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L E T T E R

Long- term effects of homologous and heterologous SARS- 
CoV- 2 vaccination on humoral and cellular immune responses

To the Editor,
In the last 2 years, several studies investigated the immunological re-
sponses to SARS- CoV- 2 infections and/or COVID- 19 vaccinations,1– 6 
but long- term immunological effects in response to different vacci-
nation combinations are poorly defined. As recently demonstrated, 
humoral and cellular immune responses to SARS- CoV- 2 vaccines 
wane with time.7– 9 Correspondingly, epidemiological data show a 
reduction in protection against (symptomatic) COVID- 19 with in-
creasing time following vaccination.10,11 In the COV- ADAPT cohort, 
we recently studied the humoral and cellular immune responses and 
their interdependencies following different vaccine combinations 
before (T1) and up to 3 months after the second immunization (T2).12 
This follow- up investigated the stability of long- term immune re-
sponses and aimed to identify predictive markers. Thus, we assessed 
humoral (anti- spike- RBD- IgG, neutralization capacity and avidity) 
and cellular (spike- induced T- cell interferon- γ release) immune re-
sponses 3– 7 months after the second immunization (T3) in blood 
samples of 320 healthcare workers of the COV- ADAPT cohort with 
previous homologous ChAdOx1 nCoV- 19 (ChAdOx1, n = 26), ho-
mologous BNT162b2 (n = 49), heterologous ChAdOx1/BNT162b2 
(n = 243) or heterologous ChAdOx1 /mRNA- 1273 (n = 2) vaccina-
tions (Figure S1; all participants provided written informed consent). 
The last group was not analyzed separately due to the low n- number 
(for characterization of study participants see Table S1). The study 
was approved by the local ethics committee (21/5/21) and registered 
with the German Clinical Trials Register (DRKS00026029). We de-
tected no nucleocapsid (NCP)- IgG seroconversion between T2 and 
T3 indicating the absence of breakthrough infections (Figure S2). At 
T3, homologous ChAdOx1 vaccination resulted in significantly lower 
anti- spike- RBD- IgG vs. heterologous ChAdOx1/BNT162b2 and ho-
mologous BNT162b2 (Figure 1A, Table S1). ChAdOx1/BNT162b2 
and BNT162b2/BNT162b2 did not significantly differ. Despite the 
decrease from T2 to T3 in all groups, anti- spike- RBD- IgG was still 
significantly higher at T3 vs. T1 (Figure 1A). T- cell interferon- γ re-
lease (i.e., the cellular response) also decreased from T2 to T3 in all 
regimes. Only the heterologous ChAdOx1/BNT162b2 group still 
showed significantly higher T- cell responses at T3 vs. T1 (Figure 1B), 

and no differences were observed between the regimes at T3 
(Figure 1B, Table S1). For the groups with BNT162b2 as a second 
vaccination, anti- spike- RBD- IgG was negatively associated with the 
days elapsed since the second vaccination (Figure 1C, left panel) 
suggesting higher antibody dynamics for vaccination regimes includ-
ing BNT162b2. Such an association was not found for the cellular 
response (Figure 1C, right panel). Similar to our previous findings at 
T1/T2, humoral and cellular immune responses showed significantly 
positive associations at T3 for the study population as a whole and 
the ChAdOx1/BNTb162b2 group (Figure S3). Between T2 and T3, 
strong associations with high predictive power were observed for 
cellular and humoral immune responses for all groups (Figure S4). 
The early cellular response (at T1) emerged as a predictor of long- 
term immune responses as it was significantly associated with late 
(T3) humoral (ChAdOx1/BNT162b2 and BNT162b2/BNT162b2) and 
cellular responses (all groups) (Figure 2). Antibody neutralization and 
avidity indices were significantly higher at T3 vs. T1 in all groups 
(Figure S5) indicating durable antibody quality. Neutralization capac-
ity was higher in the groups with a second BNT162b2 vaccination 
vs. homologous ChAdOx1 at T3. Interestingly, subjects with a nega-
tive neutralization index (as per the manufacturer's instructions) did 
not present generally lower anti- spike- RBD- IgG levels (Table S2). In 
conclusion, we identified important long- term interactions between 
the humoral and the cellular immune systems and observed distinct 
long- term dynamics following different SARS- CoV- 2 vaccination 
regimes. In this regard, vaccination regimes including BNT162b2 
elicit strong immune responses with a more rapid decline, whereas 
vector- based vaccinations yield lower and comparably stable im-
munological effects. The immunological drawbacks of either ho-
mologous vaccination regime appear to be somewhat mitigated 
by the combination of both vaccination principles in the form of a 
heterologous vaccination. We additionally identified the early T- 
cell response to predict long- term immune responses in different 
vaccination regimes. It will be of utmost importance to determine 
how the observed interdependencies and long- term dynamics of 
immune response react to booster vaccinations and breakthrough 
infections.
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F I G U R E  1  Anti- spike- RBD- IgG ≤2 weeks before (T1), 2 weeks– 3 months (T2) and 3– 7 months following second vaccination (T3) by 
vaccination regime. (A) Anti- spike- RBD- IgG (IgG) [BAU/ml], (B) spike- directed IFN- γ T- cell responses (TC) [mIU/ml] and (C) log2- association 
of IgG (left panels) and TC (right panels) with the duration [days] between second vaccination and T3. b = linear trend effect, p = p- value 
(adjusted using Holm's procedure), CI = confidence interval. ChAdOx1 = ChAdOx1 nCoV- 19. ***p < .001; **p < .01; *p < .05; n.s.: not 
significant; calculated using linear mixed effect models with vaccination regime and time and their interaction as predictors, adjusted for age 
and sex
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F I G U R E  2  Associations of early and late humoral and cellular immune responses in the different vaccination regimes. (A) Anti- spike- RBD- 
IgG (IgG) at T1 (≤2 weeks before second vaccination) vs. IgG at T3 (3– 7 months following second vaccination), (B) spike- directed IFN- γ T- cell 
responses (TC) at T1 vs. T3, and (C) TC at T1 vs. IgG at T3, all controlling for age, sex, and time between second vaccination and T3. b=linear 
trend effect, p=p- value (adjusted using Holm’s procedure), CI=confidence interval. ChAdOx1=ChAdOx1 nCoV- 19

)]l
m/

UI
m[

3T_
CT(2gol

)]l
m/

UI
m[

3T_
CT(2gol

)]l
m/

UAB[
3T_

GgI(2gol
)]l

m/
UAB[

3T_
GgI(2gol

)]l
m/

UAB[
3T_

GgI(2gol
)]l

m/
UAB[

3T_
GgI(2gol

)]l
m/

UAB[
3T_

GgI(2gol

ChAdOx1/ChAdOx1

ChAdOx1/BNT162b2

log2(IgG_T1 [BAU/ml])
0 5 10

)]l
m/

UI
m[

3T_
CT(2gol

)]l
m/

UAB[
3T_

GgI(2gol

5 10 15

BNT162b2/BNT162b2

log2(TC_T1 [mIU/ml])
5 10 15

0

5.0

7.5

10.0

5.0

7.5

10.0

5.0

7.5

10.0

5 10

b = 0.26; CI = [-0.18; 0.69]
p = 0.232

b = 1.23; CI = [ 0.51; 1.96]
p = 0.002

4 8 12 16

log2(TC_T1 [mIU/ml])
4 8 12 16

b = 0.16; CI = [-0.20; 0.52]
p = 0.369

b = 0.83; CI = [ 0.63; 1.03]
p < 0.001

b = 0.15; CI = [ 0.07; 0.22]
p < 0.001

0

5

10

0

5

10

15

15

9

6

3

0

9

6

3

0

9

6

3

0

(A) (B) (C)

5 10 15 4 8 12 16

b = 0.36; CI = [ 0.28; 0.45]
p < 0.001

b = 0.13; CI = [-0.03; 0.28]
p = 0.103

b = 0.41; CI = [ 0.14; 0.68]
p = 0.004

b = 0.22; CI = [ 0.09; 0.35]
p = 0.002

0 5 10

0

5

10

15

IgG T1 to T3 TC T1 to T3 TC T1 to IgG T3



4  |    LETTER

Abass Eidizadeh4

Sascha Dierks4

Meike Schaffrinski1

Karolin Zachmann1

Anne Schmitz5

Jason S. Holsapple5

Hedwig Stanisz- Bogeski1

Julie Schanz4,6

Andreas Fischer4,7

Uwe Groß2

Andreas Leha8

Andreas E. Zautner2,9

Moritz Schnelle4

Luise Erpenbeck1,5

1Department of Dermatology, Venereology and Allergology, 
University Medical Center Göttingen, Göttingen, Germany

2Institute of Medical Microbiology and Virology, University 
Medical Center Göttingen, Göttingen, Germany

3Lower Saxony Institute of Occupational Dermatology, 
University Medical Center Göttingen, Göttingen, Germany

4Institute for Clinical Chemistry, University Medical Center 
Göttingen, Göttingen, Germany

5Department of Dermatology, University of Münster, Münster, 
Germany

6Department of Hematology and Medical Oncology, University 
Medical Center Göttingen, Göttingen, Germany

7Division Vascular Signaling and Cancer, German Cancer 
Research Center (DKFZ), Heidelberg, Germany

8Department of Medical Statistics, University Medical Center 
Göttingen, Göttingen, Germany

9Institute of Medical Microbiology and Hospital Hygiene, 
Medical Faculty, Otto- von- Guericke University Magdeburg, 

Magdeburg, Germany

Correspondence
Luise Erpenbeck, Department of Dermatology, University of 

Münster, Von- Esmarch- Str. 58, 48149 Münster, Germany.
Email: luise.erpenbeck@ukmuenster.de

Moritz Schnelle, Institute for Clinical Chemistry, University 
Medical Center Göttingen, Robert- Koch- Str. 40, 37075 

Göttingen, Germany.
Email: moritz.schnelle@med.uni-goettingen.de

Moritz Schnelle and Luise Erpenbeck are joint senior authors.

ORCID
Moritz Schnelle  https://orcid.org/0000-0001-5134-8347 

R E FE R E N C E S
 1. Riggioni C, Comberiati P, Giovannini M, et al. A compendium an-

swering 150 questions on COVID- 19 and SARS- CoV- 2. Allergy. 
2020;75(10):2503- 2541. doi:10.1111/all.14449

 2. Brnjarchevska Blazhevska T, Babačić H, Sibinovska O, et al. A sin-
gle dose of BNT162b2 vaccine elicits strong humoral response in 
SARS- CoV- 2 seropositive individuals. Allergy. 2022;77(1):296- 298. 
doi:10.1111/all.15047

 3. Blain H, Tuaillon E, Gamon L, et al. Antibody response after one 
and two jabs of the BNT162b2 vaccine in nursing home residents: 
the CONsort- 19 study. Allergy. 2022;77(1):271- 281. doi:10.1111/
all.15007

 4. Sokolowska M, Eiwegger T, Ollert M, et al. EAACI statement on the 
diagnosis, management and prevention of severe allergic reactions 
to COVID- 19 vaccines. Allergy. 2021;76(6):1629- 1639. doi:10.1111/
all.14739

 5. Kuloğlu ZE, El R, Guney- Esken G, et al. Effect of BTN162b2 and 
CoronaVac boosters on humoral and cellular immunity of individ-
uals previously fully vaccinated with CoronaVac against SARS- 
CoV- 2: a longitudinal study. Allergy. 2022. doi:10.1111/all.15316. 
Online ahead of print.

 6. Azkur AK, Akdis M, Azkur D, et al. Immune response to SARS- CoV- 2 
and mechanisms of immunopathological changes in COVID- 19. 
Allergy. 2020;75(7):1564- 1581. doi:10.1111/all.14364

 7. Shrotri M, Navaratnam AMD, Nguyen V, et al. Spike- antibody 
waning after second dose of BNT162b2 or ChAdOx1. Lancet. 
2021;398(10298):385- 387. doi:10.1016/S0140- 6736(21)01642- 1

 8. Khoury J, Najjar- Debbiny R, Hanna A, et al. COVID- 19 vaccine –  
Long term immune decline and breakthrough infections. Vaccine. 
2021;39(48):6984- 6989. doi:10.1016/j.vaccine.2021.10.038

 9. Goel RR, Painter MM, Apostolidis SA, et al. mRNA vaccines induce 
durable immune memory to SARS- CoV- 2 and variants of concern. 
Science. 2021;374(6572):abm0829. doi:10.1126/science.abm0829

 10. Tartof SY, Slezak JM, Fischer H, et al. Effectiveness of mRNA 
BNT162b2 COVID- 19 vaccine up to 6 months in a large in-
tegrated health system in the USA: a retrospective cohort 
study. Lancet. 2021;398(10309):1407- 1416. doi:10.1016/
S0140- 6736(21)02183- 8

 11. Thomas SJ, Moreira ED, Kitchin N, et al. Safety and efficacy of the 
BNT162b2 mRNA Covid- 19 vaccine through 6 months. N Engl J 
Med. 2021;385(19):1761- 1773. doi:10.1056/NEJMoa2110345

 12. Hollstein MM, Münsterkötter L, Schön MP, et al. Interdependencies 
of cellular and humoral immune responses in heterologous and 
homologous SARS- CoV- 2 vaccination. Allergy. Published online 
February 16, 2022:all.15247. doi:10.1111/all.15247. Online ahead 
of print.

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

mailto:﻿
https://orcid.org/0000-0001-5134-8347
mailto:﻿
mailto:luise.erpenbeck@ukmuenster.de
mailto:moritz.schnelle@med.uni-goettingen.de
https://orcid.org/0000-0001-5134-8347
https://orcid.org/0000-0001-5134-8347
https://doi.org/10.1111/all.14449
https://doi.org/10.1111/all.15047
https://doi.org/10.1111/all.15007
https://doi.org/10.1111/all.15007
https://doi.org/10.1111/all.14739
https://doi.org/10.1111/all.14739
https://doi.org/10.1111/all.15316
https://doi.org/10.1111/all.14364
https://doi.org/10.1016/S0140-6736(21)01642-1
https://doi.org/10.1016/j.vaccine.2021.10.038
https://doi.org/10.1126/science.abm0829
https://doi.org/10.1016/S0140-6736(21)02183-8
https://doi.org/10.1016/S0140-6736(21)02183-8
https://doi.org/10.1056/NEJMoa2110345
https://doi.org/10.1111/all.15247

	Long-­term effects of homologous and heterologous SARS-­CoV-­2 vaccination on humoral and cellular immune responses
	REFERENCES


