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Abstract

Background
Acute respiratory and renal failure as well as systemic coagulopathy are critical aspects of the morbidity
and mortality in patients with COVID-19. Heparin Induced Thrombocytopenia (HIT) occurs when IgG
antibodies form against platelet factor 4-Heparin complex, resulting in platelet activation and removal,
leading to a prothrombotic state. Studies have shown that only 6% who are investigated serologically for
HIT actually have the diagnosis.

Methods
A retrospective analysis was performed on all COVID-19 positive patients hospitalized between March
and June 2020. Patients with suspicion for HIT were tested for HIT antibodies with IgG-speci�c platelet
factor 4(PF4)-dependent enzyme immunoassay (EIA). Con�rmatory testing with serotonin release assay
(SRA) and heparin-induced platelet aggregation were used in cases with intermediate or low optical
density (OD) with EIA positivity (EIA+). Due to rarity of disease, a through literature review on HIT in
COVID-19 patients was also analyzed.

Results
Incidence of EIA + in COVID-19 patients was 0.6%, signi�cantly higher than in the general population 0.2%
(p < 0.0001). The incidence of thromboembolic events in EIA + patients was 87.5%, signi�cantly higher
than the rate of 10.90% in all COVID-19 patients (p < 0.0001). The mortality rate in EIA + patients was 50%,
signi�cantly greater than the mortality rate of 12% in all hospitalized COVID-19 patients (p = 0.0011).
Serological con�rmation of HIT diagnosis was 37.5% which is signi�cantly higher than con�rmation of
HIT in nonCOVID-19 patients 6% (p < 0.0001). Of 39 HIT antibody positive patients in the literature,
23.07% had positive con�rmatory testing (6 SRA, 3 HIPAA) which is signi�cantly higher than 5.6% in the
general population (p = 0.00001). The incidence of thrombosis in EIA + COVID-19 patients in the literature
was 56.4% which is signi�cantly higher than reported rates of thrombotic events in in all COVID-19
patients in the literature at 4.8%1 (p = 0.00001).

Conclusion
Our study indicates incidence of HIT is higher in the COVID-19 population. This can be attributed to the
cytokine storm and severe sepsis seen in critically ill COVID-19 patients. Our study also suggests that
development of HIT can contribute to increased risk for thromboembolic events as well as mortality of
COVID-19 patients, however, our study is limited due to small sample size.
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Key Points
There is an increased risk of HIT in COVID-19 patients.

Patients who are EIA+ or have serologically con�rmed HIT have increased risk of thrombotic events
and mortality.

Diagnosing HIT in COVID-19 patients is complex due to di�culty in calculating 4Ts score and
concern for possible inaccurate HIT testing in the setting of COVID-19 immune response and
in�ammation.

COVID-19 patients who are treated with heparin-based products need to be carefully monitored for
prompt diagnosis and treatment of HIT.

Introduction
The coronavirus disease 2019 (COVID-19) is a global pandemic caused by the novel coronavirus SARS-
CoV-2. Initially identi�ed in Wuhan, China in December 2019, COVID-19 has now caused over 1.7 million
deaths worldwide.2 Acute respiratory and renal failure as well as systemic coagulopathy are critical
aspects of morbidity and mortality in patients with COVID-19.1, 3 Hematologic abnormalities such as
elevated D-dimer, lymphopenia, elevated �brinogen levels, increased prothrombin and partial
thromboplastin times, and thrombocytopenia were reported in early studies.4–6

Thromboembolism including deep vein thrombosis (DVT), pulmonary embolism (PE), and arterial
thrombotic events are common sequelae of COVID-19 infection, and are thought to be caused by a
cytokine storm leading to endothelial injury and activation of circulating prothrombotic factors along with
immobilization in critically ill patients.7 Studies have reported incidence of VTE around 31% in this patient
population.8, 9 Due to increased coagulopathy, intermediate to therapeutic dosing of thromboprophylaxis
is recommended for all hospitalized COVID-19 patients.10 Heparin based products such as unfractionated
heparin (UFH) and low molecular weight heparin (LMWH) are used due to anti-in�ammatory and antiviral
properties.1, 10, 11 LMWH is preferred for COVID-19 patients due to decreased risk of bleeding, better
response predictability, and decreased mortality rate.11, 12

Many COVID-19 patients have prolonged hospital stays leading to extended duration of heparin exposure,
which increases risk for heparin induced thrombocytopenia (HIT).13, 14 HIT occurs when IgG antibodies
form against platelet factor 4-Heparin complex, resulting in platelet activation, subsequently leading to a
prothrombotic state.15, 16 HIT is suspected when there is a platelet count decrease of more than 50% after
5–10 days of heparin exposure, along with evidence of hypercoagulability.17 Current guidelines
recommend testing patients for HIT based on 4T score of 4 or higher (points given for degree of
thrombocytopenia, timing of heparin product therapy, thrombosis, and other causes of
thrombocytopenia) to assess pretest probability of HIT.18
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Initial clinical work up for HIT is performed by testing for HIT antibodies, but studies demonstrate that
only 5.6% of those investigated serologically for HIT actually have con�rmed diagnosis of HIT.19

Functional assays like serotonin release assay (SRA) are more speci�c for HIT and identify only
pathogenic antibodies to con�rm HIT diagnosis.20 Studies have shown that patients with optical density
(OD) > 1 are likely to have positive SRA.18 The use of unfractionated heparin, post-orthopedic and post-
cardiac surgery state, female gender, need for renal replacement therapy (RRT), and older age are
recognized as risk factors for HIT.21 Treatment of HIT includes discontinuation of all heparin-based
products and transitioning to a therapeutic dose of non-heparin anticoagulation. 14, 18

This study was performed to analyze incidence, e�cacy of testing, and adverse effects such as
thrombosis and mortality associated with HIT in COVID-19 patients.

Methods
Patient and Data Collection

This study was approved by the Institutional Review Board (Approval #20042111-IRB03) on April 29,
2020. Patients who were over the age of 18 with con�rmed COVID-19 infection by positive SARS-CoV2
reverse transcriptase polymerase chain reaction (RT-PCR) between March 1st, 2020 and June 26th, 2020
and hospitalized at Rush University System for Health Hospitals were included in the study. A database
of patients that met these criteria was retrospectively extracted from our electronic medical record (EMR).
Patient charts were reviewed by physicians to ensure accuracy of data.

Heparin Induced Thrombocytopenia

Patients with intermediate (score of 4-5) or high 4T score (6 or greater) for HIT, underwent IgG-speci�c
platelet factor 4(PF4)-dependent enzyme immunoassay (EIA) testing. Washed platelet assays such as
serotonin release assay (SRA) and heparin-induced platelet aggregation assay (HIPAA) were used as
con�rmatory tests in cases with intermediate (de�ned as OD of 1-2) or low OD (de�ned as .5-1) with EIA+.
Cases with OD>1 or positive SRA were considered con�rmatory for diagnosis of HIT. Figure 1 describes
selection of study cohort and Table 1 describes EIA+ patient characteristics. EIA+ patients who were
discharged from the hospital were contacted after 6 months for follow up.

Analysis

Incidence of HIT antibody positivity, thromboembolism, and mortality in EIA+ patients were compared to
a control cohort of COVID-19 patients at our institution as well as the current reported literature on HIT.
Demographic and subgroup analysis of risk factors for HIT was performed on EIA+ COVID-19 patients.
Hospital courses for EIA+ patients were also studied to assess correlation of laboratory values and
treatment on mortality.

Literature Review
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Due to the rarity of this disease process, a thorough literature review on HIT in COVID-19 patients was
done on December 1st, 2020. Fourteen case report studies were identi�ed, and stipulations for inclusion
included performance of HIT antibody testing (either antibodies to PF4 Heparin complex or latex
immunoassay) and if patient speci�c data was reported. Patient data was extracted from studies to get
patient information on COVID-19 HIT antibody positive patients (Table 2).

Statistical Analysis

SAS version 9.4 was used as a statistical software for analysis. Descriptive statistics were generated as
counts and frequency for categorical variables and mean and standard deviation for continuous
variables. Statistical analysis for categorical variables was done by using X2 testing or Fisher’s exact test
when cell counts were small. T- tests were used for continuous variables. Proportions observed at Rush
were compared to general population numbers by binomial proportion test.

Results
HIT Antibody Positivity

Out of the control cohort of 1265 hospitalized COVID-19 positive patients, 33 had intermediate to high 4T
scores and were tested for HIT antibodies. In all COVID-19 patients who were tested for HIT, there was no
difference in intermediate 4T scores predicting EIA+ at 26.1% compared to high 4T scores at 33.3% (p=
0.6248). EIA+ in COVID-19 patients with intermediate to high 4T scores at our institution was signi�cantly
higher at 24.24% compared to IgG EIA+ in the general population for intermediate to high 4T scores at
10.18% (p=0.00896).16

Of the 33 patients tested for HIT, only 8 patients were EIA+ (study cohort), with characteristics listed in
Table 1. Incidence of EIA+ in COVID-19 patients was 0.6%, which is signi�cantly higher than in the general
population 0.2%15 (p<0.0001, 95% CI 0.25-1.20%). Serological con�rmation of HIT diagnosis in our study
cohort was 37.5% which is signi�cantly higher than con�rmation of HIT in the general population 5.6%16

(p<0.0001, 95% CI 29.57-85.32%). The mortality rate of the EIA+ study cohort was 50%, signi�cantly
greater than the mortality rate of 12% in COVID-19 patients in the control cohort (p=0.0011, CI 9.46-
66.53).

Thrombosis Risk

The incidence of thromboembolic events in EIA+ patients in the study cohort was 87.5%, signi�cantly
higher than the rate of 10.90% in all COVID-19 patients in the control cohort (p<0.0001, CI 41.96- 86.98%).
Of the EIA+ patients in the study cohort who had thrombosis, 28.57% had PE, 57.14% had DVT, 14.28%
had a stroke. There was a statistically signi�cant higher incidence of DVT in the study cohort compared
to DVT in all COVID-19 patients in the control cohort 4.82% (p=0.0038). There was no difference in
incidence of PE or stroke in EIA+ study cohort compared to PE (4.82%, p= 0.0557) or stroke (2.60%,
p=0.1731) in all COVID-19 patients in the control cohort. 
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Hospital Course Analysis

There was no signi�cant difference in demographic distribution between the study cohort of EIA+
patients and the control cohort of all COVID-19 hospitalized patients (Table 3). There was no difference in
mortality rate of EIA+ patients based on demographics or risk factors for HIT (Table 4). The average days
of anticoagulation received prior to HIT antibody testing was 6.75 days with standard deviation ± 6.43
days, and no difference in mortality rate based on days of anticoagulation before diagnosis of EIA+
(p=0.2362). In the EIA+ study cohort, 25% had exposure to both UFH and LMWH, 25% UFH only, 50%
exposure to only LMWH. There was no difference in mortality rate for EIA+ COVID-19 patients based on
the type of anticoagulation received, UFH 0%, LMWH 75%, Both 50% (p=0.6571). There was no difference
in mortality rate between EIA+ patients who received prophylactic 50% or therapeutic dosage of
anticoagulation 50% (p=1.0). After diagnosis with EIA+, 37.5% were transitioned to Argatroban and 62.5%
were treated with Bivalirudin. There was no difference in mortality rate of patients who received
Argatroban 33.3% compared to Bivalirudin 60% (p=1.0).

HIT antibody testing was sent on average 7.75 days into hospitalization with standard deviation ± 6.16
days. The hospital length of stay (LOS) of EIA+ study cohort patients was 27.9 days with standard
deviation ± 7.66 days, which was signi�cantly higher than all COVID-19 patients in the control cohort who
had a mean hospital LOS of 9.836 with standard deviation of   ± 10.27 days (p=0.0005, 95% CI 7.96 to
28.16). 

Hematologic Laboratory Values Analysis

It was statistically signi�cant that having severe thrombocytopenia (platelet count <50k) was not
associated with increased mortality 0% whereas moderate thrombocytopenia (platelet count 50k-99k)
was associated with increased mortality 100% (p=0.0286). The average days to platelet recovery in EIA+
patients was 6.29 days with standard deviation ± 3.45 days. There was no difference in mortality rate
based on the number of days from diagnosis of EIA+ to platelet recovery (p=0.7383). The average highest
D-dimer for all EIA+ patients was 14.34 times the upper limit of normal (ULN) with standard deviation of ±
8.52. There was no difference in mortality rate based on highest D-dimer level for EIA+ patients (p=
0.2917).

6 Month Follow up on Discharged EIA+ Patients

Of the 4 EIA+ patients who survived, one (25%) of those patients on follow up had died, increasing the
overall mortality rate in the study cohort to 62.5%. This patient (Patient 6 on Table 1) had an acute
myocardial infarction as well as hemorrhagic shock. Patient 3 from Table 1 suffered from dry gangrene.
Patient 1 and patient 7 had no further complications.

Analysis based on Literature Review

There were 39 HIT antibody patients reported in the literature with HIT antibody testing and had patient
speci�c data. Of those, 23.07% had positive con�rmatory testing (6 SRA, 3 HIPAA) which is signi�cantly
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higher than 5.6%16 in the general population (p=0.00001). The incidence of thrombosis in EIA+ COVID-19
patients in the literature was 56.4% which is signi�cantly higher than reported rates of thrombotic events
in in all COVID-19 patients in the literature at 4.8%1 (p=0.00001). Of the EIA+ COVID-19 patients in the
literature who reported both 4T scores and con�rmatory testing, 0% of low 4Ts score were serologically
positive, 44.44% of intermediate 4Ts score were serologically positive, and 37.5% of high 4Ts score were
serologically positive with no signi�cant difference of 4Ts score as a predictor for serologically positive
HIT (p=0.5839).

Discussion
Our study investigated the impact of diagnosis of HIT on COVID-19 patients. We found a signi�cantly
higher incidence of HIT antibody positivity and serologically con�rmed HIT in COVID-19 patients
compared to nonCOVID-19 patients. Analysis of the current literature also showed higher incidence of
serologically con�rmed HIT in COVID-19 patients. This may be attributed to the increased exposure to
heparin based thromboprophylaxis, increased hospital length of stay, and the hyperin�ammation and
heightened immune response in COVID-19 patients.14, 22, 23

Diagnosing HIT is complex and requires 4Ts score calculation, EIA testing, and functional assay testing
like SRA.18 Our data, supported by the literature analysis, showed that 4Ts score was not predictive of
either EIA + or patient mortality. The viral disease process may lead to inconsistency in calculating 4Ts
scores given the overlap in disease course between COVID-19 and HIT which includes previous exposure
to heparin-based anticoagulation, new thrombosis, and thrombocytopenia.

Case reports in the literature describe concern for HIT in COVID-19 patients, but several studies omit
con�rmatory testing and identify very few patients with serologically con�rmed HIT (Table 2). Riker et al
reported 3 EIA + patients, one being SRA positive.24 Lingamaneni et al describes one out of 5 EIA + 
patients with con�rmed HIT and states suspicion for “overdiagnosis” of HIT in COVID-19 patients.25

Another report by May et al noted 7 EIA + patients with one SRA con�rmed HIT diagnosis. These �ndings
were attributed to EIA testing detecting all anti- PF4/Heparin antibodies and the potential for false
positive EIAs due to increased in�ammation and immunoreactivity in COVID-19, leading to production of
anti-PF4/heparin antibodies that are nonpathogenic for HIT.26

It is unclear how to accurately diagnose HIT in COVID-19 patients due to varying sensitivity and
speci�city between different EIA and con�rmatory tests.27 Even with our institution’s highly sensitive and
speci�c IgG EIA test, 62.5% patients who were con�rmatory testing negative. It has been speculated that
the heterogeneity of HIT antibodies, differing in size, a�nity, and speci�city, may affect their ability to
activate platelets, endothelial cells, and leukocytes which may also contribute to variations in
pathogenicity of HIT.28 The hyperin�ammatory environment caused by COVID-19 may also alter the
structure of HIT antibodies in a way that retains their pathologic properties but helps evade detection by
con�rmatory testing. Even with con�rmatory testing, there is evidence of SRA negative HIT as well as
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spontaneous HIT that should be taken into account when there is a clinical picture concerning for HIT.13,

27 Emerging literature also recommends SRA negative blood samples with high clinical suspicion for HIT
be sent for PF4-dependent platelet activation assays like SPF4-SRA.14

Given discordance in testing for HIT in COVID-19, there is still a question on whether we should be
treating for HIT in this population based on high clinical suspicion. Studies have shown that presence of
EIA + in certain clinical settings can be a prognostic factor for adverse events, even without clinical
evidence of HIT and could be a surrogate marker for in�ammation.20 This could be clinically signi�cant
in COVID-19 especially as current and future COVID-19 treatments become available and speci�cally
target the in�ammatory state.

The increased mortality rate of EIA + in COVID-19 patients may be attributed to increased thrombotic rates
and severity of COVID-19 disease in this cohort, and all 8 patients had severe COVID-19 disease per
institutional guidelines with ICU admission, mechanical ventilation requirement, and acute renal failure.
Our analysis also showed increased mortality in EIA + patients who had moderate thrombocytopenia over
both severe and mild thrombocytopenia, with moderate thrombocytopenia being more common in
patients with HIT.18

Limitations of our study cohort include a small sample size, which increases risk for skewed analysis and
limited information that can be reasonably inferred from our data. Despite our small sample size, our
study is currently the largest sample of EIA + patients reported at a single institution and the only one with
analysis done to better understand the consequences of HIT on COVID-19. Our analysis of EIA + COVID-19
patients reported in the literature yielded similar results to our data which supports the validity of our
�ndings. Following completion of our initial data analysis in June 2020, we re-extracted data in
November of 2020 to look for additional COVID-19 patients with HIT, and found one additional patient
who was EIA + and SRA negative. To better understand overall association with HIT in this population, a
multi-institutional collaboration needs to be done to increase sample size due to rarity of HIT in COVID-
19.

Conclusion
In conclusion, our study showed increased incidence, thromboembolic events, and mortality of EIA + and
serologically con�rmed HIT in hospitalized patients with COVID-19. Due to challenges with 4Ts scoring in
COVID-19 patients, we raise the notion of re-evaluating how to assess pre-test probability screening in this
population and speculate that incorporating high clinical suspicion may help identify and treat HIT in
COVID-19 patients. The COVID-19 disease process may affect EIA and con�rmatory testing which makes
diagnosing HIT in this population complex. EIA + COVID-19 patients had higher incidence of thrombosis,
which was also replicated in our literature analysis of EIA + COVID-19 patients. This could be in part due
to both COVID-19 and HIT causing pro-in�ammatory states leading to release of tissue factor and
activation of thrombin, resulting in a prothrombotic state.29 EIA + was predictive of a poorer prognosis
including increased thrombosis, mortality, hospital LOS, and could be considered as an in�ammatory
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marker in COVID-19 patients. The increased incidence of serologically con�rmed HIT indicates that
anticoagulation with heparin-based products and escalation of anticoagulation dosing should be done
with caution, and patients should be carefully monitored for signs of HIT. Prospective studies and
randomized control trials are needed to better understand diagnosis and treatment of EIA + and
serologically con�rmed HIT in COVID-19 patients in order to improve morbidity and mortality associated
with both disease processes.
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