, Garg P,
et al. Risk factors associated with post-COVID-19 condition: a systematic
review and Meta-analysis. JAMA. Intern Med. 2023;183(6):566-80.
Ayoubkhani D, Bermingham C, Pouwels KB, Glickman M, Nafilyan'V,
ZaccardiF, et al. Trajectory of long covid symptoms after covid-19 vac-
cination: community based cohort study. BMJ. 2022;377:€069676.

Zisis SN, Durieux JC, Mouchati C, Perez JA, McComsey GA. The protective
effect of coronavirus disease 2019 (COVID-19) vaccination on Postacute
sequelae of COVID-19: a multicenter study from a large National Health
Research Network. Open Forum Infect Dis. 2022;9(7):0fac228.

Mahase E. Covid-19: vaccinated people are less likely to get long covid,
review finds. BMJ. 2022;376:0407.

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

Page 11 of 11


https://doi.org/10.1093/cvr/cvaa284

	Incidence and risk factors of post COVID-19 syndrome: a Tunisian cohort study
	Abstract 
	Background 
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Setting
	Participants
	Sample size
	Data collection
	Variable definitions
	Statistical analysis
	Ethical considerations

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


