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general population. That notwithstanding, in general the response 
was reasonable in patients with severely impaired kidney func- 
tion and dialysis patients. When multiple vaccinations are used, 
vaccine response even reaches values near the normal popula- 
tion [ 7 ]. However, it was poor in KTRs, particularly in those using 
mycophenolate mofetil or mycophenolic acid (MMF/MPA) [ 8 –10 ]. 
Consequently, these patients were invited to receive multiple re- 
peat vaccinations [ 11 ] in an attempt to increase immunogenicity 
to reach a higher level of protection against COVID-19. 

Despite such repeat vaccinations, the percentage of KTRs who 
remained unresponsive to vaccination was considerable, as mea- 
sured by the formation of severe acute respiratory syndrome coro- 
navirus 2 (SARS-CoV-2)-specific antibodies. It ranged from 24 to 
61% after a third vaccination [ 12 –15 ]. Although this percentage 
decreased with a fourth and fifth vaccination [ 16 ], the patients 
who did show a response after vaccination often had much lower 
antibody levels compared with the general population [ 17 ]. These 
data suggest that vaccination remains less effective in these KTRs 
even after repeat vaccination. 

EFFECTIVENESS OF COVID-19 

VACCINATION IN KIDNEY TRANSPLANT 

PATIENTS—RESULTS FROM REAL-LIFE DATA 

The effectiveness of COVID-19 vaccines in reducing the SARS- 
CoV-2 infection rate and in lowering COVID-19 severity and 
mortality has been uniformly demonstrated in the general 
population [ 18 ]. Results from registry data with respect to the 
effectiveness of COVID-19 vaccination in KTRs are conflicting. 
Hamm et al. [ 19 ] showed protective effects of COVID-19 vacci- 
nation in a national registry study from Denmark that included 
1428 solid organ transplant recipients, of whom the majority were 
KTRs. COVID-19-related hospitalization rates were lower in vacci- 
nated compared with unvaccinated patients (26.4% versus 48.5%; 
P = .01), as was COVID-19-related mortality (1.8% versus 9.1%; 
P = .047). However, Callaghan et al. [ 20 ] could not corroborate the 
clinical effectiveness of vaccination in solid organ transplant re- 
cipients in a study that included 43 481 subjects in England. Re- 
markably, the infection incidence was even significantly higher in 
vaccinated versus in unvaccinated solid organ transplant recip- 
ients {hazard ratio [HR] 1.28 [95% confidence interval (CI) 1.03–
1.61]}. The authors argue that risk compensation with reduced 
adherence to restrictions in vaccinated patients may be the ex- 
planation for these remarkable results. Notwithstanding a higher 
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OUTCOMES OF COVID-19 IN KIDNEY 

PATIENTS 

The coronavirus 2019 (COVID-19) pandemic had a great impact
on individuals and on society at large. Although this disease af-
fected all people in the general population, there were some spe-
cific subpopulations that had a high risk for a more severe dis-
ease course. Williamson et al. [ 1 ] described in July 2020, in their
article in Nature , the risk of mortality associated with COVID-19
in the general population in the UK. More than 17 million Na-
tional Health Service–registered people were included, of whom
11 000 died due to COVID-19. As pointed out in an editorial based
on these data [ 2 ], especially patients with severely impaired kid-
ney function (CKD stages G4 and 5), those on dialysis and pa-
tients with an organ transplant were shown to be vulnerable. The
COVID-19-associated mortality risk was reported to be ≈20% in
kidney transplant patients and 25% in maintenance haemodialy-
sis patients [ 3 ], which was 10- to 20-fold higher as compared with
the general population and 3- to 4-fold higher in a model adjust-
ing for other covariates [ 1 , 2 ]. This risk of dying was considerably
higher than the 1.5- to 2-fold increase that was described in previ-
ously established high-risk groups, such as patients with obesity,
hypertension or diabetes [ 2 ]. Although the whole world was wait-
ing for a vaccine to become available, these data make clear that
an effective and safe vaccine was especially crucial for patients
with kidney failure. 

EFFICACY OF COVID-19 VACCINATION IN 

KIDNEY PATIENTS 

The pivotal phase 3 registration trials with the messenger RNA
(mRNA) vaccines reported an efficacy of 95% for the BNT162b2
(BioNTech/Pfizer) vaccine and 94% for the mRNA-1273 (Moderna)
vaccine [ 4 , 5 ]. Unfortunately, these studies excluded high-risk
groups, including patients with severely impaired kidney function,
patients on dialysis and kidney transplant recipients (KTRs). From
studies with vaccinations against other pathogens, such as hep-
atitis B, influenza and Streptococcus pneumonia, it is known that
the response to vaccination can be considerably lower in these pa-
tients due to uraemia or the use of specific immunosuppressive
medications [ 6 ]. In a short period of time, several studies inves-
tigated the immunogenicity of COVID-19 vaccination in specific
vulnerable patient groups. These studies revealed that, similar to
vaccines against other pathogens, the response to the available
COVID-19 vaccines was lower in these patients compared with the
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nfection risk, their data did indicate a reduced risk of death in
accinated solid organ transplant recipients, although marginal
nd not reaching formal statistical significance [HR 0.80 (95% CI
.63–1.00)] [ 20 ]. A registry study from Ontario, Canada that in-
luded 12 842 solid organ transplant recipients also showed very
imited vaccine effectiveness after the first and second vaccina-
ion, although vaccine effectiveness improved after a third dose
 21 ]. 
In this issue of Nephrology, Dialysis and Transplantation , Wijk-

tröm et al. present a nationwide observational study. In this im-
ressive study they managed to link several Swedish national
egistries, resulting in a large dataset including detailed patient
haracteristics from 4097 dialysis patients and 5905 KTRs. These
uthors are, as far as we know, the first to report on COVID-19-
elated hospital and mortality rates of patients on kidney replace-
ent therapy before and during the pandemic and during the
andemic before as well as after vaccination. They demonstrated
hat all-cause mortality rates increased by 10% and 22% in dialysis
atients and KTRs during the first year of the pandemic and that
ates decreased in dialysis patients after the national vaccination
rogram started. However, this did not hold true for KTRs. In these
atients, mortality rates remained increased despite the start of
he vaccination program. Unfortunately, no individual vaccina-
ion data were available in this registry study, which prevented
he authors from making firm conclusions on vaccine effective-
ess. However, it can be assumed that > 95% of patients on dialysis
nd living with a kidney transplant would have been vaccinated,
s known from other studies. 
Taken together, these data from registry studies indicate that

he effectiveness of vaccination to protect against COVID-19 in-
ection and mortality in KTRs is yet insufficient. This is probably
elated to their poor immune response after COVID-19 vaccina-
ion. 

HAT LESSONS ARE STILL TO BE 

EARNED? 
hen the COVID-19 pandemic started, the medical community
as totally overwhelmed and unprepared. Now that the number
f hospital admissions for and mortality due to COVID-19 is de-
lining, it is likely that interest in performing studies will also de-
line. This is not justified. Concerns remain that another, more
athogenic SARS-CoV-2 variant may become dominant or that an-
ther highly pathogenic virus such as bird flu will circulate in the
ear future. To be prepared for these eventualities, it is necessary
hat lessons are learned regarding how to increase vaccination ef-
cacy in our patient groups. 
As several studies have demonstrated that especially the use

f the immunosuppressive agent MMF/MPA is associated with a
oor immune response after vaccination, it is hypothesized that
temporary) discontinuation of MMF/MPA during vaccination will
ontribute to a higher antibody response. For this reason, we re-
ently performed a randomized clinical trial, but found no benefi-
ial effect on antibody response to vaccination after withdrawal of
MF/MPA 1 week before and 1 week after a repeated vaccination
ith mRNA-1273 [ 22 ]. Another study suggested a beneficial effect
hen MMF/MPA was withdrawn 5–7 days before and 3–4 weeks af-
er vaccination [ 23 ]. However, this was a small-scale, single-centre,
on-randomized study lacking a control group. Moreover, in this
tudy seven patients that withdrew MMF/MPA showed resurgence
f pre-existing donor-specific antibodies and one patient devel-
ped de novo donor-specific antibodies. These data indicate that
here is a concern that a potential benefit of an increase in anti-
ody levels after discontinuation of MMF/MPA may not outweigh
he risk of eliciting an allograft-directed immune response. 
Another option would be to replace MMF/MPA by another im-
unosuppressant. We recently showed that in a relatively small
ohort of KTRs > 65 years of age who were randomized as part of
he OPTIMIZE study [ 24 ] to receive immediately after transplan-
ation triple maintenance immunosuppressive therapy including
verolimus or MMF/MPA, that significantly higher antibody lev-
ls after COVID-19 vaccination were achieved in the everolimus
roup when compared with the MMF/MPA group [ 25 ]. It remains to
e established whether replacement of MMF/MPA by everolimus
n KTRs who were previously treated with MMF/MPA also results
n a higher immunogenicity after vaccination. To investigate this
nowledge gap we plan to perform a randomized clinical trial to
rovide optimal evidence that this vaccination strategy will re-
ult in higher immunogenicity after vaccination. We will also in-
estigate whether this is the case for COVID-19 as well as for
erpes zoster vaccination. When we can demonstrate that this
ccounts for both vaccines, it will provide strong evidence that
esults of this study may be translated to any other vaccina-
ion strategy against (future) pathogens. In that case, the stan-
ard vaccination policy may be changed accordingly in patients
sing MMF/MPA, including KTRs, patients with other organ trans-
lants or certain autoimmune diseases. We hope that (temporar-
ly) changing MMF/MPA to everolimus around vaccination will
esult in improved protection against disease. 

UNDING 

one declared. 

UTHORS’ CONTRIBUTIONS 

LM wrote the first draft of the paper. RTG supervised and
eviewed the paper after which a final version was submitted. 

ONFLICT OF INTEREST STATEMENT 

one declared. 

EFERENCES 

. Williamson EJ, Walker AJ, Bhaskaran K et al. Factors as-
sociated with COVID-19-related death using OpenSAFELY.
Nature 2020; 584 :430–6. http://www.nature.com/articles/
s41586- 020- 2521- 4 

. Gansevoort RT, Hilbrands LB. CKD is a key risk factor for COVID-
19 mortality. Nat Rev Nephrol 2020; 16 :705–6. https://doi.org/10.
1038/s41581- 020- 00349- 4 

. Hilbrands LB, Duivenvoorden R, Vart P et al. COVID-19-related
mortality in kidney transplant and dialysis patients: re-
sults of the ERACODA collaboration. Nephrol Dial Transplant
2020; 35 :1973–83. https://doi.org/10.1093/ndt/gfaa261 

. Polack FP, Thomas SJ, Kitchin N et al. Safety and efficacy of the
BNT162b2 mRNA Covid-19 vaccine. N Engl J Med 2020; 383 :2603–
15. https://doi.org/10.1056/NEJMoa2034577 

. Baden LR, el Sahly HM, Essink B et al. Efficacy and safety of the
mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med 2021; 384 :403–16.
https://doi.org/10.1056/NEJMoa2035389 

. Reddy S, Chitturi C, Yee J. Vaccination in chronic kidney disease.
Adv Chronic Kidney Dis 2019; 26 :72–8. https://doi.org/10.1053/j.
ackd.2018.10.002 

http://www.nature.com/articles/s41586-020-2521-4
https://doi.org/10.1038/s41581-020-00349-4
https://doi.org/10.1093/ndt/gfaa261
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1056/NEJMoa2035389
https://doi.org/10.1053/j.ackd.2018.10.002


Vaccinated KTRs are yet not sufficiently protected against COVID-19 | 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/advance-article/doi/10.1093/ndt/gfad127/7209179 by M

aastricht U
niversity Libra
7. Espi M, Charmetant X, Barba T et al. A prospective observational
study for justification, safety, and efficacy of a third dose of
mRNA vaccine in patients receiving maintenance hemodialysis.
Kidney Int 2022; 101 :390–402. https://doi.org/10.1016/j.kint.2021.
10.040 

8. Carr EJ, Kronbichler A, Graham-Brown M et al. Review of early
immune response to SARS-CoV-2 vaccination among patients
with CKD. Kidney Int Rep 2021; 6 :2292–304. https://doi.org/10.
1016/j.ekir.2021.06.027 

9. Sanders J-SF, Bemelman FJ, Messchendorp AL et al. The RECO-
VAC immune-response study: the immunogenicity, tolerability,
and safety of COVID-19 vaccination in patients with chronic kid-
ney disease, on dialysis, or living with a kidney transplant. Trans-
plantation 2022; 106 :821–34. https://journals.lww.com/10.1097/
TP.0000000000003983 

10. Bouwmans P, Messchendorp AL, Imhof C et al. Impact of im-
munosuppressive treatment and type of SARS-CoV-2 vaccine
on antibody levels after three vaccinations in patients with
chronic kidney disease or kidney replacement therapy. Clin Kid-
ney J 2023; 16 :528–40. https://doi.org/10.1093/ckj/sfac249 

11. World Health Organization. WHO SAGE Roadmap for prioritiz-
ing uses of COVID-19 vaccines . An approach to optimize the
global impact of COVID-19 vaccines, based on public health
goals, global and national equity, and vaccine access and
coverage scenarios. https://www.who.int/publications/i/item/
WHO- 2019- nCoV- Vaccines- SAGE- Prioritization- 2022.1 

12. Benotmane I, Gautier G, Perrin P et al. Antibody response af-
ter a third dose of the mRNA-1273 SARS-CoV-2 vaccine in kid-
ney transplant recipients with minimal serologic response to
2 doses. JAMA 2021; 326 :1063–5. https://doi.org/10.1001/jama.
2021.12339 

13. Schimpf J, Davidovic T, Abbassi-Nik A et al. Enhanced SARS-CoV-
2 antibody response after a third heterologous vector vaccine
Ad26COVS1 dose in mRNA vaccine-primed kidney transplant
recipients. Transpl Int 2022; 35 :10357. https://doi.org/10.3389/ti.
2022.10357 

14. Reindl-Schwaighofer R, Heinzel A, Mayrdorfer M et al. Compari-
son of SARS-CoV-2 antibody response 4 weeks after homologous
vs heterologous third vaccine dose in kidney transplant recipi-
ents: a randomized clinical trial. JAMA Intern Med 2022; 182 :165–
71. https://doi.org/10.1001/jamainternmed.2021.7372 

15. Thomson T, Prendecki M, Gleeson S et al. Immune responses
following 3rd and 4th doses of heterologous and homologous
COVID-19 vaccines in kidney transplant recipients. eClini-
calMedicine 2022; 53 :101642. https://linkinghub.elsevier.com/
retrieve/pii/S2589537022003728 

16. Osmanodja B, Ronicke S, Budde K et al. Serological response to
three, four and five doses of SARS-CoV-2 vaccine in kidney trans-
Received: May 2, 2023; Editorial decision: June 20, 2023 
© The Author(s) 2023. Published by Oxford University Press on behalf of the ERA. T
Commons Attribution-NonCommercial License ( https://creativecommons.org/licen
reproduction in any medium, provided the original work is properly cited. For com
plant recipients. J Clin Med 2022; 11 :2565. https://doi.org/10.3390/ 
jcm11092565 

17. Peghin M, Graziano E, Grossi PA. SARS-CoV-2 vaccination in 
solid-organ transplant recipients. Vaccines 2022; 10 :1430. https:// 
doi.org/10.3390/vaccines10091430 

18. Zheng C, Shao W, Chen X et al. Real-world effectiveness of 
COVID-19 vaccines: a literature review and meta-analysis. Int J 
Infect Dis 2022; 114 :252–60. https://doi.org/10.1016/j.ijid.2021.11. 
009 

19. Hamm SR, Rezahosseini O, Møller DL et al. Incidence and sever- 
ity of SARS-CoV-2 infections in liver and kidney transplant re- 
cipients in the post-vaccination era: real-life data from Den- 
mark. Am J Transplant 2022; 22 :2637–50. https://doi.org/10.1111/ 
ajt.17141 

20. Callaghan CJ, Mumford L, Curtis RMK et al. Real-world effective- 
ness of the Pfizer-BioNTech BNT162b2 and Oxford-AstraZeneca 
ChAdOx1-S vaccines against SARS-CoV-2 in solid organ and 
islet transplant recipients. Transplantation 2022; 106 :436–46.
https://journals.lww.com/transplantjournal/Fulltext/2022/ 
03000/Real _ world _ Effectiveness _ of _ the _ Pfizer _ BioNTech. 
6.aspx 

21. Naylor KL, Kim SJ, Smith G et al. Effectiveness of first, second,
and third COVID-19 vaccine doses in solid organ transplant re- 
cipients: a population-based cohort study from Canada. Am J 
Transplant 2022; 22 :2228–36. https://doi.org/10.1111/ajt.17095 

22. Kho MM, Messchendorp AL, Frölke SC et al. Alternative strategies 
to increase the immunogenicity of COVID-19 vaccines in kidney 
transplant recipients not responding to two or three doses of 
an mRNA vaccine: a randomised clinical trial. Lancet Infect Dis 
2023; 23 :307–19. https://doi.org/10.1016/S1473- 3099(22)00650- 8 

23. Benning L, Morath C, Kühn T et al. Humoral response to 
SARS-CoV-2 mRNA vaccination in previous non-responder kid- 
ney transplant recipients after short-term withdrawal of my- 
cophenolic acid. Front Med 2022; 9 :958293. https://doi.org/10. 
3389/fmed.2022.958293 

24. de Boer SE, Sanders JSF, Bemelman FJ et al. Rationale and de-
sign of the OPTIMIZE trial: OPen label multicenter randomized 
trial comparing standard IMmunosuppression with tacrolimus 
and mycophenolate mofetil with a low exposure tacrolimus reg- 
imen In combination with everolimus in de novo renal trans- 
plantation in Elderly patients. BMC Nephrol 2021; 22 :208. https:// 
doi.org/10.1186/s12882- 021- 02409- 8 

25. de Boer SE, Berger SP, van Leer-Buter CC et al. Enhanced 
humoral immune response after COVID-19 vaccination in 
elderly kidney transplant recipients on everolimus versus 
mycophenolate mofetil-containing immunosuppressive regi- 
mens. Transplantation 2022; 106 :1615–21. https://doi.org/10.1097/ 
TP.0000000000004177 
his is an Open Access article distributed under the terms of the Creative 
ses/by-nc/4.0/ ), which permits non-commercial re-use, distribution, and 
mercial re-use, please contact journals.permissions@oup.com 

ry user on 24 O
ctober 2023

https://doi.org/10.1016/j.kint.2021.10.040
https://doi.org/10.1016/j.ekir.2021.06.027
https://journals.lww.com/10.1097/TP.0000000000003983
https://doi.org/10.1093/ckj/sfac249
https://www.who.int/publications/i/item/WHO-2019-nCoV-Vaccines-SAGE-Prioritization-2022.1
https://doi.org/10.1001/jama.2021.12339
https://doi.org/10.3389/ti.2022.10357
https://doi.org/10.1001/jamainternmed.2021.7372
https://linkinghub.elsevier.com/retrieve/pii/S2589537022003728
https://doi.org/10.3390/jcm11092565
https://doi.org/10.3390/vaccines10091430
https://doi.org/10.1016/j.ijid.2021.11.009
https://doi.org/10.1111/ajt.17141
https://journals.lww.com/transplantjournal/Fulltext/2022/03000/Real_world_Effectiveness_of_the_Pfizer_BioNTech.6.aspx
https://doi.org/10.1111/ajt.17095
https://doi.org/10.1016/S1473-3099(22)00650-8
https://doi.org/10.3389/fmed.2022.958293
https://doi.org/10.1186/s12882-021-02409-8
https://doi.org/10.1097/TP.0000000000004177
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

	OUTCOMES OF COVID-19 IN KIDNEY PATIENTS
	EFFICACY OF COVID-19 VACCINATION IN KIDNEY PATIENTS
	EFFECTIVENESS OF COVID-19 VACCINATION IN KIDNEY TRANSPLANT PATIENTS-RESULTS FROM REAL-LIFE DATA
	WHAT LESSONS ARE STILL TO BE LEARNED?
	FUNDING
	AUTHORS’ CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

