
Transplantation  ■  November 2021  ■  Volume 105  ■  Number 11 www.transplantjournal.com e267

ISSN: 0041-1337/21/10511-e267

DOI: 10.1097/TP.0000000000003903

Cellular and Humoral Immune Responses  
After 3 Doses of BNT162b2 mRNA SARS-CoV-2 
Vaccine in Kidney Transplant
Julian Stumpf, MD,1,2 Wulf Tonnus,1 Alexander  Paliege, MD,1,2 Ronny Rettig, MD,1 Anne Steglich, PhD,1  
Florian Gembardt, PhD,1 Friederike  Kessel, MSc,1 Hannah  Kröger, MSc,1 Patrick  Arndt, MSc,1  
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Kidney transplant recipients (KTRs) have an increased 
risk of severe acute respiratory syndrome coronavi-

rus 2 (SARS-CoV-2) mortality1 and a markedly decreased 
immune response after 2 doses of mRNA vaccination.2 The 
optimal vaccination strategy for KTRs without sufficient 
immune response after standard vaccination protocols 
remains unknown. Here, we report combined cellular and 
humoral response rates after a third dose of the BNT162b2 

mRNA vaccine (Tozinameran; Pfizer–BioNTech COVID-
19 vaccine).

In this single-center study (subanalysis of the DIA-
Vacc cohort3), we reported KTRs’ response rates 
after the first (T1), second (T2), and third (T3) dose 
of BNT162b2 vaccination. Seventy-one KTRs (mean 
age ± SD, 57 ± 14.4 y, 63% men) received first and second 
vaccinations with BNT162b2 at a 3-wk interval. Forty-
eight KTRs with insufficient humoral response after 
2 vaccinations received the third dose of BNT162b2 
vaccine 68 ± 1 d after the second vaccination. Immune 
responses to the third vaccination were assessed 4 wk 
after application (T3; Figure  1A). Humoral response 
was determined using immunoglobulin (Ig) A and IgG 
antibody ELISAs against spike S1 protein and IgG 
ELISA against the receptor-binding domain (RBD). To 
exclude SARS-CoV-2 contact before or after vaccina-
tion, IgG antibodies against the nucleocapsid protein 
subunit were analyzed in parallel.

Causes of end-stage renal disease were glomeru-
lonephritis in 27%; hypertensive, diabetic, or vas-
cular disease in 18%; cystic kidney disease in 13%; 
vasculitis in 3%; and unknown cause in ~39% of cases. 
Immunosuppressive therapy included a calcineurin 
inhibitor in 87%, mycophenolic acid in 73%, or a mech-
anistic target of rapamycin inhibitor in 24%, while only 
38% of KTRs had glucocorticosteroids as maintenance 
immunosuppression. The median time after transplanta-
tion was 7.5 ± 6 y.

Cumulative humoral response rates in all 71 KTRs 
were 6% (T1), 32% (T2), and 55% (T3; Figure  1B). 
Cellular response was 11% at T1 (n = 7/63 patients, no 
T1 results were reported for 8 patients) and 34% at T2 
(n = 23/68 patients, no T2 results were reported for 3 
patients; Figure 1B). At T3, cellular response was present 
in 26% (n = 9/35 patients, no T3 results were reported for 
13 patients) and 40% showed a total humoral response 
(Figure 1C). Among the patients with a humoral response, 
frequencies of RBD antibodies increased to 94% after 
the third vaccination (T3; n = 15/16 patients) compared 
with 56% at T2 (n = 10/18 patients; Figure  1C; addi-
tional accurate ELISA/interferon-γ release assay readings; 
Figure 1D–F).

The humoral response rates after a third mRNA vacci-
nation to SARS-CoV-2 reported here are consistent with a 
recent publication by Kamar et al.4 We demonstrate that 
not only the humoral but also the cellular vaccination 

Letter to the Editor

Received 30 June 2021.

Accepted 3 July 2021.
1 Medizinische Klinik und Poliklinik III, Nephrologie, Universitätsklinikum, Carl 
Gustav Carus, Technische Universität Dresden, Dresden, Germany.
2 KfH-Nierenzentrum Dresden, Dresden, Germany.
3 Institut für Transfusionsmedizin Plauen, DRK-Blutspendedienst Nord-Ost 
gemeinnützige GmbH, Plauen, Germany.
4 Institute for Transfusion Medicine, German Red Cross Blood Donation Service 
North-East, Dresden, Germany.
5 Faculty of Medicine Carl Gustav Carus, Transfusion Medicine, Technische 
Universität, Dresden, Germany.

The authors declare no conflicts of interest.

This study was funded by the Else Kröner Fresenius Stiftung, Bad Homburg v. d. 
H. (grant number Fördervertrag EKFS 2021_EKSE.27).

ClinicalTrials.gov Identifier: NCT04799808.

According to the professional code of conduct for doctors (§15) the clinical trial 
was submitted to the ethical institutional review boards at Technische Universität 
Dresden (TU Dresden) responsible for the coordinating investigator (BO-EK-
45012021), as well as at the University of Leipzig (046/21-lk) and Saxon Medical 
Association (Sächsische Landesärztekammer – EK-BR-10/21-1) responsible for 
further participating trial sites.

J. Stumpf and C.H. contributed to study design, data collection, data 
interpretation, and drafting of the article. W.T., A.P., R.R., A.S., F.G., F.K., H.K., 
P.A., J. Sradnick, K.F., and T.T. were involved in data acquisition and collection, 
study organization, or data interpretation. J. Stumpf, W.T., A.S., and F.G. were 
involved in statistical analysis or data management of the study. J. Stumpf, 
A.P., R.R., and C.H. were involved in patient recruitment and data collection. All 
authors have approved the final version for submission.

Supplemental digital content (SDC) is available for this article. Direct URL 
citations appear in the printed text, and links to the digital files are provided in the 
HTML text of this article on the journal’s Web site (www.transplantjournal.com).

Correspondence: Julian Stumpf, MD, Division of Nephrology, Department 
of Internal Medicine III, University Hospital Carl Gustav Carus, Dresden 
University of Technology, Dresden 01307, Germany. (julian.stumpf@uniklini-
kum-dresden.de).

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved. 

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.<zdoi;10.1097/TP.0000000000003903>

mailto:julian.stumpf@uniklinikum-dresden.de
mailto:julian.stumpf@uniklinikum-dresden.de


e268 Transplantation  ■  November 2021  ■ Volume 105  ■  Number 11 www.transplantjournal.com

FIGURE 1. Scheduling, composition, and immunogenicity. A, Study schedule. T0, T1, T2, and T3 are corresponding time points at  
wk 0, 3, 8, 12, and 16. B, Immunogenicity after first, second, and third dose of BNT162b2 (T1–3) showing cellular and humoral 
vaccination response frequencies. C, Immunogenicity 4 wk after the third dose of BNT162b2; humoral response indicating de novo IgA 
or IgG development against spike S1 at T3. The cellular immune response is a positive IGRA ≥100 mIU/mL. D, Anti-SARS-CoV-2 IgA 
spike S1 antibody ratio at the different time points T1–3. Threshold to positivity is marked by a dashed gray line. E, Anti-SARS-CoV-2 
IgG spike S1 antibody measurements at the different time points T1–3. Threshold to positivity is marked by a dashed gray line. F, IGRA 
at the different time points T1–3. Threshold to positivity is marked by a dashed gray line. All antibody ELISAs are commercially available 
(EUROIMMUN Medizinische Labordiagnostika AG, Lübeck, Germany). A positive serologic response was defined by de novo antibody 
development (seroconversion) at T1–3. Thresholds for positive antibody readings were in the case of IgA anti-spike S1 and IgG anti-NCP 
≥1.1[ratio], for IgG anti-RBD (analyzed at T2 and T3 only) ≥35 [% inhibition], and IgG anti-spike S1 ≥35.2 [BAU/mL]. The cellular immune 
response to vaccination was assessed by SARS-CoV-2-specific IGRA (EUROIMMUN-SARS-CoV-2-IGRA [for research purposes only], 
positive at ≥100 mIU/mL) at all time points. BAU/mL, binding antibody units per milliliter; BNT162b2 mRNA, Pfizer–BioNTech COVID-
19 vaccine (tozinameran); IgA, immunoglobulin A; IgG, immunoglobulin G; IGRA, interferon-γ release assay; NCP, nucleocapsid protein 
subunit; RBD, receptor-binding domain; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; spike S1, spike subunit S1.
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response rates to a third dose in primary nonresponders 
are at least comparable with de novo responses after 2 
vaccinations. The frequency of neutralizing RBD antibody 
responses even seemed to be improved. These data do not 
support the concept of T-cell exhaustion after 2 vacci-
nations due to high antigen presentation as previously 
described for viral infections including SARS-CoV-2.4,5

In our view, adapted vaccination protocols with addi-
tional vaccinations or higher vaccine doses in KTRs taking 
immunosuppressants should be encouraged and further 
investigated.
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