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a b s t r a c t 

Background: The burden of post COVID-19 condition (PCC) is not well studied in patients with advanced 

kidney disease. 

Methods: A large prospective cohort of SARS-CoV-2 vaccinated patients with chronic kidney disease 

stages G4–G5 (CKD G4/5), on dialysis, and kidney transplant recipients (KTR) were included. Antibody 

levels were determined after vaccination. Presence of long-lasting symptoms was assessed in patients 

with and without prior COVID-19 and compared using logistic regression. In patients with prior COVID- 

19, PCC was defined according to the WHO definition. 

Results: Two hundred sixteen CKD G4/5 patients, 375 dialysis patients, and 2005 KTR were included. 

Long-lasting symptoms were reported in 204/853 (24%) patients with prior COVID-19 and in 297/1743 

(17%) patients without prior COVID-19 (aOR: 1.45 (1.17–1.78)], P < 0.001). PCC was prevalent in 29% of 

CKD G4/5 patients, 21% of dialysis patients, and 24% of KTR. In addition, 69% of patients with PCC re- 

ported (very) high symptom burden. Odds of PCC was lower per 10-fold increase in antibody level after 

vaccination (aOR 0.82 [0.70–0.96], P = 0.01) and higher in case of COVID-19 related hospital admission 

(aOR 4.64 [2.61–8.25], P = 0.003). 
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Conclusions: CKD G4/5 patients  

after SARS-CoV-2 vaccination, e  

COVID-19. 
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Although the World Health Organization (WHO) ended the 

lobal emergency status for COVID-19 on 5 May 2023, reports on 

ong-lasting symptoms after COVID-19 have been emerging. Over 

00 long-lasting symptoms affecting various organ systems have 

een documented in more than 65 million individuals worldwide 

1] . These symptoms are referred to as ‘’long-COVID’’, ‘’post COVID- 

9 condition’’ (PCC) and ‘’post-acute sequalae of severe acute respi- 

atory syndrome coronavirus-2 (SARS-CoV-2)’’. In a recent observa- 

ional matched cohort study conducted on the general population, 

he prevalence of PCC was estimated to be 21% among individuals 

ith prior COVID-19 [2] . In contrast, 9% of matched controls with- 

ut prior COVID-19 had similar persistent symptoms. The impact 

f PCC goes beyond compromised individual health and includes 

otential strains on society, including the economy and the health 

are system [3] . Moreover, PCC leads to increased healthcare ex- 

enditures. 

Patients with advanced kidney disease could be more suscep- 

ible to develop PCC, since they are at higher risk for a severe 

isease course during the acute phase of COVID-19 [4] . This can 

e partially explained by high comorbidity rates and acquired im- 

unodeficiency. Activation of helper T cells may be impaired in 

atients with CKD G4/5. In dialysis patients, the inflammatory ac- 

ivation of antigen presenting cells during the haemodialysis pro- 

edure is associated with diminished T- and B-cell function. Ad- 

itionally, the use of immunosuppressive drugs hampers protec- 

ion against severe disease in these patients [5 , 6] . Indeed, patients 

ith CKD stages G4/5 and dialysis patients showed lower levels 

f anti-RBD IgG antibodies after receiving the SARS-CoV-2 vaccine 

6 , 7] . Furthermore, a significant proportion of KTR remain serolog- 

cal non-responders even after repeated vaccination [6–9] . Despite 

his high-risk profile, data on PCC are limited for patients with CKD 

4/5, dialysis patients, and KTR. Previous studies were qualitatively 

imited because they included only hospitalised patients, did not 

efine symptoms according to the WHO clinical case definition, ex- 

mined a limited number of symptoms, or did not include a con- 

rol group [10–16] . Furthermore, there are no previous studies that 

irectly compared PCC in patients with CKD G4/5, dialysis patients, 

nd KTR. The prevalence and impact of PCC remains to be deter- 

ined in these high-risk patients. 

We therefore analysed the association between COVID-19 and 

ong-lasting symptoms and its burden in a cohort of patients with 

KD G4/5, dialysis patients, and KTR who were vaccinated for 

OVID-19. The prevalence of PCC and its determinants was as- 

essed by comparing long-lasting symptoms in patients with prior 

OVID-19 to patients without prior COVID-19 

ethods 

tudy setting 

The first COVID-19 case was reported on 27 February 2020 in 

he Netherlands. Patients with CKD G4/5, dialysis patients, and 

TR received their first two vaccinations between March and June 

021. The third vaccine was offered in October 2021 to all patients, 
2

, dialysis patients, and KTR are at risk for PCC with high symptom burden

specially if antibody levels are low and in case of hospitalization due to

 by Elsevier Ltd on behalf of International Society for Infectious Diseases.
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xcept for CKD G4/5 patients without use of immunosuppressive 

rugs. After the first three vaccinations, repeated vaccination was 

vailable every 3–6 months for these patient groups. The mRNA- 

273 (Moderna) vaccine was the preferred vaccine for the first two 

accinations, succeeded by the BNT162b2 (Pfizer-BioNTech) vac- 

ine for the third and subsequent vaccination rounds. Patients with 

KD G4/5 using immunosuppressive drugs, dialysis patients, and 

TR are considered fully vaccinated against SARS-CoV-2 when they 

ave received three doses of an mRNA-based vaccine. 

tudy design 

In this nested case-control study, we surveyed CKD G4/5 pa- 

ients, dialysis patients, and KTR who were included in the 

rospective Long-term Efficacy and Safety of SARS-CoV-2 vacci- 

ation (LESS-CoV-2) study [17] . Patients were included after the 

econd SARS-CoV-2 vaccination during the first national vaccina- 

ion campaign in The Netherlands. Patients were asked to col- 

ect blood samples through a home-based finger prick set, and fill 

n a questionnaire 28 d after the second and third vaccination. 

erum samples were analysed for the presence of anti-receptor- 

inding-domain (anti-RBD) IgG antibodies using enzyme-linked 

mmunosorbent assay (ELISA) (Sanquin) [18] . Levels of anti-RBD 

gG antibodies were expressed in binding antibody unit (BAU) per 

illiliter (mL). The serum samples were also analysed for the pres- 

nce of antibodies induced during prior COVID-19 by using anti- 

ARS-CoV-2 nucleocapsid protein bridging ELISA. At 12 months af- 

er inclusion, we asked for the presence and burden of long-lasting 

ymptoms according to the WHO definition of PCC [19] . This def- 

nition follows the presence of any symptom either during acute 

OVID-19 or within three months after COVID-19 diagnosis, that 

asts for more than two months, and cannot be explained by a 

iagnosis other than COVID-19. For the latter, we asked patients 

hether they discussed alternative causes of long-lasting symp- 

oms other than COVID-19 with their physician. We excluded pa- 

ients with COVID-19 diagnosis prior to study inclusion, established 

y either a self-reported diagnosis or positive anti-nucleocapsid 

gG antibodies. This study is conducted and reported in accordance 

ith the STROBE recommendations. Patient representatives were 

nvolved in the RECOVAC consortium and composition of all ques- 

ionnaires. 

ata collection 

We collected COVID-19 related outcomes through question- 

aires at 1 month, 6 months, and 12 months after study inclu- 

ion. An additional questionnaire asking for the presence of long- 

asting symptoms was collected at 12 months after study inclu- 

ion (see supplementary material). Symptoms surveyed were fa- 

igue, dyspnoea, muscle weakness, myalgia, arthralgia, fever, cough, 

eadache, diarrhoea, nausea or vomiting, hair loss, palpitations, 

nosmia or ageusia, concentration problems, memory loss, sleep- 

ng problems, anxiety, and depressive feelings. Patients reported 

ymptom-specific burden on a 5-point Likert scale (1: no burden, 

: little burden, 3: moderate burden 4: much burden, 5: very much 

urden). Patient characteristics collected were SARS CoV-2 vacci- 

ation status, comorbidities, medication use, kidney replacement 

http://creativecommons.org/licenses/by-nc-nd/4.0/


P. Bouwmans, S.R.K. Malahe, A.L. Messchendorp et al. International Journal of Infectious Diseases 142 (2024) 106990

m

t

d

b

i

c

s

m

f

q

w

m

a

R

d

a

t

a

C

S

d

a

d

t

a

w

m

t

s

S

o

w

l

r

g

o

s

e

o

p

t

p

n

i

b

e

m

t

t

P

c

f

r

r

c

d

u

s

R

t

R

P

a

o

n  

a

±
s

g

t

s

d

w

e

y

d

v

r

l

(

l

m

p

L

(

1  

T

t

t

L

a

C

s

i

d

P

C

(

(

K

G

(

“

m

(

R

a

f

w

P

v

P

R

f

odality, ethnic background, body mass index (BMI), smoking sta- 

us, and alcohol use. Collected comorbidities were cardiovascular 

isease (including heart failure and cerebrovascular events), dia- 

etes mellitus, hypertension, malignancy treated with chemo- or 

mmunotherapy within the past 5 years, and lung diseases such as 

hronic obstructive pulmonary disease. Medication use in KTR was 

urveyed for corticosteroids, calcineurin inhibitors, mycophenolate 

ofetil, mammalian target of rapamycin inhibitors, or azathioprine 

rom the Dutch Organ Transplantation Registry (NOTR) or from 

uestionnaires if data was missing in the NOTR. Mycophenolic acid 

as considered equivalent to mycophenolate mofetil. Data on pri- 

ary kidney disease, estimated glomerular filtration rate (eGFR), 

nd kidney replacement modality were retrieved from the Dutch 

enal Registry (Renine) and the NOTR. Socio-economic status was 

erived from postal code [20] . The dominant SARS-CoV-2 variant 

t time of COVID-19 diagnosis was determined in correspondence 

o established periods from the National Institute for Public Health 

nd the Environment. We did not collect data on treatment for 

OVID-19. 

tatistical analysis 

We performed descriptive statistics for patients with CKD G4/5, 

ialysis patients and KTR separately, and according to COVID-19 di- 

gnosis. Continuous variables are presented as mean and standard 

eviation or median and interquartile range according to data dis- 

ribution. For categorical variables we used numbers and percent- 

ges (%). Differences between the inclusion and exclusion cohort 

ere tested using Student’s t test or Mann-Whitney U test for nor- 

ally and non-normally distributed continuous variables, respec- 

ively. Categorical variables were compared and tested using chi- 

quared tests or, if assumptions were violated, Fisher’s exact test. 

ymptom burden was categorised into none, little, moderate, high, 

r very high, according to the highest symptom-specific burden 

ithin each patient. 

We estimated the association between prior COVID-19 and 

ong-lasting symptoms by first performing multivariable logistic 

egression analysis in all patients, and stratified for patient cate- 

ory (CKD G4/5, dialysis, KTR). Confounders were selected based 

n previous literature and clinical knowledge, and included age, 

ex, ethnic background (Caucasian versus non-Caucasian), socio- 

conomic status, patient category, BMI, comorbidities, number 

f immunosuppressive drugs, and eGFR. Second, we performed 

ropensity score stratification in KTR to balance out differences be- 

ween patients with and without prior COVID-19 to assess adjusted 

revalence of long-lasting symptoms, absolute risk reduction, and 

umber needed to harm. Positivity assumption was tested, and 

f needed, populations were marginally trimmed to guarantee a 

road region of common support. We used five strata and within 

ach stratum balance was assessed using a cut-off standardised 

ean difference of ≤0.25. 

In patients with prior COVID-19, the most recent available an- 

ibody level prior to COVID-19 diagnosis was selected and log- 

ransformed. Antibody levels were analysed for association with 

CC using multivariable logistic regression and 3-knot restricted 

ubic spline regression. We additionally included eGFR as a con- 

ounder. Lastly, we estimated the association between COVID-19 

elated hospital admission and PCC, which was additionally cor- 

ected for antibody level and eGFR. 

Missing data was handled through multiple imputations by 

hained equations using 10 iterations to construct 10 imputed 

atasets. Figures were constructed with GraphPad Prism 5. We 

sed IBM SPSS Statistics 27 for all analyses, except for propensity 

core stratification and restricted cubic spline, for which we used 

 version 4.2.2. A significance level ( α) < 0.05 was considered sta- 

istically significant. 
3

esults 

atient characteristics 

Out of 4407 patients, 3180 (72%) responded to the survey, and 

mong these respondents, 2596 were included. Within this group 

f 2596 included patients, 853 had prior COVID-19 and 1743 had 

ot ( Figure 1 ). CKD G4/5 patients had a mean age of 67 ± 9 years

t baseline, while dialysis patients and KTR had mean ages of 64 

11 and 59 ± 12 y, respectively ( Table 1 ). The distribution of 

ex and ethnic background was comparable between the patient 

roups. The eGFR was 23 ± 10 mL/min/1.73m2 in CKD G4/5 pa- 

ients and 51 ±19 mL/min/1.73m2 in KTR. Use of immunosuppres- 

ive drugs was reported by 8% of CKD G4/5 patients and 15% of 

ialysis patients. The median time after the last transplantation 

as 8 [4–16] y in KTR. Included CKD G4/5 patients had higher 

GFR and lower prevalence of lung disease, whereas included dial- 

sis patients less often had diabetes or use of immunosuppressive 

rugs in comparison to patients who did not respond to the sur- 

ey. KTR who were included were older than patients who did not 

espond to the survey (Table S1). COVID-19 diagnosis was estab- 

ished in 56 CKD G4/5 patients, 84 dialysis patients, and 713 KTR 

 Table 2 ). CKD G4/5 and dialysis patients with prior COVID-19 had 

ess diabetes, more use of immunosuppressive drugs, and lower 

edian antibody levels after two SARS-CoV-2 vaccinations com- 

ared to these patient groups without prior COVID-19 (Table S2). 

ong-lasting symptoms 

Long-lasting symptoms were reported in 204 of 853 patients 

24%) with prior COVID-19, whereas these were reported in 297 of 

743 (17%) patients without prior COVID-19 ( P < 0.001) ( Figure 2 ).

his resulted in an OR of 1.45 (1.17–1.78), P = 0.001) after correc- 

ion for confounders (Table S3). No differences were observed be- 

ween patients with CKD G4/5, dialysis patients, and KTR ( P = 0.7). 

ong-lasting symptoms were present in 24.7% (95% CI: 21.3–28.1) 

nd 18.6% (95% CI: 16.5–20.8) of KTR with and without prior 

OVID-19, respectively. The absolute risk reduction of long-lasting 

ymptoms in absence of COVID-19 was 5.9% (95% CI: 1.9–9.9). This 

mplies that 1 out of 17 (95% CI: 10–53) KTR with prior COVID-19 

evelops additional long-lasting symptoms. 

ost COVID-19 condition 

The majority of COVID-19 diagnoses were due to the SARS 

oV-2 Omicron variant (83%). Hospital admission occurred in 7% 

4/56) of CKD G4/5 patients, 5% (4/84) of dialysis patients, and 9% 

64/713) of KTR. ICU admission occurred in only < 1% (3/713) of 

TR. The prevalence of PCC was 29% (16/56) in patients with CKD 

4/5, 21% (18/84) in dialysis patients, and 24% (170/713) in KTR 

P = 0.5). The PCC-related disease burden was experienced as 

much” or “very much” in 57%, 72%, and 70%, respectively. The 

ost frequent PCC-related symptoms were fatigue (81%), dyspnoea 

57%), and muscle weakness (47%) (Figure S1, Table S4). 

isk factors for post COVID-19 condition 

Anti-RBD IgG antibody levels and COVID-19 related hospital 

dmission were identified as potentially modifiable risk factors 

or PCC. Median anti-RBD IgG antibody levels in KTR with PCC 

ere lower compared to those without PCC (121 vs. 249 BAU/mL, 

 = 0.002). This was not observed in patients with CKD G4/5 (169 

s. 216 BAU/mL, P = 0.5) and dialysis patients (875 vs. 941 BAU/mL, 

 = 0.8) (Table S5). For all patients, each 10-fold increase in anti- 

BD IgG antibody levels was associated with an 18% lower odds 

or PCC (aOR 0.82 [0.70–0.96], P = 0.01, Figure 3 and Table S6). We 
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Figure 1. Flowchart. LESS CoV-2 study = long term efficacy and safety of SARS-CoV-2 vaccination in kidney disease patients study, COVID-19 = coronavirus disease 2019, 

IgG = immunoglobulin G, CKD = chronic kidney disease, KTR = kidney transplant recipient. ∗Twelve patients reported at twelve months absence of prior COVID-19, however 

also mentioned prior COVID-19 in a previous questionnaire during follow-up. ∗∗Thirty-seven patients who reported no prior COVID-19 did have a positive anti-nucleocapsid 

IgG test. 

Figure 2. Prevalence of long-lasting symptoms in patients, with or without prior 

COVID-19. COVID-19 = Coronavirus disease 2019, CKD G4/5 = chronic kidney dis- 

ease stages G4-G5, KTR = kidney transplant recipients. 

f

C

h

8

v

Figure 3. Log-linear association between anti-RBD IgG antibody level after SARS- 

CoV-2 vaccination and development of PCC. PCC = post COVID-19 condition, anti- 

RBD IgG = anti-receptor binding domain immunoglobulin G, BAU = binding anti- 

body unit. 

D

i

K

1

ound no association between the number of vaccinations prior to 

OVID-19 diagnosis and the development of PCC. COVID-19 related 

ospital admission was also associated with PCC (aOR 4.64 [2.61–

.25], P = 0.003, Table S7), independently of antibody levels after 

accination. 
4

iscussion 

We observed that the risk of long-lasting symptoms was higher 

n SARS-CoV-2 vaccinated CKD G4/5 patients, dialysis patients, and 

TR with COVID-19 diagnosis compared to those without COVID- 

9 diagnosis. Among those patients with COVID-19 diagnosis, 24% 
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Table 1 

Patient characteristics at baseline. 

CKD G4/5 Dialysis KTR 

n = 216 n = 375 n = 2005 

Age, y, mean (SD) 67 (9) 64 (11) 59 (12) 

Sex, male, n (%) 124 (57) 233 (62) 1170 (58) 

Ethnic background, Caucasian, n (%) 196 (91) 312 (83) 1763 (88) 

Socio-economic status, median (IQR) 0.043 (−0.36, 0.17) 0.058 (−0.12, 0.18) 0.073 (−0.084, 0.20) 

Current smoker, yes, n (%) 19 (9) 46 (12) 102 (5) 

Alcohol consumption, yes, n (%) 93 (43) 111 (30) 863 (43) 

BMI, kg/m2 , mean (SD) 29 (6) 27 (6) 26 (4) 

eGFR, mL/min/1.73m2 , mean (SD) 23 (10) – 51 (19) 

Primary kidney disease, n (%) 
•Diabetes n.a. 50 (13) 99 (5) 
•Hypertension n.a. 92 (25) 119 (6) 
•Glomerulonephritis n.a. 44 (12) 314 (16) 
•Interstitial nephritis n.a. 22 (6) 94 (5) 
•PCKD n.a. 39 (10) 266 (13) 
•Congenital/hereditary n.a. 7 (2) 266 (13) 
•Autoimmune disease n.a. 34 (9) 72 (4) 
•Other n.a. 31 (8) 445 (22) 
•Unknown n.a. 28 (7) 284 (14) 

Previous transplantation, yes, n (%) – 48 (13) –

Dialysis vintage, y, median (IQR) – 2 (1–4) –

Previous dialysis, yes n (%) – – 1099 (55) 

First transplantation, yes. n (%) – – 1456 (73) 

Donor type, Living, n (%) – – 1031 (51) 

Transplantation time, y, median (IQR) – – 8 (4–16) 

Comorbidities, n (%) 
•Cardiovascular disease 73 (34) 143 (38) 412 (21) 
•Diabetes mellitus 68 (31) 95 (25) 426 (21) 
•Hypertension 144 (67) 212 (57) 1215 (61) 
•Lung disease 23 (11) 55 (15) 131 (7) 
•Malignancy 12 (6) 28 (7) 58 (3) 

Number of immunosuppressive drugs 
•0 190 (88) 299 (80) 0 (-) 
•1 11 (5) 31 (8) 211 (11) 
•2 3 (1) 16 (4) 992 (49) 
•≥3 3 (1) 7 (2) 735 (37) 
•Unknown 9 (4) 22 (6) 67 (3) 

Type of immunosuppression 
•Corticosteroids 13 (6) 43 (11) 1352 (67) 
•Calcineurin inhibitor 5 (2) 24 (6) 1604 (80) 
•Mycophenolate mofetil 3 (1) 11 (3) 1124 (56) 
•mTOR-inhibitor 1 ( < 1) 3 ( < 1) 129 (6) 
•Azathioprine 4 (2) 3 ( < 1) 198 (10) 

Anti-RBD IgG Ab level after two SARS-CoV-2 vaccinations, BAU/mL, median (IQR) 1228 (411–2873) 1269 (391–2755) 99 (11–726) 

Time between second SARS-CoV-2 vaccination and anti-RBD IgG measurement, d, median (IQR) 33 (29–41) 38 (30–48) 31 (28–39) 

CKD G4/5, Chronic Kidney Disease stages G4-G5; BMI, Body Mass Index; eGFR, estimated glomerular filtration rate; anti-RBD IgG Ab, anti-receptor binding domain im- 

munoglobulin G antibody; BAU, binding antibody unit; COVID-19, coronavirus disease 2019; IQR, interquartile range; PCKD, polycystic kidney disease; mTOR, mammalian 

target of rapamycin 
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eveloped PCC, of which the majority experienced a high symp- 

om burden. A lower anti-RBD IgG antibody level after SARS-CoV-2 

accination, as well as COVID-19 related hospital admission, were 

ssociated with PCC. 

The observed symptoms from PCC in CKD G4/5 patients, dialysis 

atients, and KTR in our study is consistent with previous litera- 

ure. Fatigue was the most common symptom which has been pre- 

iously reported in dialysis patients and KTR with PCC in the pre- 

micron era [10–12 , 16 , 21] . Other PCC symptoms, including both 

omatic and neuropsychiatric, have also been reported in these pa- 

ient groups [13 , 22 , 23] . A prospective single-centre study found a

imilar PCC prevalence of 27% in KTR [14] . However, this study 

efined symptoms according to the NICE guideline, and included 

ore hospitalised (45%) and younger patients (mean age of 48 y) 

24] . Another cross-sectional study showed a similar PCC preva- 

ence of 18% in dialysis patients, with also a higher likelihood of 

CC after hospitalization. However, an accepted definition of long- 

asting symptoms after COVID-19 was not used [15] . Our study 

rstly investigated PCC in a large cohort of hospitalised and non- 

ospitalised CKD G4/5 patients, dialysis patients, and KTR. In addi- 

ion, we compared long-lasting symptoms between patients with 
5

nd without prior COVID-19, and 83% of COVID-19 diagnoses were 

ue to the SARS CoV-2 Omicron variant. These considerations im- 

ly that PCC has been relevant for patients with CKD G4/5, dialysis 

atients, and KTR in the pandemic after SARS-CoV-2 vaccination 

as been introduced, and new SARS-CoV-2 serotypes have become 

ominant. 

Patients with CKD G4/5, dialysis patients, and KTR who were 

ospitalised due to COVID-19 had a 4.6 times higher risk of PCC 

n our cohort. This suggests that a more severe course of COVID- 

9 predisposed for PCC in these patient groups. This may be ex- 

lained by higher comorbidity rates and an immunosuppressive 

tate because of uraemia, inflammation, or use of immunosup- 

ressive drugs in hospitalised patients [4–6 , 25] . Furthermore, fol- 

owing COVID-19, long-lasting symptoms may be provoked by a 

hronic inflammatory state or ongoing SARS-CoV-2 viral replica- 

ion in these patient groups [26 , 27] . These phenomena fit the sev- 

ral pathophysiological mechanisms of PCC suggested so far, in- 

luding autoimmunity, persistent inflammation and putative viral 

eservoirs [28 , 29] . This is further supported by a study showing 

hat chronic kidney disease was an independent predictor of pro- 

onged SARS-CoV-2 infection [30] . These findings underline how 
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Table 2 

COVID-19 related outcomes during follow-up. 

CKD G4/5 Dialysis KTR 

n = 56 n = 84 n = 713 

COVID-19 diagnosis 

SARS-CoV-2 diagnosis method, n (%) 
•PCR 32 (59) 45 (54) 496 (73) 
•Antigen test 21 (39) 25 (30) 165 (24) 
•Unknown 1 (2) 5 (6) 16 (2) 

COVID-19 

Symptoms during COVID-19 episode, n (%) 54 (96) 74 (88) 680 (95) 
•Little burden 5 (9) 17 (23) 95 (14) 
•Moderate burden 17 (31) 19 (26) 158 (23) 
•Much burden 14 (26) 21 (28) 194 (29) 
•Very much burden 18 (33) 17 (23) 233 (34) 

New symptoms within 3 months after diagnosis n (%) 1 (2) 2 (2) 39 (5) 

COVID-19 related hospital admission, n (%) 4 (7) 4 (5) 64 (9) 

COVID-19 related ICU admission during COVID-19 episode, n (%) 0 (-) 0 (-) 3 ( < 1) 

PCC 

Post COVID-19 condition (WHO definition), n (%) 16 (29) 18 (21) 170 (24) 
•Little burden 1 (6) 1 (6) 11 (6) 
•Moderate burden 6 (38) 4 (22) 40 (24) 
•Much burden 6 (38) 6 (33) 71 (42) 
•Very much burden 3 (19) 7 (39) 48 (28) 

Alternative diagnosis long-lasting symptoms discussed with any doctor, n (%) 9 (56) 9 (50) 86 (51) 

Underwent further diagnosis or treatment for long-lasting symptoms, n (%) 2 (13) 7 (39) 44 (26) 

Numbers and percentages can vary because of missing values. CKD G4/5, Chronic Kidney Disease stages G4-G5; KTR, 

kidney transplant recipients; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; PCR, polymerase chain reac- 

tion; COVID-19, coronavirus disease 2019; ICU, intensive care unit; WHO, World Health Organization; PCC, Post COVID-19 
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cquired immunodeficiency predisposes patients with CKD G4/5, 

ialysis patients, and KTR to long-term health damage after COVID- 

9. 

Examining our observations in relation to the prevalence of PCC 

n the general population, Ballering et al. showed in a large gen- 

ral population-based cohort study that 21% of individuals devel- 

ped PCC, whereas 9% of individuals without prior COVID-19 re- 

orted similar symptoms [2] . This study was conducted in the pre- 

micron era and only 10% of the participants were fully vaccinated 

y the end of the study. Compared to our vaccinated cohort, we 

bserved that 24% of patients developed PCC. However, in the ref- 

rence population without prior COVID-19, we found a higher pro- 

ortion of 17% with long-lasting symptoms. The 5.9% absolute risk 

ifference is lower as compared to Ballering et al., which might 

e explained by a higher background symptom burden in our pa- 

ient groups. Since we did not include patients without chronic 

idney disease or kidney replacement therapy, we cannot conclude 

hether or not PCC is more prevalent in patients with advanced 

idney disease than in the general population during the Omicron 

andemic phase. 

SARS-CoV-2 vaccination might provide an effective strategy to 

rotect patients with CKD G4/5, dialysis patients, and KTR against 

he long-term effects of COVID-19, such as PCC. A large multi- 

ational cohort study demonstrated effectiveness of SARS-CoV-2 

accination against PCC (preprint) [31] . It remains questionable 

hether this can be extrapolated to patients with chronic kidney 

isease or kidney replacement therapy. Anti-RBD IgG antibody lev- 

ls after SARS-CoV-2 vaccination were lower compared to healthy 

ontrols in patients with CKD G4/5 and dialysis patients, especially 

f they were treated with immunosuppressive drugs [6 , 7] . Notably, 

ARS-CoV-2 vaccines are poorly immunogenic in KTR, as SARS- 

oV-2 specific antibody responses remain impaired or absent after 

epeated vaccination [7–9] . Recent data showed that higher anti- 

ody levels were associated with less COVID-19 breakthrough in- 

ection and a less severe disease course in KTR [20] . In the present

tudy, we observed an association between higher antibody lev- 

ls and lower prevalence of PCC in KTR, suggesting effectiveness 

f SARS-CoV-2 vaccination to prevent PCC. Each 10-fold increase 
6

n anti-RBD IgG antibody levels was associated with an 18% lower 

dds for PCC. This reveals that patients with an antibody level 

f 10 0 0 BAU/mL after vaccination have an estimated 54% reduced 

ikelihood of PCC compared to non-responders to vaccination. A 

linical implication of these findings may be that repeated SARS- 

oV-2 vaccination can induce higher antibody levels which better 

rotects against severe COVID-19 as well as reduces the risk of PCC 

n KTR. 

The main strengths of our study are the large cohort with CKD 

4/5 patients, dialysis patients, and KTR as well as the availabil- 

ty of anti-RBD IgG antibody levels after two and three SARS-CoV- 

 vaccinations. Unlike other studies examining PCC in these pa- 

ient groups, we included a control group of patients without prior 

OVID-19 exposure [10–16] . Furthermore, we included both hos- 

italised and non-hospitalised patients and we surveyed both so- 

atic and neuropsychiatric symptoms. This allows us to depict 

 realistic representation of PCC and its associated disease bur- 

en. Lastly, no differences in results were observed before and af- 

er imputation for missing data. This demonstrates robustness of 

he findings in this study. This study also has some limitations. 

he presence of long-lasting symptoms was surveyed over different 

ime periods in patients with COVID-19 compared to patients with- 

ut prior COVID-19. Patients with COVID-19 reported long-lasting 

ymptoms after COVID-19 diagnosis over a period of 4 months 

n average. Patients without prior COVID-19 reported long-lasting 

ymptoms since start of inclusion over a period of 28 months on 

verage. This likely resulted in an overestimation of long-lasting 

ymptoms in patients without prior COVID-19. We therefore expect 

n even larger difference in risk of long-lasting symptoms between 

atients with prior COVID-19 and those without. It is possible that 

n increased awareness and media attention about this topic pro- 

oted the reporting of long-lasting symptoms after COVID-19. We 

ould not utilise validated questionnaires on PCC since these were 

ot available at that moment. However, we used the WHO defini- 

ion of PCC for our analysis and we enabled the assistance of pa- 

ient representatives in formulating the questionnaires. The cross- 

ectional design potentially induced recall bias. Our findings have 

imited generalizability to patients with CKD G4/5 and dialysis pa- 
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ients given the limited sample sizes and the use of immunosup- 

ressive drugs in these groups. 

In conclusion, patients with CKD G4/5, dialysis patients, and 

TR are at risk for PCC with a high symptom burden, especially 

f antibody levels after SARS-CoV-2 vaccination are low or if they 

ere hospitalised due to COVID-19. Future research is needed to 

lucidate the impact on long-term health and which interventions 

ay be effective to reduce the burden of PCC. 
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