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Reply to van de Sandt and Rimmelzwaan:
Matching epitope display with functional avidity
We appreciate the comments of van de Sandt
and Rimmelzwaan (1) on our paper (2), as
well as the opportunity to respond.
First, we agree that in Berkhoff et al. (3)

single alanine replacements resulted in re-
duced kinetics of viral replication. Nonethe-
less, to claim “a reduction of progeny virus
of >90%” (1) for all substitutions is mislead-
ing. Although figure 1A of Berkhoff et al.
shows this at one unspecified time after
Madin-Darby canine kidney infection, figure
1 B and D of Berkhoff et al., plotting viral
titers as a function of time, reveals far less
reduction (3). The latter may be more rele-
vant for physiologic infection, where im-
mune mechanisms limit viral replication.
The conclusion in the Berkhoff et al. abstract
that “alanine replacements for each of the
nine amino acids of the M158–66 were tol-
erated to various extents, except for the
anchor residue at the second position” (3)
is reasonable and reflected in our report
(2). Cao et al. (4) demonstrate that the
nuclear export signal overlaps the M158–66
epitope and reveals how the nuclear ex-
port signal motif tolerates substantial se-
quence variability (3). Most interestingly, all
mutant viral epitopes tested by chromium
release cytolysis assay were no longer tar-
geted by M158–66 cytotoxic T lymphocyte
(CTLs) (figure 4M in ref. 3), implying that
viral escape from immune recognition
could be achieved by mutation within this
segment without abrogated M1 nuclear ex-
port function. That a high host-cell surface
copy number of invariant M158–66 persists
during influenza A virus (IAV) infection im-
plies an absence of immune selection pres-
sure against this epitope.

Second, the suggestion that low functional
avidity of M158–66-responding T cells was an
artifact of peptide stimulation is excluded by
the HLA-A2 transgenic mouse study. There,
we show (2) that after a primary infection, the
bulk polyclonal M158–66 CD8 memory T cells
have a functional avidity 1,000-times poorer
than that of the protective NP366–374/D

b spec-
ificity T-cell population present in the same
animal. Such high-frequency M158–66 responses
are consistent with an independent study as
well (5).
Third, as correctly noted, we have not

examined CTL against the conserved epi-
topes uncovered by our LC-DIAMS (data
independent acquisition) analyses. M158–66
epitope immunodominance precludes re-
sponsiveness to those conserved epitopes.
Hence, responses subsequent to in vitro stim-
ulation will be primary in nature and of low
avidity. Future development of candidate
T-cell epitope-based universal IAV vaccines
will allow us to elicit such responses upon in
vivo priming, exploring avidity directly or
following in vitro secondary stimulation.
Fourth, although Boon et al. (6) nicely

show that the magnitude of IAV response is
linked to HLA, with HLA-A2 affording the
greatest response to specific epitopes using
5-μM peptide concentrations, these data do
not speak to the quality of such responses and
their relevance to protective T-cell immunity.
In sum, we agree that careful investigation

of T-cell responses requires exhaustive analy-
ses, of which physical detection of epitopes
is but one part. That said, we caution that
emphasis needs to be placed not just on
elucidating the frequency of T-cell responses
but their quality and, in particular, the match

between quantitative epitope display on
infected lung epithelium and the avidity of
the responding T cells.
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