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Covid-19 vaccination, adverse events, and detection of antibodies  
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Vaccination against the SARS-CoV-2 virus will hopefully terminate 
the pandemic of Covid-19 and several vaccines are now available. In 
March 2021 a rare, but severe adverse event after the ChAdOx1 nCOV- 
19 vaccine (AstraZeneca) was identified, now referred to as vaccine- 
induced immune thrombotic thrombocytopenia (VITT) [1–4], present
ing with high levels of anti-platelet factor 4 (anti-PF4) antibodies, low 
platelet count and thromboses, often at unusual sites [1,2,4]. Anti-PF4 
antibodies are usually seen in patients diagnosed with heparin 
induced thrombocytopenia (HIT) or autoimmune HIT (aHIT) [5]. It is 
still unknown what triggers the formation of these antibodies after 
vaccination. While VITT is a rare event, adverse events as malaise, 
headache and fever for a few days after the vaccination are common. 
However, in our experience some persons do also have prolonged 
manifestations of the adverse events, and bleedings such as ecchymoses 
and nose bleedings may occur for weeks, although they do not develop 
thrombosis. 

In HIT an iceberg model of presence of antibodies and symptoms has 
been described where several persons develop HIT antibodies after 
heparin treatment of which only a minor part develops thrombocyto
penia and only a minority get thromboses [5]. It is not known whether 
the same is the case with antibodies after Covid-19 vaccinations. Thiele 
et al. very recently described that 8.0% of 138 investigated persons had 
anti-PF4 antibodies seven days after ChAdOx1 nCOV-19 vaccination, 
although a considerable part were positive before the vaccination, and 
none of these induced platelet activation [6]. Sørvoll et al. reported that 
1.2% of the vaccinated population had non-platelet activating anti-PF4 
antibodies 10–35 days after the vaccination, all having normal platelet 
count and side effects similar to the persons with no anti-PF4 antibodies 
[7]. 

The aim of this small study was to investigate whether persons who 
had more severe adverse events after vaccination with ChAdOx1 nCOV- 
19 vaccine had anti-PF4 antibodies. Initially, we used a rather common 
rapid test for HIT-IgG (PF4-H), Hemosil Acustar (Werfen Ltd., War
rington, UK). However, due to negative results using this assay testing 
sera from a VITT-patient we included anti-PF4 testing by ELISA. 

In our region (North Denmark Region) 3603 persons received the 
ChAdOx1 nCOV-19 vaccine with one case of confirmed VITT as reported 
previously [3] (use of ChAdOx1 nCOV-19 vaccine was terminated on 

March 11th 2021 in Denmark). Further, we included testing of a follow- 
up sample one month after the acute event from a surviving VITT patient 
from Norway [2]. In addition, several individuals presented rather se
vere adverse events, of which 9 were investigated for the presence of 
anti-PF4 antibodies. The testing was offered to vaccinated persons with 
adverse events who contacted us because of this. Thus, this testing was 
part of their examination, and all gave informed consent for publication 
(no need for approval from the ethical committee (Statement from the 
North Denmark Region Committee on Health Research Ethics is 
attached as a supplementum). 

Anti-PF4 antibodies were analyzed with the Hemosil AcuStar HIT- 
IgG kit (Werfen Ltd., Warrington, UK) (reference values according to 
the company: 0.03–0.39 U/mL, but only results ≥1.0 U/mL are 
considered positive for HIT antibodies), and by Lifecodes PF4 IgG ELISA 
immunoassay (Immucor, Waukesha, WI) using a cut-off (OD) at ≥0.40 
according to the manufacturer's instructions as also described in [2] 
(without addition of PF-4). Furthermore, a functional test of heparin- 
induced multiple electrode aggregometry (HIMEA) was performed on 
Multiplate as previously described [7]. 

Table 1 describes the patients. Patients 1 and 2 were VITT patients 
with strongly positive ELISA and positive functional HIMEA tests at 
diagnosis. However, the results of Hemosil Acustar were within the 
reference interval for healthy individuals in both these patients. Patients 
3 to 11 had adverse events lasting more than a week after the vaccina
tion, mainly as bleeding and ecchymoses, and some also protracted 
headache. Patient 3–5 and 9 got ecchymoses shortly after the vaccina
tion (same or the second day) and the bleeding tendency only lasted for 
1–2 weeks. Patient 7 got ecchymoses 11–12 days after the vaccination 
and the tendency lasted until 4 weeks after the vaccination. Patient 8 got 
nose bleeding a few days after the vaccination and several ecchymoses in 
weeks 3–6 after the vaccination. Patient 11 had nose bleeding, ecchy
moses and macroscopic hematuria starting some days after the vacci
nation and lasting until the end of week 2. The samples were taken some 
time after vaccination, and the platelet number was normal in all but 
two: Patient 4 was clearly thrombocytopenic (platelet count 55,000 pr 
μl), and patient 11 had a reduced platelet count (150,000 pr μl) 
compared with the level measured two months earlier (266,000 pr μl). 
One patient had an ischemic stroke, but the patient had a normal platelet 
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count and tests for anti-PF4 antibodies were negative, and therefore not 
considered to have VITT. Anti-PF4 antibody testing was negative for all 
these patients (patients 3–11) with both methods. 

These results show that the two patients with VITT were clearly 
positive with the ELISA test, but in spite of this, the results from Hemosil 
HIT-IgG Acustar were negative. The patients with adverse events were 
negative with both tests although two of them actually had a lowered 
platelet count compared with their usual level. 

A comparison of different assays for measuring anti-PF 4 antibodies 
has very recently been reported [8], and these results showed important 
differences of their ability to detect the antibodies associated with VITT. 
In accordance with our results, the Hemosil HIT-IgG AcuStar method 
was not able to demonstrate the presence of antibodies in almost all the 
patients. None of the methods detected all the cases of VITT, but the 
ELISA tests were clearly superior to the chemiluminescent assays. The 
authors recommend, therefore, that a platelet activation assay should be 
performed if there is a strong clinical suspicion. SSC Subcommittee on 
Platelet Immunology also recommend that an ELISA PF4/heparin- 
antibodies and a functional assay as HIMEA or serotonin release assay 
etc. should be used for diagnosis [9] in accordance with a guidance from 
The German Society of Thrombosis and Haemostasis [10]. Scully et al. 
describing 22 patients with VITT also showed that Hemosil Hit-IgG 
AcuStar was negative in 10 patients where this assay had been used 
[4], so although this test reliably can detect anti-PF4 antibodies in HIT 
patients it is not valid to detect VITT patients. 

Except for the two VITT-cases, we did not find positivity for anti-PF4 
antibodies in any of the patients with more severe adverse events 
although two of them actually had a lowered platelet count. A limitation 
of this finding is that blood was sampled 1–2 months after vaccination 
and after the adverse events had ceased for most of the participants. 
However, the survived patient with VITT (patient 2) still had a strongly 
positive antibody level (a very high OD-level) one month after the event 
indicating that the half-life is quite long. In HIT it has been described 
that antibodies can be detected 40–80 days after a HIT event [5]. We 
cannot exclude, therefore, that the antibody levels had been lowered 
from a previous positive level, but it should be noted that the OD values 
were very low and far below the cut-off value at 0.4. These findings do 
not indicate that the distribution of antibodies is like the iceberg model 
described in HIT [5]. None of the patients had alternative explanations 
for the bleeding tendency but it is a limitation of the study that we have 
not made any other diagnostic investigations. We cannot exclude that 
the lowered platelet number in two of the individuals had other causes 
than the vaccination. Obviously, the bleeding tendency in most of the 
individuals were not caused by thrombocytopenia, but we have no ex
planations of the mechanisms. 

Thus, although this is a small investigation and firm conclusions 
cannot be made, it indicates after all two important issues: 1) The results 
support previous important findings that care should be taken to ensure 
use of appropriate tests that are able to detect the anti-PF4 antibodies 
which occur in VITT; 2) although some persons get a bleeding tendency 
with or without thrombocytopenia after ChAdOx1 nCOV-19 vaccina
tion, this is apparently not related to anti-PF4 antibodies in contrast to 
the patients developing VITT. 
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Table 1 
Describing the participants.   

Sex Age 
(y) 

Sampling post- 
vaccination 

Vaccine Adv. react. 
timea 

Adverse reactions Hemosil Hit- 
IgG 

ELISA Hit-IgG HIMEA Platelet count 
(μl− 1) 

1 F 60 12 d AstraZeneca 1 w VITT - died  0.20 Strongly pos – 
OD 3.19 

Pos 5000 

2 M 32 40 d AstraZeneca 7 d VITT - survived  0.18 Strongly pos – 
OD 2.10 

Posb (Within nor- mal 
range) 

3 F 58 30 d AstraZeneca 1–2 w Large ecchymoses  0.01 Neg – OD 0.11 ND 280,000 
4 F 52 39 d AstraZeneca 1–2 w Large ecchymoses  0.02 Neg – OD 0.22 Neg 55,000 
5 F 59 34 d AstraZeneca 1–2 w Ecchymoses  0.00 Neg – OD 0.11 ND 219,000 
6 F 62 28 d AstraZeneca 26 d Ischemic stroke  0.04 Neg – OD 0.11 Neg 257,000 
7 F 55 35 d AstraZeneca Up to 4 w Headache, ecchymoses  0.02 Neg – OD 0.04 Neg 369,000 
8 F 53 42 d AstraZeneca Up to 6 w Nosebleeding, ecchymoses  0.03 Neg – OD 0.04 Neg 201,000 
9 F 50 56 d AstraZeneca 1–2 w Ecchymoses  0.00 Neg – OD 0.05 Neg 297,000 
10 M 60 47 d AstraZeneca 2 w Headache  0.01 Neg – OD 0.04 Neg 209,000 
11 F 57 54 d AstraZeneca 1–2 w Hematuria, Nose bleeding, 

ecchymoses  
0.02 Neg – OD 0.04 ND 150,000 

Abbreviations: d: days; w: weeks; OD: optical density; ND: not determined. 
a Time for adverse reactions after vaccination. 
b HIMEA was positive at the time of VITT, but was negative in this sample (1 month after VITT). Platelet number also normalized at this time. 
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