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Abstract

The aim of this cross-sectional study was to identify post-COVID-19 condition (PCC) pheno-
types and to investigate the health-related quality of life (HRQoL) and healthcare use per
phenotype. We administered a questionnaire to a cohort of PCC patients that included items
on socio-demographics, medical characteristics, health symptoms, healthcare use, and the
EQ-5D-5L. A principal component analysis (PCA) of PCC symptoms was performed to identify
symptom patterns. K-means clustering was used to identify phenotypes. In total, 8630 partici-
pants completed the survey. The median number of symptoms was 18, with the top 3 being
fatigue, concentration problems, and decreased physical condition. Eight symptom patterns and
three phenotypes were identified. Phenotype 1 comprised participants with a lower-than-
average number of symptoms, phenotype 2 with an average number of symptoms, and
phenotype 3 with a higher-than-average number of symptoms. Compared to participants in
phenotypes 1 and 2, those in phenotype 3 consulted significantly more healthcare providers
(median 4, 6, and 7, respectively, p < 0.001) and had a significantly worse HRQoL (p < 0.001). In
conclusion, number of symptoms rather than type of symptom was the driver in the identifi-
cation of PCCphenotypes. Experiencing a higher number of symptoms is associatedwith a lower
HRQoL and more healthcare use.

Introduction

Globally, there have been more than 645 million confirmed cases of COVID-19 registered since
the start of the pandemic [1]. An estimated 4–12% of patients experience long-term symptoms
after infection with SARS-CoV-2; this is referred to as longCOVID or post-COVID-19 condition
(PCC) [2, 3]. PCC is defined by the World Health Organization (WHO) as ‘the continuation or
development of new symptoms 3 months after the initial SARS-CoV-2 infection, with these
symptoms lasting for at least 2 months with no other explanation’ [4]. PCC can be prevalent after
both symptomatic and asymptomatic COVID-19 infections [5, 6]. The global health burden of
PCC is growing [7], as well as its associated costs, and is estimated to have a prevalence of over
144 million individuals affected to date [8].

Those with PCC generally experience a wide variety of symptoms [9], with the clinical
manifestation differing among patients [10]. Frequently reported symptoms include shortness
of breath, fatigue, increased heart rate, and cognitive problems [9]; however, patients can experi-
ence many other symptoms that vary in severity [11, 12]. The multitude of symptoms reported by
patients involve different organ systems [13], and the underlying mechanisms as to why patients
experience long-term symptoms after COVID-19 are still unknown [14]. However, several
hypotheses are made including immune dysregulation, microbiota disruption, autoimmunity
and immune priming, blood clotting and endothelial abnormalities, and dysfunctional neuro-
logical signalling [15]. PCC symptoms can last for months or years, and it is unclear whether they
disappear [16]. In addition to physical symptoms, PCC affects mental well-being, with higher rates
of mood disorders and anxiety disorders being reported in patients with PCC than in patients with
other respiratory tract infections or influenza [17]. The impact on mental well-being can only
partially be explained by the disruptiveness and unpredictability of the pandemic and preventive
and protectivemeasures against the spread of COVID-19, such as quarantine and social distancing
[18]. The acute and post-acute neuropsychiatric sequelae seen in patients with COVID-19 also
profoundly impact mental well-being [18, 19]. Furthermore, long-term symptoms of COVID-19
negatively impact the health-related quality of life (HRQoL) [20, 21]. Meta-analysis of PCC in
relation to the HRQoL shows that 58% of patients report a poor HRQoL on the EQ-5D-5L
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[20]. This systematic review however does not distinguish between
subgroups, differences in symptoms, or severity.

Management and care for PCC is posing a substantial burden on
healthcare systems [22, 23]. The knowledge of long-term effects of
COVID-19 and treatment options for PCC are still evolving
[24]. Due to the nature of PCC, treatment often requires a multi-
disciplinary approach that includes a thorough evaluation, treatment
of symptoms, treatment of underlying problems, physical therapy,
occupational therapy, and psychological support [24, 25]. Identifying
subtypes of PCCmight help tailor treatment approaches by allowing
treatment plans to be specified to the symptoms experienced in each
subtype, and including only relevant healthcare providers for those
specific symptoms in the treatment plan. It can help healthcare
systems, healthcare providers, and patients to be better prepared
and informed in managing PCC. The existing literature on PCC
symptom clusters or subtypes mainly focuses on symptom patterns,
frequently reported symptoms, demographic and medical back-
ground characteristics, and potential risk factors [10, 26–29]. Fur-
thermore, Deep Phenotyping by Human Phenotype Ontology
(HPO) has been applied to PCC to map the phenotypic profile of
PCC [10]. This study aimed to add to the existing literature by not
only identifying PCC phenotypes but also investigating healthcare
use and the HRQoL per phenotype identified.

Methods

Study design and population

In this cross-sectional study, questionnaire data from patients with
PCC were used. This study was conducted in collaboration with
C-support, a Dutch organisation that informs, advices, supports,
and provides care for patients experiencing long-term symptoms
after SARS-CoV-2 infection. Patients can ask for support and
register at C-support if they have long-term symptoms three
months or longer after SARS-CoV-2 infection. This is in line with
the clinical case definition of PCC established by the WHO
[4]. From February 2022 onwards, patients registered at
C-support long COVID were invited via email to complete an
online questionnaire. The questionnaire was only available in the
Dutch language. Data for this study were collected until September
2022.

Online informed consent was obtained from all participants for
the usage of data in scientific research. The Medical Ethics Review
Board of the Erasmus University Medical Centre approved the
study protocol (MEC-2021-0751).

Measures

Socio-demographic and medical characteristics
The questionnaire included the socio-demographic variables gen-
der (male, female, unidentified, prefer not to say), age (in years),
educational level (highest attained level of formal education), and
ethnicity (Dutch, Turkish, Moroccan, Antillean, Surinamese,
Indonesian, prefer not to say). Seven age categories were formed:
18–24 years, 25–34 years, 35–44 years, 45–54 years, 55–64 years,
65–74 years, and 75 years and older. Education level was cate-
gorised into three categories according to the International Stand-
ard Classification of Education (ISCED-97): low (ISCED 0, 1, and
2), middle (ISCED 3 and 4), and high (ISCED 5 and 6) [30].
Ethnicity was categorised as Dutch and other.

Additionally, the questionnaire included items on medical
characteristics: self-reported pre-existing chronic conditions

(e.g., asthma, chronic obstructive pulmonary disease (COPD),
inflammatory bowel disease (IBD), consequences of a stroke,
depression/anxiety, severe heart disease, arthrosis, rheumatism,
severe back complaints, hypertension, cancer, diabetes, and thy-
roid abnormalities), height in centimetres, weight in kilogram,
month of first SARS-CoV-2 infection, hospital admission for
COVID-19, and vaccination status. Time since SARS-CoV-2
infection in months was calculated based on month of the first
SARS-CoV-2 infection and date of completing the questionnaire.
Body mass index (BMI) was derived from height and weight and
consisted of the following categories: underweight (<18.5 kg/m2),
normal weight (18.5–25 kg/m2), overweight (25–30 kg/m2), and
obese (>30 kg/m2) [31]. Month of the first SARS-CoV-2 infection
was used as a proxy for the dominant SARS-CoV-2 strain based on
the registry of the Dutch National Institute for Public Health and
the Environment [32].

Primary outcome measure
The questionnaire included a list of 34 health symptoms
(Supplementary Material 1). The list was based on the literature
(Supplementary Material 1) and checked by and supplemented
with input from patients and healthcare professionals. For every
health symptom, the participants were asked to indicate whether or
not they were currently experiencing it or had previously experi-
enced the specific symptom since their infection with COVID-19
by checking a box when the symptom was experienced.

Secondary outcome measures
Secondary outcome measures were the HRQoL and healthcare use.
The HRQoL was measured with the EQ-5D-5L, a generic instru-
ment consisting of five items: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression [33]. For each item, there
are five response categories: no problems, slight problems, moder-
ate problems, severe problems, and extreme problems/unable
to. Participants were asked to complete the EQ-5D-5L items for
their health today (e.g., health status on the day of filling out the
questionnaire). The EQ-5D utility score was calculated using a
Dutch value set [34]. This score represents how good or bad some-
one’s health state is according to health state preferences of the
general population. The utility score is anchored from 0 (a state as
bad as being dead) to 1 (full health) [35]. The EQ-5D-5L also
includes a standardised visual analogue scale: EQ-VAS. The
EQ-VAS ranges from 0 (‘worst imaginable health’) to 100 (‘best
imaginable health’) [33]. Participants were asked to score their
health today on the EQ-VAS.

Additionally, the questionnaire included a list of 26 healthcare
providers (supplementary material 2). The list was based on a list of
healthcare providers previously used in research on Q-fever and
checked and supplemented with input from C-support, patients,
and healthcare professionals. Participants were asked to check a box
for each healthcare provider they had a consultation with since the
onset of COVID-19. Furthermore, participants were asked to indi-
cate the number of consultations they had with each healthcare
provider.

Statistical analysis

Descriptive statistics were performed for socio-demographic and
medical characteristics of the population. Frequencies and percent-
ages were obtained for gender, age categories, education level,
nationality, other chronic conditions, BMI, hospital admission,
and vaccination status. Mean score, standard deviation, median,
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and interquartile range were obtained for age (continuous) and
time since SARS-CoV-2 infection.

A principal component analysis (PCA) of the 34 reported PCC
symptoms was performed to identify symptom groups. The Obli-
min rotationmethodwas used in the PCA. The number of principal
components was fixed at 8 based on the results of a Monte Carlo
stimulation that was conducted to determine the statistically cor-
rect number of principal components. Loading equal to or higher
than 0.25 was considered significant. The principal components
were saved as weighted average of the symptoms that loaded on
each principal component.

The principal components were included in a K-means cluster-
ing algorithm. The clustering algorithm was used to find the
optimal grouping of participants based on the principal compo-
nents. By K-means clustering, each participant is assigned to the
cluster or phenotype that has the nearest mean. K was set to 3 based
on the iteration history and Bonferroni testing.

Descriptive statistics were performed for each phenotype.
Frequencies and percentages were obtained for gender, age cat-
egories, education level, ethnicity, other chronic conditions,
BMI, hospital admission, vaccination status, symptoms, and
healthcare use. Mean score, standard deviation, median, and
interquartile range were obtained for age (continuous), time
since SARS-CoV-2 infection, number of symptoms, and number
of healthcare providers. The median was reported because of
non-normality of the data. The Kruskal–Wallis test was used to
compare age (continuous), time since SARS-CoV-2 infection,
EQ-VAS score, EQ-5D utility score, healthcare use, and number
of symptoms among the three phenotypes. Chi-square tests were
used to compare gender, age (categorical), education level,
nationality, other chronic conditions, BMI, hospital admission,
vaccination, and EQ-5D-5L dimension scores among the three
phenotypes.

Data analysis was performed by IBM SPSS statistics version
28.0.1.0. A p-value of 0.05 was considered significant.

Results

Characteristics of participants

In total, 8630 of the 14,791 (58.3%) invited patients completed the
questionnaire. Table 1 describes the characteristics of partici-
pants. The majority of participants was female (76.8%), and the
median age was 48 (IQR = 16) years. Most participants received a
high level of education (53.6%), followed by a middle level of
education (34.5%) and a low level of education (11.7%). Over half
of the participants did not have other chronic conditions (53.3%).
Of all participants, 8.6% was admitted to the hospital; of those, the
majority was not admitted to the intensive care unit (ICU). The
vast majority of the participants was vaccinated against COVID-
19 (92.2%), mostly after their initial SARS-CoV-2 infection. Most
participants (60.1%) were first infected with SARS-CoV-2 before
15 February 2021, when no primary dominant strain was regis-
tered; therefore, the dominant strain is ‘other’ (Supplementary
Table 1). Fewer participants were infected when Alpha (19.9%),
Beta (11.0%), or Omicron (8.7%) was dominant.

Principal component analysis

The median number of symptoms reported by the total population
is 18 (IQR = 9), with the top 3 most reported symptoms being

fatigue, concentration problems, and decreased physical condition.
Using principal component analysis, 8 patterns of the 34 patient-
reported symptoms were identified (for loading data see
Supplementary Table 2).

Cluster analysis

Three phenotypes were identified. All participants were grouped
into ‘phenotype 1’ (n = 1116), ‘phenotype 2’ (n = 4437), or ‘pheno-
type 3’ (n = 3077). Cluster allocation was based on the loading of
each principal component. Phenotype 1 has participants with a
lower-than-average number of symptoms allocated (Figure 1).
Phenotype 2 has participants with an average number of symptoms
allocated. Phenotype 3 has participants with a higher-than-average
number of symptoms allocated.

The number of symptoms reported by participants significantly
differed between phenotypes 1, 2, and 3 (p = 0.000) (Table 2). The
highestmedian number of symptoms, 24 (IQR = 4), was reported in
phenotype 3, while the lowest median number of symptoms,
9 (IQR = 5), was reported in phenotype 1. In phenotype 2, a median
number of 16 symptoms was reported. The most frequently
reported symptoms differ per phenotype (Supplementary Figure
1). The percentage of participants who reported each symptom is
the highest for phenotype 3 on all reported symptoms.

Compared to the other phenotypes, a significantly higher
percentage of females was allocated to phenotype 3 (85.3%), and
a significantly lower percentage of females was allocated to pheno-
type 1 (65.0%) (p < 0.001) (Table 1). Phenotype 1 has a signifi-
cantly higher percentage of participants in age categories 65–74
(9.1%) and 75+ (2.2%) (p < 0.001). In phenotype 3, the percentage
of participants who do not have other chronic conditions is
significantly lower (49.1%) than that in phenotypes 1 and
2 (58.7 and 54.9%, respectively) (p < 0.001). The median duration
of PCC was 14 months in phenotypes 1 and 2, and 15 months in
phenotype 3; the difference between the phenotypes was signifi-
cant (p < 0.001). The results showed no significant differences in
the hospital admission rate between the phenotypes (9.5%, 8.2%,
and 8.8%, respectively). In all phenotypes, the majority of parti-
cipants was vaccinated against COVID-19; however, in phenotype
3, the percentage of participants who was vaccinated was signifi-
cantly lower than that in the other phenotypes (p < 0.001). For
each phenotype, most participants were infected before a single
dominant strain was registered; therefore, ‘other’ is the dominant
strain (62.4%, 57.2%, and 63.5%, respectively) (Supplementary
Table 1). For each phenotype, this is followed by Alpha (16.4%,
21.8%, 18.4%), Beta (12.6%, 11.0%, 11.2%), and Omicron (8.7%,
10.0%, 6.9%), with the phenotypes differing significantly from
each other (p < 0.001).

Differences in HRQoL between phenotypes

Figure 2 shows the distribution of the level of problems experienced
on the EQ-5D-5L dimensions by phenotype. For each of the five
dimensions, participants in phenotype 3 reported significantlymore
problems than participants in phenotypes 1 and 2 (Supplementary
Table 3). Most problems were experienced for usual activities. The
largest differences between phenotypes were seen for self-care
between phenotype 1 and phenotype 3, with 28.0% and 50.1% of
the participants experiencing noproblems, respectively. Themedian
EQ-5Dutility (Figure 3) andEQ-VAS score (Figure 4) by phenotype
differed significantly (Supplementary Table 4), with the lowest
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scores for participants classified into phenotype 3. The median
EQ-5D utility score was 0.74 for phenotype 1, 0.66 for phenotype
2, and 0.50 for phenotype 3. The median EQ-VAS score was 60 for
phenotype 1, 51 for phenotype 2, and 40 for phenotype 3.

Differences in healthcare use between phenotypes

The median number of different healthcare providers consulted by
participants was the highest in phenotype 3, 7 (IQR = 4), and the
lowest in phenotype 1, 4 (IQR = 3) (Supplementary Table 5). The

Table 1. Socio-demographic and medical characteristics of participants (N = 8630)

Socio-demographic characteristics

Characteristic
Total (n(%),
n = 8630)

Phenotype 1
(n(%), n = 1116)

Phenotype 2
(n(%), n = 4437)

Phenotype 3
(n(%), n = 3077) p-value

Gender Male 1977 (22.9) 384 (34.4) 1147 (25.9) 446 (14.5) <.001

Female 6630 (76.8) 725 (65.0) 3279 (73.9) 2626 (85.3)

Other 14 (0.2) 5 (0.4) 7 (0.2) 2 (0.1)

Prefer not to say 9 (0.1) 2 (0.2) 4 (0.1) 3 (0.1)

Age Median (IQR) 48.0 (16) 51.5 (18) 49.0 (16) 47.0 (16)

Mean (SD) 47.4 (11.6) 49.9 (13.0) 47.9 (11.4) 45.9 (11.1) <.001

Age (years) 18–24 215 (2.5) 31 (2.8) 101 (2.3) 83 (2.7) <.001

25–34 1168 (13.5) 144 (12.9) 548 (12.4) 476 (15.5)

35–44 1893 (21.9) 174 (15.6) 963 (21.7) 756 (24.6)

45–54 2770 (32.1) 321 (28.8) 1420 (32.0) 1029 (33.4)

55–64 2199 (25.5) 320 (28.7) 1224 (27.6) 655 (21.3)

65–74 337 (3.9) 102 (9.1) 165 (3.7) 70 (2.3)

75+ 48 (0.6) 24 (2.2) 16 (0.4) 8 (0.3)

Education level Low 1012 (11.7) 151 (13.5) 515 (11.6) 346 (11.2) <.001

Middle 2977 (34.5) 304 (27.2) 1521 (34.3) 1152 (37.4)

High 4625 (53.6) 660 (59.1) 2392 (53.9) 1573 (51.1)

Unknown 16 (0.2) 1 (0.1) 9 (0.2) 6 (0.2)

Ethnicity Dutch 8300 (96.2) 1085 (97.2) 4293 (96.8) 2922 (95.0) 0.055

Other 303 (3.5) 30 (2.7) 131 (2.9) 142 (4.6)

Prefer not to say 27 (0.3) 1 (0.1) 13 (0.3) 13 (0.4)

Medical characteristics

Other chronic conditions No other chronic conditions 4603 (53.3) 655 (58.7) 2436 (54.9) 1512 (49.1) <.001

Other chronic conditions 4027 (46.7) 461 (41.3) 2001 (45.1) 1565 (50.9)

Body mass index Underweight (<18.5 kg/m2) 126 (1.5) 24 (2.2) 38 (0.9) 64 (2.1) <.001

Healthy weight (18.5–25 kg/m2) 3527 (40.9) 528 (47.3) 1751 (39.5) 1248 (40.6)

Overweight (25–30 kg/m2) 2917 (33.8) 360 (32.3) 1580 (35.6) 977 (31.8)

Obesity (>30 kg/m2) 2058 (23.8) 204 (18.3) 1067 (24.1) 787 (25.6)

Unknown 2 (0.0)

Time since SARS-CoV-2 infection Median (IQR) 14.0 (13) 14.0 (13) 14.0 (12) 15.0 (12)

Mean (SD) 14.46 (6.850) 14.36 (7.0) 14.01 (6.7) 15.14 (6.9) <.001

Hospital admission Yes 744 (8.6) 106 (9.5) 366 (8.2) 272 (8.8) 0.358

No 7886 (91.4) 1010 (90.5) 4071 (91.8) 2805 (91.2)

ICU admission Yes 198 (2.3) 44 (3.9) 99 (2.2) 55 (1.8) <.001

No 546 (6.3) 62 (5.6) 267 (6.0) 217 (7.1)

Vaccination Yes 7958 (92.2) 1038 (93.0) 4167 (93.9) 2753 (89.5) <.001

No 592 (6.9) 66 (5.9) 237 (5.3) 289 (9.4)

Prefer not to say 80 (0.9) 12 (1.1) 33 (0.7) 35 (1.1)
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percentage of participants who mentioned consulting any health-
care provider is the highest in phenotype 3 and the lowest in
phenotype 1 for each of the listed healthcare providers (Figure 5).
The average number of consultations per healthcare provider dif-
fers among the phenotypes (Supplementary Figure 2).

Discussion

In this cross-sectional study of individuals with PCC, eight symp-
tom patterns and three phenotypes were identified. These three

Figure 1. Principal component loading per phenotype.

Table 2. Number of reported symptoms by phenotype

Cohort
Phenotype

1
Phenotype

2
Phenotype

3 p-value

Mean (SD) 17.71 (6.14) 9.32 (3.91) 15.36 (3.24) 24.14 (3.19) <.001

Median (IQR) 18 (9) 9 (5) 16 (5) 24 (4)

Minimum 0 0 6 16

Maximum 33 19 22 33

Figure 2. EQ-5D-5L dimensions by phenotype.
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phenotypes were driven by number of symptoms, rather than
symptom pattern. As a result, each symptom pattern was present
in each of the phenotypes identified. The main difference between
the three phenotypes was the number of reported symptoms. In the
phenotype with the highest number of symptoms, HRQoL was the
poorest and healthcare use was the highest.

This finding is consistent with the results of a study by Bowyer
et al. (2023) in which data from 9 longitudinal studies were used in a
latent class analysis. Based on an extensive set of symptoms, they
identified two patterns, one with a low prevalence of symptoms and
the other with a higher prevalence of symptoms [27]. Other studies
that aimed to identify symptom clusters of patterns yielded differ-
ent results. Deep et al. (2021) found that clinical manifestation of
PCC varies and has a wide range of symptoms. Yelin et al. (2022)
found six symptom patterns based on the type of symptoms
[26]. These symptom patterns are similar to the symptom patterns
that we identified in our study through PCA. The current study
used a principal component analysis followed by a K-means cluster
analysis, yielding different final phenotypes. Furthermore, a

Bayesian meta-regression of 54 studies and 2 medial record data-
bases also found patterns based on the type of symptoms [3]. The
Global Burden of Disease Long COVID Collaborators (2022) pre-
defined clusters (persistent fatigue with bodily pain or mood
swings, cognitive problems, or ongoing respiratory problems)
and calculated the proportion of patients fitting in at least one of
those clusters [36]. Another reason for the discrepancy in results
may be the time between initial COVID-19 infection and data
collection. The studies by Yelin et al. (2022) and the Global Burden
of Disease Long COVID Collaborators (2022) reported a shorter
time duration between infection and data collection than our study,
with a median of 14 months. Furthermore, both studies used a
shorter list of symptoms than the current study.

Additionally, this study compared socio-demographic andmed-
ical background characteristics, HRQoL, and healthcare use across
the three phenotypes. The duration of PCC was slightly longer
in the phenotype with a higher number of symptoms. This in line
with the findings of the study by Bowyer et al. (2023), where the
cluster with a higher burden appeared to be more common in

Figure 3. Descriptive statistics of the EQ-5D utility score by phenotype.
X denotes mean, the line in the box denotes median, the box is the interquartile range, and the whiskers are theminimum andmaximum points with outliers removed and depicted
as dots.

Figure 4. Descriptive statistics of the EQ-VAS score by phenotype.
X denotes mean, the line in the box denotes median, the box is the interquartile range, and the whiskers are theminimum andmaximum points with outliers removed and depicted
as dots.
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individuals who had a COVID-19 infection more than 12 weeks
before the study. There was no difference in the hospital admission
rates between the phenotypes. The phenotype with the highest
median number of symptoms had a higher percentage of female
participants than the other two phenotypes and the study popula-
tion, whereas in the phenotype with the lowest median number of
symptoms, the percentage of males was higher than that in the
study population. Bowyer et al. (2023) reported that the symptom
pattern with a higher symptom burden ismore common in females;
this is coherent with our findings.

Results showed that participants in the phenotype with the
highest number of symptoms have a lower vaccination rate than
the other phenotypes. A study by Strain et al. (2022) showed a
reduction of symptoms in patients with PCC after vaccination. The
majority of the participants was vaccinated after their initial SARS-
CoV-2 infection, while others were vaccinated before their initial
SARS-CoV-2 infection. The vaccination rate in all three phenotypes
is high compared to the vaccination rate in the Netherlands as a
whole (82.1%) [37]. Even with a high vaccination rate in each of the
phenotypes, it could be possible that the lower vaccination rate in
this phenotype contributed to the high number of symptoms.

For the majority of participants in each of the phenotypes, no
single dominant strain can bemarked.When a dominant strain was
found, Alpha was most found for each of the phenotypes. Results of
a meta-analysis of PCC caused by different strains of SARS-CoV-2
including 51 studies show that the wild-type and different strains
could all cause PCC [38]. In addition, generally, no differences in
presentation of PCC were found between the different strains [38].

As expected, participants in the phenotype with the highest
median number of symptoms experienced the worst HRQoL. The
prevalence of problems on the EQ-5D-5L dimensions in the study
population and the three phenotypes was higher than the

prevalence of problems described in a meta-analysis of 12 studies
on the HRQoL of PCC patients [20], indicating that the HRQoL is
lower in the current study.

With the data from the current study, it is not known whether
symptoms are solely caused by PCC or whether symptoms are, at
least partly, caused by the indirect impact of the COVID pandemic,
that is governmental measures against the spread of COVID-19,
such as lockdown and quarantine measures, on health and well-
being of the population. Wang et al. (2021) used a chain mediation
model to show that the perceived impact of the COVIDpandemic is
a sequential mediator between symptoms and mental health out-
come [39]. This could also be the case for the current study with
HRQoL as the outcome.

Additionally, the mean score on the EQ-VAS in the study
population and all three phenotypes was lower than the pooled
EQ-VAS score reported in the meta-analysis [20]. These differ-
ences in findings may be due to a difference in the definition of
PCC that was used. In this study, symptoms needed to be occur-
ring for 3 months or longer after initial COVID-19 infection,
whereas the study by Malik et al. did not include a restriction
on the duration of symptoms. Moreover, the differences in find-
ingsmay be due to differences in the study population. The studies
included in the meta-analysis reported on participants who have
been hospitalised with a COVID-19 infection, whereas only a
small proportion of the participants in our study population has
been hospitalised with COVID-19 infection, but they were regis-
tered in a long COVID-19 registry. The patients registered in the
C-support long COVID-19 registry are generally patients with a
healthcare demand. Compared to the results of a cross-sectional
study among non-hospitalised PCC patients, the current study
found similar HRQoL outcomes [40]. The phenotype with fewer
complaints scored slightly higher on the EQ-VAS in our study

Figure 5. Percentage of participants who consulted each healthcare provider by phenotype.

Epidemiology and Infection 7



than that in Meys et al. (2020), whereas the phenotypes with an
average or a higher number of complaints scored slightly lower on
the EQ-VAS. EQ-VAS scores for each of the phenotypes, as well as
EQ-5D utility scores, were lower than the scores for the general
population with COVID-19 [41]. Furthermore, when comparing
EQ-VAS and EQ-5D utility scores of persons with post-COVID
conditions to those of persons living with other medical condi-
tions, it can be seen that each phenotype scores were lower on the
EQ-VAS or EQ-5D utility in the study population than in patients
suffering from diabetes [42], human immunodeficiency virus
(HIV) [43], respiratory disease [44], dengue fever [45], and skin
disease [46].

This study found that participants with PCC consulted between
0 and 21 healthcare providers, with a median of 6 healthcare
providers. These results were in line with other studies advising a
multi-disciplinary approach for PCC [24, 25]. A relatively high
healthcare use was found in this study, which is supported by a
study by Hedberg et al. (2022) which showed an increase in
healthcare use by PCC patients in the 12 months after acute
infection compared to that before COVID-19 infection [47]. Parti-
cipants in the phenotype with fewer symptoms consulted fewer
healthcare providers than those with more symptoms.

For future studies, it is recommended that a wide variety of
symptoms experienced by PCC patients should be taken into
account when investigating the long-term effects of COVID-19
and different phenotypic presentations of PCC should be further
investigated. This could include taking into account differences in
time since SARS-CoV-2 infection or gender. In addition, a clear
definition of PCC is needed for coherent research into the causes,
impact, and treatment of PCC. This study yet again highlights the
complexity of PCC and the variety and amount of symptoms
experienced by those suffering from PCC. Even though this study
cannot provide a clear definition of what PCC entails, we hope the
results of this study add to understanding PCC and its different
phenotypes.

Strengths and limitations

Themost important strengths of this study include the large sample
size of patients with PCC and the wide range of symptoms. Fur-
thermore, using the combination of PCA and K-means clustering is
a strength because both symptom patterns and PCC phenotypes
were identified. Additionally, the link between symptom pheno-
types and the outcomemeasuresHRQoL and healthcare use adds to
the existing literature on PCC clusters and subtypes. Insights into
HRQoL and healthcare use of patients in different PCC phenotypes
can help get a better understanding of PCC. The knowledge of PCC
and different phenotypes or subgroups can be a basis for further
research into healthcare and support needs of PCC patients. This
could possibly help tailor care and support for patients with PCC,
more to the specific needs of the phenotypes.

This study has several limitations. First, the study population
might not be representative of the entire population of patients with
PCC. The study population seems to underrepresent mostly or fully
recovered patients, and patients with low numbers of PCC symp-
toms. PPC patients need to register at C-support themselves; there-
fore, mostly patients who are actively looking for help are included
in this study. These are likely patients withmost symptoms and also
patients who are capable of finding C-support. Furthermore,
although this study identified phenotypes based on the presence
of symptoms, the severity of symptoms was not taken into account.
A second limitation is the non-response bias and selection bias,

which were possibly introduced in this study, especially in those
with a longer time since COVID-19 infection. PCCpatients who are
mostly or fully recovered might be less inclined to fill out the
questionnaire or they were not part of the C-support PCC registry.
Furthermore, patients might be less likely to fill out the extensive
questionnaire when they experience a lot of cognitive symptoms.
This may have resulted in a very specific groups of PCC patients
with severe symptoms having been included in this study. A non-
response analysis was not performed because the data needed for
this were not available; therefore, characteristics of patients who
were invited to participate in this study but did not is not available.
Another limitation is recall bias, especially in participants with a
longer time between COVID-19 infection and data collection. It
could be difficult to recollect all the symptoms they experienced
over the entire period that they have been living with PCC, and
therefore, it could be difficult to answer questions about the entire
period of PCC. Furthermore, the way in which the questions about
having symptoms were posed could pose a limitation. Respondents
were asked which symptoms they had had since COVID-19 infec-
tion. Therefore, it is unknown whether all reported symptoms were
present simultaneously and at the moment of filling out the ques-
tionnaire. Another limitation is not taking sex-specific symptoms
into account. Menstrual complaints were included in the analyses
of this study that included both men and women, even though
menstrual complaints are a sex-specific symptom experienced by
15.7% of the total study population. Additionally, all patients were
included in analysis, regardless of the time between SARS-CoV-2
infection and data collection. Therefore, it is unclear whether
phenotype deferrers based on duration of PCC.

Conclusion

In conclusion, patients with PCC experience a large variety of
symptoms to a greater or lesser degree. Three specific phenotypes
were identified based on symptom groups and differ in the number
of symptoms patients experience. In the phenotype with partici-
pants who experience a higher number of symptoms, a lower
HRQoL and higher healthcare use are found. This suggest there
is a relationship between the number of symptoms andHRQoL and
healthcare use. With these findings in mind, additional studies into
specific healthcare needs and treatment strategies are needed to
tailor treatment plans to patient’s needs.
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