
Citation: Hantrakun, N.;

Sinsakolwat, P.; Tantiworawit, A.;

Rattarittamrong, E.;

Rattanathammethee, T.; Hantrakool,

S.; Piriyakhuntorn, P.; Punnachet, T.;

Niprapan, P.; Wongtagan, O.; et al.

Longitudinal Profiles of Anti-Platelet

Factor 4 Antibodies in Thai People

Who Received ChAdOx1 nCoV-19

Vaccination. Vaccines 2023, 11, 692.

https://doi.org/10.3390/

vaccines11030692

Academic Editor: Minghui Yang

Received: 31 January 2023

Revised: 4 March 2023

Accepted: 16 March 2023

Published: 17 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Longitudinal Profiles of Anti-Platelet Factor 4 Antibodies in
Thai People Who Received ChAdOx1 nCoV-19 Vaccination
Nonthakorn Hantrakun 1 , Peampost Sinsakolwat 1, Adisak Tantiworawit 1, Ekarat Rattarittamrong 1,
Thanawat Rattanathammethee 1 , Sasinee Hantrakool 1 , Pokpong Piriyakhuntorn 1 , Teerachat Punnachet 1,
Piangrawee Niprapan 1, Ornkamon Wongtagan 1, Romanee Chaiwarith 2 , Lalita Norasetthada 1 and
Chatree Chai-Adisaksopha 1,*

1 Division of Hematology, Department of Internal Medicine, Faculty of Medicine, Chiang Mai University,
Chiang Mai 50200, Thailand

2 Division of Infectious Diseases and Tropical Medicine, Department of Internal Medicine, Faculty of Medicine,
Chiang Mai University, Chiang Mai 50200, Thailand

* Correspondence: chatree.chai@cmu.ac.th

Abstract: Anti-platelet factor 4 (anti-PF4) antibodies were identified as pathogenic antibodies for
vaccine-induced immune thrombocytopenia and thrombosis (VITT) in subjects receiving ChAdOx1
nCoV-19 vaccinations. We performed a prospective cohort study to determine the prevalence of anti-
PF4 and the effect of the ChAdOx1 nCoV-19 vaccine on anti-PF4 in healthy Thai subjects. Anti-PF4
antibodies were measured before and four weeks after receiving the first vaccination. Participants
with detectable antibodies were scheduled for repeat anti-PF4 analysis at 12 weeks after the second
vaccination. Of 396 participants, ten participants (2.53%; 95% confidence interval [CI], 1.22–4.59)
were positive for anti-PF4 before receiving vaccinations. Twelve people (3.03%; 95% CI, 1.58–5.23)
had detectable anti-PF4 after the first vaccination. There was no difference in the optical density
(OD) values of anti-PF4 antibodies when comparisons were made between pre-vaccination and four
weeks after the first vaccination (p = 0.0779). There was also no significant difference in OD values in
participants with detectable antibodies. No subjects experienced thrombotic complications. Pain at
the injection site was associated with an increased risk of being anti-PF4 positive at an odds ratio
of 3.44 (95% CI, 1.06–11.18). To conclude, the prevalence of anti-PF4 was low in Thais and did not
significantly change over time.

Keywords: COVID-19 vaccine; vaccine-induced thrombocytopenia and thrombosis; VITT; Asian

1. Introduction

The outbreak of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic, which then led to the coronavirus disease (COVID-19), has been declared a
global health emergency. As of May 2022, there were over 10 million estimated deaths
from COVID-19, as has been reported by the Institute for Health Metrics and Evaluation
(IHME) [1]. Accordingly, increases in incidences of COVID-19, and associated mortality
rates, have been observed worldwide [1].

While a number of new therapeutic approaches have been developed to improve the
outcomes of the disease, one of the major medical interventions aimed at lowering the
mortality and incidence rates of COVID-19 is the SARS-CoV-2 vaccine [2]. Several different
types of vaccines have currently been made available [3,4]. The ChAdOx1 nCoV-19 ade-
noviral vector-based vaccine (Oxford/AstraZeneca) demonstrated efficacy in preventing
symptomatic and severe COVID-19 in older adults [5]. In Thailand, a two-dose regimen of
the ChAdOx1 nCoV-19 vaccine has exhibited protective effects and reduced the risk of the
severity of the disease [6]. Any adverse effects following immunization with the ChAdOx1
nCoV-19 vaccine were found to be mild and tolerable [7,8]. However, there have been
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incidences of patients experiencing thrombosis, thrombocytopenia, and elevated D-dimer
levels after being vaccinated with the ChAdOx1 nCoV-19 vaccine. Remarkably, the serious
adverse effect associated with the ChAdOx1 nCoV-19 vaccine has been identified as an in-
creased risk of thrombosis [9,10]. This syndrome has come to be known as vaccine-induced
immune thrombocytopenia and thrombosis (VITT) [11].

VITT is a rare but potentially fatal complication characterized by unusual site thrombo-
sis followed by thrombocytopenia after receiving the adenoviral vector-based vaccination
for COVID-19. Heparin-induced thrombocytopenia antibodies or anti-platelet factor 4
(anti-PF4) antibodies have been identified as pathogenic antibodies by enzyme-linked im-
munosorbent assays (ELISAs), which have also detected anti-PF4/polyanion immunoglob-
ulin G (IgG) antibodies [12]. Thrombocytopenia (platelet counts less than 150 × 109/L) and
disproportionately elevated D-dimer levels, particularly those that are greater than four
times the upper normal limit, have also been indicated in the laboratory findings of VITT
patients [11,13].

The immune complex of anti-PF4 antibodies is the key pathogenic antibody found
in VITT. Anti-PF4 antibodies activate both platelets and neutrophils through FcγRIIa
receptors [14]. Activated neutrophils release neutrophil extracellular traps (NETs) via a
multistep process referred to as NETosis [15]. Both platelet activation and NETosis can lead
to thrombocytopenia, massive thrombin generation, and thrombus formation. Thrombotic
events often involve multiple vascular beds, as well as both arterial and venous circulations.

The diagnostic criteria for VITT comprise five domains: onset of symptoms after
vaccination; presence of thrombosis; thrombocytopenia; D-dimer levels; and positive anti-
PF4 antibodies [11]. Patients who do not meet all five criteria are considered to have
either probable, possible, or unlikely VITT based on the proposed diagnostic criteria [11].
Anti-PF4 antibodies can be detected in healthy individuals [16], whereas patients who are
suspected to have VITT will exhibit clinical findings and laboratory results compatible
with VITT.

The clinical features of VITT commonly begin 5–10 days after patients received the
ChAdOx1 nCoV-19 vaccine. Among 294 VITT patients, the median time for the initial
symptoms was 14 days (range 5 to 48 days) [11]. The most common site of thrombosis was
cerebral venous sinus thrombosis, which accounted for 50% of patients who had definite or
probable VITT [11]. Apart from cerebral venous sinus thrombosis, other sites of venous
thrombosis have also been reported including deep vein thrombosis of the leg, pulmonary
embolism, splanchnic vein thrombosis, or others. Arterial thrombosis was observed in
21% of VITT patients. The clinical presentation of arterial thrombosis included myocardial
infarction, cerebrovascular disease, or acute limb ischemia [11]. Secondarily, bleeding
resulting from anticoagulant therapy, was observed in some patients, particularly in those
who had cerebral venous sinus thrombosis [9,10]. VITT is associated with high incidences
of mortality, which was reported in 22% of subjects after the initial diagnosis [11]. Due
to the high degree of severity of the disease, VITT should be suspected in individuals
who had recently received the ChAdOx1 nCoV-19 vaccination and developed clinical
thrombo-hemorrhagic features.

The degree of incidence of VITT has ranged from one case per 26,500 (Norway) to
one case per 127,300 (Australia) upon receiving the first dose of the ChAdOx1 nCoV-19
vaccine [17]. However, comprehensive data on VITT in Asian countries has been limited.
Previous Thai data have indicated that anti-PF4 antibody frequencies were 2.3–3.1% after
patients received the first dose of the ChAdOx1 nCoV-19 vaccine [16,18], whereas the
degree of incidence of VITT was estimated to be one in three million [19].

Because the prevalence of anti-PF4 antibodies and VITT has been extremely rare
in patients who had received the ChAdOx1 nCoV-19 vaccine, the long-term effects of
the ChAdOx1 nCoV-19 vaccine on any dynamic changes in levels of anti-PF4 antibodies
have not been well demonstrated. Repeated doses of the vaccine are required to achieve
sufficient protection against COVID-19 [20]. However, data related to safety issues among
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Asian patients with detectable anti-PF4 antibodies, who had also received a second dose or
booster dose of the ChAdOx1 nCoV-19 vaccine, have been limited.

This study aimed to evaluate the presence of anti-PF4 antibodies, signs and symptoms
of thromboembolic events, the degree of incidence of VITT, and the effect of the ChAdOx1
nCoV-19 vaccine on anti-PF4 antibodies among individuals who had received the ChAdOx1
nCoV-19 vaccine, and on those who had received a longitudinal follow-up.

2. Materials and Methods
2.1. Study Design and Participants

This was a prospective cohort study conducted at a university-based hospital located
in Thailand from June of 2021 to January of 2022. Participants aged ≥ 18 years who
were committed to receiving the ChAdOx1 nCoV-19 vaccine were enrolled in this study.
Participants with a history of recent heparin or low-molecular weight heparin-use within
three months of the study, those undergoing current anticoagulant use, or those in an
immunocompromised state due to an underlying disease or those who had received
immunosuppressive drugs, those with a recent history of major surgery within three
months of the study, or those who had a history of platelets < 150 × 109/L within three
months of the study were all excluded from participating. Informed consent was obtained
from all participants. This study was conducted following the Declaration of Helsinki and
approved by the Research Ethics Committee, Faculty of Medicine, Chiang Mai University
[Approval No. 160/2021].

2.2. Participant Recruitment and Trial Intervention

We recruited participants at a university-based hospital vaccine service center. All
participants who planned to receive the ChAdOx1 nCoV-19 vaccine with a typical interval
of 12 weeks between doses were invited. Participants were screened for eligibility.

Demographic data were collected, including age, sex, underlying diseases, and current
medications. An initial blood sample was collected to measure anti-PF4 antibodies before
vaccination. All participants’ adverse reactions were assessed after being given the vacci-
nation. After being given the vaccination, participants were asked to self-report solicited
adverse events using a paper-based questionnaire. Solicited adverse events in the ques-
tionnaire were classified as local and systemic adverse events including fever, headache,
asthenia, hypoesthesia, arthralgia, pain at the injection site, dyspnea, myalgia, rash, fatigue,
and pruritus. All participants were advised to be aware of symptoms related to thrombosis
and unsolicited adverse events during the study period. A hospital vaccination service was
available for consultation if participants suspected unsolicited complications after receiving
the ChAdOx1 nCoV-19 vaccine. Participants were evaluated for thrombotic complications
four weeks after receiving the first dose of the vaccine. A second blood sample was then
collected to test for anti-PF4 antibodies at this time.

All participants were also evaluated for thrombotic complications four weeks after
receiving the second dose of the ChAdOx1 nCoV-19 vaccine. A Third blood sample was
collected to detect anti-PF4 antibodies. D-dimer testing was then initiated and a complete
blood count (CBC) was administered in participants exhibiting detectable anti-PF4 after
the first vaccination.

2.3. Laboratory Measurements
2.3.1. Anti-PF4/Heparin Antibodies

Blood samples of all participants were collected twice to measure anti-PF4 antibodies:
before the first dose of the vaccine and four weeks after the first dose of the vaccine.
Participants who had detectable anti-PF4 antibodies after receiving the first dose of the
vaccine were scheduled for the third blood sample after 12 weeks of receiving the second
dose of the vaccine in order to again test for the presence of anti-PF4 antibodies. Blood
samples were collected in a citrated tube as appropriate. Specimens were processed within
two hours after collection. Platelet-poor plasma was stored at −70 ◦C until it was tested.
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Anti-PF4/heparin antibodies of the IgG isotype were determined using the ZYMUTEST
HIA, IgG ELISA (Hyphen BioMed, Neuville-sur-Oise, France). We defined the negative
cutoff optical density (OD) value as ≤0.3. Moreover, OD values of >0.3 to 0.5, and >0.5
were assigned as weakly positive, and positive, respectively.

2.3.2. D-Dimer

All participants with detectable anti-PF4 antibodies had agreed to receive D-dimer
testing at the time that they were scheduled for their third anti-PF4 antibody testing.
Blood samples were collected in a citrated tube. Specimens were tested within two hours
after being collected. D-dimer was measured by particle-enhanced immunoturbidimetric
assay on the Sysmex® CS-2500 system (Sysmex, Kobe, Japan) using INNOVANCE® D-
dimer reagent.

2.3.3. Complete Blood Count (CBC)

All participants with detectable anti-PF4 antibodies received CBC testing at the time
that they were scheduled for their third anti-PF4 antibody testing. Blood samples were
collected in an EDTA tube. CBC was assessed using the automated Sysmex® XN-9000
hematology analyzer (Sysmex, Kobe, Japan).

2.4. Statistical Analysis

Participants who had received complete laboratory results from both pre- and post-
vaccination blood samples after being given the first dose of the ChAdOx1 nCoV-19 vaccine
were analyzed using a per-protocol analysis. Participants who did not attend a follow-
up session or who had incomplete results with regard to both pre- and post-vaccination
anti-PF4 antibodies were excluded from the final analysis.

Baseline characteristics were described using descriptive statistics. Mean values with
corresponding standard deviation (SD) or median values with interquartile range (IQR)
were used to summarize the data as appropriate. Univariable comparisons were performed
using the Mann–Whitney U test or Student’s t-test for continuous variables, and Fisher’s
exact probability test for categorized variables. We performed a pairwise Student’s t-test
or the Mann–Whitney U test to determine any difference in the average OD values. The
factors that affected the positivity of the anti-PF4 antibodies were analyzed by univariable
logistic regression analysis. All data in this study were analyzed using Stata 16 (StataCorp,
College Station, TX, USA). p-values < 0.05 were considered statistically significant.

3. Results

A total of 396 participants were selected for the analysis (Figure 1). Demographic and
the clinical characteristics of all participants are shown in Table 1. The median age (range) of
participants was 50 (18–87) years. Female subjects made up 65.91% of the study population.
The most common comorbid disease was hypertension (32.32%), followed by dyslipidemia
(25.51%), diabetes mellitus (12.12%), a history of coronary artery disease (3.03%), and a
history of experiencing ischemic stroke (1.52%). There were 16 (4.04%) participants who
were currently receiving treatment with aspirin.

Before receiving the vaccination, ten participants (2.53%; 95% confidence interval [CI],
1.22–4.59) had positive anti-PF4 antibodies. These subjects were then separated as follows:
two for the weakly positive group and eight for the positive group.

At four weeks after administration of the first dose of the ChAdOx1 nCoV-19 vaccine,
twelve participants had detectable anti-PF4 antibodies (two new cases: one for the weakly
positive group, one for the positive group) given a degree of prevalence of 3.03% (95% CI,
1.58–5.23). No differences were observed in the median OD values of anti-PF4 antibodies
in comparisons made between pre-vaccination subjects and four weeks after subjects had
received their first dose of the ChAdOx1 nCoV-19 vaccine (0.029 (0.01–0.064) [median (IQR)]
for pre-vaccination subjects and 0.032 (0.009–0.068) for four weeks after those subjects had
received their first dose of the vaccine; p = 0.0779) (Figure 2).
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Table 1. Demographic data and clinical characteristics of participants.

Characteristics All Participants (n = 396)

Age (year) (median (range)) 50 (18–87)

Sex (female) (no. (%)) 261 (65.91)

Comorbidities (no. (%))
Hypertension 128 (32.32)
Dyslipidemia 101 (25.51)

Diabetes mellitus 48 (12.12)
History of coronary artery disease 12 (3.03)

History of ischemic stroke 6 (1.52)

Concomitant medication [no. (%)]
Anti-hypertensive drug 128 (32.32)

Anti-glycemic drug 43 (10.86)
Aspirin 16 (4.04)
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3.1. Adverse Reactions after Receiving the Vaccination

Common adverse reactions after receiving the first dose of the ChAdOx1 nCoV-19
vaccine were fever (29.04%), followed by pain at the injection site (17.93%), fatigue (15.91%),
headaches (9.34%), and arthralgia (6.57%). Other note-worthy adverse reactions, including
asthenia, hypoesthesia, dyspnea (transient), myalgia, rash, and pruritus, are presented in
Table 2.

Table 2. Symptoms after receiving the first dose of the ChAdOx1 nCoV-19 vaccination.

Characteristics [No. (%)] All Participants (n = 396)

Fever 115 (29.04)

Headache 37 (9.34)

Asthenia 9 (2.27)

Hypoesthesia 5 (1.26)

Arthralgia 26 (6.57)

Injection site pain 71 (17.93)

Dyspnea 2 (0.51)

Myalgia 2 (0.51)

Rash 4 (1.01)

Fatigue 63 (15.91)

Pruritus 1 (0.25)

3.2. Participants with Anti-PF4 Positive

Among subjects who were anti-PF4 positive, the results of complete blood counts and
d-dimer tests are presented in Table 3. The mean (± SD) hemoglobin level was recorded
at 13.46 ± 1.17 g/dL, and the mean (± SD) platelet count was recorded at 296.50 ±
65.25 × 109/L. No participant had a platelet count less than 150 × 109/L. The mean D-
dimer level was 288.58 ± 163.37 ng/mL. There was only one participant (8.33%) with a
D-dimer result greater than 500 ng/mL (738 ng/mL).

Table 3. Laboratory results of participants with detectable anti-PF4 antibodies.

Laboratory Parameters Participant with Detectable Anti-PF4
Antibodies (n = 12)

Hemoglobin (g/dL) (mean ± SD) 13.46 ± 1.17

White blood cell counts (×109/L) (mean ± SD) 8.12 ± 1.93

Platelet counts (×109/L) (mean ± SD) 296.50 ± 65.25
Platelet count < 150 × 109/L [no.] 0

D-dimer (ng/mL) (mean ± SD) 288.58 ± 163.37
D-dimer > 500 ng/mL (no. (%)) 1 (8.33)

All subjects who had detectable anti-PF4 antibodies after receiving the first dose of the
vaccine were scheduled for the third blood sample. At 12 weeks after the second vaccination
was administered, eleven participants had detectable anti-PF4 antibodies. Furthermore, all
eleven participants had either weakly positive or positive results after receiving the first
vaccination. One participant had seroconversion results switching from weakly positive to
undetectable antibodies.

There were three participants who exhibited a dynamic change in levels of anti-PF4
antibodies. One participant had weakly positive anti-PF4 antibodies before and after
receiving the first vaccination dose; however, anti-PF4 antibodies were undetectable at
12 weeks after receiving the second vaccination dose. One participant had undetectable



Vaccines 2023, 11, 692 7 of 12

anti-PF4 antibodies before receiving the first dose of the vaccine, but the antibodies turned
weakly positive after the first vaccination and remained weakly positive after receiving the
second dose of the vaccine. One participant had undetectable anti-PF4 antibodies before
receiving the first dose of the vaccine, but the antibodies turned positive after they received
the first vaccination dose and remained positive after the second dose of the vaccine.

The median OD values (IQR) in participants with detectable anti-PF4 antibodies were
0.760 (0.408–0.982) when measured during the pre-vaccination period, 0.769 (0.549–0.991)
when measured four weeks after the first vaccination, and 0.942 (0.539–1.375) when mea-
sured 12 weeks after the second dose of the ChAdOx1 nCoV-19 vaccine, respectively. There
were also no significant differences in OD values of the anti-PF antibodies when compar-
isons were made among these three periods (p = 0.2427 for pre-vaccination vs. four weeks
after the first dose, p = 0.0564 for pre-vaccination vs. 12 weeks after the second dose, and
p = 0.0544 for four weeks after the first dose vs. 12 weeks after the second dose) (Figure 3).
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four weeks after the first dose, and 12 weeks after receiving the second dose of the vaccination among
the 12 participants with detectable anti-PF4 antibodies.

3.3. Univariable Analysis of the Factors Associated with Positivity of Anti-PF4 Antibodies

Table 4 demonstrates a univariable analysis of the associated factors and the occurrence
of anti-PF4 antibodies. Pain at the injection site was associated with an increased risk of
anti-PF4 antibodies positive at an odds ratio of 3.44 (95% CI, 1.06–11.18; p = 0.040). Other
factors were not significantly associated with the positivity of anti-PF4 antibodies.

Table 4. Univariable analysis of the demographic and clinical parameters associated with positivity
of anti-PF4 antibodies after receiving the first dose of the ChAdOx1 nCoV-19 vaccine.

Variables
Univariable Analysis

Odds Ratio 95% Confidence Interval p-Value

Age 1.03 0.99–1.07 0.213

Female 0.51 0.16–1.56 0.246

Hypertension 3.04 0.95–9.78 0.062

Dyslipidemia 0.97 0.25–3.67 0.967

Diabetes mellitus 2.51 0.66–9.62 0.179

History of ischemic stroke 2.32 1.24–43.67 0.572
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Table 4. Cont.

Variables
Univariable Analysis

Odds Ratio 95% Confidence Interval p-Value

History of coronary artery disease 1.19 0.07–21.28 0.905

Anti-hypertensive drug 3.04 0.95–9.78 0.062

Anti-glycemic drug 2.87 0.75–11.03 0.125

Aspirin 0.89 0.05–15.75 0.939

Fever 1.78 0.55–5.73 0.334

Headache 0.88 0.11–7.00 0.903

Asthenia 1.58 0.09–28.71 0.757

Hypoesthesia 2.76 0.14–52.70 0.500

Arthralgia 0.54 0.03–9.39 0.673

Pain at injection site 3.44 1.06–11.18 0.040

Dyspnea 6.12 0.28–134.26 0.250

Myalgia 6.12 0.28–134.26 0.250

Rash 3.38 0.17–66.29 0.422

Fatigue 0.47 0.06–3.72 0.476

Pruritus 10.23 0.40–263.70 0.161

3.4. Thrombotic Complications

Four weeks after receiving the first and second doses of the ChAdOx1 nCoV-19 vaccine,
no participant developed signs and symptoms of thrombotic complications. Bleeding
complications were also not observed in our study.

4. Discussion

Our findings suggest that the degree of prevalence of anti-PF4 antibodies after ad-
ministering the ChAdOx1 nCoV-19 vaccine was low (3.03%). Moreover, we observed that
2.53% of people had preexisting anti-PF4 antibodies. According to the results of previously
conducted Thai studies, the prospective cohort data obtained from Thailand demonstrated
that the prevalence of anti-PF4 antibodies was 2.3–3.1% after receiving the first dose of
the ChAdOx1 nCoV-19 vaccination [16,18]. Regarding the results of studies conducted in
various Western countries, the prevalence of anti-PF4 antibodies in subjects after receiving
the first dose of the ChAdOx1 nCoV-19 vaccination was also low, and the OD values were
mainly low, primarily between 0.5 and 1. In Norwegian and German studies, the degrees
of frequency of anti-PF4 antibodies were reported to be 1.2% (six from 492 participants,
using LIFECODES PF4 IgG ELISA with a cutoff OD value ≥ 0.4) [21] and 8% (11 from
138 participants using in-house IgG-specific PF4/polyanion enzyme immunoassays with
a cutoff OD value ≥ 0.5) [22]. Remarkably, none of these participants had a low platelet
count [21]. Any variations in the percentages among the studies may be attributed to
the sensitivities of the laboratory assays used [23]. Importantly, none of the detectable
anti-PF4 antibodies exhibited the functional ability to activate the platelet activation assay
in all cohorts, whereas no subjects developed symptomatic VITT [16,18,21,22]. All these
findings indicate that pathogenic platelet-activating antibodies did not occur commonly
following administration of the vaccination, whereas the positivity of anti-PF4 antibodies
in asymptomatic participants lacked any association with symptomatic VITT.

There are discrepancies among incidences of VITT and the frequency of anti-PF4
antibodies. Since there is no such standard measurement for anti-PF4 antibodies and
the cut-off point for antibody positivity, it is difficult to compare the results of studies
investigating the frequency of occurrence of anti-PF4 antibodies. Platton et al. evalu-
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ated the laboratory results for anti-PF4 antibodies among patients with suspected VITT
through the use of IgG-specific ELISAs, polyspecific ELISAs, and rapid assays. The main
findings indicate that rapid assays (HemosIL HIT-Ab, HemosIL AcuStar HIT-IgG, STic
Expert assays, and Diamed PaGIA gel) were associated with a poor degree of sensitivity
for VITT in comparison to the results of the ELISAs [23]. The International Society on
Thrombosis and Haemostasis Scientific and Standardization Committee (ISTH-SSC) on
platelet immunology have recommended an antigen-binding assay (ELISAs) for testing
anti-PF4 antibodies. Rapid immunoassay (RIA) and chemiluminescence immunoassay
(CLIA) should be avoided due to the concern that these tests may reveal false-negative
results. In the present study, we elected to use an IgG-specific ELISA (ZYMUTEST HIA,
IgG ELISA (Hyphen BioMed, Neuville-sur-Oise, France) according to the ISTH-SSC recom-
mendation. Although, a cut-off point was not defined, we employed the cut-off point that
was recommended by the manufacturer.

Anti-PF4 antibodies may naturally occur in the general heparin-naïve population [24].
A seroprevalence study using samples obtained from people who donated blood to the
American Red Cross indicated that the prevalence of anti-PF4/heparin antibodies was
around 4.3–6.6% [24]. Our study demonstrated that 2.53% of participants had detectable
anti-PF4 antibodies before receiving the first dose of the ChAdOx1 nCoV-19 vaccine. We
further analyzed the differences in the OD values before and four weeks after subjects
received the first dose of the ChAdOx1 nCoV-19 vaccine. The results indicated that there
was no significant difference in the OD values of anti-PF4 antibodies when comparisons
were made between pre-vaccination subjects and those who had received the first dose of
the ChAdOx1 nCoV-19 vaccine after a four-week period (p = 0.0779) (Figure 2). Therefore,
detection of the anti-PF4 antibodies should be carefully interpreted along with the relevant
correlated clinical manifestations.

Supporting evidence for the VITT diagnosis involved D-dimer levels [10,11,13,25].
Subjects were unlikely to be diagnosed with VITT when D-dimer levels were lower than
2000 fibrinogen equivalent units (FEUs) or lower than 1000 ng/mL [11]. The findings
in our study showed that among participants with detectable anti-PF4 antibodies, there
was only one person with a D-dimer level greater than 500 ng/mL. Remarkably, this
participant had no signs and symptoms of thrombotic diseases. There were numerous
potential factors influencing the elevation in D-dimer values such as transient infection
or inflammation, injuries, hypertension [26], or systemic sclerosis [27]. Elevated D-dimer
levels could also be observed in healthy people, especially in members of the elderly
population [28]. Thrombocytopenia was also linked to VITT, particularly when a platelet
count < 150 × 109/L was recorded [11]. However, in our study, there was also no participant
who developed thrombocytopenia with a platelet count < 150 × 109/L. Therefore, these
findings suggest that routine D-dimer and CBC testing after administration of the ChAdOx1
nCoV-19 vaccination may, in fact, be an unnecessary investigation in people with no clinical
suspicion of thrombotic diseases.

We have demonstrated the effect of the ChAdOx1 nCoV-19 vaccine on anti-PF4 anti-
bodies by measuring them three times in participants with detectable anti-PF4 antibodies
after receiving the first dose of the vaccination. Among the three measurements, there were
no significant differences in OD values with regard to anti-PF4 antibodies, which was in line
with the increased trends of the OD values. As was similar to the outcomes of our study,
a recent study found no differences in anti-PF4 antibody generation and no evidence of
altered anti-PF4 antibody functionality in people with preexisting nonpathogenic anti-PF4
antibodies [29]. To date, the risk of COVID-19 remains a serious public health problem,
whereas vaccination against SARS-CoV-2 can help protect against the disease. Our results
provide support for the safety of administering the ChAdOx1 nCoV-19 vaccination as a
second or booster dose, if necessary, even in asymptomatic people with previously positive
anti-PF4 antibodies.

In our study, a significant risk factor for the development of anti-PF4 antibodies
was pain at the injection site. To date, there has been no research on the potential of a
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direct relationship between experiencing pain during administration of the vaccine and
anti-PF4 antibody formation. Likewise, risk factors for VITT remain unknown. Females
and younger individuals were reported to be the majority of subjects with VITT in the
initial case series [9,11]. This association has been considered controversial since the
demographics of the first group of individuals who received the ChAdOx1 nCoV-19 vaccine
were young female health-care workers. However, some research studies have formulated
hypotheses about skin inflammation in subjects after receiving the vaccination indicating
proinflammatory reactions to pathologic anti-PF4 antibody formation [30]. The study of
any potential association between clinical and anti-PF4 antibody production should be
further investigated.

The strength of our study was that we took blood samples from all participants before
they received the first dose of the vaccination. As a result, we determined that some
participants already had anti-PF4 antibodies. We also followed participants longitudinally
and observed the natural course of anti-PF4 antibodies in participants who received the
ChAdOx1 nCoV-19 vaccine. The dropout rate was low in our study. Moreover, we focused
on participants who had positive results for anti-PF4 antibodies in terms of investigations
of the laboratory and clinical features of VITT. We have acknowledged some limitations to
our study. First, this was a single-center study which was limited to the Thai population.
Therefore, the findings of this study may be limited to a generalizability to Asians. Second,
we measured CBC and D-dimer levels at the time that participants were scheduled for
their third anti-PF4 antibody testing (12 weeks after receiving the second dose of the
ChAdOx1 nCoV-19 vaccine). Consequently, the results may not truly represent the effect of
the vaccine on any hematologic parameters. Third, no participant in our study switched
from the ChAdOx1 nCoV-19 vaccine to mRNA vaccine. Therefore, we did not produce
any data with regard to anti-PF4 antibody profiles for those who may have switched
vaccinations. Lastly, VITT is a rare complication of the ChAdOx1 nCoV-19 vaccine. This
study did not demonstrate the nature of anti-PF4 antibodies in patients who had probable
or definite VITT.

5. Conclusions

The frequency of anti-PF4 antibodies in subjects after they received the first dose of
the ChAdOx1 nCoV-19 vaccination was low in this study. Accordingly, the second dose
of ChAdOx1 nCoV-19 vaccine did not facilitate anti-PF4 antibody production, so it was
determined to be safe for those subjects to receive the ChAdOx1 nCoV-19 vaccination as
a second dose or booster dose. This was true even among asymptomatic people with
previously positive anti-PF4 antibodies. To conclude, the prevalence of anti-PF4 antibodies
was low in Thai people and did not significantly change over time.

Author Contributions: N.H. designed the research approach, collected, summarized, analyzed clini-
cal data and wrote the paper; P.S. collected, summarized, analyzed clinical data and wrote the paper;
C.C.-A. designed the research approach, obtained a research grant, collected and analyzed the data,
wrote the paper, provided critical comment and is a corresponding author of this manuscript; L.N.
and R.C. designed the research approach, approved the final version of the manuscript for publi-
cation and revised it critically for important intellectual content; O.W. performed the experimental
procedure; A.T., E.R., T.R., S.H., P.P., T.P. and P.N. wrote and approved of the final version of the
manuscript for publication and provided critical comments. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by Faculty of Medicine, Chiang Mai University, grant no.
133-2564.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee, Faculty of Medicine, Chiang Mai
University [Approval No. 160/2021].

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data pertinent to this study has been presented within the article.



Vaccines 2023, 11, 692 11 of 12

Acknowledgments: The authors would like to thank Nuttanun Wongsarikan for her constructive
suggestions pertaining to the method of statistical analysis employed in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sachs, J.D.; Karim, S.S.A.; Aknin, L.; Allen, J.; Brosbol, K.; Colombo, F.; Barron, G.C.; Espinosa, M.F.; Gaspar, V.; Gaviria, A.;

et al. The Lancet Commission on lessons for the future from the COVID-19 pandemic. Lancet 2022, 400, 1224–1280. [CrossRef]
[PubMed]

2. Suthar, A.B.; Wang, J.; Seffren, V.; Wiegand, R.E.; Griffing, S.; Zell, E. Public health impact of COVID-19 vaccines in the US:
Observational study. BMJ 2022, 377, e069317. [CrossRef] [PubMed]

3. Forni, G.; Mantovani, A.; COVID-19 Commission of Accademia Nazionale dei Lincei, Rome. COVID-19 vaccines: Where we
stand and challenges ahead. Cell Death Differ. 2021, 28, 626–639. [CrossRef]

4. Francis, A.I.; Ghany, S.; Gilkes, T.; Umakanthan, S. Review of COVID-19 vaccine subtypes, efficacy and geographical distributions.
Postgrad. Med. J. 2022, 98, 389–394. [CrossRef] [PubMed]

5. Falsey, A.R.; Sobieszczyk, M.E.; Hirsch, I.; Sproule, S.; Robb, M.L.; Corey, L.; Neuzil, K.M.; Hahn, W.; Hunt, J.; Mulligan, M.J.;
et al. Phase 3 Safety and Efficacy of AZD1222 (ChAdOx1 nCoV-19) COVID-19 Vaccine. N. Engl. J. Med. 2021, 385, 2348–2360.
[CrossRef]

6. Promlek, T.; Hansirisathit, T.; Kunno, J.; Thanunchai, M. The Effects of CoronaVac and ChAdOx1 nCoV-19 in Reducing Severe
Illness in Thailand: A Retrospective Cohort Study. Trop Med. Infect. Dis. 2023, 8, 95. [CrossRef]

7. Jeon, M.; Kim, J.; Oh, C.E.; Lee, J.-Y. Adverse Events Following Immunization Associated with the First and Second Doses of the
ChAdOx1 nCoV-19 Vaccine among Healthcare Workers in Korea. Vaccines 2021, 9, 1096. [CrossRef]

8. Kamal, D.; Thakur, V.; Nath, N.; Malhotra, T.; Gupta, A.; Batlish, R. Adverse events following ChAdOx1 nCoV-19 Vaccine
(COVISHIELD) amongst health care workers: A prospective observational study. Med. J. Armed Forces India 2021, 77, S283–S288.
[CrossRef]

9. Schultz, N.H.; Sorvoll, I.H.; Michelsen, A.E.; Munthe, L.A.; Lund-Johansen, F.; Ahlen, M.T.; Wiedmann, M.; Aamodt, A.H.; Skattor,
T.H.; Tjonnfjord, G.E.; et al. Thrombosis and Thrombocytopenia after ChAdOx1 nCoV-19 Vaccination. N. Engl. J. Med. 2021, 384,
2124–2130. [CrossRef]

10. Greinacher, A.; Thiele, T.; Warkentin, T.E.; Weisser, K.; Kyrle, P.A.; Eichinger, S. Thrombotic Thrombocytopenia after ChAdOx1
nCov-19 Vaccination. N. Engl. J. Med. 2021, 384, 2092–2101. [CrossRef]

11. Pavord, S.; Scully, M.; Hunt, B.J.; Lester, W.; Bagot, C.; Craven, B.; Rampotas, A.; Ambler, G.; Makris, M. Clinical Features of
Vaccine-Induced Immune Thrombocytopenia and Thrombosis. N. Engl. J. Med. 2021, 385, 1680–1689. [CrossRef] [PubMed]

12. Scully, M.; Singh, D.; Lown, R.; Poles, A.; Solomon, T.; Levi, M.; Goldblatt, D.; Kotoucek, P.; Thomas, W.; Lester, W. Pathologic
Antibodies to Platelet Factor 4 after ChAdOx1 nCoV-19 Vaccination. N. Engl. J. Med. 2021, 384, 2202–2211. [CrossRef] [PubMed]

13. Thiele, T.; Weisser, K.; Schonborn, L.; Funk, M.B.; Weber, G.; Greinacher, A.; Keller-Stanislawski, B. Laboratory confirmed vaccine-
induced immune thrombotic thrombocytopenia: Retrospective analysis of reported cases after vaccination with ChAdOx-1
nCoV-19 in Germany. Lancet Reg. Health Eur. 2022, 12, 100270. [CrossRef]

14. Greinacher, A.; Schonborn, L.; Siegerist, F.; Steil, L.; Palankar, R.; Handtke, S.; Reder, A.; Thiele, T.; Aurich, K.; Methling, K.; et al.
Pathogenesis of vaccine-induced immune thrombotic thrombocytopenia (VITT). Semin. Hematol. 2022, 59, 97–107. [CrossRef]
[PubMed]

15. Chen, T.; Li, Y.; Sun, R.; Hu, H.; Liu, Y.; Herrmann, M.; Zhao, Y.; Munoz, L.E. Receptor-Mediated NETosis on Neutrophils. Front.
Immunol. 2021, 12, 775267. [CrossRef]

16. Uaprasert, N.; Watanaboonyongcharoen, P.; Vichitratchaneekorn, R.; Trithiphen, S.; Akkawat, B.; Sukperm, A.; Tongbai, T.;
Jantarabenjakul, W.; Paitoonpong, L.; Rojnuckarin, P. Prevalence of thrombocytopenia, anti-platelet factor 4 antibodies and
D-dimer elevation in Thai people After ChAdOx1 nCoV-19 vaccination. Res. Pract. Thromb. Haemost. 2021, 5, e12580. [CrossRef]

17. Pai, M. Epidemiology of VITT. Semin. Hematol. 2022, 59, 72–75. [CrossRef] [PubMed]
18. Noikongdee, P.; Police, P.; Phojanasenee, T.; Chantrathammachart, P.; Niparuck, P.; Puavilai, T.; Phuphuakrat, A.; Angchaisuksiri,

P.; Boonyawat, K. Prevalence of anti-platelet factor 4/polyanionic antibodies after COVID-19 vaccination with ChAdOx1 nCoV-19
and CoronaVac in Thais. Res. Pract. Thromb. Haemost. 2021, 5, e12600. [CrossRef]

19. Boonyawat, K.; Angchaisuksiri, P. Vaccine-induced immune thrombotic thrombocytopenia with ChAdOx1 nCoV-19 is rare in
Asia. Res. Pract. Thromb. Haemost. 2022, 6, e12644. [CrossRef]

20. Prasithsirikul, W.; Pongpirul, K.; Nopsopon, T.; Phutrakool, P.; Pongpirul, W.; Samuthpongtorn, C.; Suwanwattana, P.;
Jongkaewwattana, A. Immunogenicity of ChAdOx1 nCoV-19 Booster Vaccination Following Two CoronaVac Shots in Healthcare
Workers. Vaccines 2022, 10, 217. [CrossRef]

21. Sorvoll, I.H.; Horvei, K.D.; Ernstsen, S.L.; Laegreid, I.J.; Lund, S.; Gronli, R.H.; Olsen, M.K.; Jacobsen, H.K.; Eriksson, A.;
Halstensen, A.M.; et al. An observational study to identify the prevalence of thrombocytopenia and anti-PF4/polyanion
antibodies in Norwegian health care workers after COVID-19 vaccination. J. Thromb. Haemost. 2021, 19, 1813–1818. [CrossRef]

http://doi.org/10.1016/S0140-6736(22)01585-9
http://www.ncbi.nlm.nih.gov/pubmed/36115368
http://doi.org/10.1136/bmj-2021-069317
http://www.ncbi.nlm.nih.gov/pubmed/35477670
http://doi.org/10.1038/s41418-020-00720-9
http://doi.org/10.1136/postgradmedj-2021-140654
http://www.ncbi.nlm.nih.gov/pubmed/34362856
http://doi.org/10.1056/NEJMoa2105290
http://doi.org/10.3390/tropicalmed8020095
http://doi.org/10.3390/vaccines9101096
http://doi.org/10.1016/j.mjafi.2021.06.014
http://doi.org/10.1056/NEJMoa2104882
http://doi.org/10.1056/NEJMoa2104840
http://doi.org/10.1056/NEJMoa2109908
http://www.ncbi.nlm.nih.gov/pubmed/34379914
http://doi.org/10.1056/NEJMoa2105385
http://www.ncbi.nlm.nih.gov/pubmed/33861525
http://doi.org/10.1016/j.lanepe.2021.100270
http://doi.org/10.1053/j.seminhematol.2022.02.004
http://www.ncbi.nlm.nih.gov/pubmed/35512907
http://doi.org/10.3389/fimmu.2021.775267
http://doi.org/10.1002/rth2.12580
http://doi.org/10.1053/j.seminhematol.2022.02.002
http://www.ncbi.nlm.nih.gov/pubmed/35512903
http://doi.org/10.1002/rth2.12600
http://doi.org/10.1002/rth2.12644
http://doi.org/10.3390/vaccines10020217
http://doi.org/10.1111/jth.15352


Vaccines 2023, 11, 692 12 of 12

22. Thiele, T.; Ulm, L.; Holtfreter, S.; Schönborn, L.; Kuhn, S.O.; Scheer, C.; Warkentin, T.E.; Bröker, B.M.; Becker, K.; Aurich, K.; et al.
Frequency of positive anti-PF4/polyanion antibody tests after COVID-19 vaccination with ChAdOx1 nCoV-19 and BNT162b2.
Blood 2021, 138, 299–303. [CrossRef] [PubMed]

23. Platton, S.; Bartlett, A.; MacCallum, P.; Makris, M.; McDonald, V.; Singh, D.; Scully, M.; Pavord, S. Evaluation of laboratory assays
for anti-platelet factor 4 antibodies after ChAdOx1 nCOV-19 vaccination. J. Thromb. Haemost. 2021, 19, 2007–2013. [CrossRef]

24. Hursting, M.J.; Pai, P.J.; McCracken, J.E.; Hwang, F.; Suvarna, S.; Lokhnygina, Y.; Bandarenko, N.; Arepally, G.M. Platelet factor
4/heparin antibodies in blood bank donors. Am. J. Clin. Pathol. 2010, 134, 774–780. [CrossRef]

25. Greinacher, A.; Langer, F.; Makris, M.; Pai, M.; Pavord, S.; Tran, H.; Warkentin, T.E. Vaccine-induced immune thrombotic
thrombocytopenia (VITT): Update on diagnosis and management considering different resources. J. Thromb. Haemost. 2022, 20,
149–156. [CrossRef]

26. Long, Y.; Li, Y.; Zhang, L.; Tao, L.; Xiao, H.; Li, Y.; Zhou, C. Plasma D-dimer levels are correlated with disease severity among
hypertensive patients: A comparative cross-sectional study. Medicine 2022, 101, e30281. [CrossRef] [PubMed]

27. Furtado, S.; Dunogue, B.; Jourdi, G.; Chaigne, B.; Chibah, A.; Legendre, P.; Mouthon, L. High D-dimer plasma concentration in
systemic sclerosis patients: Prevalence and association with vascular complications. J. Scleroderma Relat. Disord. 2021, 6, 178–186.
[CrossRef] [PubMed]

28. Harper, P.L.; Theakston, E.; Ahmed, J.; Ockelford, P. D-dimer concentration increases with age reducing the clinical value of the
D-dimer assay in the elderly. Intern. Med. J. 2007, 37, 607–613. [CrossRef]

29. Uaprasert, N.; Trithiphen, S.; Sukperm, A.; Akkawat, B.; Watanaboonyongcharoen, P.; Vichitratchaneekorn, R.; Tongbai, T.;
Jantarabenjakul, W.; Paitoonpong, L.; Rojnuckarin, P. Safety of the second dose of the ChAdOx1 nCoV-19 vaccine in people with
persistent anti-platelet factor 4 antibodies. Res. Pract. Thromb. Haemost. 2021, 5, e12625. [CrossRef]

30. Greinacher, A.A.-O.; Selleng, K.; Palankar, R.A.-O.; Wesche, J.A.-O.; Handtke, S.; Wolff, M.; Aurich, K.A.-O.; Lalk, M.A.-O.;
Methling, K.; Völker, U.A.-O.; et al. Insights in ChAdOx1 nCoV-19 vaccine-induced immune thrombotic thrombocytopenia. Blood
2021, 138, 2256–2268. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1182/blood.2021012217
http://www.ncbi.nlm.nih.gov/pubmed/33988688
http://doi.org/10.1111/jth.15362
http://doi.org/10.1309/AJCPG0MNR5NGKNFX
http://doi.org/10.1111/jth.15572
http://doi.org/10.1097/MD.0000000000030281
http://www.ncbi.nlm.nih.gov/pubmed/36086694
http://doi.org/10.1177/2397198320957558
http://www.ncbi.nlm.nih.gov/pubmed/35386738
http://doi.org/10.1111/j.1445-5994.2007.01388.x
http://doi.org/10.1002/rth2.12625
http://doi.org/10.1182/blood.2021013231

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Participant Recruitment and Trial Intervention 
	Laboratory Measurements 
	Anti-PF4/Heparin Antibodies 
	D-Dimer 
	Complete Blood Count (CBC) 

	Statistical Analysis 

	Results 
	Adverse Reactions after Receiving the Vaccination 
	Participants with Anti-PF4 Positive 
	Univariable Analysis of the Factors Associated with Positivity of Anti-PF4 Antibodies 
	Thrombotic Complications 

	Discussion 
	Conclusions 
	References

