bjh EE=rr——

Increased platelet activation in SARS-CoV-2 infected
non-hospitalised children and adults, and their household

contacts

COVID-19 is associated with haemostatic dysregulation,’
with thromboembolism occurring in 25% of hospitalised
COVID-19 patients and microvascular thrombi reported at
autopsy.” Platelets are activated in COVID-19 patients
requiring intensive care,” while limited data in mild COVID-
19 shows no changes in platelet phenotype.*

Children have low-risk of severe COVID-19 and thrombo-
sis.” If haemostasis is fundamental to COVID-19 pathogene-
sis, then age-related haemostatic differences may protect
children from COVID-19. While there is evidence of changes
in leucocyte populations of non-hospitalised children and
adults infected and exposed to SARS-CoV-2.° the effect on
paediatric platelets is unknown.

We investigated platelet surface-markers in adults and
children who were SARS-CoV-2-positive and their household
contacts. We aimed to establish whether SARS-CoV-2

induced changes in platelet phenotype in individuals with
mild COVID-19.

Participants were recruited from the Respiratory Infection
Clinic at The Royal Children’s Hospital (RCH), Melbourne,
using the enrollment protocol and participant pool previ-
ously described.® Upon a positive SARS-CoV-2 polymerase
chain reaction (PCR) test, blood collection was arranged for
family members at two time points: ‘acute’, within
two weeks of post-test and ‘convalescent’, 4-7 weeks post-
test. Individuals were classified ‘SARS-CoV-2-positive’ if
they tested positive, and ‘SARS-CoV-2-exposed’ if they
tested negative on repeated tests but remained in close
household contact with individuals who tested positive. All
participants recovered at home. This study was approved by
the RCH Human Research Ethics Committee (QA/63666/
RCHM-2020).

Table I. Participant demographic information, including age and sex distribution between groups. Platelet counts were collected on prospectively
enrolled patients. Healthy individuals were age- and gender-matched based on the entire prospectively enrolled cohort. Participant ages presented

are mean and standard deviation.

Enrollment

Prospectively enrolled Healthy controls

67 25
Category
Participants
Group Children Mean age £ SD (years) Adults Mean age £ SD (years)
Healthy 16 (9 M/7F) 92 £ 74 9 (4 M/5F) 281 £ 9
Acute SARS-CoV-2-exposed 6 (3 M/3F) 83 +29 15 (8 M/7F) 39-7 + 41
Acute SARS-CoV-2-infected 7 (5 M/2F) 24+ 13 6 (2 M/4F) 44.5 £+ 14-6
Convalescent SARS-CoV-2-exposed 10 (5 M/5F) 73 + 32 6 (3 M/3F) 42 + 4.7
Convalescent SARS-CoV-2-infected 8 (4 M/4F) 94 + 67 9 (3 M/6F) 378 £ 76
Total 47 (26 M/21F) 7.7 £ 56 45 (20 M/25F) 37.9 + 95

Fig 1. Flow Cytometry Results summary of platelet markers. Values are expressed as mean =+ standard deviation. A) Percentage of platelets posi-
tive for PACI1. B) Percentage of platelets positive for CD62P. C) CD36 MFIL. D) CD31 MFI. E) CD61 MFI. F) CD49 MFI. G) GPVI MFI. H)
CD42b MFI. I) CD4la MFI. ]J) CD42a MFI. Statistically significant results are indicated by a connecting line and P-value. Within each graph,
results from child platelets are reported on the left and results from adults are reported on the right. Black squares denote healthy controls, blue
circles denote SARS-CoV-2-exposed individuals and red triangles denote SARSCoV-2-positive individuals. Activation markers (A-B) are presented
as percentage positive, all other platelet surface markers (C-J) are presented as Median Fluorescence Intensity (MFI). Differences within age
groups were determined using ANOVA with Tukey’s multiple comparison test, while differences between age groups were determined using a t-
test with Bonferroni correction. [Colour figure can be viewed at wileyonlinelibrary.com]
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Healthy samples were collected prior to the COVID-19
pandemic, under the Royal Children’s Hospital Human
Research and Ethics Committee 34183/32287. Controls were
treated identically to COVID-19-related samples.

Blood was collected into tubes containing one part sodium
citrate to nine parts blood (Sarstedt, US). Samples from
COVID-19 families and healthy adults were collected by
venepuncture, while samples from healthy children were col-
lected by cannula during elective day surgery. The platelet
count was determined using ADVIA 2120i (Siemens, Ger-
many).

Platelet surface-markers were determined by the Interna-
tional Society of Thrombosis and Haemostasis guidelines for
platelet function disorders” (Table SI).

Platelet count was standardised to 4 x 10° platelets/pl in
1% BSA-HEPES. Samples were stained and fixed with 1%
formaldehyde.® An isotype control included 20 uM eptifi-
batide-acetate (Sigma-Aldrich, USA) to inhibit platelet acti-
vation.

Samples were analysed using BD-LSR Fortessa X-20 (BD
Biosciences, United States), calibrated using Cytometer Set-
Up and Tracking beads (BD Biosciences, United States) and
compared to a baseline. Platelets were identified by side scat-
ter (SSC) and platelet identifier (CD42b-FITC in Panel 1/3,
CD42a-BV421 in Panel 2), with 10,000 events collected. Sin-
gle platelets were identified by gating SSC and forward scat-
ter (FSC) (Figure SIA-D).

Analysis was performed using FlowJo (United States).
Baseline activation was determined by the percentage of pla-
telets expressing activation markers CD62P and PACI. The
positive percentage was determined by setting a gate to the
top 1% of events in the isotype control (Figure S1IE-H).
Expression of other markers are presented as median fluores-
cence intensity (MFI).

Data was managed using REDCap data-capture tools.”!°
Normality was established by plotting histograms for each
parameter. Inter-group differences were tested using ANOVA
with Tukey’s multiple-comparison test. Differences between
adults and children within each group were compared using an
unpaired t-test (Bonferroni-adjusted P = 0-01). Analysis was
performed using GraphPad-Prism 8 (GraphPad, United States).

Sixty-seven individuals were enrolled (Table I) and all had
only mild symptoms. Twenty-five controls were included in
the study. Platelet counts are presented in Figure S2. In acute
SARS-CoV-2-exposed individuals, children had higher platelet
counts compared to adults (P = 0-0026), but all were normal.

Platelet Flow Cytometry results are summarised in Fig 1.
PACI1-positive platelets increased in acute SARS-CoV-2-ex-
posed (P = 0-0006) and -positive (P = 0-0035) children.
CD62P-positive platelets increased in acute SARS-CoV-2-ex-
posed (P = 0-0094) and -positive (P < 0-0001) children.

The PACI-positive platelets increased in acute SARS-CoV-
2-exposed adults (P < 0-0001) and SARS-CoV-2-positive
adults at (P < 0-0001) and convalescent (P < 0-0001) stages.
CD62P-positive platelets increased in acute SARS-CoV-2-
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exposed (P < 0-0001) and -positive (P = 0-0006) adults, and
in convalescent SARS-CoV-2-exposed (P = 0-0083) and -pos-
itive adults (P = 0-011).

CD31-expression decreased in acute SARS-CoV-2-positive
(P =10-006), and in convalescent SARS-CoV-2-exposed
(P =0-0034) and -positive (P = 0-0012) children. CD31-ex-
pression  decreased in  acute = SARS-CoV-2-exposed
(P < 0-0001) and -positive (P = 0-003) adults, as well as con-
valescent SARS-CoV-2-exposed (P = 0006) and -positive
(P < 0-0001) adults.

CD36-expression increased in acute SARS-CoV-2-exposed
adults compared to children (P = 0-009). Convalescent
SARS-CoV-2-exposed children had decreased CD36-expres-
sion (P = 0-012). CD36-expression increased in acute SARS-
CoV-2-exposed adults (P = 0-018) and convalescent SARS-
CoV-2-positive adults (P = 0-018).

CD49b-expression increased in acute SARS-CoV-2-ex-
posed children (P = 0-0042), while-expression increased in
acute SARS-CoV-2-positive children (P = 0-0106).

Thrombosis is considered a late-stage comorbidity of sev-
ere COVID-19."" We demonstrate platelet activation in mild
COVID-19 and SARS-CoV-2-negative household contacts.
Platelet activation returned to normal at convalescence in
SARS-CoV-2-exposed individuals, suggesting that the effects
of SARS-CoV-2-exposure alone on platelet activation are
short-lived. Our results suggest that SARS-CoV-2-exposed
individuals may have a SARS-CoV-2 infection below the
detection threshold, sufficient however for platelet response,
and show that platelets are sensitive to SARS-CoV-2.

Children experience less severe COVID-19 symptoms
compared to adults.'””> We show few age-specific differences
in platelet response to SARS-CoV-2, suggesting that age-
specific differences in platelet phenotype do not play a role
in mild COVID-19. The fact that platelet counts remained
normal suggests that thrombocytopenia is a unique symptom
of severe COVID-19."

Our finding of increased CD36 (a marker involved in
immunity and neutrophil-signalling'*) in SARS-CoV-2-ex-
posed and -positive children, is consistent with an immuno-
logical study performed on the same population which
showed increased low-density neutrophils in SARS-CoV-2-
exposed individuals at convalescence.®

Changes in platelet phenotype that persist into convalescence
is another novel finding. As platelets circulate for approximately
10 days," it is an unexpected finding that SARS-CoV-2 is
directly interacting with platelets, and we hypothesise that the
SARS-CoV-2 effect on neutrophil and monocyte populations
may be the source of these prolonged platelet changes.

Three limitations are low participant numbers, which reflect
the low COVID-19 rates in Australia, the fact that participants
may have been at variable time points in their illness and that
the ‘dose’ of virus-exposure was not comparable.

In conclusion, platelet activation occurs in mild COVID-
19 and in SARS-CoV-2 negative close contacts, and that it
SARS-CoV-2-positive

persists into  convalescence for
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individuals, suggesting that mild COVID-19 may have a
long-lasting thrombotic risk.
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Fig S1. Gating strategy for flow-cytometry acquisition.
Platelets were identified by side scatter (SSC) and a platelet-
specific marker, and single non-aggregated platelets were
then identified using SSC and forward scatter (FSC). The
percentage of platelets positive for PAC1 and CD62P was
determined by gating 1% of events of a negative isotype con-
trol. A) Platelet gating for Panel 1 and 3, using SSC and
CD42b-FITC fluorescence. B) Single platelet gating for panel
1 and 3, using SSC and FSC. C) Platelet gating for Panel 2
using SSC and CD42a-BV421. D) Single platelet gating for
Panel 2 using SSC and FSC. E) PAC1-FITC+ gate based on
1% of events in negative isotype. F) PACI-FITC+ G gate on
a sample tube. G) CD62P-PE+ gate based on 1% of events in
negative isotype. H) CD62P-PE+ gate on a sample tube.

Fig S2. Platelet counts for prospectively collected partici-
pants, analysed using Advia 2120i Cell Counter. Values are
presented as mean + standard deviation, and units are x109
Platelets/L. Differences within age groups were determined
using ANOVA with Tukey’s multiple comparison test, and
differences between age groups were determined using a t-
test with Bonferroni adjustment. Significant differences
between groups are denoted with a black line and P-value.
Blue circles represent SARS-CoV-2-exposed individuals and
black triangles represent SARS-CoV-2-positive individuals.

Table S1. Summary of targets for flow cytometry.
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