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1  | INTRODUC TION

COVID-19 (coronavirus disease 2019) is a recognized global pandemic 
caused by infection with SARS-CoV-2 (severe acute respiratory syn-
drome coronavirus 2). This infectious disease is thought to have origi-
nated in Wuhan, China, in late 2019, and at time of writing has infected 
over 141  million people and caused over 3  million deaths.1 Severe 
COVID-19 reflects primarily a prothrombotic disorder, with thrombo-
sis appearing in various forms.2-4 For example, a recent meta-analysis 
has indicated a venous thromboembolism (VTE) rate, including deep 
vein thrombosis (DVT) and pulmonary thrombosis (PE), of close to 
30% in patients with severe COVID-19.5 Acute myocardial ischaemia 

(infarction) and cerebrovascular accidents may also develop in as many 
as 8% and 3% of COVID-19-infected patients needing intensive care,6 
whilst systemic coagulopathy and disseminated intravascular coagu-
lation (DIC) may occur in as many as 7% of such patients.7 Evidence 
of microthrombosis in multiple organs including lungs, kidneys and 
liver, also occurs, although only identifiable on autopsy in patients who 
have died due to COVID-19.8-11 Indeed, COVID-19 appears to affect all 
facets of haemostasis, including primary haemostasis (ie platelets, von 
Willebrand factor, endothelium), secondary haemostasis and fibrinoly-
sis.12-15 In addition, thromboses may arise from disturbances in immune 
response, creating cytokine disturbance (so-called “cytokine storm”), 
according to immunothrombosis/endotheliitis type mechanisms.2
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Abstract
COVID-19 (coronavirus disease 2019) represents a prothrombotic disorder, and there 
have been several reports of platelet factor 4/heparin antibodies being present in 
COVID-19-infected patients. This has thus been identified in some publications as 
representing a high incidence of heparin-induced thrombocytopenia (HIT), whereas 
in others, findings have been tempered by general lack of functional reactivity using 
confirmation assays of serotonin release assay (SRA) or heparin-induced platelet ag-
gregation (HIPA). Moreover, in at least two publications, data are provided suggesting 
that antibodies can arise in heparin naïve patients or that platelet activation may not 
be heparin-dependent. From this literature, we would conclude that platelet factor 
4/heparin antibodies can be observed in COVID-19-infected patients, and they may 
occur at higher incidence than in historical non-COVID-19-infected cohorts. However, 
the situation is complex, since not all platelet factor 4/heparin antibodies may lead 
to platelet activation, and not all identified antibodies are heparin-dependent, such 
that they do not necessarily reflect “true” HIT. Most recently, a “HIT-like” syndrome 
has reported in patients who have been vaccinated against COVID-19. Accordingly, 
much more is yet to be learnt about the insidious disease that COVID-19 represents, 
including autoimmune outcomes in affected patients.
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Perhaps unsurprisingly, then, a series of autoimmune events have 
also been reported in patients with COVID-19, including for exam-
ple the presence of antiphospholipid antibodies potentially associ-
ated with antiphospholipid syndrome.16 Of relevance to the current 
narrative review is that there have been several reports of platelet 
factor 4/heparin (PF4/H) antibodies being present in COVID-19-
infected patients. Accordingly, we critically appraise this literature 
to answer the question: is heparin-induced thrombocytopenia (HIT) 
a feature of COVID-19?

2  | MATERIAL S AND METHODS

This is a narrative review. The PubMed database (https://pubmed.ncbi.
nlm.nih.gov) was searched as required for both background informa-
tion on PF4/H antibodies and HIT as well as specific papers related 
to COVID-19. For the latter, we primarily used the search term (hepa-
rin AND (antibodies OR thrombocytopenia OR thrombocytopaenia 
OR HIT)) AND (COVID OR SARS)). An initial search performed on 24 
March 2021 was later updated to be current as of 1 April 2021. Of 102 
separate articles identified by this specific search, we then excluded 
general reviews and commentaries (ie not presenting original data), and 
papers otherwise found to be irrelevant to the topic.

3  | RESULTS

3.1 | Background information on platelet factor 4/
heparin antibodies vs HIT

PF4/H antibodies develop in some individuals after exposure to hepa-
rin, primarily unfractionated heparin (UFH), but in some cases also 
to low molecular weight heparin (LMWH).17 These antibodies can be 
detected immunologically via a wide range of assays, including ELISA 
(enzyme-linked immunosorbent assays), LIA (latex immunoassay), CLIA 
(chemiluminescence immunoassays) and particle/lateral flow-based 
methods.18,19 There is some considerable inter-assay variability re-
garding the detection of these PF4/H antibodies. For example, ELISA 
assays tend to detect a proportionally greater number of PF4/H anti-
bodies than does CLIA.20 Irrespective, the presence of these PF4/H 
antibodies in themselves does not identify pathological HIT, which also 
requires resultant activation of platelets.21 This represents a functional 
event detected by functional assays, such as SRA (serotonin release 
assay) and HIPA (heparin-induced platelet aggregation).22,23 Only a 
small proportion of detected PF4/H antibodies will cause platelet acti-
vation, and thus “positivity” in the functional assays, and therefore, the 
anticipated pathological consequence of thrombosis.21,24 There is also 
an association between the level of detected PF4/H antibodies and the 
likelihood of “positivity” in a functional assay. For example, an ELISA 
OD >1.0 or a CLIA value >10 U/mL may be characterized as more likely 
associated with functional assay positivity.18,20,21,24 However, it is gen-
erally accepted that a functional assay is required to confirm pathologi-
cal HIT in a patient with immunologically detected PF4/H antibodies.

It may also be important to note some nomenclature issues and 
arising confusion in the literature. The development of PF4/H anti-
bodies is variously identified by authors as “immunological HIT,” or 
just HIT. A transient heparin-induced nonimmune reduction in platelet 
count is sometimes called “HIT type I.” The secondary confirmation by 
antibody-mediated platelet activation causing pathological HIT is var-
iously called “HIT Type II,” “HITT” (ie HIT with thrombosis) or else may 
also just be referred to as HIT. In this review, we will refer to the first 
and last of these entities as (immunologically detected) PF4/H antibod-
ies and pathological HIT, respectively. Where it is not clear from the 
literature whether pathological HIT has been appropriately defined, 
we will use the term “HIT” to denote this uncertainty.

The background risk of developing PF4/H antibodies and subse-
quent pathological HIT depends on the clinical setting. The overall 
reported incidence of “HIT” in patients exposed to heparin varies 
from 0.2% to up to 5%.25,26 Interestingly, “HIT” is relatively rare 
in intensive care unit (ICU) populations, despite high use of hepa-
rin, with estimates approximating 0.5%.27 The risk of HIT is higher 
amongst surgical compared with medical patients.28 Amongst sur-
gical patients, post-cardiac surgery patients may have a higher risk 
of developing PF4/H antibodies than do post-orthopaedic surgical 
patients, but the development of pathological HIT was historically 
potentially more likely after orthopaedic surgery when UFH was 
used.29 Patients with major trauma are at higher risk of being PF4/H 
antibody positive and also developing pathological HIT as compared 
to those with minor trauma.30 Pathological HIT is very rare in obstet-
ric or paediatric patients. The risk of developing “HIT” is also higher 
amongst women than men,31 and in patients on UFH vs patients re-
ceiving LMWH.17,32

The incidence of PF4/H antibodies and pathological HIT with 
ECMO (extracorporeal membrane oxygenation) is also not insig-
nificant, although accurate numbers are difficult to determine. 
However, Sokolovic et al33 reported that in a cohort of adult ECMO 
patients, 8/96 (8.3%) were positive for “HIT” (positive SRA or PF4/H 
antibodies by ELISA with optical density [OD] >1) and 7/9 had docu-
mented thrombotic events (HITT or pathological HIT) based on pre-
defined criteria (thus, “HIT” and “HITT” incidence in the study group 
were 8.3% and 7.3%, respectively). Vayne et al,34 in a single-centre 
prospective trial, reported on 57 adult patients who were supported 
by ECMO for at least 5 days. HIT was suspected in two patients (ie 
3.5%) with ECMO circuit dysfunction and unexpected platelet count 
decrease after day 5. High levels of PF4-specific IgG were detected 
in both patients, and HIT was confirmed by SRA. Additional data on 
such patients have been reported in published reviews.35,36

3.2 | COVID-19 and “HIT”—results of our specific 
literature search—variation in reporting

The arising literature from our specific literature search is listed 
and summarized in Table 1.37-55 Most published reports were indi-
vidual case reports, or small case series. The information specifically 
provided by each publication varied considerably. Of interest, not 

https://pubmed.ncbi.nlm.nih.gov
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all studies performed laboratory testing for PF4/H antibodies—
some “diagnosed” “HIT” based on clinical grounds, such as the 4T 
score (4Ts; being evidence of Thrombocytopenia, and additional in-
formation about the Timing of platelet count fall, the presence of 
Thrombosis or other sequelae and Other causes for thrombocyto-
penia). Alternatively, some publications did not report 4Ts data, and 
instead “diagnosed” “HIT” on the basis of positive PF4/H antibody 
tests, only sometimes confirmed by additional testing using func-
tional assays such as SRA or HIPA. Not all publications reported on 
the anticoagulant used ahead of the “HIT” “diagnosis.” Where antico-
agulant use was identified, this typically being heparin, it was not al-
ways specified if this was UFH or LMWH. Sometimes, anticoagulant 
use was changed for patients according to clinical need; for exam-
ple, LMWH use initiated as standard prophylaxis for prevention of 
thrombosis in COVID-19 might be changed to UFH for use in ECMO, 
with this being a common treatment in severe COVID-19.

Not all publications identified the day of “HIT” diagnosis in re-
gard to hospital day (HD) or day post-heparin initiation, or subse-
quent to progression of thrombocytopenia. When laboratory testing 
was performed for PF4/H antibodies, methodologies were not al-
ways identified, or test results were not always reported.

3.3 | Selection bias in the literature

One could hypothesis that the reported incidence of COVID-19-
associated anti-PF4/H antibodies or HIT would be highly biased due 
to the type of reported study. In particular, case reports and small 
cases series, comprising the current literature (Table 1), would be bi-
ased simply due to patient selection. Thus, authors are more likely to 
publish positive rather than negative findings. Second, researchers 
may actively look for anti-PF4/H antibodies or HIT in select COVID-
19-infected patient cohorts, such as those with clinical suspicion, 
either due to thrombocytopenia or 4Ts. It can be noted that (mild) 
thrombocytopenia is common in COVID-19.15 Third, there may be 
anticoagulation bias, where, given that UFH is more often reported 
to be associated with “HIT” than LMWH, studies may be limited to 
investigation only of UFH-treated COVID-19-infected patients. In 
total, in such studies, a relatively high incidence of anti-PF4/H anti-
bodies or “HIT” may be identified, as might be anticipated, irrespec-
tive of the presence of COVID-19. This is important to note in any 
evaluation of anti-PF4/H antibodies or “HIT” in COVID-19.

3.4 | Gender and age of “HIT” “diagnosed” patients 
in COVID-19

Details provided in Table  1 are further summarized in Table  2. The 
median age of patients reported in the literature search was 61 years, 
with interquartile range (IQR) of 50-70 years. The median age of pa-
tients positive by functional HIT assays (SRA or HIPA) vs negative by 
functional HIT assay was similar to the entire cohort, being 61 and 
58 years, respectively. Most patients reported in the literature were 

male (75.4%), which was also similar according to being positive (70.6%) 
or negative (68.4%) by functional assay. It can be noted that this dis-
tribution follows the anticipated pattern of hospitalized patients with 
COVID-19, being predominantly male, and above the age of 55 years.2

3.5 | UFH or LMWH as the “trigger” for anti-PF4/H 
antibodies or “HIT” in COVID-19

As noted earlier, the COVID-19 literature is sometimes unclear re-
garding whether UFH or LMWH was the anticoagulant in use prior 
to development of anti-PF4/H antibodies or “HIT,” or the time course 
of their development. However, based on the information gleaned 
from the literature, UFH (55.7%) and LMWH (44.3%) seemed “simi-
larly” involved in development of anti-PF4/H antibodies or “HIT.” 
Note here, however, that selection bias is particularly problematic, 
as some studies only evaluated cases under UFH therapy. The num-
ber of cases according to functional assay positivity vs negativity is 
numerically low, but similar “equality” was seen for LMWH vs UFH in 
the separated cohorts (Table 2).

3.6 | 4Ts in the anti-PF4/H antibody or HIT 
COVID-19 cohorts

Again, accepting that selection bias would play a part in findings, the 
median 4Ts for cases identified in Table 1 was 5, with an IQR of 4-6 
(Table 2). Interestingly, the median value for those positive in functional 
assays was 6, and higher than the median (ie 4) for those with negative 
functional assay findings. Although this would be as expected, study 
numbers are low overall, and the difference was not statistically signifi-
cant (Figure 1). Also, the 4Ts is noted to be less useful in ICU cohorts, 
and many of the “HIT” assessed population derived from ICU.

3.7 | Anti-PF4/H antibody levels in 
COVID-19 cohorts

Again, cognizant of study bias, the median (IQR) for the whole cohort 
for ELIZA OD was 0.67 (0.47-1.20), with higher median in function-
ally positive patients (1.02) than negative patients (0.59). However, 
the difference was not statistically significant (Figure  1). Similarly, 
using CLIA assays, the median (IQR) for the whole cohort was 1.9 
(1.9-18.5)  U/mL, with higher median in functionally positive than 
negative patients (21 vs 0.35). Again, this fits expectations, although 
study numbers are low. Here, however, the difference was statisti-
cally significant (Figure 1).

3.8 | Incidence of “HIT” in COVID-19

It is not possible to be entirely sure of the true incidence of 
pathological HIT in COVID-19, given selection bias noted above 
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(Continues)

TA B L E  1   Summary data for case reports and case series related to heparin (and non-heparin)-induced thrombocytopenia in COVID-19a

Reference Study type Main findings

Case details

Age Sex ACb 
Indication, treatment, or 
HIT eventc  4Ts ELISA OD LIA or CLIA (U/mL)

Func 
Assay?d  HDe  AC switch f  Notesg 

Lingamaneni 
et al 37

Case series (n = 5) 5 COVID-19-infected patients 
suspected of HIT; 1 confirmed

63 M LMWH/
UFH

right femoral DVT 6 1.243 NT SRA + 11 arg anti-PF4/heparin antibody ELISA, method otherwise 
unspecified; 4 SRA – cases considered HIT false positives; DIC 
possible in 2/4 SRA- with lowest ELISA OD based on ISTH DIC 
score

53 M H (NS) ACS, AF 5 0.707 SRA - 7

63 M H (NS) DVT 7 0.767 SRA - 6

70 F H (NS) DVT 7 0.042 SRA - 8

46 F H (NS) Suspected PE 4 0.307 SRA - 2

Riker et al 38 Case series (n = 3) 
from 16 patients with 
COVID-19 ARDS

3 HIT/16 (higher than expected 
incidence of 19%)

70 M UFH PE 6 2.0 NT SRA + 20 biv ELISA method polyspecific Stago assay with cut-off 0.40; 1 case 
SRA- considered potential SRA- HIT; other case possible false 
HIT

74 M UFH UEVT 4 1.3 SRA - 9 biv

53 M UFH skin necrosis 6 0.48 SRA - 11 arg

Dragonetti 
et al 39

Case series (n = 3) 
from 16 patients with 
COVID-19

Heparin antibodies present in 3/6 
UFH treated, vs 0/10 LMWH 
treated

77 F UFH NR NR NT positive NR 10 fon 6 patients in ICU treated with UFH, 10 patients other wards 
treated with LMWH. LIA test for PF4-heparin (1).70 M UFH NR NR positive NR 10 fon

73 M UFH NR NR positive NR 10 fon

Patell et al 40 Case series (n = 5). 439 hospitalized COVID-19-infected 
patients, 88 receiving at least 5 days UFH, with 8 
suspected of HIT. Cumulative incidence of detectable HIT 
antibodies of 12% at 25 days. Historical non-COVID-19 
cohort ~3%.

68 F UFH No thrombosis 4 NT 1.8 SRA + 7 arg x4, biv 
x1

LIA test for PF4-heparin (1). 3 patients developed bleeding 
complications after AC switch71 F UFH No thrombosis 6 1.1 SRA - 6

63 M UFH Spleen infarct and 
cerebral infarct post 
HIT

8 1.6 SRA bord + 6

49 M UFH No thrombosis 6 1.9 SRA bord + 12

82 M UFH No thrombosis 5 >16 NA 14

Lozano 
et al 41

Case series. 3/43 (6.9%) COVID-19-infected patients with 
possible HIT.

45 M LMWH No thrombosis 6 NT NT NT NR NR No testing performed; HIT based on clinical suspicion (4Ts)

71 M LMWH No thrombosis 6 NT NT NT NR NR

90 M LMWH No thrombosis 6 NT NT NT NR NR

May et al 42 Case series. 7 COVID-19-infected patients suspected of HIT 
and positive by screen; only 1 was SRA positive

50 M UFH Prophylaxis
ECMO

5 0.626 NT SRA - NR NR HIT testing by Asserachrom HPIA ELISA Kit, Diagnostica Stago, 
Parsippany, NJ, USA). All SRA- considered false positive HIT.

79 F LMWH Prophylaxis 3 1.881 SRA - NR NR

58 F LMWH Prophylaxis
(PE)

3 0.505 SRA - NR NR

61 F UFH IV CRRT 4 0.95 SRA + NR NR

38 M LMWH
UFH

Prophylaxis
ECMO

3 0.828 SRA - NR NR

71 F UFH Prophylaxis
CRRT
(Stroke)

6 0.465 SRA - NR NR

46 M LMWH Prophylaxis
(DVT)

5 0.828 SRA - NR NR

Huang 
et al 43

Case report; patient died of cardiac failure/ acute 
myocardial infarction 23 h after applying ECMO with 
heparinization

44 M UFH ECMO 2 > 6 >2.0 NT NA 9
12

NR anti-PF4-heparin antibody ELISA =0.38 ng/mL
Day 9, 17.14 ng/mL Day 12 with OD >2.0

Ogawa 
et al 44

Case report. HIT based on 4Ts and positive PF4/H antibody 37 M UFH VA-ECMO; acute 
pulmonary thrombosis

6 NT 3.1 NR 15 arg Latex agglutination method for PF4/heparin antibody

Bidar et al 45 Case series. N = 2 
COVID-19 ICU 
severe ARDS

HIPA confirmed HIT 62 F UFH VV-ECMO
support

NR 0.5 NT HIPA + 11 arg Anti-PF4 antibody ELISA (ZYMUTEST HIA IgGAM, HYPHEN 
BioMed)

38 M UFH VV-ECMO
support

NR 0.12 HIPA + 12 arg
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(Continues)

TA B L E  1   Summary data for case reports and case series related to heparin (and non-heparin)-induced thrombocytopenia in COVID-19a
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HIT eventc  4Ts ELISA OD LIA or CLIA (U/mL)

Func 
Assay?d  HDe  AC switch f  Notesg 
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(Continues)

Reference Study type Main findings

Case details

Age Sex ACb 
Indication, treatment, or 
HIT eventc  4Ts ELISA OD LIA or CLIA (U/mL)

Func 
Assay?d  HDe  AC switch f  Notesg 

Tran et al 46 Case report HIPA confirmed HIT 41 M LMWH
UFH

VTE prophylaxis
Suspected PE

4 1.08 NT HIPA + 4 
(+UFH)

biv IgG specific anti-PF4-heparin ELISA

Gubitosa 
et al 47

Case report “Prob not HIT” 65 M LMWH prophylaxis 2 "Qualitative anti-heparin antibodies 
were sent and found to be positive" 
Method unspecified

SRA - <4 “DIC was suspected given the patient's clinical findings”

Daviet 
et al 48

Case series. All HIT cases (n = 7) amongst all COVID-
19-infected patients (n = 86) with ARDS in 2 ICU. HIT 
incidence of 8%.

46 M LMWHUFH Multiple DVT 6 NT 46 All 7 HIPA+ 16 arg HemosIL AcuStar HIT immunoglobulin G, PF4-
H, normal value <1 U/ml50 M LMWHUFH Intracardiac

thrombosis
ECMO membrane
thrombosis

6 11 13 arg

43 F LMWH UFH Multiple DVT,
ECMO pump
thrombosis

6 39 15 arg

63 M LMWHUFH Stroke 4 60 14 dan

59 M LMWH UFH DVT 5 4 9 dan

57 M UFH None 5 21 11 dan

69 M UFH None 4 2 16 dan

Parzy et al 49 13 severe ARDS COVID-19 requiring VV-ECMO. All 
developed VTE. 3 (23.1%) had laboratory confirmed HIT

NR NR UFH VTE
VV-ECMO

NR NR NR NR NR arg Lab HIT test method not indicated; no confirmatory test 
indicated. HIT cases not further specifically identified or 
elaborated in report.

Phan et al 50 Case report (HIT post-ECMO) 43 M LMWH
UFH 

(ECMO)

ECMO thrombi 5 NT 2.9
4.0

NR 4 (post 
ECMO)

riv, arg anti-PF4/Heparin antibody
(HemosIL HIT-Ab, Instrumentation Laboratory, Bedford, MA)

Friedrich 
et al 51

31 adult COVID-19-infected patients. 2 (6%) developed HIT NR NR LMWH or 
UFH

NR NR NR NR NR NR arg no other specific details on the HIT cases, or HIT methods

Brodard 
et al 52

12 COVID-19-infected patients with suspected HIT. 3 
tested negative in all assays; 9 tested positive by antigen 
tests. Only 3 tested positive by HIPA.

54 M NR NR 5 0.26 0.13 HIPA - NR NR PF4/H antibodies by AcuStar CLIA and GTI-PF4 ELISA; purified 
IgG fractions of COVID-19 sera testing strongly positive by 
PF4/heparin antigen tests but negative by HIPA did not show 
increased reactivity by HIPA compared with original serum. 
Both results make a functionally inhibitory factor in the serum/
plasma of COVID-19-infected patients highly unlikely.

73 M NR NR 6 0.5 0.3 HIPA - NR NR

59 M NR NR 4 0.56 0.4 HIPA - NR NR

56 M NR NR 4 0.13 0 HIPA - NR NR

58 M NR NR 4 1.71 2.6 HIPA - NR NR

54 F NR NR 4 2.43 41.3 HIPA - NR NR

Nazy et al 53 10 critically ill COVID-19 suspected of HIT, assessed by 
anti-PF4/heparin antibodies and functional platelet 
activation by SRA. HIT excluded in all samples based on 
SRA.

58 M UFH thrombosis + NR 0.506 NT SRA NHD NR NR HIT screen using multipanel (IgG, IgA, IgM) assay; positive (OD 
>0.4) confirmed by IgG-specific assay, with 3/5 also positive 
(OD>0.4) (respectively, 0.235, 0.495, 0.583, 0.103, 0.931). 
SRA showed reactivity in 6 cases but this was not heparin 
dependent. Indeed, heparin caused inhibition of SRA

64 M LMWH NR NR 0.102 NT NR NR

49 M UFH NR NR 0.867 NT NR NR

53 M UFH thrombosis + NR 0.168 NT NR NR

65 M UFH NR NR 3.155 NT NR NR

80 M UFH NR NR 0.456 NT NR NR

51 M UFH thrombosis + NR 1.64 NT NR NR

70 M UFH thrombosis + NR 0.086 NT NR NR

77 F UFH NR NR 0.261 NT NR NR

71 F UFH thrombosis - NR 0.049 NR NR

Sartori 
et al 54

Case report. HIT positive by CLIA 78 M UFH DVT 4 NT 9.44 NA 17 arg AcuStar CLIA HIT-IgGPF4-H
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(Continues)

Reference Study type Main findings

Case details

Age Sex ACb 
Indication, treatment, or 
HIT eventc  4Ts ELISA OD LIA or CLIA (U/mL)

Func 
Assay?d  HDe  AC switch f  Notesg 

Tran et al 46 Case report HIPA confirmed HIT 41 M LMWH
UFH

VTE prophylaxis
Suspected PE

4 1.08 NT HIPA + 4 
(+UFH)

biv IgG specific anti-PF4-heparin ELISA

Gubitosa 
et al 47

Case report “Prob not HIT” 65 M LMWH prophylaxis 2 "Qualitative anti-heparin antibodies 
were sent and found to be positive" 
Method unspecified

SRA - <4 “DIC was suspected given the patient's clinical findings”

Daviet 
et al 48

Case series. All HIT cases (n = 7) amongst all COVID-
19-infected patients (n = 86) with ARDS in 2 ICU. HIT 
incidence of 8%.

46 M LMWHUFH Multiple DVT 6 NT 46 All 7 HIPA+ 16 arg HemosIL AcuStar HIT immunoglobulin G, PF4-
H, normal value <1 U/ml50 M LMWHUFH Intracardiac

thrombosis
ECMO membrane
thrombosis

6 11 13 arg

43 F LMWH UFH Multiple DVT,
ECMO pump
thrombosis

6 39 15 arg

63 M LMWHUFH Stroke 4 60 14 dan

59 M LMWH UFH DVT 5 4 9 dan

57 M UFH None 5 21 11 dan

69 M UFH None 4 2 16 dan

Parzy et al 49 13 severe ARDS COVID-19 requiring VV-ECMO. All 
developed VTE. 3 (23.1%) had laboratory confirmed HIT

NR NR UFH VTE
VV-ECMO

NR NR NR NR NR arg Lab HIT test method not indicated; no confirmatory test 
indicated. HIT cases not further specifically identified or 
elaborated in report.

Phan et al 50 Case report (HIT post-ECMO) 43 M LMWH
UFH 

(ECMO)

ECMO thrombi 5 NT 2.9
4.0

NR 4 (post 
ECMO)

riv, arg anti-PF4/Heparin antibody
(HemosIL HIT-Ab, Instrumentation Laboratory, Bedford, MA)

Friedrich 
et al 51

31 adult COVID-19-infected patients. 2 (6%) developed HIT NR NR LMWH or 
UFH

NR NR NR NR NR NR arg no other specific details on the HIT cases, or HIT methods

Brodard 
et al 52

12 COVID-19-infected patients with suspected HIT. 3 
tested negative in all assays; 9 tested positive by antigen 
tests. Only 3 tested positive by HIPA.

54 M NR NR 5 0.26 0.13 HIPA - NR NR PF4/H antibodies by AcuStar CLIA and GTI-PF4 ELISA; purified 
IgG fractions of COVID-19 sera testing strongly positive by 
PF4/heparin antigen tests but negative by HIPA did not show 
increased reactivity by HIPA compared with original serum. 
Both results make a functionally inhibitory factor in the serum/
plasma of COVID-19-infected patients highly unlikely.

73 M NR NR 6 0.5 0.3 HIPA - NR NR

59 M NR NR 4 0.56 0.4 HIPA - NR NR

56 M NR NR 4 0.13 0 HIPA - NR NR

58 M NR NR 4 1.71 2.6 HIPA - NR NR

54 F NR NR 4 2.43 41.3 HIPA - NR NR

Nazy et al 53 10 critically ill COVID-19 suspected of HIT, assessed by 
anti-PF4/heparin antibodies and functional platelet 
activation by SRA. HIT excluded in all samples based on 
SRA.

58 M UFH thrombosis + NR 0.506 NT SRA NHD NR NR HIT screen using multipanel (IgG, IgA, IgM) assay; positive (OD 
>0.4) confirmed by IgG-specific assay, with 3/5 also positive 
(OD>0.4) (respectively, 0.235, 0.495, 0.583, 0.103, 0.931). 
SRA showed reactivity in 6 cases but this was not heparin 
dependent. Indeed, heparin caused inhibition of SRA

64 M LMWH NR NR 0.102 NT NR NR

49 M UFH NR NR 0.867 NT NR NR

53 M UFH thrombosis + NR 0.168 NT NR NR

65 M UFH NR NR 3.155 NT NR NR

80 M UFH NR NR 0.456 NT NR NR

51 M UFH thrombosis + NR 1.64 NT NR NR

70 M UFH thrombosis + NR 0.086 NT NR NR

77 F UFH NR NR 0.261 NT NR NR

71 F UFH thrombosis - NR 0.049 NR NR

Sartori 
et al 54

Case report. HIT positive by CLIA 78 M UFH DVT 4 NT 9.44 NA 17 arg AcuStar CLIA HIT-IgGPF4-H
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and limited information provided in most publications. However, 
a few studies reported incidence as a proportion of investigated 
COVID-19 cases. For example, Dragonetti et al investigated 6 pa-
tients in ICU treated with UFH, and 10 patients in other wards 
treated with LMWH, and used a LIA test for PF4/H antibodies 
to “diagnose” “HIT.”39 Heparin antibodies were present in 3/6 
(50%) UFH treated, vs 0/10 managed with LMWH. Functional HIT 
testing was not reported. Patell et al reported a case series of 
HIT patients (n = 5) diagnosed with “HIT” also based on the LIA 
assay, and derived from a COVID-19 cohort of 439 hospitalized 
patients, 88 receiving at least 5  days UFH, with 8 suspected of 
HIT.40 The cumulative incidence of detectable PF4/H antibodies 
in the cohort was 12% at 25 days, compared with a historical non-
COVID-19 cohort of ~3%. However, the incidence was calculated 
based on selection of cases receiving at least 5  days UFH, and 
the functional assay (SRA) was only strongly positive in 1/5 pa-
tients. Lozano and Franco reported a case series of 43 COVID-19-
infected patients, of which 3 (6.9%) had possible “HIT.”41 However, 
this study defined HIT solely based on 4Ts, and no laboratory as-
says were performed. Daviet et al reported a case series of “HIT” 
cases (n  =  7) amongst all COVID-19-infected patients (n  =  86) 
with acute respiratory distress syndrome (ARDS) in 2 ICUs, and 
thus, a pathological HIT incidence of 8%.48 HIT was defined by 
positive CLIA and confirmed by HPIA. Parzy et al reported on 13 
severe ARDS COVID-19-infected patients requiring venovenous 
(VV)-ECMO.49 All developed VTE, and 3 (23.1%) had laboratory 

confirmed “HIT.” However, the laboratory HIT test method was 
not indicated, and no confirmatory test was performed. Further, 
the HIT cases were not further specifically identified or elabo-
rated in the report. Friedrich et al reported 2/31 (6%) adult 
COVID-19-infected patients developed “HIT.”51 However, no 
other specific details were provided on the “HIT” cases or “HIT” 
diagnosing methods.

Conversely, May et al reported a case series of 7 COVID-
19-infected patients suspected of HIT and positive using an 
immunological screen by ELISA, only one of which was SRA pos-
itive.42 Thus, they indicated a low incidence of pathological HIT 
in COVID-19-infected patients. Similarly, Brodard et al reported 
on 12 COVID-19-infected patients with suspected HIT.52 Three 
tested negative in all laboratory assays; 9 tested positive by an-
tigen tests, but only 3 tested positive by HIPA. Sartori et al re-
ported on 10 critically ill COVID-19-infected patients suspected 
of HIT, assessed by anti-PF4/H antibodies and functional plate-
let activation by SRA.53 HIT was excluded in all samples based on 
SRA. Interestingly, SRA showed reactivity in 6 cases, but this was 
not heparin-dependent, and heparin actually caused inhibition of 
SRA. Finally, Liu et al, in a non-peer-reviewed preprint, presented 
another case series comprising 61 critical ICU COVID-19 and 93 
severe non-ICU patients.55 A high level of anti-PF4/H antibodies 
was observed in most ICU patients. Surprisingly, “HIT” occurred 
not only in patients with heparin exposure, but also in several 
heparin-naïve patients.

Reference Study type Main findings

Case details

Age Sex ACb 
Indication, treatment, or 
HIT eventc  4Ts ELISA OD LIA or CLIA (U/mL)

Func 
Assay?d  HDe  AC switch f  Notesg 

Liu et al 55 Case series.
61 critical ICU COVID-19 and 93 severe non-ICU patients. 

A high level of anti-heparin-PF4 antibodies, a marker of 
HIT, was observed in most ICU patients. Surprisingly, HIT 
occurred not only in patients with heparin exposure, but 
also in heparin-naïve patients

NR NR UFH & 
LMWH

NR NR Shown 
graphically

NT NT NR NR Commercial (Chinese) ELISA to Human anti-heparin-PF4 
complex antibodies (IgG). No further details on individual 
cases. No confirmation assay.

Abbreviations: ACS, Acute coronary syndrome; AF, atrial fibrillation; ARDS, adult respiratory distress syndrome; CRRT, continuous renal replacement 
therapy; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; H, heparin; HIT, heparin-induced thrombocytopenia; ICU, 
Intensive Care Unit; ISTH, International Society on Thrombosis and Haemostasis; NA, not available; NR, not reported; NS, not specified; NT, 
not tested; PE, pulmonary embolism; PF4, platelet factor 4; UEVT, upper extremity venous thromboses; UFH, unfractionated heparin; VA-ECMO, 
veno-arterial extracorporeal membrane oxygenation; VTE, Venous thromboembolism; VV-ECMO, venovenous extracorporeal membrane 
oxygenation.
aStudies listed in order of PubMed listing, except reference [55], a non-peer-reviewed paper, which was an additional reference identified from the 
reference list of other publications.
bAC, anticoagulation, as used in the patient and thus the potential trigger for HIT. Sometimes patients were switched to a different anticoagulant 
according to change in clinical situation (eg, LMWH for prophylaxis switched to UFH for ECMO). Sometimes the AC used was not identified.
cIndication for heparin use (eg, prophylaxis or treatment) or the HIT event (eg, thrombosis) as reported in the cited publication.
dFunctional assay for HIT confirmation, if reported; HIPA, heparin induced platelet aggregation; SRA, serotonin release assay; NA, not available; 
NR, not reported; NHD, not heparin dependent
ehospital day triggering HIT test or HIT diagnosis, either due to platelet fall, or 4Ts, or clinical suspicion; sometimes reported as day post admission, 
and sometimes as post heparin exposure
fanticoagulant switched to (from heparin)—arg, argatroban; biv, bivalirudin; dan, danaparoid; fon, fondaparinux; riv, rivaroxaban
g(1) latex immunological test for the determination of total immunoglobulins (IgA; IgM; IgG) against the PF4-heparin complex, using an automated 
instrumental system (HemosIL HIT-Ab(PF4-H), Instrumentation Laboratory Bedford, MA, USA)
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Reference Study type Main findings

Case details

Age Sex ACb 
Indication, treatment, or 
HIT eventc  4Ts ELISA OD LIA or CLIA (U/mL)

Func 
Assay?d  HDe  AC switch f  Notesg 

Liu et al 55 Case series.
61 critical ICU COVID-19 and 93 severe non-ICU patients. 

A high level of anti-heparin-PF4 antibodies, a marker of 
HIT, was observed in most ICU patients. Surprisingly, HIT 
occurred not only in patients with heparin exposure, but 
also in heparin-naïve patients

NR NR UFH & 
LMWH

NR NR Shown 
graphically

NT NT NR NR Commercial (Chinese) ELISA to Human anti-heparin-PF4 
complex antibodies (IgG). No further details on individual 
cases. No confirmation assay.

Abbreviations: ACS, Acute coronary syndrome; AF, atrial fibrillation; ARDS, adult respiratory distress syndrome; CRRT, continuous renal replacement 
therapy; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; H, heparin; HIT, heparin-induced thrombocytopenia; ICU, 
Intensive Care Unit; ISTH, International Society on Thrombosis and Haemostasis; NA, not available; NR, not reported; NS, not specified; NT, 
not tested; PE, pulmonary embolism; PF4, platelet factor 4; UEVT, upper extremity venous thromboses; UFH, unfractionated heparin; VA-ECMO, 
veno-arterial extracorporeal membrane oxygenation; VTE, Venous thromboembolism; VV-ECMO, venovenous extracorporeal membrane 
oxygenation.
aStudies listed in order of PubMed listing, except reference [55], a non-peer-reviewed paper, which was an additional reference identified from the 
reference list of other publications.
bAC, anticoagulation, as used in the patient and thus the potential trigger for HIT. Sometimes patients were switched to a different anticoagulant 
according to change in clinical situation (eg, LMWH for prophylaxis switched to UFH for ECMO). Sometimes the AC used was not identified.
cIndication for heparin use (eg, prophylaxis or treatment) or the HIT event (eg, thrombosis) as reported in the cited publication.
dFunctional assay for HIT confirmation, if reported; HIPA, heparin induced platelet aggregation; SRA, serotonin release assay; NA, not available; 
NR, not reported; NHD, not heparin dependent
ehospital day triggering HIT test or HIT diagnosis, either due to platelet fall, or 4Ts, or clinical suspicion; sometimes reported as day post admission, 
and sometimes as post heparin exposure
fanticoagulant switched to (from heparin)—arg, argatroban; biv, bivalirudin; dan, danaparoid; fon, fondaparinux; riv, rivaroxaban
g(1) latex immunological test for the determination of total immunoglobulins (IgA; IgM; IgG) against the PF4-heparin complex, using an automated 
instrumental system (HemosIL HIT-Ab(PF4-H), Instrumentation Laboratory Bedford, MA, USA)

4  | DISCUSSION

The literature on “HIT” in COVID-19 is conflicting. Some research-
ers find a high level of “HIT” in COVID-19-infected patients, but 
these findings need to be tempered by methodological flaws, where 
patients were either not fully worked up, or else key details were 
missing. It needs to be noted that in non-COVID-19 literature, many 
patients may be found to have PF4/H antibodies, but most of these 

will not develop pathological HIT.56 Moreover, a high level of PF4/H 
antibodies (especially as detected by ELISA) will not be positive by a 
functional assay such as SRA.20,24

In contrast, some researchers reported a low level of “HIT” in 
COVID-19-infected patients, in particular when functional assays 
were performed. Moreover, some researchers53,55 actually reflected 
that in a significant proportion of their SRA-positive patients, ther-
apeutic levels of heparin either inhibited the assay, or else heparin 

TA B L E  2   Summary of data from Table 1

Cohort

Parameter

Age 4Ts ELISA OD CLIA (U/mL)

All cases Median 61 5 0.67 1.9

IQR 50-70 4-6 0.47-1.20 1.9-18.5

Functional
+ve cases

Median 61 6 1.02 21.0

Functional
-ve cases

Median 58 4 0.59 0.35

M F UFH LMWH

All cases n (%) 43 (75.4) 14 (24.6) 34 (55.7) 27 (44.3)

Functional
+ve cases

n (%) 12 (70.6) 5 (29.4) 11 (45.8) 13 (54.2)

Functional -ve cases n (%) 13 (68.4) 6 (31.6) 4 (40.0) 6 (60.0)

Abbreviations: 4T, 4T score; ELISA, enzyme-linked immunosorbent assay; CLIA, chemiluminescence immunoassay; LIA, latex immunoassay; M, male; 
F, female; UFH, unfractionated heparin; LMWH, low molecular weight heparin; IQR, interquartile range.
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did not appear to be a trigger for the event as patients were heparin 
naïve.

Thus, the overall situation in regards to identification of anti--
PF4/H antibodies or “HIT” is complex. Indeed, the situation has 
recently become even more complex, given a recent publication 
reporting a rare phenomenon in 9 patients recently vaccinated 
against COVID-19, primarily leading to venous thrombotic epi-
sodes (especially cerebral venous thrombosis, CVT) accompanied 
by relevant thrombocytopenia (ie 39 ± 30×109/L) 4-16 days after 
receiving the vaccine.57 Interestingly, the German researchers in-
dicated a mechanism similar to HIT, with the serum of 4 such pa-
tients referred for investigation of platelet-activating antibodies 
directed against PF4/H. All test results revealed strong positivity 
for “PF4/-H antibodies” using an immunoassay (ELISA) and also ac-
tivated platelets using a platelet activation assay, but these events 
appeared to occur independently of heparin, and reactivity against 
PF4 (without heparin) was later also shown. Although a causal 
link between COVID-19 vaccination (especially with AstraZeneca 
AZD1222) and CVT has yet to be clarified, these patients (mostly 
young women in the German study) appeared to develop “PF4 anti-
bodies,” presumably without heparin exposure. The authors termed 
this clinical syndrome “vaccine-induced prothrombotic immune 
thrombocytopenia” (VIPIT). The authors have since republished 
these findings, with some amendments, in the peer reviewed lit-
erature, as well as changing the name to “VITT” (ie vaccine induced 
immune thrombotic thrombocytopenia).58 A few other groups from 
other countries have since also published on this phenomenon, 
mostly observed post AstraZeneca AZD1222,59,60 except for one 
published case with the Ad26.COV2.S vaccine (Johnson & Johnson/
Janssen).61 In the UK series, the phenomenon was more generally 
observed in both men and women, and in both “young” and “old.”60 
The events are unquestionably rare, but physicians should be ad-
vised about its possible development after COVID-19 vaccination.62

5  | CONCLUSION

Taking all this information into consideration, we need to accept 
that PF4/H antibody development does represent a feature of 
COVID-19, at least in some patients. However, this does not always 
indicate pathological HIT for most. Also, there appears to be a ques-
tion over the role of heparin in some of the cases reported in the 
literature, and instead, a “HIT-like” event may be occurring in some 
patients without heparin exposure. This may be linked to theoretical 
concepts around PF4/H mimicry in infectious disease, although ad-
ditional confounders may exist in relation to COVID-19. The binding 
of SARS-CoV-2 spike protein to platelet surface receptor(s), leading 
to platelet activation, is another potential mechanism that deserves 
further scrutiny in the pathogenesis of thrombosis in COVID-19.63 
However, whether pathological HIT truly develops in a high propor-
tion of COVID-19-infected patients remains unresolved, and more 
needs to be done to fully investigate the phenomena of PF4/H an-
tibody development, and arising pathophysiology in COVID-19. We 
encourage further studies on the development of HIT or PF4(/H) 
antibodies, either following heparin exposure or not. These studies 
need to document all aspects of patient exposure to heparin (or not), 
the type of heparin, the time course for antibody development or 
arising pathology, and the methods employed for laboratory testing, 
including any employed modifications (eg heparin inhibition).
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