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Abstract

Background: Plateletpheresis involves platelet separation and collection from whole

blood while other blood cells are returned to the donor. Because platelets are replaced

faster than red blood cells, as many as 24 donations can be done annually. However,

some frequent apheresis platelet donors (>20 donations annually) display severe

plateletpheresis-associated lymphopenia; in particular, CD4+T but not B cell numbers

are decreased. COVID-19 vaccination thereby provides a model to assess whether

lymphopenic platelet donors present compromised humoral immune responses.

Study Design and Methods: We assessed vaccine responses following 2 doses

of COVID-19 vaccination in a cohort of 43 plateletpheresis donors with a range

of pre-vaccination CD4+T cell counts (76–1537 cells/μl). In addition to baseline

T cell measurements, antibody binding assays to full-length Spike and the

Receptor Binding Domain (RBD) were performed pre- and post-vaccination.

Furthermore, pseudo-particle neutralization and antibody-dependent cellular

cytotoxicity assays were conducted to measure antibody functionality.

Results: Participants were stratified into two groups: <400 CD4/μl (n = 27)

and ≥ 400 CD4/μl (n = 16). Following the first dose, 79% seroconverted within

the <400 CD4/μl group compared to 87% in the ≥400 CD4/μl group; all donors
were seropositive post-second dose with significant increases in antibody

levels. Importantly differences in CD4+ T cell levels minimally impacted neu-

tralization, Spike recognition, and IgG Fc-mediated effector functions.

Discussion: Overall, our results indicate that lymphopenic plateletpheresis

donors do not exhibit significant immune dysfunction; they have retained the T

and B cell functionality necessary for potent antibody responses after vaccination.
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1 | INTRODUCTION

Platelets are used for the treatment of thrombocytopenia
and other related blood and clotting abnormalities. While
platelets can be recovered from whole blood donations,
the preferred method of collection is apheresis which
allows donors to donate as many as 24 times annually.1

The process of plateletpheresis involves platelet extrac-
tion from whole blood by an apheresis machine and the
subsequent return of other blood components to the
donor.

Recent literature highlighted a striking correlation
between the frequency of platelet donations by apheresis
and lymphopenia.2,3 In particular, several apheresis
donors with lifetime donations of more than fifty exhibited
severe T cell lymphopenia.2,3 One observational study
reported that the decline in CD4+T cells and/or CD8+T
cells had a modest contribution to immunosuppression-
related or opportunistic infections.4 In contrast, while
Gansner et al3 showed that lymphopenia was associated
with a reduction in the CD4+T helper 17 subsets (Th17),
key mediators of mucosal immunity against pulmonary
pathogens,5 their results and evidence from analysis of
samples from individuals a year after ceasing platelet
donations, suggest functional immune responses are main-
tained in these individuals.2,3

Exposure to SARS coronavirus-2 (SARS-CoV-2), the
aetiologic agent responsible for the COVID-19 pandemic,6

can result in individuals suffering anything from asymp-
tomatic infection to severe respiratory failure such as acute
respiratory distress syndrome (ARDS) leading to death.7

SARS-CoV-2 infections continue to be a major health bur-
den globally. However, modern medicine facilitated the
rapid development of promising treatments and impor-
tantly, COVID-19 vaccines.8–10 To date there are ten
COVID-19 vaccines that have been granted Emergency
Use Authorization (EUA) by the World Health Organiza-
tion.9 These include protein subunit vaccines, the widely
administered mRNA vaccines, recombinant adenoviral
vector vaccines as well as inactivated whole virus vac-
cines.10 Others are currently in various phases of develop-
ment or authorization.

Evidence in the literature supports the existence of
strong T cell immunity in convalescent individuals,11

and the retention of broad cross-reactive responses to
multiple variants one year post-initial exposure has also
been reported.12 Furthermore SARS-CoV-2 memory T
cell responses have been speculated to be important in
alleviating disease severity.13 COVID-19 vaccination is
shown to provide adequate boosting of the humoral
response nearing that of natural infection in healthy
individuals.14–16 To our knowledge, none have thus far
reported on immune responses of lymphopenic

plateletpheresis donors following vaccination. Consider-
ing the critical role of CD4+T cells in the adaptive
humoral response,17 we sought to determine the ability
of these donors to mount an immune response to
COVID-19 vaccination.

2 | STUDY DESIGN AND METHODS

2.1 | Recruitment, sample collection,
and ethics statement

Apheresis platelet donors who donate more than 5 times
annually on the Trima Accel automated blood collection
system (Terumo BCT, Lakewood, CO) were recruited for
the study after informed consent. Recruitment com-
menced just before the vaccination campaign in May
2021 in the Province of Québec, Canada. A total of
48 donors were contacted and all agreed to participate;
however, 4 were excluded from the study because of prior
COVID-19 infection and one was excluded because of an
inadequate pre-vaccination sample leading, which pre-
vented the initial CD4 count from being established. Ini-
tial blood samples were obtained from the remaining
43 donors at recruitment (baseline-V0), before platelet
donation. Individuals were administered 2 doses of
mRNA vaccines (Pfizer or Moderna), AstraZeneca, or a
combination of both (Table 1) with an approximate
11-week interval between doses 1 and 2. Follow-up sam-
ples were obtained at subsequent visits for platelet dona-
tion, at least 3 weeks after receiving a vaccine dose:
approximately 5-weeks post-dose 1 (V1) and 6-weeks
post-dose 2 (V2). The blood samples were taken before
each platelet donation for platelet enumeration (manda-
tory analysis at each donation) and used for T cell analy-
sis and plasma recovery. Recovered plasma was stored
frozen until required and subsequently heat-inactivated
for 1 h at 56°C before use. All work was conducted in
accordance with the Declaration of Helsinki in terms of
informed consent and study approval by the Héma-Qué-
bec Ethics Committee (CER 2021-002).

2.2 | Blood counts

Complete blood counts and differentials were established
using a Coulter Ac�T 5diff AL hematology analyzer
(Beckman-Coulter Life Sciences, Mississauga, ON,
Canada). CD4+ and CD8+T cell counts were determined
by flow cytometry on a BD Accuri C6 using the CD4
FITC/CD8 PE/CD3 PerCP BD Tritest (BD Biosciences,
Mississauga, ON, Canada) according to the manufac-
turer's instructions.
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2.3 | Plasmids and monoclonal
antibodies

The plasmids encoding the SARS-CoV-2 Spike variants
D614G, B.1.617.2 (Delta) B.1.1.529 (Omicron) and the
green fluorescence protein expressor (pIRES2-eGFP;
Clontech, Mountain View, CA) were previously
described.18–20 The lentiviral vector pNL4.3 R-E Luc used
to generate pseudoviruses was obtained from NIH AIDS
Reagent Program. The CR3022 antibody which recog-
nizes both the SARS-CoV and the SARS-CoV-2 Spike pro-
teins21 and the conformationally-independent anti-S2
antibody CV3-2518,19,22–24 were used for normalization in
various assays where indicated.

2.4 | Cell lines

293 T human embryonic kidney cells (obtained from
ATCC, Manassas, VA) were maintained in Dulbecco's
modified Eagle's medium (DMEM) (Wisent, Montreal,
QC, Canada) containing 5% fetal bovine serum (VWR)
and 100 mg/mL of penicillin–streptomycin (Wisent). The
293 T-ACE2 cell line, CEM.NKr CCR5+ cells, and CEM.
NKr cells stably expressing a GFP-tagged full-length
SARS-CoV-2 Spike (CEM.NKr.SARS-CoV-2.Spike cells)
have been previously reported.25–27 All cells were main-
tained at 37°C under 5% CO2.

2.5 | Enzyme-linked immunosorbent
assays (ELISA)

The in-house ELISA targeting the receptor-binding domain
(RBD) of the SARS-CoV-2 spike protein used for the deter-
mination of total RBD-specific immunoglobulins (Ig) was
described before.28 The optical density (OD) threshold for
seropositivity was set at 0.230 to obtain a sensitivity of
98.9% and a specificity of 98.5%.29 The assay was also
adapted to analyze the three main classes of Ig (IgA, IgG,
and IgM). Plasma samples were diluted at 1:100 for total Ig
determination, 1:400 for IgA and IgM, and 1:800 for IgG.
Anti-human polyvalent IgA + IgG + IgM (H + L), IgA
alpha chain specific, IgG Fcγ specific, or IgM Fc5μ specific
conjugated to HRP (Jackson ImmunoResearch Laborato-
ries, Inc., West Grove, PA) were used as secondary
antibodies in the corresponding ELISA. To calculate the
RBD-avidity index, a stringent ELISA incorporating the
chaotropic agent urea at 8 M compared to 0 M, was
performed as previously described15 and the avidity index
was calculated as reported.15,30

2.6 | Pseudovirus neutralization assay

Pseudovirus neutralization assays were performed as pre-
viously.15,18,31 Briefly pseudoviruses expressing indicated
Spike glycoprotein (D614G, Delta or Omicron)20,25 were

TABLE 1 Cohort characteristics <400 CD4+ cells/μl ≥400 CD4+ cells/μl
p value(n = 27) (n = 16)

Age, year

Median, (IQR) 68 (64.5–72) 62 (55.5–68.5) 0.0073

Sex

Female 2 (7.4) 0 (0%) 0.5216

Male 25 (92.6) 16 (100%)

Lifetime donations

Median, (IQR) 166 (106–251.5) 24 (9.75–44) <0.0001

Vaccine administereda

Pfizer 16 (64.0) 6 (46.2) 0.5678

Moderna 3 (12.0) 2 (15.4)

AstraZeneca 3 (12.0) 1 (7.6)

Mixed 3 (12.0) 4 (30.8)

Interval between doses

Median (Days), (IQR) 77 (68–82) 71 (62–79) 0.139

Note: Data represented by n (percentage) or median (first quartile and third quartile). Mann Whitney was
used to compare age, interval between doses, and lifetime donations. Exact Fischer tests to compare sex and

vaccines administered.
aVaccination information was missing for 2 and 3 donors in the <400 CD4+ cells/μl and the ≥400 CD4/μl
group, respectively.
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incubated with plasma (1:50; 1:250; 1:1250; 1:6250;
1:31250) for 1 h at 37°C, then added to 293 T-ACE2
target cells.25 Cells were cultured for 48 h at 37°C and
then lysed with 30 μl of passive lysis buffer (Promega,
Madison, WI). Following one freeze–thaw cycle,
luciferase activity was measured on an LB942 TriStar
luminometer (Berthold Technologies, Bad Wildbad,
Germany) after the addition of 100 μl of luciferin buffer
(15 mM MgSO4, 15 mM KH2PO4 [pH 7.8], 1 mM ATP,
and 1 mM dithiothreitol) and 50 μl of 1 mM d-luciferin
potassium salt (Prolume, Pinetop, AZ). The neutraliza-
tion half-maximal inhibitory dilution (ID50) represents
the plasma dilution required to inhibit 50% of the
infection of 293 T-ACE2 cells.

2.7 | Cell surface spike recognition and
flow cytometry analysis

293 T were transfected with full-length SARS-CoV-2
Spikes and GFP expressor using the calcium-phosphate
method as previously described.25 48 h post-transfection,
Spike-expressing 293 T cells were stained with the control
CV3-25 (5 mg/mL) or plasma from vaccinated individuals
(1:250 dilution) for 45 min at 37°C. AlexaFluor-
647-conjugated goat anti-human IgG (1:1000 dilution)
(Thermo Fisher, Mississauga, ON, Canada) were used as
secondary antibodies. The percentage of GFP + Spike-
expressing cells was determined by gating the living cell
population based on viability dye staining (Aqua Vivid,
Invitrogen, Walthem, MA). Samples were acquired on an
LSR II cytometer (BD Biosciences), and data analysis was
performed using FlowJo v10.7.1 (Tree Star, Woodburn,
OR). Median fluorescence intensities (MFI) obtained with
plasma were normalized to the MFI obtained with CV3-25
and presented as a percentage of CV3-25 binding, as
reported.19,22–24

2.8 | Antibody-dependent cellular
cytotoxicity (ADCC) assay

Anti-SARS-CoV-2 ADCC assays were performed as
reported.26,27 Briefly, plasma from donors (1:500) was
incubated at 37°C for 5 h with target cells (comprising
parental CEM.NKr CCR5+ cells mixed at a 1:1 with
GFP-tagged CEM.NKr.SARS-CoV-2.Spike cells) and
effector cells [overnight rested peripheral blood mononu-
clear cells] for 5 hr, before being fixed in a 2% PBS-
formaldehyde solution. All samples were acquired on an
LSRII cytometer (BD Biosciences) and data analysis was
performed using FlowJo v10.7.1 (Tree Star). ADCC activ-
ity was calculated as previously reported.26 The specificity

threshold was established using the following formula:
mean of pre-pandemic SARS-CoV-2 negative plasma +3
standard deviation of the mean of pre-pandemic SARS-
CoV-2 negative plasma.

2.9 | Statistical analysis

Two-tailed non-parametric tests were used when appro-
priate with a significance threshold established at
α = 0.05. Mann Whitney test was used to compare the
two groups. Kruskal-Wallis test followed by Dunn's post
hoc test was used for independent samples to compare
groups under different conditions. Friedman test for
dependent samples was used to compare participants at
different time points. All analyses were performed using
GraphPad Prism software version 9.3.0 (San Diego, CA).
Finally, data visualization/network correlation analysis
for the joint representation of the study variables was
made using circular edge bundling graphs generated in
an undirected mode in program R v.4.1.2 and RStudio
v. 2021.09.0 using ggraph, igraph, tidyverse, and RColor-
Brewer packages.32 Edges are only shown if p < 0.05, and
nodes are sized according to the sum of the connecting
edges' absolute r values. Nodes are color-coded according
to the groups of variables.

3 | RESULTS

3.1 | Frequent plateletpheresis donors
exhibit reduction in CD4+ and CD8+ T cell
counts

A cohort of 43 plateletpheresis donors was recruited for
the study and subsequently classified into two groups;
the CD4-low group consisted of individuals with labora-
tory ranges of less than 400 CD4+T cells/μl of blood
whereas subjects with levels ranging equal to or above
400 were considered to be in the normal range (CD4-high
group) (Table 1; Figure 1). Only infection-naïve partici-
pants were included in the study. Participants were asked
to confirm their vaccination date by email; none of them
reported SARS-CoV-2 infection during the study period.
All participants provided at least 2 samples; 35 provided
3 samples (pre-vaccination, post-1st and post-2nd dose)
while the post-1st dose sample was missing for 6 partici-
pants (3 from the CD4-low and 3 from the CD4-high
group) and the post-2nd dose sample was missing for two
participants (both from the CD4-high group). More than
50% of study participants had been administered the
mRNA vaccine, Pfizer, whereas only a small proportion
received Moderna (�11%), AstraZeneca (�10%), or a
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mixed dose (�16%) which comprised of either one of the
mRNA vaccines with AstraZeneca.

Overall, total lymphocyte counts in the CD4-low group
were significantly lower compared to the CD4-high group
(p < 0.0001) (Figure 1B). This translated to significantly
lower CD4+T cells (p < 0.001) and CD8+T cells (p < 0.0001)
(Figure 1C), consistent with previous reports.2,3 Strikingly,
individuals within the CD4-low group had a seven-fold
higher frequency of donations (p < 0.0001) (Table 1),
supporting current literature that frequent plateletpheresis
donations are indeed associated with declining T cell num-
bers.2–4,33 Of note, the CD4:CD8 ratio, which is often utilized
in the context of HIV-related immunosuppression as a surro-
gate to assess the overall strength of immune function,34 did
not significantly differ between the two groups (Figure 1D).

3.2 | Lymphopenic platelet donors
develop normal levels of anti-RBD
antibodies following SARS-CoV-2
vaccination

We first measured the presence of antibodies (total Ig,
IgM, IgG, and IgA) recognizing the receptor binding

domain (RBD) of SARS-CoV-2 Spike at V0, V1, and V2
(Figure 2) using an in-house RBD-ELISA.28 As expected,
anti-RBD levels were low for total immunoglobulins at V0
(Figure 2A). The levels of IgM, IgG, and IgA (Figure 2B–D)
were also low at V0 and did not significantly differ between
both groups. Following dose 1, there was a statistically sig-
nificant increase in total immunoglobulins that recognized
the RBD for both groups (Figure 2A), which was further
increased following the second dose. We observed a slightly
higher response in the CD4-high group, but this difference
was not statistically significant. In agreement with a robust
isotype switch, the second dose boosted levels of anti-RBD
IgG approximately ten-fold for the CD4-low group and five-
fold for the CD4-high group (Figure 2C), with only 1.5-fold
induction of anti-RBD-IgA (Figure 2D) and almost negligi-
ble induction of IgM (Figure 2B). These results are consis-
tent with antibody maturation as also shown by the
significant increase in anti-RBD avidity that was similar in
both groups (Figure 2E). In agreement with this interpreta-
tion, recent work showed that anti-RBD avidity correlated
with B cell class switch30 indicative of maturation within B
cell germinal centers.35,36 Altogether, these results suggest
that antibody maturation is minimally impacted in the
CD4-low group.

FIGURE 1 Lymphocyte counts in

plateletpheresis donors. (A) Apheresis

donor cohort design delineating the

stratification into CD4-low (<400

CD4+T cells/μl of blood) (n = 27) and

CD4-high (>400 CD4+Tcells/μl of
blood) (n = 16) groups and highlighting

the time of sample collection relative to

COVID-19 vaccination; (B) Total

lymphocyte counts in CD4-low and

CD4-high groups; statistical significance

was tested using two-tailed Mann

Whitney test (C) levels of CD4+T cells

and CD8+T cells in CD4-low and

CD4-high groups; statistical significance

was tested using two-tailed Kruskal-

Wallis with post-test Dunn's correction

(D) comparison of the CD4:CD8 ratio

between CD4-low and CD4-high groups;

each symbol represents one donor. Bars

(B, D) and lines (C) represent the

median. Statistical significance was

tested using the two-tailed Mann–
Whitney test (***p < 0.001;

****p < 0.0001; ns, non-significant).

[Color figure can be viewed at

wileyonlinelibrary.com]
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FIGURE 2 Elicitation of anti-RBD antibodies in plateletpheresis donors. Indirect ELISAs were performed to determine the presence of

(a) Total, (B) IgM, (C) IgG, and (D) IgA RBD-specific antibodies in plasma before (V0) and after each dose of COVID-19 vaccine (V1, V2).

Curves in the left panels show the ODs for each donor at each time point. Bold lines represent the median OD values for both groups. (E) a

modified ELISA comprising 8 M urea was performed to assess the strength of binding of antibodies within the plasma of platelet donors. (left

panel) avidity index measured post-dose 1 (V1) and post-dose 2 (V2) are represented by the before-after symbols. Each symbol represents one

donor. (right panel) line graphs showing binding with (8 M) or without (0 M) urea for both groups. Curves represent each donor at each

timepoint with bold lines representing the median. Statistical significance was tested using two-tailed Kruskal-Wallis tests with Dunn's

correction (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, non-significant). [Color figure can be viewed at wileyonlinelibrary.com]
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3.3 | Lymphopenic plateletpheresis
donors exhibit comparable functional
responses against D614G, omicron, and
Delta

The emergence of variants of concern globally and in particu-
lar the persistence and improved transmissibility of the
B.1.1.529 variant (Omicron)37,38 continues to be of major
public health concern. Using our previously described
flow cytometry-based assay for cell surface recognition of
Spike,14,19,24 we assessed recognition of D614G, Delta, and
Omicron. Analysis showed that while there were low baseline
levels of D614G Spike recognition before vaccination, there
was a log increase in levels of antibodies at V1, which was fur-
ther elevated tenfold in both groups at V2 (Figure 3A). Again,
there were no significant differences in anti-Spike recognition
between both groups. Similar patternswere observed forDelta
(Figure 3B) and Omicron (Figure 3C) Spikes, although the
absolute levels of anti-Spike were lower at V2 for both groups
(especially for Omicron) compared to D614G (Figure S1), con-
sistent with previous reports.14 In agreement with recent
observations,14,39–43 Spike-specific antibodies elicited shortly

after vaccination fail to present robust neutralization
(Figure 3D–F). However, as shown in Figure 3D, the second
vaccine dose was associated with amarked increase in D614G
neutralization. Neutralization increased approximately
two-fold in the CD4-low group and five-fold in the
CD4-high group (the between-group difference was not sig-
nificant). Similar neutralization trends were observed for
pseudoviral particles bearing the Delta (Figure 3E) and
Omicron Spikes (Figure 3F). Consistent with Delta and
Omicron resistance to vaccine-elicited antibodies, these
Variants of concern (VOC) were less susceptible to neutrali-
zation even at V2 (Figure 3E,F).

3.4 | Fc-effector activities of antibodies
are not compromised in lymphopenic
plateletpheresis donors

Weak and/or declining neutralizing activity of vaccine-
elicited antibodies14,39,40,43,44 despite effective and prolonged
Spike recognition14 has been previously reported. The
role of Fc-mediated effector functions in defense against

FIGURE 3 Evolution of spike recognition and neutralization activity of antibodies in plateletpheresis donors. (A)–(C) 293 T cells were

transfectedwith a full-length spike from (A)D614G, (B) Delta, and (C) omicron variants and stainedwith the CV3-25 ab or with plasma from platelet

donors. Values representMFI normalized to CV3-25 binding. Curves in the left-panels show theMFI for each donor at each time point. Bold lines

represent themedianMFI for both groups. Threshold levels for seropositivity (0.03) are represented by dotted lines. (D)–(F) neutralization activity was
determined by incubating pseudoviruses bearing (D)D614G, (E) Delta, or (F) omicron spikes with serial dilutions of plasma at 37°C for 1 h prior to

infecting 293 T-ACE2 cells. The neutralization half-maximal inhibitory dilution (ID50) was determined using non-linear regression in GraphPad Prism

software. Curves in the left-panels show the ID50 for each donor at each time point. Bold lines represent themedian ID50 for both groups. Threshold

levels for positive detection are represented by the dotted line. Statistical significancewas tested using two-tailed Kruskal-Wallis tests withDunn's

correction (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, non-significant). [Color figure can be viewed at wileyonlinelibrary.com]
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SARS-CoV-2 has recently been highlighted with Spike
recognition correlating positively with Fc-mediator function-
ality.14,27 Given that plasma from both groups recognized the
membrane-bound full-length Spike, we assessed their poten-
tial to mediate ADCC, as recently reported for healthy vacci-
nated and/or previously infected individuals.14,23,26,27 As
expected, there was minimal ADCC activity at V0, which
increased for only a few individuals in both groups at V1
(Figure 4). However, the second dose boosted ADCC activity
more profoundly, withmedian ADCC values of�42% (range
3.82%–50.62%) and �45% (range 29.07%–54.67%) for CD4-
low and CD4-high groups respectively. We observed no sta-
tistically significant differences between ADCC activity of
both groups, thus indicating that the lymphopenia observed
in some frequent platelet donors does not negatively impact
the development of functional vaccine-elicited antibodies.

3.5 | Integrated analysis of vaccine-
induced responses

To investigate the relationships between the study vari-
ables and immune responses, we performed network

FIGURE 4 Fc-effector function of antibodies in plateletpheresis

donors. A flow cytometry-based ADCC assay was performed using

target cells comprising CEM-NKr parental cells and CEM.NKr-S cells

were mixed in a 1:1 ratio and effector cells from uninfected donors

were incubated with plasma from platelet donors. Curves in the left-

panels and dots in the right-panels show the percent (%) ADCC for

each donor at each time point. Bold lines represent the median percent

ADCC for both groups. Threshold levels for positive ADCC are

represented by the dotted line. Statistical significance was tested using

two-tailed Kruskal-Wallis tests with Dunn's correction (*p < 0.05;

**p < 0.01; ***p < 0.001; ****p < 0.0001; ns, non-significant). [Color

figure can be viewed at wileyonlinelibrary.com]

FIGURE 5 Network model of correlations between humoral responses in CD4-low and CD4-high plateletpheresis donors. Circular edge

bundling plots where red and blue edges represent positive and negative pairwise correlations between connected parameters, respectively.

Only significant correlations (p < 0.05, Spearman rank test) are displayed. Nodes are color-coded based on the grouping of variables according

to the legend (where r is the Spearman correlation coefficient; group categorizes the different variables). Node size corresponds to the degree of

relatedness of correlations. Edge bundling plots are shown for correlation analyses using both CD4-low (a) and CD4-high (B) data sets. [Color

figure can be viewed at wileyonlinelibrary.com]
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correlation analyses, which were separately done for both
groups (Figure 5). Each edge-bundling plot depicts the
strength of connectedness between different study vari-
ables (age, sex, lymphocyte counts, etc) and measured
responses (avidity, neutralization, etc) allowing visual rep-
resentation of relationships between parameters and the
Spearman's rank correlation coefficient, r (shown as blue
or red for negative or positive pairwise correlations,
respectively). In the CD4-low data set (Figure 5A), the cor-
relation network is more balanced where neutralization
responses, particularly at V2, are more densely connected
to the broad variety of binding responses compared to the
CD4-high data. In the CD4-high data set (Figure 5B), there
is a strong, focused network involving several binding
responses (ie Spike and anti-RBD recognition). This pat-
tern is highlighted upon segregation based on different
timepoints (Figure S2). Overall, though levels of CD4+T
cells appear to influence neutralization levels/potency in
particular (Figure 3), this does not critically alter the asso-
ciations between vaccine-induced responses.

4 | DISCUSSION

Platelet transfusion has been an integral component of effec-
tive therapy for patients suffering from various hematologic
malignancies and thrombocytopenias.45,46 Platelet collection
is a major activity of blood organizations; an adequate
supply of platelet concentrates to fulfill the needs of throm-
bocytopenic patients requires continuous efforts in donor
recruitment and retention. Recent literature on lymphope-
nia associated with frequent platelet donations2–4,33raised
important questions related to donor health and more
specifically their ability to mount adequate immune
responses. The COVID-19 vaccination campaign provided a
convenient proxy for assessing immune function in our
cohort of frequent plateletpheresis donors.

Our cohort of apheresis platelet donors was stratified
into two groups: the CD4-low group comprised of indi-
viduals with less than 400 CD4+T cells/μl of blood
whereas those with levels equal to or above 400 CD4+T
cells/μl were designated as being in the CD4-high group.
Individuals were vaccinated with one of the three main
vaccines rolled out early in the pandemic: Pfizer, Mod-
erna, and AstraZeneca, with only a small proportion
from both groups receiving a mixed dose. The majority of
donors received the mRNA vaccines with a comparable
dosage of vaccine types for the two groups.

Consistent with the study from Kaufman's group,3 we
observed that the frequency of donations was associated
with the reduction in CD4+ and CD8+T cell counts in
peripheral blood; however, this depletion minimally
impacted the humoral immune response. In agreement

with earlier work on the response to COVID-19
vaccination,15,31,47–49 there were heightened IgG responses
in both groups following vaccination, concomitant with an
effective maturation of the immune response as revealed by
an increase in the avidity index. Emergence of the highly
transmissible Omicron also allowed us to expand on these
findings, as recent work50 demonstrated that ancestral
SARS-CoV-2-specific T cells cross-recognized Omicron. We
observed that vaccination elicited SARS-CoV-2-specific
antibodies recognized Spike from Omicron as well as
D614G and Delta but also exhibited neutralization and Fc-
effector functions comparable to those elicited in individ-
uals without lymphopenia. Importantly, as depicted in
Figures 2A,C all donors, including those with the lowest
CD4 counts, mounted anti-RBD IgG responses comparable
to the CD4-high group at V2. Additionally, integrated ana-
lyses of all study variables revealed concerted responses for
the CD4-low group intriguingly associated with neutraliza-
tion. However, tighter networks of linear correlations
existed for both groups with respect to Spike recognition,
anti-RBD binding, and ADCC supporting the effective
establishment of the immune response even in platelet-
pheresis lymphopenic individuals.

The most likely explanation for plateletpheresis-
associated lymphopenia is the retention of a significant
number of blood cells in the leukoreduction system cham-
ber of the Trima Accel collection system at the end of the
procedure; the majority of sequestered cells being lympho-
cytes.51 The human body contains approximately 460 � 109

lymphocytes52 and only 2%–3% of total lymphocytes have
been estimated to reside in peripheral blood, the remainder
being located in lymphoid tissues and organs such as lymph
nodes, spleen, and others.53 Earlier studies on blood lym-
phocyte composition in pathological or non-pathological
conditions suggested that blood represents a distinct com-
partment in terms of lymphocyte composition.54 Of note,
initiation of T cell-dependent immune responses occurs in
lymphoid organs, following the presentation of pathogen-
derived peptides by antigen-presenting cells. Activated follic-
ular CD4+T cells provide critical signals for B cell activation,
proliferation, and differentiation leading to the formation of
germinal centers in secondary lymphoid organs where mat-
uration of the adaptive immune response occurs.55 There-
fore, the reduction in peripheral blood CD4+T cells is most
likely not predictive of immune dysfunction in affected indi-
viduals as supported by the data presented herein as well as
previous reports.2,3,33

Nevertheless, individuals with plateletpheresis-
associated lymphopenia who may be unaware of their
status might still be referred for hematology consultations
and sometimes invasive examinations after routine blood
tests due to their low lymphocyte counts, when their con-
dition can be explained by the frequency of voluntary
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platelet donations. Importantly, lymphocyte analysis of
15 former apheresis donors showed that a small propor-
tion was lymphopenic at least a year after ceasing platelet
donation.2 Whether lymphopenia persists in our cohort
after ceasing plateletpheresis remains to be determined.

Overall, our work supports that lymphopenic platelet
donors do not present significant immune dysfunction as,
despite low CD4+T cell counts, COVID-19 vaccines elicited
moderate to high levels of antibodies which also translated
to efficient neutralization and Fc-mediator functions, indi-
cating that these individuals retain CD4+T and B cell inter-
actions required for potent antibody responses.
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