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Objectives: Knowledge is limited on how changing SARS-CoV-2 variants may translate into different char- 

acteristics and affect the prognosis of patients with long COVID, especially following Omicron variants. We 

compared long-term prognosis of patients in a Danish Post-COVID Clinic infected with wild-type strain, 

Alpha, Delta, or Omicron variants as well as the pre-Omicron compared to the Omicron period. 

Methods: At enrollment, a Post-COVID symptom Questionnaire (PCQ), and standard health scores, were 

registered and repeated four times until 1.5 years after infection. PCQ was the primary outcome to assess 

the severity of long COVID, and Delta PCQ to assess failure to improve. 

Results: A total of 806 patients were enrolled. Patients infected with Omicron and Delta variants pre- 

sented with more severe long COVID (median PCQ 43 in Delta vs 38 in wild-type, P = 0.003) and health 

scores (EuroQol five-dimension five-level-index was 0.70 in Omicron vs 0.76 in wild-type, P = 0.009 and 

0.78 pre-Omicron, P = 0.006). At 1.5 years after infection, patients had no clinically meaningful decline 

in severity of long COVID, and 57% (245/429) of patients failed to improve 1.5 years after infection, with 

no differences between variants. 

Conclusion: More than half of patients referred to a Post-COVID Clinic failed to improve in long COVID 

severity 1.5 years after infection regardless of variants of SARS-CoV-2. 

© 2023 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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More than 3 years after the first COVID-19 cases, several pa- 

ients suffer from post-infectious health effects called long COVID 

 1 , 2 ]. These sequelae have been defined as symptoms persisting 

ore than 3 months after initial COVID-19 [3] . Fatigue, concen- 

ration difficulties, shortness of breath, and myalgia are among 

he numerous symptoms associated with long COVID [ 1 , 4 , 5 ]. It

as early documented, that Omicron infection resulted in a milder 

cute course compared to previous variants [6] , and understanding 

he risk and the characteristics of long COVID symptoms following 

hanging variants has been of great interest for planning preven- 

ion and rehabilitation strategies. Overall, studies have documented 

ong COVID following all variants, with a lower risk after infection 
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n the Omicron period [ 4 , 7–12 ], although definitions of long COVID

nd study populations vary [ 11 , 13 ]. Three large European studies 

howed significantly reduced risk of long COVID among Omicron 

ompared to Delta-infected individuals [7] , or to previous variants 

n both vaccinated as well as unvaccinated individuals [14] , as well 

s comparing patients who received a long COVID diagnosis be- 

ween variants [8] . 

Comparing long COVID symptoms across variant periods is not 

nambiguous. A systematic review from 2022 suggested individ- 

als may have fever symptoms following Omicron compared to 

nfection with previous variants [9] , while a meta-analysis by Du 

t al. found no significant differences in long COVID symptoms 

mong different variants, except for general symptoms and sleep 

roblems [5] . Diexer et al. [14] show equal severity grade of 24 

ndividual symptoms in participants with long COVID except for a 

ower risk of smell and taste disorders following Omicron infection 

ompared to previous variants, and Magnusson et al. [12] found 

qual burden of long COVID symptoms following Omicron and 
us Diseases. This is an open access article under the CC BY-NC-ND license 
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elta infection, except for myalgia. A cluster analysis of 308 in- 

ividuals with long COVID also showed similar symptom patterns 

cross variants [13] , while the RECOVER study found milder long 

OVID symptoms following Omicron compared to the pre-Omicron 

eriod, with similar symptom frequencies but differences in brain 

og, GI symptoms, and palpitations [4] . 

Long COVID may improve gradually over time as documented 

n population prevalence and cohort studies [ 1 , 15 , 16 ], but the es-

imated risk of failure to improve and outcome measures of per- 

isting long COVID differs. A prospective study found that 17% of 

ndividuals infected with wild-type SARS-CoV-2 had not recovered 

fter 24 months [15] . However, in a patient cohort, recovery rate 

f long COVID was only 8% during a period of 23 months [16] . A

eta-analysis previously estimated that collectively 15% of patients 

ould have long COVID after 1 year [17] . 

In Denmark, patients with complex and prolonged long COVID 

re referred to multidisciplinary regional clinics [ 18 , 19 ]. Risk de- 

eloping long COVID in all variants was documented, but in these 

ore severely affected patients, we need to establish the progno- 

is beyond 1 year and the risk of failure to improve, particularly 

ollowing the most recent occurring variants of concern. Prognos- 

ic data are needed to target research, and treatment, as well as 

nformation to patients with long COVID. 

We investigated the long-term prognosis of long COVID 

hroughout the pandemic among patients referred to a regional 

ost-COVID Clinic, and reported characteristics and trajectories of 

ong COVID in these more severely affected patients with long 

OVID during a period of 1.5 years after being infected with either 

he wild-type strain, Alpha, Delta, or Omicron variants of SARS- 

oV-2. We used a Post-COVID symptom Questionnaire (PCQ) score 

18] as the primary outcome measure and standardized health 

cores as the secondary measures of long COVID severity. 

ethods 

etting 

The Post-COVID Clinic at Aarhus University Hospital (AUH) cov- 

rs an uptake area of 1 million people. Patients with complex 

nd prolonged symptoms following COVID-19 were referred to the 

linic by their general practitioner (GP). The diagnosis long COVID 

as based on a history of probable or confirmed SARS-CoV-2 in- 

ection, with symptoms persisting at least 12 weeks from onset of 

OVID-19, which could not be explained by an alternative diag- 

osis in accordance with the World Health Organization definition 

nd Danish guidelines [ 3 , 19 ]. 

ata collection and analyses 

Patients were included in a Post-COVID cohort previously de- 

cribed [18] . Demography and medical history were entered from 

he patient file into the Research Electronic Data Capture (REDCap) 

atabase, along with PCQ and health scores registered at the first 

linic visit at a median of 7 (interquartile range [IQR] 4-11) months 

fter infection, which were repeated online 6, 12, 24, and 48 weeks 

ater at a median of 8 (IQR 6-12), 10 (IQR 7-14), 12 (IQR 10-16)

nd 18 (IQR 15-22) months after SARS-CoV-2 infection, hereafter 

eferred to as 7, 8, 10, 12 and 18-month follow-up after infection, 

espectively. The upper range of follow-up was 35 months after in- 

ection. The PCQ score was constructed from 31 individual symp- 

oms and used as the primary measure of severity of long COVID. 

CQ has previously been shown to correlate with severity in stan- 

ardized health scales [18] . Individual and organ-specific symptom 

cores were calculated as previously described, and standardized 

ealth scores were used as the secondary measures of long COVID 

everity: functional disability (Post-COVID Functional Status Scale 
127 
PCFS]); fatigue (Fatigue Assessment Scale [FAS]); as well as health- 

elated quality of life (EQ-VAS 1-100 and EQ-5D-5L-index) [18] . At 

he first clinic visit, at 7 months after infection, symptoms during 

he acute phase were registered as present or not present, which 

id not yield a score for comparison with the PCQ during follow- 

p. 

Patients were grouped according to time periods with trans- 

ission of predominant SARS-CoV-2 variants. After an emerging 

ariant had been detected in the population, this new variant 

oon became the almost exclusively occurring variant [20] . Date 

f symptom onset was registered at the first clinic visit, and ver- 

fication was made that symptom onset and date of SARS-CoV-2 

ositive polymerase chain reaction (PCR) test were consistent. Pa- 

ients were grouped in variant groups according to symptom on- 

et in time periods with transmission of predominant SARS-CoV-2 

ariant, decided by the date the variant accounted for more than 

0% of the SARS-CoV-2 PCR positive test results in Denmark. Thus, 

he wild-type period occurred before 13 February 2021, followed 

y the Alpha period until 28 June 2021, and then the Delta pe- 

iod until 17 December 2021, ending with the Omicron period un- 

il 3 months before the end of study inclusion on 31 August 2022. 

nd of study period was decided by the epidemic curve of Omicron 

n Denmark [20] plus the 12-week time period after infection; the 

2-week period was defined as a criterion for referral to the Post- 

OVID Clinic [19] . The patient groups will hereafter be referred to 

s wild-type, Alpha, Delta, and Omicron period, respectively. Com- 

arison of variant periods was made by comparing each variant 

o the wild-type period and comparing Omicron to pre-Omicron 

wild-type, Alpha, and Delta) variant periods. A PCQ above the me- 

ian of 35 was considered severe long COVID. In explorative analy- 

es, the most severely affected patients had a PCQ score above the 

edian (PCQ > 35), moderately/severely affected functional level 

PCFS 3-4), extreme fatigue (FAS ≥35), and health-related quality 

f life below the median (EQ-VAS < 50, EQ5D index < 0.76) [18] . 

For evaluation of the prognosis of long COVID, we calculated 

elta values of symptom and health scores as the difference be- 

ween scores at 7 and 18 months after infection. For evaluation 

f “failure to improve” we used the minimal clinically important 

ifference (MCID) as the cut-off value. An MCID for PCQ has not 

reviously been determined, but we used an MCID of 7 based on 

tandardized scores with totals above 100 [21] . Standard MCDIs in 

econdary outcome measures were 1 in PCFS, 4 in FAS [22] , 7 in

Q-VAS [21] , and 0.08 in EQ5D-index [23] . 

Data were analyzed using Stata/MP 18. Frequency and median 

interquartile ranges [IQR]) were reported, and results were com- 

ared using univariate logistic regression analyses with the wild- 

ype period as the reference group and comparing Omicron with 

re-Omicron. Bonferroni corrections of significance level were cal- 

ulated due to multiple comparisons. Risk factors for “failure to im- 

rove” were evaluated in univariate as well as multivariate analy- 

es. Adjustment was made for demographic variables which dif- 

ered significantly between periods with the different variants. 

esults 

emographic characteristics 

In total, 936 patients were referred to the Post-COVID Clinic; 

nd 806 (86%) patients were enrolled in this study. In total, 70% 

f the patients were females with a median age of 48 (IQR 37- 

6) years. Patients had a positive SARS-CoV-2 test in 97% of cases 

90% PCR positive and 8% only SARS-CoV-2 spike Immunoglobu- 

in G antibody positive). In the study cohort, 69% (556/804) of 

atients were infected during the wild-type period, whereas 9% 

73/804), 7% (59/804), and 15% (118/804) were infected in the Al- 

ha, Delta, and Omicron periods, respectively. Patients had their 
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Table 1 

Characteristics of patients infected in time periods of predominant SARS-CoV-2 variants. 

All patients 

N = 806 

Wild-type 

n = 556 

Alpha 

n = 73 

Delta 

n = 59 

Omicron 

n = 118 

Time from symptom onset, median (IQR) 7 (4-11) 9 (5-11) 7 (6-9) 4 (3-6) c 4 (3-5) c 

Positive test a , % 97 96 99 100 100 

Positive PCR test, % 9 89 90 92 97 

Sex (male), % 30 30 36 31 27 

Age in years, median (IQR) 48 (37-56) 48 (38-56) 47 (35-59) 44 (35-55) 46 (36-56) 

Another ethnicity than Danish, % 10 9 15 17 8 

Hospitalized b , % 10 12 14 5 4 

Charlson comorbidity index > 1, % 16 16 19 17 14 

Previous depression, % 15 15 7 14 19 

Body mass index ≥25, % 66 66 69 64 61 

Smoking, % 8 8 3 14 6 

Alcohol intake > 7 units/week, % 6 6 6 4 8 

IQR: interquartile range; PCR, polymerase chain reaction. 

Univariate logistic regression analyses were used to compare each variant to wild-type strain. Bold: Significance level P < 0.05. 
a SARS-CoV-2 PCR or SARS-CoV-2 spike immunoglobulin G antibody test. 
b Hospitalized in the acute phase of COVID-19. 
c Significant difference after Bonferroni correction ( P < 0.004) and after adjustment for time since infection and hospitalization. 
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rst clinic visit earlier after infection in the Delta and Omicron pe- 

iods (both with a median at 4 months) compared to the wild-type 

eriod, where patients attended their first clinic visit at a median 

 months after infection ( P < 0.001). Fewer patients were hospital- 

zed during the acute phase in the Omicron (4%) compared to the 

ild-type period (12%; P = 0.02). Age, sex, comorbidity level, body 

ass index, previous depression, smoking, and alcohol intake did 

ot differ between patients during the variant of concern periods 

ompared to the wild-type period ( Table 1 ). Compared to the pre- 

micron period patients were seen for their first clinic visit earlier 

fter infection and were less often hospitalized in the Omicron pe- 

iod (Supplementary Table 1). 

ymptoms and health scores at the first clinic visit: 7 months after 

nfection 

Patients infected in the Delta period presented with signifi- 

antly more severe long COVID with a mean PCQ of 43 (IQR 31-55) 

ompared to patients infected in the wild-type period with a mean 

CQ of 38 (IQR 28-49), P = 0.003. Patients infected in the Omicron 

eriod did not differ in PCQ (median 40 [IQR 29-52]) compared to 

ild-type patients (median 38 [IQR 28-49], P = 0.55) or to pre- 

micron patients (median 38 [IQR 28-49], P = 0.82), but patients 

nfected with Omicron had significantly more impaired functional 

evel (PCFS moderate to severe limitations in 49% vs 32% in the 

ild-type, P = 0.001, and vs 32%, P = 0.029 in the pre-Omicron 

eriod). Patients infected with Omicron had a lower health-related 

uality of life compared to the patients infected with wild-type 

VAS score below 50 in 61% vs 39%, P ≤0.001; EQ5D-index of 

.70 [IQR 0.56-0.81] vs 0.78 [IQR 0.65-0.85], P = 0.009) ( Table 2 ),

nd compared to patients infected in the pre-Omicron period (VAS 

core in pre-Omicron was below 50 in 40%, P < 0.001; and EQ5D- 

ndex median was 0.78 [IQR 0.64-0.86], P = 0.006, although non- 

ignificant after adjusting for hospitalization and time since symp- 

om onset) (Supplementary Table 2). 

Organ-specific symptom scores did not significantly differ when 

omparing Alpha, Delta, or Omicron to the wild-type period 

 Table 2 ) or comparing Omicron to pre-Omicron period (Supple- 

entary Table 2). The 31 individual symptom scores in patients 

nfected in the different variant periods are compared to the wild- 

ype and pre-Omicron period in Supplementary Figures 1-6. Com- 

ared to patients infected with the wild-type and to patients in- 

ected with pre-Omicron variants, patients in the Omicron period 

eported lower scores of disturbed sense of smell in the acute 

hase and at 7 months but not at 18 months follow-up. Omicron, 
128 
s well as Delta patients, tended to report higher physical exhaus- 

ion at 7 months, and patients infected with Omicron compared 

o pre-Omicron had lower scores of chest pain and higher scores 

f joint pain at 18 months follow-up, but these, as well as other 

ndividual symptom scores, did not differ between variants after 

onferroni correction (Supplementary Figures 1-6). 

rajectory of long COVID during long-term follow-up (1.5 years after 

nfection) 

Of the 806 patients completing a questionnaire at their first 

linic visit, at 7 months after infection, 551 (68%), 463 (57%), 466 

57%), and 443 (55%) patients, respectively completed the question- 

aire 8, 10, 12, and 18 months after SARS-CoV-2 infection. 

Overall, there was a significant reduction in median PCQ score 

rom 7 to 10 months after infection ( Figure 1 , Supplementary Fig- 

re 7), but the PCQ score then plateaued from 10 over 12 to 

8 months after SARS-CoV-2 infection. The overall median PCQ 

core declined from 38 (IQR 28-49) at 7 months to 36 (IQR 23- 

8) at 8 months, 33 (IQR 22-35) at 10 months, 33 (IQR 22-46) 

t 12 months, and 33 (IQR 22-46) at 18 months of follow-up. 

hen comparing the trajectory of Alpha, Delta, or Omicron to the 

ild-type strain there were no differences in median PCQ score 

uring follow-up ( Table 2 , Figure 1 ), and comparing Omicron to 

re-Omicron confirmed similar trajectory in patients infected with 

micron compared to previous variants (Supplementary Figure 7). 

ailure to improve during long COVID 

In Figures 2 and 3 , we present the Delta PCQ and health 

cores as a marker of improvement in long COVID from 7 to 18 

onths after infection. In total, 57% of individuals failed to improve 

bove the MCID of 7 in PCQ ( Figure 2 ) with 58%, 67%, 46%, and

4% in wild-type, Alpha, Delta, and Omicron variants, respectively 

 Table 2 ). Similar results were seen in the standardized health 

cores in which 64%, 58%, 54%, and 62% of all patients failed to 

mprove their PCFS, FAS, EQ-VAS, and EQ5D-index scores during 

ollow-up, respectively ( Figure 3 , Table 2 ). 

Comparing failure to improve between variants using standard- 

zed health scores, we found no significant differences comparing 

lpha, Delta, or Omicron variants to the wild-type strain ( Table 2 ). 

uring Omicron compared to pre-Omicron periods, failure to im- 

rove functional level (PCFS) was 61% vs 65%; failure to improve fa- 

igue (FAS) was 59% vs 57%; failure to improve health-related qual- 

ty of life was 44% vs 55% in EQ-VAS and 47% vs 65% in EQ5D-index

Supplementary Table 2). 
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Table 2 

Symptom and health scores during follow-up of patients infected 1.5 years previously, in time periods of predominant SARS-CoV-2 variants. 

All patients 

N = 806 

Wild-type 

n = 556 

Alpha 

n = 73 

Delta 

n = 59 

Omicron 

n = 118 

Seven months after infection 

CNS score, median (IQR) 9 (7-12) 9 (6-12) 9 (7-12) 10 (7-13) 10 (8-12) 

CP score, median (IQR) 5 (3-9) 5 (3-9) 5 (3-8) 5 (3-9) 6 (2-10) 

MS score, median (IQR) 8 (4-11) 8 (4-11) 6 (4-9) 10 (6-13) 9 (5-12) 

PCQ, median (IQR) 38 (28-49) 38 (28-49) 35 (25-48) 43 (31-55) b 40 (29-51) 

PCFS > 2, % 35 32 26 44 49 

FAS ≥35, % 58 57 57 62 62 

EQ-VAS < 50, % 43 39 32 55 61 b 

EQ5D index, median (IQR) 0.76 (0.62-0.85) 0.78 (0.65-0.85) 0.80 (0.66-0.89) 0.72 (0.57-0.80) 0.70 (0.56-0.81) 

18 months after infection 

CNS score, median (IQR) 7 (4-10) 7 (4-10) 7 (4-9) 7 (5-9) 8 (4-11) 

CP score, median (IQR) 4 (1-6) 4 (2-7) 3 (1-5) 2 (0-5) 3 (1-6) 

MS score, median (IQR) 7 (4-11) 8 (4-11) 5 (3-9) 6 (3-11) 8 (5-12) 

PCQ, median (IQR) 33 (22-46) 32 (22-47) 29 (18-38) 36 (20-41) 33 (23-45) 

PCFS > 2, % 29 29 16 29 39 

FAS ≥35, % 44 42 41 33 63 

EQ-VAS < 50, % 28 29 14 25 35 

EQ5D index, median (IQR) 0.81 (0.69-0.89) 0.81 (0.69-0.89) 0.87 (0.76-0.94) 0.80 (0.70-0.86) 0.79 (0.58-0.87) 

Failure to improve a 

Delta-CNS score < 0, % 36 38 36 21 32 

Delta-CP score < 0, % 36 38 44 33 22 

Delta-MS score < 0, % 51 53 46 46 44 

Delta-PCQ < 7, % 57 58 67 46 54 

Delta-PCFS < 1, % 64 65 69 58 61 

Delta-FAS < 4, % 58 58 60 46 59 

Delta-EQ-VAS < 7, % 54 58 39 42 44 

Delta-EQ5D-index < 0.08, % 62 64 74 54 47 

Central nervous system (CNS) score was the sum of headache, dizziness, short-term memory problems, concentration difficulties, and paresthesia scores. Cardiopulmonary 

(CP) score was the sum of dyspnea at rest, dyspnea at exercise, cough, chest pain, palpitation scores. Musculoskeletal (MS) score was the sum of joint pain, joint swelling, 

myalgia, muscle exhaustion, physical fatigue scores. PCQ: Post-COVID symptom Questionnaire. PCFS: Post-COVID-19 Functional Status Scale, FAS: Fatigue Assessment Scale. 

EQ-VAS: EuroQol visual analogue scale. EQ5D-index: EuroQol five-dimension five-level index. 
a Delta: Difference from 7 to 18 months after infection. Minimal clinically relevant difference: CNS-score < 0, CP score < 0, MS-score < 0, PCQ < 7, PCFS < 1, FAS < 4, EQ-VAS < 7, 

EQ5D-index < 0.08. IQR: inter quartile range. Univariate logistic regression analyses were used to compare each variant to wild-type strain. Bold: Significance level p < 0.05. 
b Significant difference after Bonferroni correction (p < 0.006) and after adjustment for time since infection and hospitalization. 

Figure 1. Trajectory of long COVID in variants. 

Median Post-COVID Questionnaire symptom (PCQ) score in long COVID patients infected in wild-type, Alpha, Delta, and Omicron variant dominated time periods, during 

follow-up at 7, 8, 10, 12, and 18 months after SARS-CoV-2 infection, compared using t-test and confirmed in non-parametric test, ∗P < 0.001. 
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Exploratively, we conducted analyses including only patients 

ith the most severe long COVID at baseline (PCQ > 35, PCFS 3- 

, FAS ≥35, EQ-VAS < 50, EQ5D-5L < 0.76). Failure to improve was 

een in 47%, 48%, 52%, 39%, and 43% of these patients in PCQ, PCFS, 

AS, EQ-VAS, and EQ5D-5L, respectively. 

Regression analyses found no effect of potential risk factors 

or failure to improve including sex, age, ethnicity, time since in- 
129 
ection, hospitalization during the acute phase, comorbidity, fever 

uring the acute phase, weight loss during the acute phase, pre- 

ious depression, body mass index, smoking, and alcohol intake 

Supplementary Table 3). 

Patients who dropped out of the study prior to 18 months of 

ollow-up were more often younger (48% vs 65% > 45 years) and 

ales (37% vs 24%). However, they did not differ in symptoms, 
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Figure 2. Failure to improve in patients with long COVID. 

Change in Post-COVID symptom Questionnaire (PCQ) score during follow-up in patients infected 1.5 years previously. Change in PCQ score: PCQ at clinical evaluation 7 

months after infection minus PCQ at 18 months of follow-up. Vertical dashed line: cut-off indicating failure to improve above the minimal clinically important difference of 

7. 

Figure 3. Failure to improve long COVID, using standardized health scores. 

Change in standardized health scores of functional disability, fatigue, and health-related quality of life during follow-up in patients infected with SARS-CoV-2 1.5 years 

previously. Change in PCFS score: PCFS at clinical evaluation (7 months) minus PCFS at 18 months after infection. Change in FAS score: FAS at 7 months minus FAS at 18 

months. Change in EQ-VAS score: EQ-VAS at 18 months minus EQ-VAS at 7 months. Change in EQ5D-index: EQ5D-index at 18 months minus EQ5D-index at 7 months. 

Vertical dashed line: cut-off indicating failure to improve above the minimal clinically important difference. 

EQ-VAS: health-related quality of life VAS score, EQ5D-index: health-related quality of life EQ-5D-5L index. FAS: Fatigue Assessment Scale, PCFS: Post-COVID Functional Scale. 
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ime since symptom onset, or health scores compared to partici- 

ants completing the 18-month questionnaire (Supplementary Ta- 

le 4). 

iscussion 

A post-COVID cohort of 806 patients with complex and pro- 

onged long COVID, infected during different waves of SARS-CoV- 
130 
 variants, were followed 1.5 years after initial SARS-CoV-2 infec- 

ion. The demographics of patients with long COVID did not change 

cross the SARS-CoV-2 variant periods, except for patients infected 

ith Omicron and Delta who were evaluated earlier after infec- 

ion compared to patients infected with the wild-type strain. The 

atients had similar severity of long COVID when comparing Al- 

ha, Delta, and Omicron periods to the wild-type period. Over- 

ll, mean PCQ declined from the first questionnaire at 7 until 10 
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onths after infection. However, this was not a clinically meaning- 

ul drop, and no further decline was seen until end of follow-up 

t 18 months. Additionally, we found no differences in PCQ dur- 

ng follow-up when comparing variants of concern to the wild- 

ype strain or Omicron to pre-Omicron variants. More than 50% 

f patients with long COVID did not improve during follow-up re- 

ardless of variants of SARS-CoV-2 including Omicron, and whether 

CQ or any other outcome measure were used to evaluation sever- 

ty. 

haracteristics of complex and prolonged long COVID during waves of 

ARS-CoV-2 variants 

This study documents that severe long COVID develops follow- 

ng infection with different SARS-CoV-2 variants—even the Omi- 

ron variant, which might be unexpected given the milder acute 

hase in this variant [6] . We found that patients infected in the 

micron period had equally severe long COVID, with no differ- 

nce in PCQ score and more severely affected health-related qual- 

ty of life compared to patients infected in the wild-type period 

nd compared to the pre-Omicron period. Of note, patients from 

he Alpha or Delta period reported similar long COVID severity. 

arious studies support a lower risk of developing long COVID fol- 

owing Omicron infection persisting at more than 28 days [7] , at 

0-126 days after acute disease [12] , at 112 days after infection 

8] , and at 6 months after acute infection [4] ; although the re-

uced risk following Omicron infection compared to previous vari- 

nts may disappear after adjusting for vaccine status [ 11 , 13 ]. How-

ver, while the risk of developing long COVID [ 7 , 12 ] and of getting

 long COVID diagnosis following Omicron is reduced [8] , as well 

s milder cases are seen [ 9 , 10 ], this study documents that some

ndividuals were diagnosed with long COVID and experienced long 

OVID of the same severity following Omicron infection compared 

o previous variants, which are potentially not captured in popula- 

ion studies and studies including milder cases. 

In Denmark, more than half of the population was infected with 

he Omicron variant (based on estimates from seroprevalence stud- 

es and PCR testing [24] ). A smaller percentage of individuals in 

enmark were infected with the original wild-type, Alpha or Delta 

ariants [24] , and it seems that a lower percentage of Omicron- 

nfected individuals were referred with complex and prolonged 

ong COVID compared to the other variants ( Table 2 ), though we 

ay not have seen all Omicron long COVID patients yet. Consider- 

ng the high percentage of the population infected with the Omi- 

ron variant, and Omicron constituting 15% in our present cohort, 

 substantial number of patients infected with the Omicron variant 

ay develop long COVID [ 7 , 8 , 11 , 12 ]. 

Looking into individual long COVID symptoms, we found that 

atients infected in the Delta and Omicron period tended to be 

ore physically exhausted. This is in accordance with other studies 

eporting more prevalent myalgia comparing Omicron and wild- 

ype infection [5] . Disturbed sense of smell was significantly less 

ommonly reported in patients infected in the Omicron period 

ompared to previous variants, which was not surprising given 

he less frequent loss of smell during the acute [25] and 3- 

onth follow-up phase, respectively [11] . Thus, results from this 

tudy support similar long COVID individual symptoms in different 

trains as reported previously [ 5 , 12 , 14 ]. 

rognosis of complex and prolonged long COVID during waves of 

ARS-CoV-2 variants 

In various studies, the prevalence of long COVID is reportedly 

educed over time [ 15 , 16 , 26 , 27 ]. However, the trajectory of symp-

oms in patients presenting with complex and prolonged long 

OVID is less clear. A review reports that 15% of patients still have 
131 
ong COVID at year 1 [17] , and a recent paper reports little im- 

rovement over time in most patients infected in wild-type, Alpha, 

nd Delta variants in the ComPaRe cohort [27] . It was therefore 

urprising that, in our cohort, half of the patients failed to experi- 

nce any improvement until 1.5 years after infection, regardless of 

ARS-CoV-2 variants and outcome measures. There was a statisti- 

ally significant drop in long COVID severity from 7 to 10 months 

fter infection, during which patients participated in rehabilitative 

reatment, which may have relieved some symptoms [28] . How- 

ver, the median PCQ score of long COVID severity dropped less 

han 7 points, which was considered the MCID, and there was no 

urther decline until 18 months after infection. Explorative analyses 

f the most severely affected long COVID patients confirmed that 

0% failed to improve. In the ComPaRe cohort, 94 patients were 

egistered with highly persistent symptoms, who may resemble 

ur cohort, although this group included patients who were more 

ften hospitalized, had more comorbidity and included no patients 

nfected with Omicron [27] . In patients diagnosed with long COVID 

ecovery may be limited and primarily seen in less symptomatic 

atients [16] . Collectively, it is important to distinguish results that 

re from studies on mild to those on severe long COVID. 

In some patients, long COVID may last for more than 2 years 

fter infection [ 15 , 16 , 27 ], which is supported by our data. Neuro-

ogical sequelae [29] and indications of brain damage have been 

hown 3 months after infection among patients with long COVID 

30] . We previously reported myopathy and muscle histopathology 

n patients with long COVID [31] . Thus, it seems that in some pa-

ients, long COVID is a chronic debilitating disease. In accordance 

ith previous studies [5] , we did not find different patterns of long 

OVID comparing variants of concern to the wild-type strain, sug- 

esting a systemic disease with a common underlying pathophysi- 

logical mechanism. 

trengths and limitations 

Referral patterns from the GP to the Post-COVID Clinic 

ay have influenced the results. The availability of SARS-CoV- 

 tests, patients´health literacy, and the GP as well as the pa- 

ients´evaluation of whether symptoms were due to long COVID 

ay have affected ref erral patterns. Patients in this study may only 

resent a fraction of patients affected by long COVID, as informa- 

ion about this condition has not been systematically disseminated 

ithin the healthcare system. A longer duration of symptoms was 

n unavoidable fact among patients infected during the wild-type 

eriod, as long COVID services were only officially established in 

ebruary 2021 at AUH. However, adjusting for the duration of 

ymptoms did not change interpretation of results ( Table 2 , Sup- 

lementary Table 2). Patient characteristics (sex, age, education) 

ay influence patient-reported information, but despite younger 

ales, and patients of another ethnicity than Danish more fre- 

uently dropping out, baseline symptoms and health scores did 

ot differ when comparing these dropouts with participants. Re- 

all bias may have been introduced as patients were asked to re- 

ort symptoms over the past 4 weeks when completing the on- 

ine questionnaire. However, we found no reason to suspect that 

his recall bias varied between the questionnaire administered at 7 

o the one administered at 18 months. Sample sizes of Alpha and 

elta variant groups were small, possibly limiting statistical signif- 

cance of comparisons. We conducted analyses comparing patients 

nfected with Omicron to pre-Omicron variants to account for this. 

COVID-19 vaccination reduces the risk of long COVID [ 2 , 4 , 32 ].

e do not report vaccine status, but Denmark had a 90% vaccine 

overage (two doses) before the Omicron period in age groups in- 

luded in this study [33] . Despite this, Omicron cases with severe 

ong COVID were observed. Vaccinations during follow-up may 

ave temporarily affected symptom and health scores, but long- 
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erm beneficial or adverse effects of vaccines on long COVID symp- 

oms have not been established [ 2 , 32 ] reducing the likelihood of

accine-related impacts on the 1.5-year prognosis. 

Reinfection increases long COVID risk, with cumulative risk for 

epeated infections [ 32 , 34 ]. In this study we did not register rein-

ections. Few in Denmark were infected before the Omicron epi- 

emic, as mentioned above, and most experienced their primary 

nfection during that period [24] . Further, in this study, patients 

ere grouped according to symptom onset. However, while the in- 

ecting variant at the symptom onset was registered, we cannot 

ule out that previous or subsequent infections may have wors- 

ned symptoms. 

Medical treatment might have alleviated some symptoms, but 

o treatment with proven effect on long COVID symptoms was 

rovided. Paxlovid, which may prevent long COVID [35] , became 

vailable in Denmark after inclusion in the present study and is 

rescribed for risk patients only. 

The wild-type strain period consisted of several sub-lineages, 

hereas the Alpha and Delta variant periods consisted almost ex- 

lusively of sub-lineages B.1.1.7 and AY.122, respectively. In the 

micron period, we included patients from time periods where 

A.1 and BA.2 subtypes were predominant in Denmark [20] . In this 

tudy, we do not compare sub-lineages and cannot exclude that 

ome of these may have accounted for an increased number of re- 

erred patients and different manifestations of long COVID. 

Varying definitions of long COVID and study populations make 

t difficult to conclude characteristics and prognosis during waves 

f SARS-CoV-2 variants. However, we systematically collected data 

rom a large patient cohort of the more severely affected patients, 

ith a high participation rate (86%), and we have documented se- 

ere long COVID 1.5 years after infection and failure to improve 

rom long COVID among all SARS-CoV-2 variants. 

onclusion 

During the different waves of SARS-CoV-2 variants, patients re- 

erred to a Danish Post-COVID Clinic at a university hospital pre- 

ented with similar characteristics, symptoms, and severity of long 

OVID. In all variants, more than half of patients failed to improve 

uring follow-up 1.5 years after SARS-CoV-2 infection. We sug- 

est the search for long COVID treatment options focus on these 

everely affected patients to develop future new treatments, which 

e believe will be effective across all SARS-CoV-2 variants. 

eclarations of competing interest 

The authors have no competing interests to declare. 

unding 

This work was supported by the Novo Nordisk foundation 

 NNF21OC00 6 6984 to L.Ø.]; and Central Denmark Region Research 

oundation [ A3770 to J.A.]. 

thical approval 

The study was approved by the Data Protection Authorities in 

entral Denmark Region (# 1-16-02-4-21). Written informed con- 

ent was obtained from all participants. 

cknowledgments 

We acknowledge the contribution from members of the Multi- 

isciplinary Systematic Investigation and Experimental Treatment 

f Long-Term COVID-19 Illness (MULTICOV) study group: Henning 

ndersen, Jane Agergaard, Helene Flø Calmar, Jesper Damsgaard 
132
unst, Johan Palmfeldt, Kristoffer Skaalum, Lars Jørgen Østergaard, 

ine Vibholm, Martin Mølhave, Rikke Katrine Jentoft Olsen, Sofie 

g Jørgensen, Steen Hvitfeldt Poulsen, Steffen Leth, Søren Sper- 

ing Haugen, Thomas Harboe, Trine Mogensen, William Ullaham- 

er, Won-Yong Kim. 

uthor contributions 

Conceptualization: J.A., L.Ø. Data curation: J.A. J.D.G. Study de- 

ign: J.A., B.S.C., L.Ø., C.W. Data collection: J.A., B.S.C. Data analy- 

es: J.A. Interpretation of data J.A., J.D.G., B.S.C., C.W. Drafting the 

anuscript: J.A. Critical revision of the manuscript: J.A. J.D.G, B.C., 

.Ø., C.W. Final approval of manuscript: J.A. J.D.G, B.S.C., L.Ø., C.W. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.ijid.2023.10.022 . 

eferences 

[1] Ballering AV, van Zon SKR, Olde Hartman TC, Rosmalen JGM. Persistence of 

somatic symptoms after COVID-19 in the Netherlands: an observational cohort 

study. Lancet 2022; 400 :452–61. doi: 10.1016/S0140-6736(22)01214-4 . 
[2] Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major findings, mecha- 

nisms and recommendations. Nat Rev Microbiol 2023; 21 :133–46. doi: 10.1038/ 
s41579- 022- 00846- 2 . 

[3] Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV. A clinical case defi- 
nition of post-COVID-19 condition by a Delphi consensus. Lancet Infect Dis 

2022; 22 :e102–7. doi: 10.1016/S1473-3099(21)00703-9 . 
[4] Thaweethai T, Jolley SE, Karlson EW, Levitan EB, Levy B, McComsey GA, et al. 

Development of a definition of postacute sequelae of SARS-CoV-2 infection. 

JAMA 2023; 329 :1934–46. doi: 10.1001/jama.2023.8823 . 
[5] Du M, Ma Y, Deng J, Liu M, Liu J. Comparison of long COVID-19 caused by dif-

ferent SARS-CoV-2 strains: a systematic review and meta-analysis. Int J Environ 
Res Public Health 2022 1916010. doi: 10.3390/ijerph192316010 . 

[6] Wise J. Covid-19: symptomatic infection with Omicron variant is milder and 
shorter than with Delta, study reports. BMJ 2022; 377 o922. doi: 10.1136/bmj. 

o922 . 

[7] Antonelli M, Pujol JC, Spector TD, Ourselin S, Steves CJ. Risk of long 
COVID associated with Delta versus Omicron variants of SARS-CoV-2. Lancet 

2022; 399 :2263–4. doi: 10.1016/S0140- 6736(22)00941- 2 . 
[8] Hedberg P, Nauclér P. Post COVID-19 condition after SARS-CoV-2 infections 

during the Omicron surge compared with the Delta, Alpha, and wild-type pe- 
riods in Stockholm, Sweden. J Infect Dis 2023. doi: 10.1093/infdis/jiad382 . 

[9] Fernandéz-de-Las-Penas C, Notarte KI, Peligro PJ, Velasco JV, Ocampo MJ, 

Henry BM, et al. Long-COVID symptoms in individuals infected with different 
SARS-CoV-2 variants of concern: a systematic review of the literature. Viruses 

2022; 14 :2629. doi: 10.3390/v14122629 . 
[10] Kahlert CR, Strahm C, Güsewell S, Cusini A, Brucher A, Goppel S, et al. Post-

acute sequelae after severe acute respiratory syndrome coronavirus 2 infection 
by viral variant and vaccination status: a multicenter cross-sectional study. Clin 

Infect Dis 2023; 77 :194–202. doi: 10.1093/cid/ciad143 . 

[11] Gottlieb M, Wang RC, Yu H, Spatz ES, Montoy JC, Rodriguez RM, et al. Se-
vere fatigue and persistent symptoms at 3 months following severe acute res- 

piratory syndrome coronavirus 2 infections during the pre-Delta, Delta, and 
Omicron time periods: a multicenter prospective cohort study. Clin Infect Dis 

2023; 76 :1930–41 1/27/. doi: 10.1093/cid/ciad045 . 
12] Magnusson K, Kristoffersen DT, Dell’Isola A, Kiadaliri A, Turkiewicz A, Run- 

haar J, et al. Post-COVID medical complaints following infection with SARS- 

CoV-2 Omicron vs Delta variants. Nat Commun 2022; 13 :7363. doi: 10.1038/ 
s41467- 022- 35240- 2 . 

[13] Ballouz T, Menges D, Kaufmann M, Amati R, Frei A, von Wyl V, et al. Post
COVID-19 condition after Wildtype, Delta, and Omicron SARS-CoV-2 infection 

and prior vaccination: pooled analysis of two population-based cohorts. PLoS 
One 2023; 18 :e0281429. doi: 10.1371/journal.pone.0281429 . 

[14] Diexer S, Klee B, Gottschick C, Xu C, Broda A, Purschke O, et al. Association be-

tween virus variants, vaccination, previous infections, and post-COVID-19 risk. 
Int J Infect Dis 2023; 136 :14–21. doi: 10.1016/j.ijid.2023.08.019 . 

[15] Ballouz T, Menges D, Anagnostopoulos A, Domenghino A, Aschmann HE, Frei A, 
et al. Recovery and symptom trajectories up to two years after SARS-CoV-2 

infection: population based, longitudinal cohort study. BMJ 2023; 381 :e074425. 
doi: 10.1136/bmj- 2022- 074425 . 

[16] Mateu L, Tebe C, Loste C, Santos JR, Lladós G, López C, et al. Determinants
of the onset and prognosis of the post-COVID-19 condition: a 2-year prospec- 

tive cohort study. The Lancet Regional Health. Europe 2023; 33 :100724. doi: 10. 

1016/j.lanepe.2023.100724 . 
[17] Global Burden of Disease Long COVID CollaboratorsEstimated global pro- 

portions of individuals with persistent fatigue, cognitive, and respiratory 
symptom clusters following symptomatic COVID-19 in 2020 and 2021. JAMA 

2022; 328 :1604–15. doi: 10.1001/jama.2022.18931 . 

https://doi.org/10.1016/j.ijid.2023.10.022
https://doi.org/10.1016/S0140-6736(22)01214-4
https://doi.org/10.1038/s41579-022-00846-2
https://doi.org/10.1016/S1473-3099(21)00703-9
https://doi.org/10.1001/jama.2023.8823
https://doi.org/10.3390/ijerph192316010
https://doi.org/10.1136/bmj.o922
https://doi.org/10.1016/S0140-6736(22)00941-2
https://doi.org/10.1093/infdis/jiad382
https://doi.org/10.3390/v14122629
https://doi.org/10.1093/cid/ciad143
https://doi.org/10.1093/cid/ciad045
https://doi.org/10.1038/s41467-022-35240-2
https://doi.org/10.1371/journal.pone.0281429
https://doi.org/10.1016/j.ijid.2023.08.019
https://doi.org/10.1136/bmj-2022-074425
https://doi.org/10.1016/j.lanepe.2023.100724
https://doi.org/10.1001/jama.2022.18931


J. Agergaard, J.D. Gunst, B. Schiøttz-Christensen et al. International Journal of Infectious Diseases 137 (2023) 126–133 

[

[  

[

[

[

[

[  

[  

[

[

[

[

[

[

[

[

[18] Agergaard J, Ullahammer WM, Gunst JD, Østergaard L, Schiøttz-Christensen B. 
Characteristics of a Danish Post-COVID Cohort referred for examination due 

to persistent symptoms six months after mild acute COVID-19. J Clin Med 
2022; 11 :7338. doi: 10.3390/jcm11247338 . 

[19] Sundhedsstyrelsen. Senfølger ved COVID-19. Anbefalinger til organisering af 
indsatsen for patienter med langvarige symptomer ved Covid-19, 12/9/2021 ; 

2021. Available: 978-87-7014-234-2 https://www.sst.dk/da/udgivelser/2020/ 
Senfoelger- ved- covid- 19 [accessed 09 December 2021] . 

20] Nextstrain Real-time tracking of pathogen evolution ; 2022 https:// nextstrain.org/ 

[accessed 01 November 2022] . 
21] Zanini A, Aiello M, Adamo D, Casale S, Cherubino F, Della Patrona S, et al.

Estimation of minimal clinically important difference in EQ-5D visual analog 
scale score after pulmonary rehabilitation in subjects with COPD. Respir Care 

2015; 60 :88–95. doi: 10.4187/respcare.03272 . 
22] de Kleijn WP, De Vries J, Wijnen PA, Drent M. Minimal (clinically) impor- 

tant differences for the fatigue assessment scale in sarcoidosis. Respir Med 

2011; 105 :1388–95. doi: 10.1016/j.rmed.2011.05.004 . 
23] Xu RH, Wong EL, Cheung AW. Estimation of minimally important differ- 

ence of the EQ-5D-5L utility scores among patients with either hyperten- 
sion or diabetes or both: a cross-sectional study in Hong Kong. BMJ Open 

2020; 10 :e039397. doi: 10.1136/bmjopen- 2020- 039397 . 
24] Erikstrup C, Laksafoss AD, Gladov J, Kaspersen KA, Mikkelsen S, Hindhede L, 

et al. Seroprevalence and infection fatality rate of the SARS-CoV-2 Omicron 

variant in Denmark: a nationwide serosurveillance study. Lancet Reg Health Eur 
2022; 21 :100479. doi: 10.1016/j.lanepe.2022.100479 . 

25] Menni C, Valdes AM, Polidori L, Antonelli M, Penamakuri S, Nogal A. Symp- 
tom prevalence, duration, and risk of hospital admission in individuals in- 

fected with SARS-CoV-2 during periods of Omicron and Delta variant domi- 
nance: a prospective observational study from the ZOE COVID Study. Lancet 

2022; 399 :1618–24. doi: 10.1016/S0140- 6736(22)00327- 0 . 

26] Mizrahi B, Sudry T, Flaks-Manov N, Yehezkelli Y, Kalkstein N, Akiva P, et al.
Long COVID outcomes at one year after mild SARS-CoV-2 infection: nationwide 

cohort study. BMJ 2023; 380 :e072529. doi: 10.1136/bmj- 2022- 072529 . 
133
27] Servier C, Porcher R, Pane I, Ravaud P, Tran VT. Trajectories of the evolution
of post-COVID-19 condition, up to two years after symptoms onset. Int J Infect 

Dis 2023; 133 :67–74. doi: 10.1016/j.ijid.2023.05.007 . 
28] Kuut TA, et al. Efficacy of cognitive-behavioral therapy targeting severe fatigue 

following coronavirus disease 2019: results of a randomized controlled trial. 
Clin Infect Dis 2023; 77 :687–95. doi: 10.1093/cid/ciad257 . 

29] Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ. 6-month neurological 
and psychiatric outcomes in 236 379 survivors of COVID-19: a retrospective 

cohort study using electronic health records. Lancet Psychiatry 2021; 8 :416–27. 

doi: 10.1016/S2215-0366(21)0 0 084-5 . 
30] Douaud G, Lee S, Alfaro-Almagro F, Arthofer C, Wang C, McCarthy P, et al. 

SARS-CoV-2 is associated with changes in brain structure in UK Biobank. Na- 
ture 2022; 604 :697–707. doi: 10.1038/s41586- 022- 04569- 5 . 

31] Agergaard J, Khan BY, Engell-Sørensen T, Schiøttz-Christensen B, Østergaard L, 
et al. Myopathy as a cause of Long COVID fatigue: evidence from quan- 

titative and single fiber EMG and muscle histopathology. Clin Neurophysiol 

2023; 148 :65–75. doi: 10.1016/j.clinph.2023.01.010 . 
32] Notarte KI, Catahay JA, Velasco JV, Pastrana A, Ver AT, Pangilinan FC, et al. 

Impact of COVID-19 vaccination on the risk of developing long-COVID and 
on existing long-COVID symptoms: a systematic review. EClinicalmedicine 

2022; 53 :101624. doi: 10.1016/j.eclinm.2022.101624 . 
33] Reilev M, Olesen M, Kildegaard H, Støvring H, Andersen JH, Hallas J, et al. 

Changing characteristics over time of individuals receiving COVID-19 vaccines 

in Denmark: a population-based descriptive study of vaccine uptake. Scand J 
Public Health 2022; 50 :686–92. doi: 10.1177/14034948221108246 . 

34] Bowe B, Xie Y, Al-Aly Z. Acute and postacute sequelae associated 
with SARS-CoV-2 reinfection. Nat Med 2022; 28 :2398–405. doi: 10.1038/ 

s41591- 022- 02051- 3 . 
35] Xie Y, Choi T, Al-Aly Z. Association of treatment with nirmatrelvir and the risk 

of post-COVID-19 condition. JAMA Intern Med 2023; 183 :554–64. doi: 10.1001/ 

jamainternmed.2023.0743 . 

https://doi.org/10.3390/jcm11247338
https://www.sst.dk/da/udgivelser/2020/Senfoelger-ved-covid-19
https://nextstrain.org/
https://doi.org/10.4187/respcare.03272
https://doi.org/10.1016/j.rmed.2011.05.004
https://doi.org/10.1136/bmjopen-2020-039397
https://doi.org/10.1016/j.lanepe.2022.100479
https://doi.org/10.1016/S0140-6736(22)00327-0
https://doi.org/10.1136/bmj-2022-072529
https://doi.org/10.1016/j.ijid.2023.05.007
https://doi.org/10.1093/cid/ciad257
https://doi.org/10.1016/S2215-0366(21)00084-5
https://doi.org/10.1038/s41586-022-04569-5
https://doi.org/10.1016/j.clinph.2023.01.010
https://doi.org/10.1016/j.eclinm.2022.101624
https://doi.org/10.1177/14034948221108246
https://doi.org/10.1038/s41591-022-02051-3
https://doi.org/10.1001/jamainternmed.2023.0743

	Long-term prognosis at 1.5 years after infection with wild-type strain of SARS-CoV-2 and Alpha, Delta, as well as Omicron variants
	Introduction
	Methods
	Setting
	Data collection and analyses

	Results
	Demographic characteristics
	Symptoms and health scores at the first clinic visit: 7 months after infection
	Trajectory of long COVID during long-term follow-up (1.5 years after infection)
	Failure to improve during long COVID

	Discussion
	Characteristics of complex and prolonged long COVID during waves of SARS-CoV-2 variants
	Prognosis of complex and prolonged long COVID during waves of SARS-CoV-2 variants
	Strengths and limitations

	Conclusion
	Declarations of competing interest
	Funding
	Ethical approval
	Acknowledgments
	Author contributions
	Supplementary materials
	References


