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Figure 1.  Activation of CD8� T cells a�er primary YF-17D vaccination. PBMCs were analysed by �ow 
cytometry. Activated CD8� T cells were de�ned as CD38� HLA-DR� CD8� CD3� T cells (see supplementary 
Figure�S1, le�-hand panel). (A) Frequencies of activated CD8� T cells before and a�er YFV vaccination. Pre- 
(day 0) and post-vaccination (day 9 to 43) PBMCs from 209 primary YFV vaccinated donors were analysed. 
In the le�-hand panel, pre-vaccination frequencies are plotted; in the right-hand panel, the post-vaccination 
frequencies are plotted according to the day the blood sample was collected. �e median for each collection day 
is indicated. Mann Whitney U test was used to determine the signi�cance of the di�erence between day 0 pre-
vaccination, and the indicated day post vaccination (���p � 0.001; ��p � 0.01; �p � 0.05). (B) �e frequencies 
of activated and NS4B214-222/HLA-A�02:01 tetramer speci�c CD8� T cells from 93 HLA-A�02:01 donors 
were analysed and plotted according to the day the blood samples were collected. (C) �e previous analysis 
was extended to 11 di�erent HLA- class I tetramer-speci�c CD8� T cells from 41 primary vaccinated donors 
yielding 321 measurements of frequencies of activated and HLA class I tetramer positive CD8� T cells, which 
are plotted according to the day the blood sample was collected. (D) PBMCs from two primary vaccinated 
donors were collected at various time points before and a�er primary YFV vaccination. In the le�-hand panel, 
the frequencies of activated and NS4B214-222/HLA-A�02:01 tetramer positive CD8� T cells from donor YF4967 
are plotted according to the day the blood samples were collected. In the right-hand panel, the frequencies of 
activated and NS2A4-13/HLA-B�35:01tetramer positive CD8� T cells from donor YF7512 are plotted according 
to the day the blood samples were collected. �e frequencies of tetramer� CD8� T cells are depicted as 
histograms with values given on the le� Y-axis; whereas the frequencies of activated tetramer positive CD8� T 
cells are depicted as a line plot with values given on the right Y-axis.
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�ese scarce and weak ex vivo late memory responses made us examine whether NS4B214-222/HLA-A�02:01 
tetramer-speci�c CD8� T cells could be detected a�er in vitro culture with the NS4B214-222 peptide for 8 days 

Figure 2.  CD8� T cell responses in primary and booster vaccinated donors. PBMC�s were obtained from 
primary and booster vaccinated donors either before (day 0) or at the peak of the vaccine-induced response 
(day 12�22). (A) �e frequencies of activated CD8� T cells (i.e. CD38� HLA-DR� CD8� CD3� T cells) obtained 
before (denoted �naïve�; n � 127) and a�er (�primary e�ectors�; n � 180) primary YFV vaccination as well as 
before (�late memory�; n � 26) and a�er (�secondary e�ectors�; n � 26) booster vaccination. �e median is 
indicated. Mann Whitney U test was used to determine the signi�cance of the di�erence between the indicated 
groups (���p � 0.0001; ��p � 0.009; �p � 0.013). (B) PBMC�s obtained from donors before (�naïve�) and a�er 
(�primary e�ectors�) primary vaccination, and from donors before (�late memory�) and a�er (�secondary 
e�ectors�) booster YFV vaccination were enumerated for NS4B214�222-speci�c, HLA-A�02:01-restricted CD8� 
T cells. �ese analyses were performed both ex vivo (denoted �ex vivo�) and a�er an 8-day in vitro peptide 
stimulation and expansion culture (denoted �Expand�). Results are given as frequencies of tetramer� CD8� 
T cells. Mann Whitney U test was used to determine the signi�cance of the di�erence between the indicated 
groups (���p � 0.0001; ��p � 0.002; ns: not signi�cant). (C) �e experiments in B were repeated using a panel 
of 11 di�erent YFV-derived/HLA class I tetramers. Mann Whitney U test was used to determine the signi�cance 
of the di�erence between the indicated groups (���p � 0.0001; ns: not signi�cant). (D) �e activation status of 
YFV-speci�c CD8� T cell was determined post vaccination for donor samples collected between day 12 and day 
22 a�er YFV vaccination. In the le�-hand panel, PBMCs from primary vaccinated donors (�primary e�ectors�; 
n � 79) and from booster vaccinated donors (�secondary e�ectors�; n � 14) were stained ex vivo with a NS4B214-

222/HLA-A�02:01 tetramer. In the right-hand panel, PBMCs from primary vaccinated donors (�primary 
e�ectors�; n � 279) and from booster vaccinated donors (�secondary e�ectors�; n � 13) were stained ex vivo with 
tetramers relevant for their HLA haplotype. �e activation status of these tetramer positive CD8� T cells was 
determined as above. �e median is indicated. A Mann Whitney U test was used to determine the signi�cance 
of the di�erence between the groups (���p � 0.0001).
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