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Abstract

Convalescent plasma (CP) therapy for COVID-19 infection may have favorable safety but varying efficacy, with concerns
about its procoagulant impact. We investigated whether administration of CP to hospitalized patients affects their coag-
ulation profile. Fifty-four patients randomized in a double-blinded fashion received either placebo, low-titer CP (LCP) or
high-titer CP (HCP). Donor blood samples were obtained at the time of the plasmapheresis, while recipient blood samples
were collected before infusion, one day post-infusion and between two and six days after infusion. Routine laboratory fol-
low-up, coagulation biomarkers, antiphospholipid antibodies, and thrombin generation (TG) were assessed. CP donors had
normal blood cell counts and coagulation profiles, without differences between LCP and HCP donors at the baseline. All
CP recipients were on low-molecular-weight heparin thromboprophylaxis at the time of the infusion. Despite randomi-
zation, the HCP group had lower baseline (p=0.004) and Day | platelet counts (p=0.019) than the LCP group. Von
Willebrand antigen (VWF:Ag) levels clearly exceeded normal without differences at baseline. At Day |, LCP recipients
had higher VWF:Ag (mean +SD 224 + 15%) than HCP recipients (210 +8%) (p=0.012). In all groups, overall 80% lupus
anticoagulant was positive. Baseline TG variables were comparable, but again LCP recipients exhibited higher endogenous
thrombin potential (ETP) (1313 £535 nM.min) (p=0.038) and peak TG (184 + 106 nM) (p=0.037) than the HCP group
(870 +425 nM.min and 86 + 54 nM). Our findings show that LCP increases VWF:Ag levels and enhances TG despite the
thromboprophylaxis. These results suggest that HCP induces less hypercoagulability than LCP, which may contribute to
the variability in CP efficacy.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic reignited
an interest in passive immunization using convalescent
plasma (CP) therapy, a therapeutic approach with a history
of over a century." In August 2020, the US Food and Drug
Administration (FDA) authorized emergency use of CP for
patients with severe or life-threatening COVID-19.2 Although
COVID-19 CP has demonstrated a favorable safety profile, its effi-
cacy has been inconsistent and concerns remain about its potential
procoagulant impact, particularly among patients with a severe
disease, which predisposes to thrombotic complications.>™ The
effectiveness of CP in treating COVID-19 has been investigated
in numerous randomized trials.® CP has been shown to reduce
the risk of hospitalization when given to outpatients early in the
course of the disease.”® However, for hospitalized patients with
severe and progressed disease and high autologous antibody
titers, CP treatment does not appear to offer clinical benefits as
reported by several studies,”'* although one large study reported
decreased mortality rates in mechanically ventilated patients with
ARDS after high-titer CP (HCP) infusion."®> Current guidelines
recommend that only HCP should be used, since negative
results often included patients who received low-titer CP (LCP)
and HCP is comparatively resistant to viral escape.>'®

The primary objective of this study was to observe the pos-
sible effects of convalescent plasma on the coagulation system
during the acute phase of COVID-19 infection. During early
pandemic, we investigated how administering CP to hospital-
ized patients within 10 days of symptom onset impacted their
coagulation profile. Fifty-four patients were randomized to
receive placebo, LCP or HCP. As the source of plasma, we also
evaluated the coagulation profiles of all 21 CP donors. To our
knowledge, this is the first study to examine the interactions
between CP and the recipient’s blood coagulation activity and
comparing the effects of placebo (0.9% saline), LCP, and HCP.

Patients, Materials and Methods

Trial Design

This study was conducted as a sub-study of a prospective
double-blinded randomized controlled study on the efficacy
and safety of CP treatment of hospitalized adult COVID-19
patients at the Helsinki University Hospital (later HUS)
between February 2, 2021, and January 19, 2022. The detailed
description of the trial design has been previously published.'’
Blinded study personnel screened daily the electronic patient
records of RT-PCR -confirmed COVID-19 patients who were

hospitalized on regular wards in HUS hospitals. Possibly eligi-
ble patients according to inclusion and exclusion were inter-
viewed by a blinded study nurse or a researched and asked
the patient to provide a written informed consent if confirmed
eligible. The recipients were randomized 1:1:1 to receive
either placebo (0.9% saline), LCP or HCP by unblinded study
personnel using Granitics CFR software with a fixed block
size of two times the number of subject groups. Eligibility
was reconfirmed immediately prior to infusion of the study
product. Unblinded study nurses administered the infusion on
the day of recruitment or at latest the following day by. Apart
from randomization and infusion, the unblinded study person-
nel did not take part in the study conduct or patient care.
Blinded physicians and nurses handled the recruitment and
follow-up, and standard of care was provided by hospital staff.

The titers of CP were categorized by the levels of neutraliz-
ing antibodies (NAb) against the SARS-CoV-2 wild-type virus
(Wuhan-like original variant) as measured by a microneutrali-
zation test (MNT) from the donated CP. Plasma with a NAb
titer of 1:20-1:80 against the wild-type virus by MNT was
LCP, and that with >1:160 HCP.

The 21 donors were recruited among convalescent
COVID-19 patient in the Helsinki metropolitan area who had
tested positive for SARS-CoV-2 by reverse transcription PCR
(RT-PCR) from a nasopharyngeal swab sample. The final par-
ticipant group of the main study comprised 57 patients of whom
54 were eligible for the coagulation based sub-study. Recipients
were recruited from >18-year-old patients hospitalized for
RT-PCR-confirmed COVID-19 at HUS. For inclusion, symptom
duration had to be less than 10 days. The exclusion criteria
included current systemic corticosteroids, immunosuppression or
immunosuppressive/-modulating therapy over the past six
months and do-not-resuscitate order or a decision to withhold
ICU treatment.'’

The ABO and Rh blood groups were determined from all
participants on enrollment using routine red blood cell aggluti-
nation technique (Bio-Rad, Basel, Switzerland). Unblinded
study personnel randomized the patients after verifying the
availability of both LCP and HCP blood type-compatible
plasmas. Placebo was administered to 19 recipients, 18 received
LCP and 17 HCP. The recipients received a single intravenous
60-min infusion of 200 mL CP or saline, administered by
unblinded study nurses. The degree of respiratory failure was
recorded according to the WHO clinical progression scale
score.'®

In addition to analyzing the study groups based on the CP
product or placebo they received, we also studied the patients
according to 1) the thromboprophylaxis of LMWH with a
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standard or intermediate dose, and 2) whether oral dexametha-
sone was administered or not.

Ethics Approval and Monitoring

Our study was approved by the ethics committee of Helsinki
University Hospital (HUS/1637/2020), and written informed
consent was obtained from all participants in accordance with
the Declaration of Helsinki. The study was monitored by an
external monitor (HUCH Institute Ltd), and it was registered
at Clinical Trials (NCT04730401).

Preparation of Plasma Products at the Finnish Red Cross
Blood Service (FRCBS)

The prospective donors were prescreened by the clinical
research group as described earlier.'” The donors arrived to
the FRCBS apheresis unit for a pre-apheresis visit, where
their eligibility to donate plasma was confirmed and samples
were collected for routine blood donor screening according to
the FRCBS guidelines.'® The presence of HLA antibodies
from women, and men who had previously received blood
products was excluded. The recommendations of the
European Commission on CP collection and the guidance of
the EDQM were followed.?* %2

The plasmapheresis was performed with TerumoBCT Trima
6.0 or 7.0 machines (TerumoBCT, Lakewood, USA) with stan-
dard plasmapheresis settings using a Terumo Multiplasma col-
lection kit (Cat nro 82700). Plasma was aliquoted into three 200
ml bags in a closed process, the units were labeled and frozen to
—25 °C within 6 h from plasmapheresis. The units were stored
and distributed from FRCBS frozen to the HUS blood bank
where they were thawed for transfusion as a part of hospital
routine.

Blood Sample Collection

The donor blood samples were obtained at the time of the
plasmapheresis.

Recipient blood samples were collected as follows: before
infusion (Day 0, baseline), one day after infusion (Day 1), and
from two to six days after infusion (Day 2—6). For coagulation
studies, blood was collected in sodium-citrate anticoagulant
(3.2% Na-citrate). Platelet-poor plasma (PPP) was processed by
centrifugation at 2500 g for 15 min at room temperature and sep-
arated plasma samples were stored in aliquots at —80 °C.

Routine Laboratory Follow-up, Coagulation Biomarkers,
Antiphospholipid Antibodies, and Thrombin Generation

Routine laboratory tests were done in the Helsinki University
Hospital laboratory, using commercial reagents with locally
verified reference intervals. Coagulation tests prothrombin
time (PT, % from normal plasma), activated partial thrombo-
plastin time (APTT, s), thrombin time (TT, s), antithrombin,
D-dimer, coagulation activity of factor VIII (FVIII), fibrinogen

and von Willebrand factor antigen (VWF:Ag, %) were measured
with ACL TOP 750® analyzer, in all using Instrumentation
Laboratory®™ reagents (Werfen, Barcelona, Spain). Lupus antico-
agulant testing was done with Siemens BCS XP® analyzer,
using both Russel-Viper-Venom time (RVVT) and APTT
-based assays, with both screening and confirmation tests, consis-
tent with the ISTH guideline for lupus anticoagulant (LAC)
(Siemens Healthineers, Erlangen, Germany).>* Cardiolipin
and beta-2-glycoprotein IgG antibodies were analyzed with
Phadia 250 immunoanalyzer (Thermo Fischer, Waltham, MA,
USA). Blood cell counts were measured with Sysmex
XN-1000® analyzer (Roche, Basel, Switzeland) and
C-reactive protein (CRP) was assessed with Siemens
Atellica® analyzer (Siemens Healthineers, Erlangen, Germany).
Thrombin generation in plasma was triggered with 1 pM TF,
without thrombomodulin addition and was measured with the
Calibrated Automated Thrombogram (CAT) assay, as previ-
ously reported.?* The CAT variables included lag time (time
to initiation of thrombin formation, min), endogenous thrombin
potential (ETP; the area under the curve; nM.min), peak throm-
bin (maximum thrombin concentration, nM) and time to peak
thrombin (ttpeak, min). As reference for CAT, control plasma
was collected from 12 non-matched healthy volunteer donors.

Statistics

Most of the continuous variables were non-normally distributed,
and non-parametric tests were used for all continuous variables.
The differences in continuous variables between the groups were
tested using Kruskal-Wallis test with Dunn-Bonferroni correction
applied for pairwise comparisons. The Pearson Chi-Square test or
Fishets exact was used to analyze categorical variables. P-values
below 0.05 were considered statistically significant, and two-sided
tests were employed. Statistical analyses were carried out with
IBM SPSS Statistics 29 (IBM Corp., Armonk, NY).

Power Calculations

The participant group size of 130 was calculated for the original
study as follows.!” Minimal clinically important difference in
starting systemic corticosteroid for aggravation of COVID-19
was set at 45% relative reduction (RR =0.55) and was expected
for 35% of patients in the placebo group and 19% of patients in
the HCP group. A total sample size of 372 (124 per group) was
needed when using 80% power and significance level of 0.05;
six dropouts per group were allowed, thus arriving at the 130 par-
ticipants per group or 390 participants in total. We, however,
decided to target at a round number of 400 participants.

Results

Donors

Demographic and clinical data of the donors of CP are pre-
sented in Table 1. Only four donors were female. Most
donors (19/21) had mild disease with WHO clinical progression
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Table |. Donor Demographic and Clinical Data.

Table 3. Recipient Demographic and Clinical Data.

Variable n=2I Variable n=>54
Age (years) 40 [30- Age (y) 50 [39-65]
52] Female 24 (44)
Female 4(19) BMI (kg/m?) 28 [25-33]
BMI (kg/m?) 31 [27-  ABO blood group
37] (@) 15 (28)
Comorbidity A 20 (37)
Cardiovascular 4 (19) B 16 (30)
Respiratory 3 (14) AB 3 (5
Antibiotics for respiratory infection 8 (38) Comorbidity
Medication not for COVID-19 6 (29) Cardiovascular 19 (35)
Non-hospitalized 10 (48) Diabetes 7 (13)
Maximal respiratory support requirements Renal dysfunction 24
None 12 (57) Respiratory 12 (22)
Nasal cannula/mask <51 O, 4 (19) Obesity 23 (43)
Nasal cannula/mask>5 | O, 3(14) Antibiotics for respiratory infection 26 (48)
Intubation 2 (10) Medication not for COVID-19 26 (48)
Highest WHO clinical progression scale score Received vaccination before infusion 10 (19)
Hospitalized; no oxygen therapy (4) 12 (57) Respiratory requirements at infusion time
Hospitalized; oxygen by mask or nasal progs (5) 7 ((33) No Oxygen 30 (56)
Mechanical ventilation pO,/FIO, < 150 mmHg or 2 (10) Oxygen by mask or nasal prongs 24 (44)
vasopressors (8) Highest WHO clinical progression scale score
Anticoagulation during acute phase by day 30
No 12 (57) Hospitalized; no oxygen therapy (4) 21 (39)
Standard prophylactic LMWH (0.5 mg/kg QD) 2 (10) Hospitalized; oxygen by mask or nasal progs (5) 25 (46)
Intermediate prophylactic LMWH (0.5 mg/kg BID) 7 (33) Hospitalized; oxygen by NIV or high flow (6) 4(7)
Mechanical ventilation pO,/FIO, < 150 mmHg or 3 (6)
The results are presented as median [interquartile range] for continuous vasopressors (8)
Dead (10) 1 (2)
Routine laboratory values at infusion time
Table 2. Donor Median (Minimum-Maximum) Coagulation Variables, ~ CRP (mg/L) 51 [17-79]
Hemoglobin (F: 117-122 g/L, M: 134-167 g/L) 136 [127-144]
Normal WBC count (3.4-8.2x10%/L) 4.2 [3.4-5.5]
Biomarker range LCP HCP Platelets (|50—360X|09/L) 163 [|25—202]
Creatinine (F: 50-90 pmol/L, M: 60—100 pmol/L) 62 [56-78]
PT (%) 70-130 95 (76-129) 86 (72-129) Anticoagulation at infusion time
APTT (s) 23-33  28(26-33) 30 (25-35) Standard prophylactic LMWH (0.5 mg/kg QD) 35 (65)
TT (s) 17-25 22 (19-26) 23 (19-49) Intermediate prophylactic LMWH (0.5 mg/kg BID) 19 (35)
AT (%) 84-108 98 (80-108) 93 (81-103) Oral platelet inhibitor 3 (6)
Fibrinogen (g/L) 24 2.4 (1.8-3.8) 2.4 (1.74.6) Intubation at day 30 3 (6)
FVIII (%) 70-160 153 (92-224) 130 (82-180) Death at day 30 I (2)
VWF:Ag (%) 50-190 131 (81-194) 129 (65-183)  Duration of hospital stay (d) 4[3-7]
D-dimer (mg/L) <0.5 0.2 (0.2-0.5) 0.3 (0.1-0.9) Thrombosis by day 30 0
CAT Iagtlme (mln) 55 (44—97) 5.4 (50—57) Dexamethasone 18 (33)
CAT ETP (nmol/min) 801 (495-1804) 815 (482-1001) Day dexamethasone was given after infusion I [1-2]
CAT peak (nmol/L) 75 (39-191) 74 (37-98)
CAT time to peak 11.0 (9.6-15.6) 12.0 (10.2-12.7)  The results are presented as median [interquartile range] for continuous

(min)

LCP: low-titer convalescent plasma group, HCP high-titer convalescent plasma
group. PT: prothrombin time (% from normal plasma), APTT: activated partial
thromboplastin time, TT: thrombin time, AT: antithrombin, FVIII: coagulation
activity of factor VIIl, VWF: von Willebrand factor antigen. CAT: Calibrated
Automated Thrombogram, ETP: endogenous thrombin potential.

score of 4-5. Two donors were intubated (score 8) (Table 1).
Coagulation biomarkers did not differ between LCP and HCP
donor plasmas, and median coagulation biomarkers were
within the reference interval, when applicable. All donor
plasmas were lupus anticoagulant negative. CAT variables
did not differ between LCP and HCP donors (Table 2).

variables, and number (percentage) for categorical variables. BMI, body mass
index; NIV, non-invasive ventilation; CRP, C-reactive protein; WBC, white
blood cell count; LMWH, low-molecular weight heparin; QD, once daily; BID,
twice daily. Obesity is defined by BMI > 30 kg/m?

Study Groups
Demographics

Recipient demographic and clinical data are shown in Table 3.
Most recipients (46/54) had mild disease with WHO clinical
progression scale score 4-5. Four required high flow support
or non-invasive ventilation (score 6). Three patients were
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intubated (score 8), and one patient from LCP group died by
Day 30 (score 10). All recipients were anticoagulated with sub-
cutaneous LMWH thromboprophylaxis, with either standard
(0.5 mg/kg once daily) thromboprophylaxis or an intermediate
dose (0.5 mg/kg twice daily) (Table 3). According to our hospi-
tal policy, enoxaparin was used as LMWH product. Anti-Factor
Xa was not measured, while only standard and intermediate
doses were administered and no severe renal impairment
occurred. Three recipients had oral platelet antagonist at the
time of hospital admission, but adverse outcomes during the
30-day follow-up were not observed. The recipients were not
screened for asymptomatic venous thromboembolism (VTE),
and criteria for imaging studies included clinical suspicion of
VTE only. Thrombosis was not encountered during the
30-day follow-up period. The need for dexamethasone
therapy and LMWH dose were based on clinical assessment.
Comorbidities, LMWH dosing and need for dexamethasone
therapy were all equally distributed between the study groups.
Median duration of hospitalization was relatively short (4
days), which resulted in considerable loss of follow-up blood
samples after Day 1, since blood samples were collected only
during hospital stay.

Blood Cell Count, Coagulation Biomarkers and
Antiphospholipid Antibodies

C-reactive protein (CRP), hemoglobin, and white blood cell
count did not differ between the study groups. Platelet count
was within reference range in LCP and placebo groups, but
HCP group presented with mild thrombocytopenia (mean + SD:

132 +£43x10%/L, reference range 150-360x 10°/L) at baseline
and on Day 1 (148 +210x10°/L) (Figure 1 A-B). Baseline platelet
count was higher in LCP group compared with HCP group (p=
0.004) (Figure 1A). The difference, although less significant, per-
sisted on Day 1 (p=0.019) (Figure 1B). On Day 2—6 there was no
difference in platelet counts between LCP and HCP groups
(Figure 1C). Platelet counts between placebo group and HCP or
LCP, however, did not differ (Figure 1A-C).

The VWF:Ag levels were quite similar between the groups
at baseline (Figure 2A). However, on Day 1 VWF:Ag was
higher in the LCP group than in the HCP group (p=0.012),
while no difference was observed between the LCP and
placebo, or HCP and placebo groups (Figure 2B).
Importantly, in all study groups, the median VWF:Ag exceeded
the reference range both at baseline and on Day 1
(Figure 2A-B). Although, there was an overall group difference
in FVIII (p =0.04) on Day 1, after Bonferroni correction FVIII
levels in LCP group were not significantly higher compared to
HCP (p=0.06), and no differences between FVIII levels in
LCP and placebo or HCP and placebo groups were observed.
Unlike VWF:Ag, FVIII activity was within the reference inter-
val (data not shown). PT, APTT, TT, AT, fibrinogen, or
D-dimer did not differ between the groups, and the values
remained in the reference interval.

Most of the recipients (81%) were LAC positive at the base-
line. Recipient LMWH anticoagulation likely influences these
findings. The percentage of LAC positive patients prevailed
in the study groups on Day 1 without differences between the
groups. Anti-B2-glycoprotein and anti-cardiolipin antibodies
remained negative in all study groups.
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Figure |. Recipient platelet levels in baseline (A), Day | (B) and Day 2—6 (C). Baseline platelet count (A) was higher in the low-titer
convalescent plasma (LCP) group than in the high-titer convalescent plasma (HCP) group, and the difference, although less, was still present on
Day | (B). Reference range is illustrated in grey background. n=the number of recipients in each study group.**p =0.004 *p=0.019.
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Figure 2. Recipient baseline (A) and Day | (B) von Willebrand Factor antigen (VWF:Ag) levels. There was no baseline VWF:Ag level
differrence between the study groups (A). On Day | VWF:Ag was higher in the low-titer convalescent plasma (LCP group) than the high-titer
convalescent plasma (HCP) group (B). The stratified line illustrates the upper limit of the reference range for VWF:Ag. n =the number of

recipients in each study group. *p=0.012.

Thrombin Generation

Baseline thrombin generation (TG) variables were aligned
between the groups (Figure 3A and 3C). However, both ETP
and peak thrombin generation indicated more TG on Day 1 in
the LCP group than in the HCP group (p=0.038 and p=
0.037, respectively) (Figure 3B and 3D). Overall, we did not
observe differences in TG between placebo group and HCP
and or LCP groups (Figure 3A-D).

LMWH and Dexamethasone

The proportion of the two dosing regimens were similar within
the HCP/LCP/placebo groups. Overall, the majority of the
recipients (35/54) received a standard dose LMWH (0.5 mg/
kg once daily), while 19/54 of the recipients received an inter-
mediate dose (0.5 mg/kg twice daily) due to their high-risk
profile for VTE (Table 3). On Day 1, those in the intermediate
LMWH dose group had higher CRP levels (p=0.026)
(Supplemental Figure 1A), and their CAT lag time was pro-
longed (p=0.002) (Supplemental Figure 1C) compared with
the standard LMWH dose group. Furthermore, the baseline peak
thrombin generation was lower (p=0.032) (Supplemental
Figure 1B), and time to thrombin peak (ttPeak) was longer in
the intermediate than the standard group (p=0.004)
(Supplemental Figure 1D). Other coagulation biomarkers
were not influenced by the two LMWH regimens.
Dexamethasone was administered to 18/54 recipients
(Table 3). There were no proportional differences in dexame-
thasone administration between the CP groups. Fifteen patients

received dexamethasone one to two days after infusion, two
received it three days after infusion, and one patient after
seven days. Blood samples on Day 1 were collected from all
patients before dexamethasone was administered. Of the 18
recipients receiving dexamethasone, seven were on standard
dose LMWH, while the remining 11 were on the intermediate
dose, compatible with the inflammatory risk profiles of the
patients.

Discussion

All CP donors had normal blood cell counts and coagulation
profiles, without differences in coagulation activity between
LCP and HCP donors at the baseline. In contrast, baseline
VWF:Ag was elevated across all CP recipients with acute
COVID-19 infection, as has been previously reported.?®
However, LCP further increased VWF:Ag levels and also pro-
filed as having enhanced thrombin generation in response to
tissue factor in CAT assay. Despite randomization, the HCP
group had lower baseline and Day 1 platelet counts than the
LCP group, though without thrombocytopenia, and no differ-
ences between placebo group versus LCP or HCP groups
were noted. Most recipients were at baseline and after CP infu-
sion LAC positive, which LMWH anticoagulation likely influ-
ences as it may induce false positive LAC.%® Overall, our
findings suggest that HCP administration has a more favorable
profile than LCP, aligning with the guidelines recommending
high-titer anti-SARS-CoV2 for treatment.'®?’

The axis of platelets, VWF and VWF multimer proteolysis
by ADAMTSI13 has attracted special interest in COVID-19,
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Figure 3. Recipient baseline and Day | endogenous thrombin generation (ETP) (A-B) and peak thrombin generation (C-D) measured with
Calibrated Automated Thrombogram. There was no difference between the groups in baseline ETP (A). On Day | (B), ETP showed enhanced
thrombin generation in the recipients of the low-titer (LCP) compared to the high-titer convalescent plasma (HCP). Peak thrombin generation
levels were similar between the groups at baseline (C), but again at Day | peak thrombin was higher in the LCP than the HCP group (D).

Thrombin generation variable ranges (min-max) from 12 healthy controls are illustrated in grey. n=the number of recipients in each study
group.*p =0.038 **p =0.037.



Clinical and Applied Thrombosis/Hemostasis

as elevated VWF:Ag levels have been associated with more
severe disease in COVID-19, likely due to sustained endothelial
perturbation, and cellular activation.”®° In case of acute coro-
nary syndrome, but not in COVID-19-associated coagulopathy,
enoxaparin has been shown to limit the early rise in VWF:Ag
levels.*® In our study, LCP triggered both increased VWF:Ag
levels and enhanced thrombin generation, potentially creating
a hypercoagulable state despite LMWH therapy, whereas
HCP and placebo did not. This suggests that LCP administra-
tion could be even harmful for COVID-19 patients at higher
risk of microthrombosis and thromboembolic events, although
we did not detect thrombosis among the CP recipients.
Thrombocytopenia is a known clinical manifestation of severe
or progressive COVID-19 and other severe thrombo-inflammatory
conditions.®'*? Although there was a baseline difference between
the two groups despite randomization, the rising platelet counts in
HCP group may reflect a beneficial effect of CP. While transient
antiphospholipid antibody positivity has been observed in
the acute phase of COVID-19, a causal relationship between
this and thrombotic complications has yet to be confirmed.*?
Most recipients in our study were LAC-positive at baseline
and remained so after CP or placebo infusion, indicating that
CP does not immediately alter phospholipid antibody status.
LAC-positivity is likely explained by the combination of
acute phase of COVID-19 and LMWH anticoagulation.?®33-34
To add, all CP donors were LAC-negative at the time of
plasmapheresis.

All recipients were anticoagulated with LMWH at the time
of the CP or placebo infusion according to the recommenda-
tions which were later available.>> The recipients with higher
CRP counts were on intermediate LMWH dosing scheme and
received dexamethasone, which led to the anticipated reduction
in thrombin generation. Thromboembolic complications were
not observed during the 30-day follow-up period, aligning
with an efficacious thromboprophylaxis. Coagulation biomark-
ers, particularly VWF:Ag or FVIII neither showed significant
differences between those who received dexamethasone and
those who did not. This observation suggests that the combina-
tion of anti-inflammatory medication and LMWH may help to
stabilize endothelial functions and mitigate hypercoagulability.
Acute COVID-19 infection increases the risk of thromboem-
bolic events.*® In our study all patients received LMWH pro-
phylaxis, and dexamethasone was administered if clinical
decline was developing. LCP induced less favorable coagula-
tion profile than HCP, characterized by elevated levels of
VWF:Ag and enhanced thrombin generation. Despite the differ-
ences between the two CP products, we did not observe symp-
tomatic thrombotic complications in any of the study groups.
This could be due to the thromboprophylaxis, but it has been
previously shown that individuals with an asymptomatic or
mild disease who are not hospitalized have low rate of thrombo-
embolic complications, while patients who required treatment
in intensive care unit have 2.5 times increase in the incidence
of VTE.*’7*° Our study population was relatively stable, 85%
had WHO clinical progression score scale of 4 to 5. Only one
recipient died and three were intubated. This suggests that our

study cohort had a relatively small risk for thromboembolic
complications. Overall, our observations relate to laboratory
findings and do not indicate impact on clinical efficacy
between HCP and LCP.

It is important to acknowledge some limitations and con-
founders in our study. First, as a small-scale RCT study the gen-
eralizability of our findings is limited. Although disease
severity and baseline comorbidities were equally distributed
between the study groups, these conditions may potentially
confound our observations among the limited number of the
recipients. Second, the loss of many patients to follow-up
after Day 1 restricted our availability to long-term data, which
focuses on the immediate effects of CP. The study inclusion cri-
teria allowed for the recruitment of patients who were not
administered systemic corticosteroid at randomization. These
criteria resulted in a relatively stable patient population.
Asymptomatic VTE screening was not performed. Based on
power calculations presented in the Supplemental material of
the published trial results, we aimed at recruiting 400 patients
to receive either placebo, LCP or HCP. Due to the changing epi-
demiology and less stringent criteria for dexamethasone treat-
ment in general among hospitalized patients, the number of
eligible patients declined and we could recruit only 57 patients
for the trial, of which 54 were included in this study, limiting its
generalizability.!” Additionally, our placebo product was 0.9%
normal saline rather than standardized solvent/detergent-treated
plasma. This design leaves the impact of plasma products
without neutralizing antibodies against the SARS-CoV-2 wild-
type virus on acute phase of COVID-19 unexplored.

To summarize, our findings reinforce the previously estab-
lished significance of platelet-VWF-ADAMTS13 axis in
COVID-19. We have previously shown that different
plasma products carry distinct coagulation profiles.* Our
novel discovery here suggested that LCP, a modified plasma
product, increases VWF:Ag levels and enhances thrombin gener-
ation, despite adequate thromboprophylaxis. This underscores the
importance of administering only HCP to COVID-19 patients in
the acute phase, supporting previous guidance.?” Based on our
results, HCP administration is associated with less hypercoagula-
bility than LCP, and potentially explains the variability in the effi-
cacy of CP products reported earlier.

Acknowledgment

We would like to thank all patients who participated in this study for
their cooperation.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.



Pitkéinen et al.

Ethical Approval and Informed Consent Statements
Our study was approved by the ethics committee of Helsinki
University Hospital (HUS/1637/2020), and written informed consent
was obtained from all participants in accordance with the
Declaration of Helsinki. The study was monitored by an external
monitor (HUCH Institute Ltd), and it was registered at Clinical
Trials (NCT04730401).

Funding

The study was funded by the Finnish Government Subsidy for Health
Science Research (TYH2023238), Helsinki University Hospital grant
for Coagulation Medicine (VIR, TYH2024310), The Finnish Blood
Disease Research Foundation and Pulsus Foundation (Hanna
Pitkénen).

ORCID iD

Hanna H Pitkénen (20 https:/orcid.org/0000-0002-2259-3244

Supplemental Material

Supplemental material for this article is available online.

References

1. Casadevall A, Pirofski LA. The convalescent sera option for con-
taining COVID-19. J Clin Invest. 2020;130(4):1545-1548.

2. Recommendations for Investigational COVID-19 Convalescent
Plasma | FDA [Internet]. [cited 2024 Nov 19]. https:/www.fda.
gov/vaccines-blood-biologics/investigational-new-drug-
applications-inds-cber-regulated-products/recommendations-
investigational-covid-19-convalescent-plasma.

3. Joyner MJ, Wright RS, Fairweather D, et al. Early safety indica-
tors of COVID-19 convalescent plasma in 5000 patients. J Clin
Invest [Internet]. 2020 Sep 1 [cited 2024 Nov 19];130(9):4791-
4797. https:/pubmed.ncbi.nlm.nih.gov/32525844/.

4. Sanfilippo F, La Rosa V, Astuto M. Micro-Thrombosis, perfusion
defects, and worsening oxygenation in COVID-19 patients: A
word of caution on the use of convalescent plasma. Mayo Clin
Proc [Internet]. 2020 Jan 1 [cited 2024 Nov 19];96(1):259.
https:/pmc.ncbi.nlm.nih.gov/articles/ PMC7608061/.

5. Klompas AM, Klassen SA, Senefeld JW, et al. In reply — micro-
thrombosis, perfusion defects, and worsening oxygenation in
COVID-19 patients: A word of caution on the use of convalescent
plasma. Mayo Clin Proc [Internet]. 2020 Jan 1 [cited 2024 Nov
19];96(1):259. https:/pme.ncbi.nlm.nih.gov/articles/PMC7608008/.

6. lannizzi C, Chai KL, Piechotta V, et al. Convalescent plasma for
people with COVID-19: A living systematic review. Cochrane
Database Syst Rev [Internet]. 2023 Feb 1 [cited 2024 Nov
19];2023(2):1-435. https:/pubmed.ncbi.nlm.nih.gov/36734509/.

7. Libster R, Pérez Marc G, Wappner D, et al. Early high-titer plasma
therapy to prevent severe COVID-19 in older adults. N Engl J Med
[Internet]. 2021 Feb 18 [cited 2024 Nov 19];384(7):610-618.
https:/www.nejm.org/doi/full/10.1056/NEJMo0a2033700.

8. Sullivan DJ, Gebo KA, Shoham S, et al. Early outpatient treatment
for COVID-19 with convalescent plasma. N Engl J Med [Internet].
2022 May 5 [cited 2024 Nov 19];386(18):1700-1711. https:/www.
nejm.org/doi/full/10.1056/NEJMo0a2119657.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

LiL, Zhang W, Hu Y, et al. Effect of convalescent plasma therapy
on time to clinical improvement in patients with severe and life-
threatening COVID-19: A randomized clinical trial. JAMA
[Internet]. 2020 Aug 4 [cited 2024 Nov 19];324(5):460-470.
https:/jamanetwork.com/journals/jama/fullarticle/2766943.
Bégin P, Callum J, Jamula E, et al. Convalescent plasma for hos-
pitalized patients with COVID-19: An open-label, randomized
controlled trial. Nat Med [Internet]. 2021 Nov 1 [cited 2024
Nov  19];27(11):2012-2024.
34504336/.

Alemany A, Millat-Martinez P, Corbacho-Monné M, et al.
High-titre methylene blue-treated convalescent plasma as an
early treatment for outpatients with COVID-19: A randomised,
placebo-controlled trial. Lancet Respir Med [Internet]. 2022
Mar 1 [cited 2024 Nov 19];10(3):278-288. http:/www.thelancet.
com/article/S2213260021005452/fulltext.

Gharbharan A, Jordans CCE, GeurtsvanKessel C, et al. Effects of
potent neutralizing antibodies from convalescent plasma in
patients hospitalized for severe SARS-CoV-2 infection. Nat
Commun [Internet]. 2021 May 27 [cited 2024 Nov 19];12(1):1-12.
https:/www.nature.com/articles/s41467-021-23469-2.
Thorlacius-Ussing L, Brooks PT, Nielsen H, et al. A randomized

https:/pubmed.ncbi.nlm.nih.gov/

placebo-controlled trial of convalescent plasma for adults hospital-
ized with COVID-19 pneumonia. Sci Rep [Internet]. 2022 Sep 30
[cited 2024 Nov 19];12(1):1-8. https:/www.nature.com/articles/
s41598-022-19629-z.

van den Berg K, Glatt TN, Vermeulen M, et al. Convalescent
plasma in the treatment of moderate to severe COVID-19 pneumo-
nia: A randomized controlled trial (PROTECT-Patient Trial). Sci
Rep [Internet]. 2022 Feb 15 [cited 2024 Nov 19];12(1):1-11.
https:/www.nature.com/articles/s41598-022-06221-8.

Misset B, Piagnerelli M, Hoste E, et al. Convalescent plasma for
COVID-19-induced ARDS in mechanically ventilated patients.
N Engl J Med. 2023;389(17):1590-1600.

Tobian AAR, Cohn CS, Shaz BH. COVID-19 convalescent
plasma. Blood [Internet]. 2022 Jul 21 [cited 2024 Nov 19];
140(3):196-207. https:/pubmed.ncbi.nlm.nih.gov/34695186/.
Khawaja T, Kajova M, Levonen I, et al. Double-blinded, rando-
mised, placebo-controlled trial of convalescent plasma for
COVID-19: Analyses by neutralising antibodies homologous
to recipients’ variants. Infect Dis (Auckl) [Internet]. 2024
[cited 2024 Nov 19];56(6):423-433. https:/pubmed.ncbi.nlm.
nih.gov/38513074/.

Marshall JC, Murthy S, Diaz J, et al. A minimal common outcome
measure set for COVID-19 clinical research [internet]. Lancet
Infect Dis. 2020 [cited 2025 Jan 5];20(8):¢192-¢197. https:/
pubmed.ncbi.nlm.nih.gov/32539990/.

Brecher ME. European Committee (Partial Agreement) on Blood
Transfusion (CD-P-TS) [Internet]. 2017. http:/www.eqas.ir/pdf/
lib/AABB Technical Manual 15TH.pdf.

European Directorate for the Quality of Medicines &HealthCare
(EDQM). Guide to the Preparation, Use and Quality Assurance
of Blood Components. 20th ed. Council of Europe; 2020.
Directorate-General for Health and Food Safety. An EU
Pro-gramme of COVID-19 Convalescent Plasma Collection and
Transfusion:

Guidance on Collection, Testing, Processing,


https://orcid.org/0000-0002-2259-3244
https://orcid.org/0000-0002-2259-3244
https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-applications-inds-cber-regulated-products/recommendations-investigational-covid-19-convalescent-plasma
https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-applications-inds-cber-regulated-products/recommendations-investigational-covid-19-convalescent-plasma
https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-applications-inds-cber-regulated-products/recommendations-investigational-covid-19-convalescent-plasma
https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-applications-inds-cber-regulated-products/recommendations-investigational-covid-19-convalescent-plasma
https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-applications-inds-cber-regulated-products/recommendations-investigational-covid-19-convalescent-plasma
https://pubmed.ncbi.nlm.nih.gov/32525844/
https://pubmed.ncbi.nlm.nih.gov/32525844/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7608061/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7608061/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7608008/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7608008/
https://pubmed.ncbi.nlm.nih.gov/36734509/
https://pubmed.ncbi.nlm.nih.gov/36734509/
https://www.nejm.org/doi/full/10.1056/NEJMoa2033700
https://www.nejm.org/doi/full/10.1056/NEJMoa2033700
https://www.nejm.org/doi/full/10.1056/NEJMoa2119657
https://www.nejm.org/doi/full/10.1056/NEJMoa2119657
https://www.nejm.org/doi/full/10.1056/NEJMoa2119657
https://jamanetwork.com/journals/jama/fullarticle/2766943
https://jamanetwork.com/journals/jama/fullarticle/2766943
https://pubmed.ncbi.nlm.nih.gov/34504336/
https://pubmed.ncbi.nlm.nih.gov/34504336/
https://pubmed.ncbi.nlm.nih.gov/34504336/
http://www.thelancet.com/article/S2213260021005452/fulltext
http://www.thelancet.com/article/S2213260021005452/fulltext
http://www.thelancet.com/article/S2213260021005452/fulltext
https://www.nature.com/articles/s41467-021-23469-2
https://www.nature.com/articles/s41467-021-23469-2
https://www.nature.com/articles/s41598-022-19629-z
https://www.nature.com/articles/s41598-022-19629-z
https://www.nature.com/articles/s41598-022-19629-z
https://www.nature.com/articles/s41598-022-06221-8
https://www.nature.com/articles/s41598-022-06221-8
https://pubmed.ncbi.nlm.nih.gov/34695186/
https://pubmed.ncbi.nlm.nih.gov/34695186/
https://pubmed.ncbi.nlm.nih.gov/38513074/
https://pubmed.ncbi.nlm.nih.gov/38513074/
https://pubmed.ncbi.nlm.nih.gov/38513074/
https://pubmed.ncbi.nlm.nih.gov/32539990/
https://pubmed.ncbi.nlm.nih.gov/32539990/
https://pubmed.ncbi.nlm.nih.gov/32539990/
http://www.eqas.ir/pdf/lib/AABB
http://www.eqas.ir/pdf/lib/AABB
http://www.eqas.ir/pdf/lib/AABB

Clinical and Applied Thrombosis/Hemostasis

22.

23.

24.

25.

26.

27.

28.

29.

30.

INFECTIOUS DISEASES 43Istorage, Distribution and Monitored
Use. europeancomiss; 2020.

EUROPEAN COMMISSION. Guidance on the collection and
transfusion of convalescent COVID-19 plasma | Public Health
[Internet]. 2020 [cited 2024 Nov 27]. https:/health.ec.europa.eu/
latest-updates/guidance-collection-and-transfusion-convalescent-
covid-19-plasma-2020-04-10_en.

Devreese KMJ, de Groot PG, de Laat B, et al. Guidance from the
Scientific and Standardization Committee for lupus anticoagulant/
antiphospholipid antibodies of the International Society on
Thrombosis and Haemostasis: Update of the guidelines for lupus
anticoagulant detection and interpretation. J Thromb Haemost.
2020;18(11):2828-2839.

Pitkédnen HH, Kérki M, Niinikoski H, et al. Abnormal coagulation
and enhanced fibrinolysis due to lysinuric protein intolerance
associates with bleeds and renal impairment. Haemophilia
[Internet]. 2018 Sep [cited 2018 Oct 31];24(5):e312-e321.
http:/doi.wiley.com/10.1111/hae.13543.

Ward SE, Fogarty H, Karampini E, et al. ADAMTS13 Regulation
of VWF multimer distribution in severe COVID-19. J Thromb
Haemost [Internet]. 2021 Aug 1 [cited 2024 Nov 27];19(8):
1914-1921. https:/pmc.ncbi.nlm.nih.gov/articles/PMC8237059/.
Favaloro EJ, Pasalic L. Lupus anticoagulant testing during antico-
agulation, including direct oral anticoagulants [internet]. Res Pract
Thromb Haemost. 2022 [cited 2024 Nov 19];6(2):12676. https:/
pme.ncbi.nlm.nih.gov/articles/PMC8922544/.

FDA. Fact sheet for health care providers: emergency use autho-
rization (EUA) of COVID-19 convalescent plasma for treatment
of hospitalized patients with COVID-19, 2021. Accessed
November 28, 2024. https:/www.fda.gov/media/141478/download.
Peyvandi F, Artoni A, Novembrino C, et al. Hemostatic alterations
in COVID-19. Haematologica [Internet]. 2020 May 1 [cited
2024 Nov 19];106(5):1472. https:/pmc.ncbi.nlm.nih.gov/articles/
PMC8094101/.

Mancini I, Baronciani L, Artoni A, et al. The ADAMTS13-von
Willebrand factor axis in COVID-19 patients. J Thromb
Haemost [Internet]. 2021 Feb 1 [cited 2024 Nov 19];19(2):
513-521. https:/onlinelibrary.wiley.com/doi/full/10.1111/jth.15191.
Montalescot G, Collet JP, Lison L, et al. Effects of various antico-
agulant treatments on von Willebrand factor release in unstable
angina. J Am Coll Cardiol [Internet]. 2000 Jul [cited 2025 Jan
51;36(1):110-114. https:/pubmed.ncbi.nlm.nih.gov/10898421/.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Zhang Y, Zeng X, Jiao Y, et al. Mechanisms involved in the devel-
opment of thrombocytopenia in patients with COVID-19. Thromb
Res. 2020;193:110-115.

Iba T, Helms J, Levi M, Levy JH. Thromboinflammation in acute
injury: Infections, heatstroke, and trauma. J Thromb Haemostasis.
2024;22(1):7-22.

Gendron N, Dragon-Durey MA, Chocron R, et al. Lupus anticoag-
ulant single positivity during the acute phase of COVID-19 is not
associated with venous thromboembolism or in-hospital mortality.
Arthritis Rheumatol [Internet]. 2021 Nov 1 [cited 2024 Nov 19];
73(11):1976-1985. https:/pubmed.ncbi.nlm.nih.gov/33881229/.
Favaloro EJ, McDonald D, Lippi G. Laboratory investigation of
thrombophilia: The good, the bad, and the ugly. Semin Thromb
Hemost. 2009;35(07):695-710.

Schulman S, Sholzberg M, Spyropoulos AC, et al. ISTH
Guidelines for antithrombotic treatment in COVID-19. J Thromb
Haemost [Internet]. 2022 Oct 1 [cited 2024 Nov 27];20(10):
2214-2225. https:/onlinelibrary.wiley.com/doi/full/10.1111/
jth.15808.

Sutanto H, Soegiarto G. Risk of thrombosis during and after a
SARS-CoV-2 infection: Pathogenesis, diagnostic approach, and
management [Internet]. Hematol Rep. 2023 [cited 2025 Jan 6];
15(2):225-243. https:/pme.ncbi.nlm.nih.gov/articles’PMC10123679/.
Jenner WJ, Gorog DA. Incidence of thrombotic complications in
COVID-19: On behalf of ICODE: The ilnternational COVID-19
Thrombosis Biomarkers Colloquium. J Thromb Thrombolysis
[Internet]. 2021 Nov 1 [cited 2025 Jan 6];52(4):999-1006.
https:/pubmed.ncbi.nlm.nih.gov/34047938/.

Burn E, Duarte-Salles T, Fernandez-Bertolin S, et al. Venous or
arterial thrombosis and deaths among COVID-19 cases: A
European network cohort study. Lancet Infect Dis [Internet].
2022 Aug 1 [cited 2025 Jan 6];22(8):1142-1152. https:/pubmed.
ncbi.nlm.nih.gov/35576963/.

Tan BK, Mainbourg S, Friggeri A, et al. Arterial and venous
thromboembolism in COVID-19: A study-level meta-analysis
[Internet]. Thorax. 2021 [cited 2025 Jan 6];76(10):970-979.
https:/pubmed.ncbi.nlm.nih.gov/33622981/.

Pitkénen H, Jouppila A, Mowinckel MC, et al. Enhanced thrombin
generation and reduced intact protein S in processed solvent deter-
gent plasma. Thromb Res [Internet]. 2015 Jan [cited 2018 Oct
31];135(1):167-174.  https:/linkinghub.elsevier.com/retrieve/pii/
S0049384814005775.


https://health.ec.europa.eu/latest-updates/guidance-collection-and-transfusion-convalescent-covid-19-plasma-2020-04-10_en
https://health.ec.europa.eu/latest-updates/guidance-collection-and-transfusion-convalescent-covid-19-plasma-2020-04-10_en
https://health.ec.europa.eu/latest-updates/guidance-collection-and-transfusion-convalescent-covid-19-plasma-2020-04-10_en
https://health.ec.europa.eu/latest-updates/guidance-collection-and-transfusion-convalescent-covid-19-plasma-2020-04-10_en
http://doi.wiley.com/10.1111/hae.13543
http://doi.wiley.com/10.1111/hae.13543
https://pmc.ncbi.nlm.nih.gov/articles/PMC8237059/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8237059/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8922544/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8922544/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8922544/
https://www.fda.gov/media/141478/download
https://www.fda.gov/media/141478/download
https://pmc.ncbi.nlm.nih.gov/articles/PMC8094101/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8094101/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8094101/
https://onlinelibrary.wiley.com/doi/full/10.1111/jth.15191
https://onlinelibrary.wiley.com/doi/full/10.1111/jth.15191
https://pubmed.ncbi.nlm.nih.gov/10898421/
https://pubmed.ncbi.nlm.nih.gov/10898421/
https://pubmed.ncbi.nlm.nih.gov/33881229/
https://pubmed.ncbi.nlm.nih.gov/33881229/
https://onlinelibrary.wiley.com/doi/full/10.1111/jth.15808
https://onlinelibrary.wiley.com/doi/full/10.1111/jth.15808
https://onlinelibrary.wiley.com/doi/full/10.1111/jth.15808
https://pmc.ncbi.nlm.nih.gov/articles/PMC10123679/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10123679/
https://pubmed.ncbi.nlm.nih.gov/34047938/
https://pubmed.ncbi.nlm.nih.gov/34047938/
https://pubmed.ncbi.nlm.nih.gov/35576963/
https://pubmed.ncbi.nlm.nih.gov/35576963/
https://pubmed.ncbi.nlm.nih.gov/35576963/
https://pubmed.ncbi.nlm.nih.gov/33622981/
https://pubmed.ncbi.nlm.nih.gov/33622981/
https://linkinghub.elsevier.com/retrieve/pii/S0049384814005775
https://linkinghub.elsevier.com/retrieve/pii/S0049384814005775
https://linkinghub.elsevier.com/retrieve/pii/S0049384814005775

	 Introduction
	 Patients, Materials and Methods
	 Trial Design
	 Ethics Approval and Monitoring
	 Preparation of Plasma Products at the Finnish Red Cross Blood Service (FRCBS)
	 Blood Sample Collection
	 Routine Laboratory Follow-up, Coagulation Biomarkers, Antiphospholipid Antibodies, and Thrombin Generation
	 Statistics
	 Power Calculations

	 Results
	 Donors

	 Study Groups
	 Demographics
	 Blood Cell Count, Coagulation Biomarkers and Antiphospholipid Antibodies
	 Thrombin Generation
	 LMWH and Dexamethasone

	 Discussion
	 Acknowledgment
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


