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Antibodies
Antibodies used

Validation

observational study with sample size according to availability, real-world recruitment of vaccinated individual at Saarland University Medical
campus (convenience sampling).

Data from 1 individual with positive NCAP-IgG ratios were excluded from analyses based on a pre-established exclusion criterion. Exclusion of
NCAP-IgG positive individuals was done as a history of infection is known to affect vaccine-induced immunity.

Experimental procedures were pre-established before. Sufficient cells and plasma volumes were available to be analysed on each sample.
Within each sample, no replicates were performed due to limited sample material.

not applicable; individuals were recruited in an observational study with convenience samples being collected.

Individuals were recruited on the various regimens. During sample processing and analysis of primary data, the investigators were blinded to
vaccine group allocation.

anti-CD3 mouse anti-human (BD Biosciences, PerCP, clone SK7, cat. 345766, Dilution 1:25)

anti-CD4 mouse anti-human (BD Biosciences, APC-H7, clone SK3, cat. 641398, Dilution 1:100 for unstimulated samples and 1:33.3 for
stimulated samples)

anti-CD8 mouse anti-human (BD Biosciences, V500, clone RPA-T8, cat. 560774, Dilution 1:100)

anti-CD8 mouse anti-human (BD Biosciences, PerCP, clone SK1, cat. 345774, Dilution 1:12.5)

anti-CD19 mouse anti-human (BD Biosciences, FITC, clone HIB19, cat. 555412, Dilution 1:40)

anti-CD27 mouse anti-human (BD Biosciences, APC, clone L128, cat. 337169, Dilution 1:200)

anti-CD28 mouse anti-human (BD Biosciences, purified, clone L293, cat. 348040, 1µg/ml)

anti-CD38 mouse anti-human (BD Biosciences, PE, clone HB7, cat. 345806, Dilution 1:20)

anti-CD49d mouse anti-human (BD Biosciences, purified, clone 9F10, cat. 555501, 1µg/ml)

anti-CD69 mouse anti-human (BD Biosciences, PE-Cy7, clone L78, cat. 335792, Dilution 1:33.3)

anti-IFN# mouse anti-human (BD Biosciences, FITC, clone 4S.B3, cat. 554551, Dilution 1:100)

anti-IgD mouse anti-human (BD Biosciences, PE-Cy7, clone IA6-2, cat. 561314, Dilution 1:33.3)

anti-IL-2 rat anti-human (BD Biosciences, PE, clone MQ1-17H12, cat. 559334, Dilution 1:12.5)

anti-TNF! mouse anti-human (BD Biosciences, V450, clone Mab11, cat. 561311, Dilution 1:20)

anti-CTLA-4 mouse anti-human (BD Biosciences, APC, clone BNI3, cat. 555855, Dilution 1:50)

All antibodies were separately titrated in house to evaluate best concentrations for discrimination of negative and positive cells.
Finally, panels including defined concentration of antibodies were tested together to confirm that identified antibody concentrations
are also sufficient when compensations are required.
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SK7: CD3 is intended for in vitro diagnostic use in the identification of cells expressing the CD3 antigen. Application: Flow cytometry;
Source: https://www.bdbiosciences.com/en-de/products/reagents/flow-cytometry-reagents/clinical-diagnostics/single-color-
antibodies-asr-ivd-ce-ivd/cd3-percp.345766

SK3: The CD4 antibody, clone SK3, is derived from the hybridization of mouse NS-1 myeloma cells with spleen cells from BALB/c mice
immunized with human peripheral blood T lymphocytes. The CD4 antibody recognizes a 55-kilodalton (kDa) glycoprotein that is
present on T-helper/inducer lymphocytes and monocytes. Application: Flow cytometry; Source: https://www.bdbiosciences.com/en-
de/products/reagents/flow-cytometry-reagents/clinical-discovery-research/single-color-antibodies-ruo-gmp/apc-h7-mouse-anti-
human-cd4.641398

RPA-T8: The RPA-T8 monoclonal antibody specifically binds to CD8 alpha (CD8!). CD8! is a type I transmembrane glycoprotein and a
member of the immunoglobulin superfamily. CD8! is expressed by the majority of thymocytes, by subpopulations of !" T cells and #$

T cells and by some NK cells. Cell surface CD8! is expressed either as a disulfide-linked homodimer (CD8!!) or as a heterodimer
(CD8!") when disulfide-bonded to a CD8 beta chain (CD8"). CD8-positive !" T cells coexpress both CD8!! homodimers and CD8!"

heterodimers whereas some #$ T cells and NK cells express CD8!! homodimers. CD8 plays important roles in T cell activation and
selection. The extracellular IgSF domain of CD8! binds to a non-polymorphic determinant on HLA class I molecules (!3 domain) and
enables CD8 to function as a co-receptor with MHC class I-restricted TCR during T cell recognition of antigen. The cytoplasmic domain
of CD8! associates with Lck, a Src family protein tyrosine kinase that is involved in intracellular signaling. The RPA-T8 and HIT8a
monoclonal antibodies are not cross-blocking. This clone has been reported to react with a subset of peripheral blood lymphocytes,
but not monocytes nor granuloyctes, of baboon and both rhesus and cynomolgus macaque monkey. In general, a higher frequency of
CD8+ and CD4+CD8+ lymphocytes are observed in non-human primates compared to normal human donors. Application: Flow
cytometry (Routinely Tested); Source: https://www.bdbiosciences.com/en-de/products/reagents/flow-cytometry-reagents/research-
reagents/single-color-antibodies-ruo/v500-mouse-anti-human-cd8.560774

SK1: CD8 is intended for in vitro diagnostic use in the identi!cation of cells expressing CD8 antigen. Application: Flow cytometry;
Source: https://www.bdbiosciences.com/en-de/products/reagents/flow-cytometry-reagents/clinical-diagnostics/single-color-
antibodies-asr-ivd-ce-ivd/cd8-percp.345774

HIB19: The HIB19 monoclonal antibody specifically binds to the 95 kDa type I transmembrane CD19 glycoprotein. CD19 is expressed
during all stages of B-cell maturation and differentiation, except on plasma cells. CD19 is also present on follicular dendritic cells. It is
not found on T cells or on normal granulocytes. CD19 is a signal transduction molecule that regulates B cell development, activation,
proliferation and differentiation. It associates with the complement receptor 2 (CD21), TAPA-1 (CD81), Leu 13, and/or MHC class II to
form a signal transduction complex on the surface of B cells. Anti-CD19 clone HIB19 partially blocks the binding of clone B43, another
CD19-specific monoclonal antibody. Application: Flow cytometry (Routinely Tested); Source: https://www.bdbiosciences.com/en-de/
products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/fitc-mouse-anti-human-cd19.555412

L128: The CD27 antibody, clone L128, is derived from hybridization of mouse Sp2/0 cells with spleen cells from BALB/c mice
immunized with activated peripheral blood lymphocytes. The CD27 antibody recognizes a 110–120-kilodalton (kDa) disulfide-linked
homodimer comprised of two 55-kDa polypeptide chains. The CD27 antigen is a lymphocyte-specific member of the tumor necrosis
factor receptor (TNFR) super family, which also includes nerve growth factor receptor, CD30, CD40, CD95 (Fas), CD120a, CD120b,
CD134 (OX 40), and CD137. The CD27 antigen is also known as S152, T14, TNFRSF7, and Tp55. Application: Flow cytometry (RUO
GMP); Source: https://www.bdbiosciences.com/en-de/products/reagents/flow-cytometry-reagents/clinical-discovery-research/
single-color-antibodies-ruo-gmp/apc-mouse-anti-human-cd27.337169

L293: The CD28 antibody, clone L293, is derived from hybridization of Sp2/0-Ag14 mouse myeloma cells with spleen cells from BALB/
c mice immunized with the HPB-ALL T-cell line. The CD28 antigen, a disulfide-linked homodimeric glycoprotein, Mr 44 kilodaltons
(kd), is a cell-adhesion molecule (CAM) and functions as the ligand for CD80 (B7-1) and CD86 (B7-2) antigens, which are present on
activated B lymphocytes, monocytes, and dendritic cells. Interaction of the CD28 antigen with CD80 or CD86 antigens, or both, co-
stimulates CD2 and CD3 antigen/T-cell antigen receptor (TCR)–dependent T-cell–mediated proliferation and cytotoxicity. Application:
Flow cytometry (RUO GMP); Source: https://www.bdbiosciences.com/en-de/products/reagents/flow-cytometry-reagents/clinical-
discovery-research/single-color-antibodies-ruo-gmp/purified-mouse-anti-human-cd28.348040

HB7: CD38 is intended for in vitro diagnostic use in the identification of cells expressing CD38 antigen. Application: Flow cytometry;
Source: https://www.bdbiosciences.com/en-de/products/reagents/flow-cytometry-reagents/clinical-diagnostics/single-color-
antibodies-asr-ivd-ce-ivd/cd38-pe.345806

9F10: The 9F10 monoclonal antibody specifically reacts with the integrin !4 chain, that is expressed as a heterodimer with either of
two " integrin subunits, "1 (CD29) or "7. The !4"1 integrin (VLA-4) is expressed on lymphocytes, monocytes, thymocytes, NK cells,
and several B- and T-cell lines, and mediates binding to VCAM-1 (CD106) and the CS-1 region of fibronectin. The !4"7 integrin has a
similar tissue distribution, except it is found on only a small subpopulation of thymocytes. Integrin !4"7 also binds fibronectin and
VCAM-1, and has been shown in the mouse to preferentially bind the mucosal vascular addressin molecule, MAdCAM-1. This
antibody is useful for studies of the expression by and function of cells that express !4 chain-containing integrins. This clone cross-
reacts with a subset of peripheral blood lymphocytes, monocytes, and some granulocytes of baboon and both rhesus and
cynomolgus macaque monkeys. The distribution on leukocytes is similar to that observed with human peripheral blood leukocytes.
Application: Flow cytometry (Routinely Tested); Source: https://www.bdbiosciences.com/en-de/products/reagents/flow-cytometry-
reagents/research-reagents/single-color-antibodies-ruo/purified-na-le-mouse-anti-human-cd49d.555501

L78: The CD69 antibody, clone L78, is derived from hybridization of mouse Sp2/0-Ag14 myeloma cells with lymph node cells from
BALB/c mice immunized with a CD8+ alloantigen–directed cytotoxic T-lymphocyte (CTL) cell line. The CD69 antibody recognizes a very
early human activation antigen that is a disulfide-bonded homodimer consisting of Mr 60-kilodalton (kDa) polypeptides with one or
two N-linked oligosaccharides. Application: Flow cytometry (RUO GMP); Source: https://www.bdbiosciences.com/en-de/products/
reagents/flow-cytometry-reagents/clinical-discovery-research/single-color-antibodies-ruo-gmp/pe-cy-7-mouse-anti-human-
cd69.335792

4S.B3: The 4S.B3 monoclonal antibody specifically binds to interferon-# (IFN-#). The immunogen used to generate this hybridoma was
partially purified human IFN-# obtained from supernatants of human PBMC stimulated with Staphylococcus aureus. Interferon-# (IFN-
#) is a potent multifunctional cytokine that is produced by several activated cell types including NK, NKT, CD4+TCR!"+, CD8+TCR!"+,
and TCR#$+ T cells. IFN-# exerts its biological effects through specific binding to the high-affinity IFN-# Receptor Complex comprised
of IFN-#R! (CD119) and IFN-#R" subunits. In addition to its antiviral effects, IFN-# upregulates a number of lymphoid cell functions
including the antimicrobial and antitumor responses of macrophages, NK cells, and neutrophils. In addition, IFN-# can exert strong
regulatory influences on the proliferation, differentiation, and effector responses of B cell and T cell subsets. These influences can
involve IFN-#'s capacity to boost MHC class I and II expression by antigen-presenting cells as well as to direct effects on B cells and T
cells themselves. Human IFN-# is a 14-18 kDa glycoprotein containing 143 amino acid residues. Clone 4S.B3 also cross-reacts with a
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cytoplasmic component of peripheral blood CD3+ lymphocytes of baboon, and both rhesus and cynomolgus macaque monkeys
following five-hour treatment with phorbol myristic acetate (PMA) and Ca++ ionophore (A23187) in the presence of monensin. The
staining pattern of 4S.B3 in CD3+ cells is similar to that observed with peripheral blood T lymphocytes from normal human donors.
This reagent is useful for intracellular immunofluorescent staining for flow cytometric analysis to identify and enumerate IFN-# + cells
within a mixed cell population. Application: Intracellular staining (flow cytometry, Routinely Tested); Source: https://
www.bdbiosciences.com/en-de/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/fitc-
mouse-anti-human-ifn.554551

IA6-2: The IA6-2 monoclonal antibody specifically binds to the heavy chain of human Immunoglobulin D (IgD). IgD is a member of the
immunoglobulin superfamily that exists in type 1-membrane (mIgD) and soluble glycoprotein forms. mIgD is expressed on mature
naïve B cells (along with membrane IgM) and serves as a B-cell receptor for antigen (BCR). In response to antigen binding, the mIgD
BCR, in association with other signaling molecules including CD79a and CD79b, can transduce activating or tolerizing signals
intracellularly into B lymphocytes. Application: Flow cytometry (Routinely Tested); Source: https://www.bdbiosciences.com/en-de/
products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/pe-cy-7-mouse-anti-human-igd.561314

MQ1-17H12: The MQ1-17H12 monoclonal antibody specifically binds to the multifunctional cytokine, human Interleukin-2 (IL-2). IL-2
is produced by activated T cells and has multiple functions that can affect the growth, proliferation, differentiation and survival of
many different target cell types including T cells, B cells, NK cells, monocytes and macrophages. The immunogen used to generate
the MQ1-17H12 hybridoma was purified recombinant human IL-2 protein. The MQ1-17H12 antibody reportedly neutralizes the
biological activity of human IL-2. Application: Intracellular staining (flow cytometry, Routinely Tested); Source: https://
www.bdbiosciences.com/en-de/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/pe-rat-
anti-human-il-2.559334

MAb11: The MAb11 monoclonal antibody specifically binds to human tumor necrosis factor (TNF, also known as TNF-!) protein. TNF
is an efficient juxtacrine, paracrine and endocrine mediator of inflammatory and immune functions. It regulates the growth and
differentiation of a variety of cell types. TNF is cytotoxic for transformed cells when in conjunction with IFN-#. It is secreted by
activated monocytes/macrophages and other cells such as B cells, T cells and fibroblasts. The immunogen used to generate the
MAb11 hybridoma was recombinant human TNF. The MAb11 antibody has been reported to crossreact with Rhesus Macaque TNF.
Application: Intracellular staining (flow cytometry, Routinely Tested); Source: https://www.bdbiosciences.com/en-de/products/
reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/v450-mouse-anti-human-tnf.561311

BNI3: The BNI3 monoclonal antibody specifically binds to the human cytolytic T lymphocyte-associated antigen (CTLA-4), also known
as CD152. CTLA-4 is transiently expressed on activated CD28+ T cells and binds to CD80 and CD86 present on antigen presenting cells
(APC) with high avidity. This interaction appears to deliver a negative regulatory signal to the T cell. Recent reports indicate that
CTLA-4 is also expressed on B cells when cultured with activated T cells, suggesting a role for CTLA-4 in the regulation of B-cell
response. Immobilized BNI3 antibody enhances T-cell proliferation induced by antibody-mediated crosslinking of CD3 and CD28.
Recent studies have shown that CD152 can be expressed by regulatory T (Treg) cells. After cellular fixation and permeabilization, the
BNI3 antibody can stain intracellular CD152 expressed in T cells including Treg cells. Clone BNI3 was studied in the VI Leukocyte
Typing Workshop. Source: APC Mouse Anti-Human CD152 (bdbiosciences.com). Clone BNI3 also cross-reacts with a subset of
peripheral blood lymphocytes of baboon, and both rhesus and cynomolgus macaque monkeys, following Concanavalin A (Con A)
treatment. The distribution of BNI3+ cells following activation is similar to that observed with peripheral blood lymphocytes from
normal human donors

Immunocompetent individuals with no known history of SARS-CoV-2 infection were included in the study. Individuals were
enrolled after having received a primary vaccination with the ChAdOx1 nCoV-19 or one of the mRNA-vaccines (BNT162b2 or
mRNA-1273) and before receiving the secondary vaccine. Five groups were included comprising homologous regimens
comprising either ChAdOx1 nCoV-19 (n=62, 52.5±10.9 years of age, 41 females, 21 males), BNT162b2 (n=43, 52.9±18.7 years
of age, 26 females, 17 males) or mRNA-1273 (n=59, 41.9±15.2 years of age, 39 females, 20 males), or a heterologous vaccine
regimen comprising a ChAdOx1 nCoV-19 priming dose followed by secondary vaccination with BNT162b2 (n=66, 45.0±10.9
years of age, 53 females, 13 males) or with mRNA-1273 vaccine (n=101, 38.2±13.7 years of age, 82 females, 19 males). One
female on an mRNA-1273/mRNA-1273 regimen was excluded from final analysis due to positive IgG towards NCAP.

Prospective recruitment; healthy immunocompetent individuals were invited to participate in the study (most were health
care workers at Saarland University Medical Center); all participants gave written informed consent; matching for time (14
days) after second vaccine dose with an interval of 13-18 days tolerated. All individuals were enrolled prior to the second
vaccine as convenience sampling, and assignment to the vaccine groups were not randomized but determined by current
guidelines. This may cause a bias in age, which was further addressed by subgroup analyses and non-parametric regression
analyses.

Ethikkommission der Ärztekammer des Saarlandes




