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Abstract

Background While many studies on the determinants of post-COVID-19 conditions (PCC) have been conducted,
little is known about the relationship between SARS-CoV-2 variants and PCC. This study aimed to assess the
association between different SARS-CoV-2 variants and the probability of having PCC three months after the infection.

Methods This study was a longitudinal cohort study conducted between April 2021 and September 2022 in
Belgium. In total, 8,238 adults with a confirmed SARS-CoV-2 infection were followed up between the time of their
infection and three months later. The primary outcomes were the PCC status three months post infection and seven
PCC symptoms categories (neurocognitive, autonomic, gastrointestinal, respiratory, musculoskeletal, anosmia and/
or dysgeusia, and other manifestations). The main exposure variable was the type of SARS-CoV-2 variants (i.e. Alpha,
Delta, and Omicron), extracted from national surveillance data. The association between the different SARS-CoV-2
variants and PCC as well as PCC symptoms categories was assessed using multivariable logistic regression.

Results The proportion of PCC among participants infected during the Alpha, Delta, and Omicron-dominant periods
was significantly different and respectively 50%, 50%, and 37%. Participants infected during the Alpha- and Delta-
dominant periods had a significantly higher odds of having PCC than those infected during the Omicron-dominant
period (OR=1.61,95% confidence interval [Cl]=1.33-1.96 and OR=1.73, 95%Cl = 1.54-1.93, respectively). Participants
infected during the Alpha and Delta-dominant periods were more likely to report neurocognitive, respiratory, and
anosmia/dysgeusia symptoms of PCC.

Conclusions People infected during the Alpha- and Delta-dominant periods had a higher probability of having PCC
three months after infection than those infected during the Omicron-dominant period. The lower probability of PCC
with the Omicron variant must also be interpreted in absolute figures. Indeed, the number of infections with the
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Omicron variant being higher than with the Alpha and Delta variants, it is possible that the overall prevalence of PCC
in the population increases, even if the probability of having a PCC decreases.

Keywords post-COVID-19 condition, SARS-CoV-2 variants, Long COVID

Background

In October 2021, the World Health Organization
(WHO) defined long COVID as post COVID-19 con-
dition (PCC) that occur in COVID-19 patients usually
three months after the initial infection with symptoms
that last at least 2 months and cannot be explained by an
alternative diagnosis. PCC symptoms and their severity
may fluctuate over time [1]. PCC is a multisystem dis-
ease with a wide range of symptoms, including but not
limited to disorders of the respiratory, cardiovascular,
musculoskeletal, dermatological, and neurological sys-
tems [2, 3]. The mechanisms underlying its pathophysi-
ology are still under debate in the scientific community.
On the one hand, PCC can be related to organ damage
following an acute SARS-CoV-2 infection such as myo-
cardial infection or renal failure, leading to persistent
symptoms [4]. On the other hand, it can be related to a
prolonged pro-inflammatory response related to a SARS-
CoV-2 infection inducing a dysregulated response of the
immune system and mast cells, and persistent symptoms
[5]. The most common symptoms of PCC are cognitive
and mental health issues, pain, headache, fatigue, anos-
mia/dysgeusia, neuropathy, dyspnea, cough and chest
pain [3, 6, 7]. A systematic review by the European Cen-
tre for Disease Prevention and Control found that PCC
symptoms were estimated at 51% in community cohorts,
but this varies due to differing study designs, emphasiz-
ing the need for careful interpretation. For example, a
prospective, population-based, observational cohort
study in the Netherlands study reported a lower figure of
around 12.7% of PCC in the general population infected
by SARS-CoV-2 [8]. With over a hundred million SARS-
CoV-2 infected people worldwide, PCC could poten-
tially yield a huge burden to individuals, the society and
healthcare systems.

Since different SARS-CoV-2 variants may have differ-
ent associations with the incidence, symptoms and sever-
ity of PCC, they might also have a different influence on
its pathophysiology [9]. Prior studies have investigated
the relationship between SARS-CoV-2 variants and PCC,
yielding varied findings. Antonelli et al. [10] and Pontus
Hedberg [11] found that people infected by Omicron
BA.1 had a lower probability to have PCC than those
infected by the ancestral virus, Delta and Alpha vari-
ants. Karin Magnuson et al. discovered that there was
no discernible difference in the risk of PCC between the
Omicron and Delta variants from 14 up to 126 days after
testing positive. Nevertheless, at 290 days post-positive
test, individuals infected with Omicron exhibited a lower

risk of PCC compared to those infected with Delta [12].
Tala Ballouz at al reported that vaccinated individuals
with Omicron had significantly lower odds of develop-
ing PCC and similar odds for non-vaccinated PCC with
Delta or Omicron compared to non-vaccinated ancestral
virus individuals [13]. Since SARS-CoV-2 has continu-
ously mutated, studying the association of SARS-CoV-2
variants and PCC is essential to improve the understand-
ing of the pathophysiology and risk factors for PCC. In
Belgium, a longitudinal cohort study (COVIMPACT) was
set up in April 2021 to follow up individuals with a recent
SARS-CoV-2 infection and to assess the occurrence
of PCC [14].This study aims to assess the association
between different SARS-CoV-2 variants and the prob-
ability of having PCC three months after the infection,
using data from the COVIMPACT study.

Methods

Study design and population

This study used longitudinal data from COVIMPACT
cohort study conducted in Belgium [14]. People aged 18
years and older, living in Belgium, with a recent SARS-
CoV-2 infection confirmed via a molecular or an anti-
gen test were contacted for tracing purposes by contact
tracing call centers [15, 16]. Participants completed two
online questionnaires: a baseline questionnaire sent at
the time of their confirmed SARS-CoV-2 infection (i.e.
after the call from the contact tracing center) and a fol-
low-up questionnaire sent three months later. The base-
line questionnaires were sent between April 29, 2021
and June 22nd, 2022, and the follow-up questionnaires
between July 29, 2021 and September 22nd, 2022. The
published study protocol [14] showed that 5% of all Bel-
gian adults infected during the study period completed
the baseline questionnaire. The flow diagram of the pres-
ent study is presented in Fig. 1. In total, 79% of partici-
pants who completed the baseline questionnaire agreed
to participate in the follow-up, and 64% of participants
who received the follow-up questionnaire completed it.
In total, 9,199 individuals completed both questionnaires.
However, to limit misclassification of SARS-CoV-2 vari-
ants (see Exposure assessment), only 8,238 participants
were included in this study.

Measurement

Outcome assessment

The primary outcome of this study was the PCC status of
participants, i.e. whether or not they self-reported at least
one symptom of PCC three months after the infection
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Complete baseline questionnaires
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Participants who agreed to be followed-up
n = 14,374

Follow-up questionnaires sent
n = 14,374

Follow-up questionnaires completed
n=9,199

Included cases
n= 8,238

Fig. 1 Flow diagram

(binary variable). PCC was assessed in the 3-months fol-
low-up questionnaire, based on the definition form the
National Institute for Health and Care Excellence (NICE):
“signs and symptoms that develop during or after an
infection consistent with COVID-19, continue for more
than twelve weeks and are not explained by an alterna-
tive diagnosis” [17]. The question asked was: “Within the
last seven days have you had any of these symptoms, that
you did not experience before onset of your COVID-19 ill-
ness?”. Thirty potential PCC symptoms were listed, based
on published guidelines of the WHO and the NICE [1,
17].

The second outcome of this study was PCC symptoms
categories. Based on the classification proposed by Fer-
nandez de las Penas et al., the thirty potential PCC symp-
toms collected in this study can be classified as follows
[18]: [1] Neurocognitive post-COVID (sleeping problems,
headache, memory problems, dizziness, confusion, prob-
lems speaking, incontinence, seizures), [2] autonomic
post-COVID (chest pain, palpitations), [3] gastrointesti-
nal post-COVID (constipation/diarrhea, stomach pain,
nausea/vomiting), [4] respiratory post-COVID (general
fatigue, dyspnea, persistent cough), [5] musculoskeletal
post-COVID (muscle pain, joint pain, swelling-oedema),
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[6] anosmia and/or dysgeusia post-COVID (loss of smell,
loss of taste), [7] other manifestations (tingling feeling, loss
of appetite, problem seeing, ringing in ears, general mal-
aise, weight loss, skin rashes, problem swallowing, other
symptom(s)). Each symptom category was a binary vari-
able (having or not these symptoms) and as people with
PCC tend to report numerous and heterogeneous symp-
toms, a participant can be in more than one category.

Exposure assessment

The exposure variable in this study was the type of SARS-
CoV-2 variants and subvariants, which was an indicator
at the population level extracted from the SARS-CoV-2
surveillance system of Sciensano, the Belgian institute
for health [19]. In this surveillance system, at least 5% of
all positive RT-PCR samples in Belgium was randomly
selected for sequencing [20], which met the recommen-
dation from the European Centre for Disease Preven-
tion and Control (ECDC) [21]. Since 5 April 2021 until
17 September 2022, the Belgium COVID-19 Epidemio-
logical Situation Dashboard of Sciensano reported daily
percentages of eight SARS-CoV-2 (sub)variants including
Alpha, Beta, Gamma, Delta, Omicron, Omicron BA.2,
Omicron BA.4 and Omicron BA.5 [19].
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Each study day, the dominant variant (i.e. responsible
for more than 80% of daily infections) was selected and
assigned to participants who reported testing positive
for SARS-CoV-2 on the same day. The threshold of 80%
was chosen to limit the misclassification of the exposure
variable due to periods with concomitant variants [22].
Consequently, the days for which no variant was above
the 80% threshold were not included in the analysis (e.g.
a day when the Alpha variant was responsible for 50%
of infections and the Delta the other 50%). The analyses
were therefore carried out on 407 days out of the 448
of the study periods (91%) and on 8238 participants out
of the 9199 (90%). Sensitivity analyses were conducted
with a 70% and 90% threshold (supplementary Table 1).
Additional sensitivity analyses were also performed to
compare the profile of excluded and included cases (sup-
plementary Table 2).

Other covariates

Covariates including demographic factors, the presence
of comorbidities, vaccination status before COVID-19
(completed one, two, or three doses), and the number of
COVID-19 acute symptoms were collected in the base-
line questionnaire as they may be associated with the
probability of having PCC [2]. As the variable on the
number of acute COVID-19 symptoms has a positive
skewed distribution, we classified it into four categories
(none, 1-4, 5-8, >8) using regression tree analysis with
the variable as both dependent and independent variable.
The regression tree analysis is an appropriate method
for identifying cut-off points that represent the distribu-
tion of the variable in the sample and it contributes to
detect possible non-linear trends and risk groups. The
presence of comorbidities was assessed with the follow-
ing question: “Before your COVID-19 infection, have
you had any of the following diseases or conditions?”
and using the following list of chronic diseases: asthma,
chronic bronchitis, chronic obstructive pulmonary dis-
ease, emphysema, high blood pressure (hypertension),
chronic cardiovascular disease (excluding high blood
pressure), diabetes mellitus, type 1 of 2, chronic neuro-
logical disorder; chronic kidney disease (including dialy-
sis), chronic liver disease, cancer (excluding blood cancer,
e.g. leukaemia, lymphoma), blood cancer (e.g. leukaemia,
lymphoma), diseases or treatments that suppress the
immune system (except HIV), having a transplantation or
on the waiting list for a transplantation, other long-term
illness (please specify).

Statistical analysis

All analyses were carried out using the statistical package
R version 4.1.0 [23]. The number of missing data among
each variable is reported in Table 1. These missing val-
ues account for considerably less than 10% of the total
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observations, hence we opted for a complete case anal-
ysis [24]. Descriptive statistics were performed to show
the distribution of variables. Categorical variables were
summarized by the frequencies and percentages of the
levels, while numeric variables were summarized by their
mean and standard deviation or median and IQR (inter-
quartile range) based on their distribution. Chi-square
tests were used to test the difference of the distribution
of PCC status (% having or not PCC) in the different
explanatory variables.

Multivariable logistic regression was used to assess the
association between the different SARS-CoV-2 variants
and PCC. The final model was developed based on three
steps. First, a multivariable logistic regression model
was used, which included all covariates as fixed effects.
As all covariates were significantly associated with PCC,
they were kept to the next step. Second, due to the asso-
ciation between SARS-CoV-2 variants and the severity
of COVID-19 acute infection [25], interactions between
SARS-CoV-2 variants and covariates related to the acute
infection (i.e. number of COVID-19 acute symptoms and
hospitalization status) were tested, but turned out to be
not significant. Finally, we performed the Hosmer-Lem-
eshow goodness of fit test to determine whether the fit-
ted model adequately described the outcome in the data
(p=0.27). The p-value was above alpha=0.05 (accepted
HO), so the null hypothesis could not be rejected, mean-
ing this model predicted the outcome well. Sensitivity
analyses with a 70% and 90% threshold (see supplemen-
tary material Table 1) confirmed the result from the
multivariable logistic regression model. Since there is evi-
dence suggesting a potential interaction between variants
and vaccination [13], we conducted a sensitivity analysis
to investigate the combined impact of SARS-CoV-2 vari-
ants and COVID-19 vaccination status prior to infec-
tion (both vaccinated and non-vaccinated groups). For
detailed results, please refer to supplementary material
Tables 3 and 4.

To investigate a group of predictors that can be used
to make accurate predictions for PCC, the decision tree
method was performed using the rpart package and a
chi-squared automatic interaction detector, with 80%
participants as the training dataset, and the remaining
20% as the test dataset. The training dataset was used to
build decision tree, and the test dataset was used to vali-
date the prediction. The measure used to split nodes was
the Gini index, and pruning was used to avoid overfitting
the model. Table 2 shows the variable assignments uti-
lized in both the logistic regression analysis and the deci-
sion tree model.

The difference in the distribution of the seven groups
of PCC symptoms between the different SARS-CoV-2
variants was described by using frequencies and percent-
ages and tested using Pearson’s Chi-squared test. Seven
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Table 1 General characteristics of study population and distribution of Post COVID-19 Condition

Characteristic Total Having post COVID-19 condition p-value**
N=8,238* N=3,709 (45.0%)
(% by row)
Variant <0.001
Alpha 1,135 (13.78%) 573 (50.48%)
Delta 3,927 (47.67%) 1,969 (50.14%)
Omicron 3,176 (38.55%) 1,167 (36.74%)
Gender <0.001
Male 2,816 (34.56%) 1,035 (36.75%)
Female 5,331 (65.44%) 2,633 (49.39%)
Missing data 91 41
Age <0.001
18-25 680 (8.91%) 314 (46.18%)
26-45 3,381 (44.29%) 1,593 (47.12%)
46-65 3,118 (40.84%) 1,388 (44.52%)
66+ 455 (5.96%) 139 (30.55%)
Missing data 604 275
Education <0.001
Secondary school or below 2,173 (26.74%) 1,083 (49.84%)
Higher education 5,953 (73.26%) 2,563 (43.05%)
Missing data 112 63
Having chronic disease (Yes) <0.001
No 7,620 (92.62%) 3,337 (43.79%)
Yes 607 (7.38%) 370 (60.96%)
Missing data 11 2
Body Mass Index (BMI) <0.001
Normal (BMI 18.5-24.9) 3,596 (43.65%) 1,542 (42.88%)
Overweight (BMI 25.0-29.9) 2,988 (36.27%) 1,334 (44.65%)
Obesity (BMI 30.0+) 1,654 (20.08%) 833 (50.36%)
Hospitalization (Yes) <0.001
No 8,061 (98.96%) 3,613 (44.82%)
Yes 85 (1.04%) 60 (70.59%)
Missing data 92 36
COVID-19 vaccination status <0.001
None 483 (5.95%) 199 (41.20%)
Partial 99 (1.22%) 55 (55.56%)
Complete primary schedule 2,396 (29.54%) 1,210 (50.50%)
Complete primary schedule and booster 5,133 (63.28%) 2,180 (42.47%)
Missing data 127 65
Number of Covid-19 symptoms at baseline <0.001
None 370 (4.49%) 91 (24.59%)
1-4 2,512 (30.49%) 826 (32.88%)
5-8 3,236 (39.28%) 1,429 (44.16%)
>8 2,120 (25.73%) 1,363 (64.29%)
Post COVID-19 condition
Neurocognitive symptoms, yes 1,975 (23.97%) /
Autonomic symptoms, yes 556 (6.75%) /
Gastrointestinal symptoms, yes 629 (7.64%) /
Respiratory symptoms, yes 2,217 (26.91%) /
Musculoskeletal symptoms, yes 1,089 (13.22%) /
Anosmia and/or dysgeusia, yes 666 (8.08%) /
Other manifestations, yes 1,376 (16.70%) /

*Percentage by column **Pearson’s Chi-squared test
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Table 2 Bivariate and Multivariable model of Post COVID-19 Condition status which was adjusted for sex, age, education, Body Mass

Index (BMI), having a chronic disease, number of Covid-19 acute symptoms, COVID-19 vaccination status, hospitalization status

Characteristic

Bivariate

Multivariable

Odds Ratio 95% Confidence p-value

Odds Ratio 95% Confidence p-

Interval Interval value
Variant
Omicron REF REF REF REF REF REF
Alpha 1.76 1.53-2.01 <0.001 1.61 1.33-1.96 <0.001
Delta 1.73 1.57-1.90 <0.001 1.73 1.54-193 <0.001
Gender
Male REF REF REF REF REF REF
Female 1.68 1.53-1.84 <0.001 157 141-1.75 <0.001
Age
18-25 REF REF REF REF REF REF
26-45 1.04 0.88-1.23 0.731 1.01 0.84-1.21 0.635
46-65 0.94 0.79-1.10 0426 0.96 0.80-1.16 0.785
66+ 0.51 0.40-0.66 <0.001 0.66 0.50-0.87 0.003
Education
Secondary school or below REF REF REF REF REF REF
Higher education 0.76 0.69-0.84 <0.001 0.77 0.69-0.86 <0.001
Body Mass Index (BMI)
Normal (BMI 18.5-24.9) REF REF REF REF REF REF
Overweight (BMI 25.0-29.9) 1.07 097-1.18 0.233 1.12 1.00-1.25 0.050
Obesity (BMI30.0+) 1.35 1.20-1.52 <0.001 1.38 1.21-1.58 <0.001
Having chronic disease
No REF REF REF REF REF REF
Yes 2.00 1.69-2.38 <0.001 1.61 1.33-1.96 <0.001
Number of Covid-19 symptoms at baseline
None REF REF REF REF REF REF
1-4 1.50 1.17-194 0.001 1.86 1.41-2.49 <0.001
5-8 242 1.90-3.12 <0.001 2.94 2.24-391 <0.001
>8 552 4.30-7.14 <0.001 5.99 4.53-8.02 <0.001
COVID-19 vaccination status
None REF REF REF REF REF REF
Partial 1.78 1.16-2.77 0.009 1.74 1.06-2.88 0.030
Complete primary schedule 1.46 1.20-1.78 <0.001 1.74 1.38-2.20 <0.001
Complete primary schedule and booster 1.05 0.87-1.27 0.656 1.57 1.25-1.96 <0.001
Hospitalization
No REF REF REF REF REF REF
Yes 295 1.87-4.80 <0.001 2.25 1.35-3.84 0.002

multivariable logistic regression models were performed
to assess the association between the different SARS-
CoV-2 variants and PCC symptom categories with the
same approach as with the model on PCC. The Hosmer-
Lemeshow goodness of fit test was used for seven models
and no significant p-values were reported, meaning that
these models well predicted the outcome.

Results

The general characteristics of the participants and distri-
bution of PCC are shown in Table 1. Most participants
(47.7%) were included during the Delta-dominant period,
followed by the Omicron-dominant period (38.5%), and
the Alpha-dominant period (13.8%). In the total sample,

nearly half (45.0%) of the participants reported having
PCC. While there was no difference in the proportion of
participants reporting PCC during the Alpha- and Delta-
dominant periods (50.5% vs. 50.1% respectively), fewer
participants reported having PCC during the Omicron-
dominant period (36.7%, p<0.001). Respiratory and
neurocognitive PCC symptoms made up more than half
of all cases (26.9% and 24.0% respectively) and were the
most prevalent symptom groups for PCC, followed by
other manifestations (16.7%), musculoskeletal symptoms
(13.2%), anosmia and/or dysgeusia (8.1%), gastrointesti-
nal symptoms (7.6%), and autonomic symptoms (6.7%).
Regarding the other participant characteristics, the
proportion of PCC was significantly higher among



Thi Khanh et al. BMC Infectious Diseases (2023) 23:774

Having Long
COoVID-19
0.47
100%

Gender

Having Long
COVID-19

0.52

65%

—{Omicron }-Variant

Page 7 of 11

Having Long
COVID-19

0.55

49%

Having acute
COVID-19 symptoms

Having Long
CoVvID-19
0.40
16%

Having Long
CovID-19
0.28
2%

0.38

Having Long
COVID-19
35%

| |

Having Long
COVID-19

0.57

47%

J

Fig. 2 Decision tree model for Post COVID-19 Condition

women than men (49.4% vs. 36.7%, p<0.001). The
younger groups (18—25 years old, 26—45 years old, 46—64
years old) had a significantly higher proportion of PCC
than the older (over 65 years old) (46.2%, 47.1%, 44.7%
vs. 30.5% respectively, p<0.001). A statistically signifi-
cant higher proportion of PCC was also observed among
participants hospitalized following COVID-19 (70.6%),
those with a higher number of acute COVID-19 symp-
toms (>8 symptoms, 64.3%), with obesity (50.4%), with a
lower educational level (49.8%), and being partially vac-
cinated for COVID-19 (55.6%).

The results of bivariate and multivariable logistic
regression models with the PCC status as the outcome
are presented in Table 2. The final multivariable model
showed that participants infected during the Alpha-
dominant period and Delta-dominant period had a sig-
nificantly higher odds of having PCC than those infected
during the Omicron-dominant period (OR=1.61,
95%CI=1.33-1.96 and OR=1.73, 95%CI=1.54-1.93
respectively). Regarding the other variables, female sex,
obesity, chronic disease, being vaccinated for COVID-19,
having more than one acute COVID-19 symptom, and
hospitalization following COVID-19 were significantly
associated with an increased odd of PCC, while being 65
years or older, and having a higher educational level were
associated with a decreased odds of PCC. The sensitivity
analysis of joint association with vaccination and variants
in Supplementary Table 4 also showed that vaccinated
participants infected during the Alpha-dominant period
and Delta-dominant period had a significantly higher
odds of having PCC than those infected during the Omi-
cron-dominant period.

As shown in Fig. 2, the importance of variables in the
decision tree model was presented as a root-to-leaf struc-
ture, with gender being the first variable or root node,
followed by variant types and having acute COVID-
19 symptoms, in order of importance. The group with
the higher proportion of PCC (57%) was women, not

Table 3 The distribution of SARS-CoV-2 variants among Post
COVID-19 Condition symptoms

Characteristic Alpha, Delta, Omicron,
N=1,135 N=3,797 N=1530
Neurocognitive symptoms, yes 314 (28%) 1,030 (26%) 631 (20%)
Autonomic symptoms, yes 84 (74%) 299 (7.6%) 173 (5.4%)
Gastrointestinal symptoms, yes 102 (9.0%) 304 (7.7%) 223 (7.0%)
Respiratory symptoms, yes 351 (31%) 1,161 (30%) 705 (22%)
Musculoskeletal symptoms, yes 170 (15%) 534 (14%) 385 (12%)
Anosmia and/or dysgeusia, yes 110 (9.7%) 478 (12%) 78 (2.5%)
Other manifestations, yes 213 (19%) 703 (18%) 460 (14%)

infected with Omicron (infected with the Alpha or
Delta variant) and having at least one acute COVID-19
symptom, accounting for 47% of the total sample, which
aligned with the result of regression modeling in Table 2.
The predictive accuracy of the decision tree model was
63.51%. The test dataset included 1450 subjects, of whom
921 persons had their true PCC status correctly predicted
by the prediction model.

The distribution of the seven groups of PCC symp-
toms between the different SARS-CoV-2 variants is
shown in Table 3 and modeled in Fig. 3. Participants
infected during the Alpha and Delta -dominant peri-
ods were significantly more likely to experience anos-
mia and/or dysgeusia (respectively 10%, OR=4.15 and
12%, OR=5.51) and respiratory symptoms (respectively
31%, OR=1.26, and 30%, OR=1.36) compared to those
infected during Omicron-dominant period (2.5% and
22%). Participants infected during Delta-dominant peri-
ods were also significantly more likely to experience
neurocognitive symptoms (28%, OR=1.31) and other
manifestations (19%, OR=1.21) compared to those
infected during Omicron-dominant period (20% and
14%).
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Fig. 3 Associations between Post COVID-19 condition symptom groups and SARS-CoV-2 variants (reference =Omicron) adjusted by age, gender, educa-
tion level, body-mass index, number of COVID-19 symptoms at baseline, presence of comorbidities, and hospitalization status

Discussion

This study aimed to assess the association between dif-
ferent SARS-CoV-2 variants and the probability of having
PCC three months after the infection in a sample of the
adult population in Belgium infected with SARS-CoV-2
between April 2021 and September 2022.

This study revealed that participants infected dur-
ing the Alpha- and Delta-dominant periods had a sig-
nificantly higher odds of having PCC than those infected
during the Omicron-dominant period. This may encom-
pass a lessened burden on healthcare resources, and
potentially decreased long-term healthcare expenses
associated with managing PCC. However, the lower odds

of PCC with Omicron must be interpreted in absolute
figures and according to the evolution of the number
of infections. Indeed, the number of infections with the
Omicron variant being higher than with the Alpha and
Delta variants, it is possible that the overall prevalence
of PCC in the population increases, even if the prob-
ability of having a PCC decreases. So far, the association
between SARS-CoV-2 variants and PCC has been little
studied. One study in the UK published in June 2022 [10]
confirms this result and found that people infected with
Omicron were less likely to experience PCC than those
infected with the Delta variant. These results suggest that
the risk of PCC is higher for the Alpha and Delta variant
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than for Omicron even taking into account factors such
as the vaccination status, the number of symptoms in the
acute phase of the infection, the hospitalization status,
and several sociodemographic characteristics. Therefore,
the results of the present study suggest that Omicron may
be inherently less virulent, both in terms of acute and
prolonged pathophysiology, than the Alpha and Delta
variants. Although not related to the primary research
question, this study also found that people vaccinated for
COVID-19 had a higher odds of PCC, while other studies
have shown that vaccination as well as a longer time after
vaccination decreased the odds of PCC [10]. This result is
probably linked to the timing of vaccination in Belgium:
people at risk in the acute phase of COVID-19 were vac-
cinated as a priority, and these same individuals may also
be at greater risk of developing PCC.

The present study also found that participants infected
during the Alpha- and Delta-dominant periods were
more likely to experience respiratory and anosmia/dys-
geusia symptoms of PCC than those infected during the
Omicron-dominant period, taking into account other
covariates such as the number of acute COVID-19 symp-
toms and the vaccination status. Other studies found that
respiratory symptoms, including shortness of breath and
cough, were common in individuals with PCC [4] and
were associated with previous infection with the Alpha
and Delta variants [26]. For example, one study found a
common cluster of cardiorespiratory symptoms of PCC
among people infected with the Alpha and Delta variants
[27]. To date, few studies have been carried out on the
association between Omicron infections and respiratory
symptoms of PCC in comparison to the other variants.
One study found that the odds of PCC was lower among
people infected with the Omicron variant in comparison
the ancestral virus and Delta variants, but found no sig-
nificant difference in the prevalence of symptom clusters
between the different variants [13]. The present study also
found that participants infected during the Delta-dom-
inant period were more likely to report neurocognitive
and anosmia/dysgeusia symptoms of PCC in comparison
to those infected during the Omicron-dominant period.
Anosmia was confirmed as an important neurologic
symptom of PCC and associated with potential COVID-
19 neurotropism [28]. People with PCC exhibit anosmia
after SARS-CoV-2 infection because the virus enters the
body through the olfactory epithelium and the expres-
sion of TMPRSS2 is upregulated in response to ACE2
[28]. Our results suggest that this mechanism may be
more important for the Alpha and Delta variants than for
the Omicron variant. César Ferndndez et al. also found
that patients infected with the Alpha or Delta variants
reported more symptoms at anosmia or dysgeusia than
those infected with the ancestral virus (p<0.01) [29].
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This study highlights the importance of continuous
monitoring of the different SARS-CoV-2 variants and
their health impact because they can influence the overall
risk and symptoms of PCC, and potentially provide ele-
ments to better understand its mechanisms and patho-
physiology. The main strengths of this study were its [1]
consistent data collection over time, [2] extensive list of
self-reported PCC symptoms, [4] large sample size, and
[5] long study period, allowing us to assess the associa-
tion between three SARS-CoV-2 variants and PCC and
its different symptoms. However, this study also has sev-
eral limitations. The main limitation is the selection bias
due to the design of the study, which may limit the gener-
alizability of results beyond the study population. As pre-
viously explained, the study protocol [14] showed that the
proportion of people between 46 and 65 years, of women,
and of people reporting at least one acute COVID-19
symptom was higher among cohort participants than in
the eligible population, resulting in initial sample selec-
tion bias. However, no information was available on the
proportion of PCC in the eligible population, the propor-
tion of PCC in this study may be underestimated (e.g.
people with PCC may not be in good enough condition
to respond to the survey) or overestimated (e.g. people
without persistent symptoms may place less emphasis
on completing the survey) due to study design. The pro-
portion of PCC being higher in women and in people
who have had acute symptoms of COVID-19, it is more
likely that selection bias induces an overestimation of the
proportion of PCC. Second, different periods of variant
exposure were defined using national data and cases were
included based on their time of infection, with a risk of
misclassification of the type of variants at the individual
level, especially during periods with concomitant vari-
ants. To limit the misclassification bias, a 80% threshold
was used, and cases were included only if infected on a
day with a single variant responsible for more than 80% of
daily infection. Sensitivity analyses were performed with
a 70% and 90% threshold (supplementary Table 1) with
similar results, but no Alpha cases with the 90% thresh-
old. The use of a threshold and the exclusion of certain
cases can also lead to a selection bias. Sensitivity analyzes
presented in Supplementary Table 2 showed that the pro-
portion of PCC was slightly higher among excluded cases
than included cases (50% versus 45%), thus underesti-
mating the proportion of PCC in the study (45.5% in the
total number of cases). Third, PCC symptoms were self-
reported and without a control group. However, some
symptoms are common to many other diseases and infec-
tions that affect the general population, which may result
in an overestimation of PCC in our study. Furthermore,
although participants reported not having these symp-
toms before their SARS-CoV-2 infection, we cannot ver-
ify that the symptoms are not explained by an alternative
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diagnosis, which may also lead to an overestimation of
the proportion of PCC. Finally, no information was col-
lected on SARS-CoV-2 reinfection during the follow-up
of individuals, which may be an important confounding
factor.

Conclusion

This study found that people infected with the Alpha
and Delta variants had a significantly higher probabil-
ity of having PCC three months after their SARS-CoV-2
infection than those infected with Omicron. The lower
probability of PCC with the Omicron variant must be
interpreted in absolute figures. Indeed, the number of
infections with the Omicron variant being higher than
with the Alpha and Delta variants, it is possible that the
overall prevalence of PCC in the population increases,
even if the probability of having a PCC decrease. This
study also found that participants infected with the Alpha
and Delta variants were more likely to report neurocog-
nitive, respiratory, and anosmia/dysgeusia as symptoms
of PCC. This result highlights the importance of moni-
toring the health impact of the different SARS-CoV-2
variants as it may provide elements to better understand
the mechanisms and pathophysiology of PCC. Future
research should assess the effects of SARS-CoV-2 vari-
ants on PCC but based on direct testing of the variants
and with a control group, in order to limit misclassifica-
tion bias.
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