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eparin administration can induce the production of anti–platelet factor 4 (PF4)/heparin antibodies with platelet-activating prop-
erties, causing heparin-induced thrombocytopenia (HIT). Previous studies have suggested that trauma severity influences HIT im-
mune responses, but their relationship has not been fully explained. This study aimed to clarify this association by multicenter pro-
spective observational study.
METHODS: T
rauma patientswhomet the criteria of age 18 years or older and Injury Severity Scores (ISSs) of≥9 fromMarch 2018 to February
2019 were included. Patients who did not receive any heparin and thosewho received it as flushes or for treatment were also included.
Patients were divided into three groups based on trauma severity (to mild [ISS 9–15], moderate [ISS 16–24], and severe injury groups
[ISS ≥25]) and were compared by the seroconversion time and rate, as well as the disappearance rate of antibodies on day 30.
RESULTS: A
 total of 184 patients were included: 55, 62, and 67 patients were classified into the mild, moderate, and severe injury groups,
respectively. Overall, the seroconversion rates of anti-PF4/heparin immunoglobulin G (IgG) and HITantibodies by washed platelet
activation assay were 26.6% and 16.3%, respectively. There was a significant difference in the seroconversion rates of anti-PF4/
heparin IgG ( p = 0.016) and HIT antibodies ( p = 0.046) among the groups. Seroconversion rates in both assays increased with
increasing trauma severity. The time required to achieve seroconversion was similar (between 5 and 10 days of trauma onset) re-
gardless of heparin administration. Anti-PF4/heparin IgG and HIT antibodies were no longer detected on day 30 in 28.6% and
60.9% of seroconverted patients, respectively.
CONCLUSION: D
evelopment of HIT antibodies was observed commonly in severely injured trauma patients. Heparin-induced thrombocytopenia
antibody development may be related to trauma severity, with a high disappearance frequency on day 30. (J Trauma Acute Care
Surg. 2022;93: 402–408. Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American
Association for the Surgery of Trauma.)
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eparin-induced thrombocytopenia (HIT) is a prothrombotic
H life-threatening adverse immune reaction caused by heparin
administration. This is due to antibodies formed against com-
plexes of platelet factor 4 (PF4) and heparin (anti-PF4/heparin).1

A subset of anti-PF4/heparin antibodies, namely, immu-
noglobulin G (IgG), in high titers has platelet-activating proper-
ties that cause HIT.2,3 In addition, these antibodies activate
monocytes and endothelial cells leading to thrombocytopenia
and a thrombin-induced hypercoagulable state.4–7

Heparin-induced thrombocytopenia is an atypical immune
response when compared with other immune-mediated diseases
caused by adaptive immunity.8–10 Consequently, heparin-naive
patients can develop IgG antibodies as early as day 4 like a sec-
ondary adaptive immune response, and HIT antibodies are rela-
tively short-lived unlike those from a secondary adaptive immune
response.11,12 Polyanions such as bacterial surfaces10 and nucleic
acids13 also induce conformational changes in PF4 in a manner
similar to heparin, leading to HIT in patients without heparin expo-
sure. However, the mechanisms have not been fully understood.

Severely injured trauma patients are at an increased risk of
tissue damage, which release nucleic acids such as DNA and
RNA into their circulation. This suggests that trauma severity can
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be a risk factor for the formation of anti-PF4/heparin, indepen-
dent of heparin administration. Although this has been demon-
strated in a previous study, all patients had received either un-
fractionated heparin (UFH) or low-molecular-weight heparin
for thromboprophylaxis, and those requiring intensive care were
excluded.14 Therefore, the impact of trauma severity on HIT in-
dependent of heparin administration was not directly addressed.

In this study, we aimed to conduct a prospective, multi-
center observational study to evaluate the hypothesis that se-
verely injured patients develop HIT antibodies more frequently
than non–severely injured ones, possibly independent of heparin
administration.

PATIENTS AND METHODS

Patients and Study Design
This prospective observational study was multicentered

and was conducted in Tohoku University Hospital (Sendai,
Japan), Hokkaido University Hospital (Hokkaido, Japan),
Japan Red Cross Maebashi Hospital (Gunma, Japan), Tokyo
Saiseikai Central Hospital (Tokyo, Japan), and Kagawa Univer-
sity Hospital (Kagawa, Japan). We have not performed prior
sample size calculations because it was a new field of research.
The ethical committees of each of the hospitals approved the
protocol of this study. All of this research and protocol were ap-
proved by Ethics Committee of Tohoku University Graduate
School of Medicine (2018-1-156).

All patients gave written informed consent, and the study
was conducted in accordance with the Declaration of Helsinki.

We confirmed that this study complies with the Strength-
ening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines (Supplemental Digital Content, Supplemen-
tary Data 1, http://links.lww.com/TA/C394).

We prospectively enrolled trauma patients from March
2018 to February 2019. The inclusion criteria were age 18 years
or older and Injury Severity Score (ISS) of ≥9. Injury Severity
Score was calculated based on the Abbreviated Injury Scale
(AIS) 90, using radiology reports and clinical findings. Anatom-
ical injury sites were divided into head and neck, face, chest, ab-
domen, pelvis and extremities, and skin. Trauma was classified
into blunt, penetrating, or other. This study included patients
who did not receive any heparin, as well as those who received
it as only flushes and as treatment. Prophylaxis and treatment
of venous thrombosis was performed by attending physicians'
discretion based on risk of each patient.

Data Collection
During hospitalization, clinical information including

changes in the platelet count and timing of heparin adminis-
tration was collected. The blood samples were drawn at day
0 (on admission), days 5 and 6, days 7 to 9, days 10 to 12, days
13 to 15, and day 30 or at the time of transfer to another de-
partment or hospital, whichever came first. If the patient
was transferred or died within 30 days, the cases were treated
as censoring events. The patients' sera drawn at the above
timing were shipped with dry ice to the reference laboratory
(Division of Transfusion Medicine, National Cerebral and
Cardiovascular Center) for the assessment of HIT antibodies
and were stored at −70°C until use.
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
Seroconversion and Serological Assays for
HIT Antibodies

Antigen immunoassay was performed using a commer-
cially available enzyme-linked immunosorbent assay (ELISA)
kit to detect anti-PF4/heparin IgG antibodies (PF4-IgG; Genetic
Testing Institute,Waukesha,WI). The ELISA results were expressed
as optical density (OD), and the cutoff value was set at 0.4 OD,
as per the manufacturer’s instructions. We defined seroconver-
sion as testing negatively on day 0 followed by a positive test af-
terward. If the patient had already tested positive on day 0, sero-
conversion was defined as an OD increase by more than 30% or
by at least 0.4 OD, according to a previous study.15

Thewashed platelet activation assay was performed as de-
scribed in detail elsewhere.2,16 In brief, washed platelets, pre-
pared from HITantibody-sensitive healthy volunteers, were used.
Platelet microparticles, activated by HIT antibodies in a heat-
inactivated serum, were quantified by flow cytometry. Positivity
was defined as washed platelet activation in the presence of a
therapeutic concentration of UFH (0.1 U/mL) or low-molecular-
weight heparin (0.3 U/mL), but not at very high concentrations
(100 U/mL), in addition to activation inhibition by the addition
of an anti-FcγRII antibody (IV.3; Stemcell Technologies, Vancouver,
Canada). If the serum did not activate the washed platelets in the
presence of a therapeutic concentration of UFH or low-molecular-
weight heparin, but the control tested positive, then it was defined
as negative. The microparticle assay was evaluated against seroto-
nin release assay in the previous article. Overall agreement be-
tween the two assays was 96%.17

Since the washed platelet activation assay is demanding
and labor intensive,2 and HIT induced by antibodies with platelet-
activating properties is exclusively caused by anti-PF4/heparin
antibodies of IgG class,18 we first performed the assay for the
sample that tested ELISA positive and demonstrated the highest
OD in the time-series samples of each patient. If the sample
tested negative, we defined the patient as a nonseroconverter
in the washed platelet activation assay. If the sample tested pos-
itive, then the washed platelet activation assay was performed
for all time-series samples.
Seroconversion Rate Differences
To clarify the seroconversion rate difference of anti-PF4/

heparin IgG in ELISA and HIT antibodies, assessed by washed
platelet activation assay, patients were divided based on the trauma
severity intomild (ISS 9–15), moderate (ISS 16–24), and severe in-
jury groups (ISS ≥25), according to a previous study.19

In addition, we investigated the influence of heparin ad-
ministration on seroconversion rates. For this purpose, pa-
tients were divided based on the purpose of heparin adminis-
tration into no heparin (patients did not receive any heparin
during the study period), heparin flush (patients only received
heparin flushes for catheter patency), and heparin treatment
groups (patients received heparin for anticoagulation during in-
vasive treatments including surgery, catheter embolization, and
thromboprophylaxis). Only UFH was used for thromboprophy-
laxis in this study, with no patients receiving low-molecular-
weight heparin.

We also analyzed sex and seroconversion rate because sex
is also listed as a risk for HIT.
of the American Association for the Surgery of Trauma. 403
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Figure 1. Flow diagram of patient inclusion in this study.
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Time to Seroconversion and
Subsequent Disappearance

We investigated the period of time (days) required to achieve
seroconversion of anti-PF4/heparin IgG in ELISA or HIT anti-
bodies, detected by the washed platelet activation assay, after
the onset of trauma, and the subsequent disappearance rate on
day 30. We analyzed only the group that was able to have a blood
sampling on the 30th day.

Statistical Analysis
Continuous variables are presented as medians and quartiles,

and categorical variables as frequencies and percentages. The
Fisher’s exact test was used to compare categorical data among
the groups, whereas numerical data were compared using the
TABLE 1. Demographics and Laboratory Data in the Patient Groups

Patient Characteristic ISS 9–15 (n = 55)

Age, y 65 (44–78)

Sex (male) 37 (67.3)

Mechanism of injury

Blunt 53 (94.6)

Penetrating 0

Other 3 (5.4)

Injured body region

Head and neck 15 (27.3)

Face 4 (7.3)

Chest 16 (29.1)

Abdomen 14 (25.4)

Pelvis and extremities 30 (54.5)

Skin and soft tissues 14 (25.5)

Purpose of heparin administration

None 18 (32.7)

Flushes 14 (25.5)

Prophylaxis (with or without flushes) 23 (41.8)

Platelet count nadir, �109/L 150 (111.0–192.0)

Thrombosis 5 (9.1%)

In hospital mortality 0

Numerical data are presented as medians (1st quartile–3rd quartile). Categorical data are pres
ELISA, enzyme-linked immunosorbent assay; ISS, Injury Severity Scores; PF4, platelet facto

404 © 2022 The Author(s). Published by Wolters Kluwer Health,
Kruskal-Wallis test. All p values from paired comparisons were
adjusted with the Bonferroni correction for multiple comparisons.

All statistical analyses were performed with EZR statistical
software (SaitamaMedical Center, Jichi Medical University, Saitama,
Japan, available at http://www.jichi.ac.jp/saitama-sct/SaitamaHP.
files/statmedEN.html),20 which is a modified version of the R
commander (R Foundation for Statistical Computing, Vienna,
Austria). A p value of <0.05 indicated statistical significance.
RESULTS

A total of 192 patients were initially enrolled in this study.
Four patients were excluded because of missing data, three be-
cause of burns as the cause of admission, and one whose age
was younger than 18 years (Fig. 1).

Characteristics of the Study Population
A total of 184 patients were included in the analyses.

Among them, 55, 62, and 67 patients were classified into the
mild, moderate, and severe injury groups, respectively (Table 1).
Regarding the injured body region, the prevalence of head
and neck, and chest injuries increased significantly with in-
creasing trauma severity. The lowest platelet levels tended to
decrease with increasing severity of trauma: trauma severity
mild group (median, 150 � 109/L), trauma severity moderate
group (median, 141� 109/L), and trauma severity severe group
(median, 101 � 109/L).

Association of Trauma Severity With
Seroconversion Rates

The overall seroconversion rate of anti-PF4/heparin IgG
antibodies evaluated with ELISAwas 26.6% (n = 49), and that
Stratified by Trauma Severity

ISS 16–24 (n = 62) ≥25 ISS (n = 67) p

58 (42–74) 64 (47–73) 0.55

43 (69.4) 46 (68.7) 0.98

0.68

61 (96.8) 64 (92.8)

0 1 (1.4)

2 (3.2) 4 (5.8)

33 (53.2) 48 (71.6) <0.001

6 (9.7) 10 (14.9) 0.40

29 (46.8) 48 (71.6) <0.001

18 (29.0) 19 (28.4) 0.92

29 (46.8) 35 (52.2) 0.69

16 (25.8) 15 (22.4) 0.91

0.15

18 (29.0) 11 (16.4)

21 (33.9) 29 (43.3)

23 (37.1) 27 (40.3)

141 (98.0–194.5) 101 (70.5–138.5) <0.001

5 (8.1%) 6 (9.0%) 1.0

1 (1.6) 3 (4.5) 0.39

ented as number (%).
r 4.

Inc. on behalf of the American Association for the Surgery of Trauma.
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TABLE 2. Seroconversion Rates of Anti-PF4/Heparin IgG Antibodies and HIT Antibodies in the Patient Groups Stratified by
Trauma Severity

Anti-PF4/Heparin IgG (ELISA)

Mild Injury Group (ISS 9–15)
(n = 55)

Moderate Injury Group (ISS 16–24)
(n = 62)

Severe Injury Group (≥25 ISS)
(n = 67) p

Patients who achieve seroconversion 7 (12.7) 20 (32.3)* 22 (32.8)* 0.016

HITAntibodies (Washed Platelet Activation Assay)

Mild Injury Group (ISS 9–15)
(n = 55)

Moderate Injury Group (ISS 16–24)
(n = 62)

Severe Injury Group (≥25 ISS)
(n = 67) p

Patients who achieve seroconversion 4 (7.3) 10 (16.1) 16 (23.9)* 0.046

*p < 0.05 compared with mild injury group adjusted with the Bonferroni correction.
ELISA, enzyme-linked immunosorbent assay; ISS, Injury Severity Scores; PF4, platelet factor 4.
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of HIT antibodies detected with the washed platelet activation
assay was 16.3% (n = 30). There was a significant difference
in the seroconversion rate among the three trauma severity
groups, evaluated with ELISA (p = 0.016) and thewashed plate-
let activation assay (p = 0.046) (Table 2). The seroconversion
rate of both ELISA and the washed platelet activation assay
was higher with increasing severity, although the proportion of
patients who received heparin was not significantly different
among the groups (Table 1).

Association of Heparin Administration With
Seroconversion Rates

The seroconversion rate is significantly different among
the three groups divided by the purpose of heparin administration,
with the highest rate among the heparin treatment group in both as-
says (p < 0.001). However, seroconversion was also observed in
patients who had not received heparin in both assays (Table 3).
Seroconversion rate depending on heparin administration (i.e.,
no heparin vs. heparin flush vs. heparin treatment) is available
in Supplemental Digital Content (Supplementary Table 1, http://
links.lww.com/TA/C395).

Association of Sex With Seroconversion Rates
Thirty-two (32 of 126) males and 17 (17 of 58) females

were ELISA positive, and there was no statistical difference be-
tween groups (p = 0.59). The platelet activation assay was positive
TABLE 3. Seroconversion Rates of Anti-PF4/Heparin IgG Antibodies a
Heparin Administration

No Heparin
(n = 47)

Patients who achieve seroconversion 3 (6.4)

HI

No Heparin
(n = 47)

Patients who achieve seroconversion 1 (2.1)

*p < 0.001 compared with no-heparin group adjusted with the Bonferroni correction.
ELISA, enzyme-linked immunosorbent assay; ISS, Injury Severity Scores; PF4, platelet facto

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
in 22 (22 of 126) men and 8 (8 of 58) women, with no statistical
difference (p = 0.67).
Time to Seroconversion After Trauma and
Subsequent Disappearance

Table 4 shows the period required to achieve seroconver-
sion after trauma among the patients who developed anti-PF4/
heparin IgG and HITantibodies in the washed platelet activation
assay divided by purpose of heparin administration. There were
no significant differences between the three groups based on the
purpose of heparin administration (no heparin, heparin flush,
and heparin thromboprophylaxis). Most patients developed anti-
bodies between days 5 and 10 of trauma.

Table 5 shows the period required to achieve seroconver-
sion after trauma among the patients who developed anti-PF4/
heparin IgG and HITantibodies in the washed platelet activation
assay stratified by trauma severity. There were no significant
differences between the three groups based on the severity of
trauma.

In addition, we analyzed the antibody disappearance on
day 30. Only patients who achieved seroconversion during the
study period were evaluated. As a result, we analyzed 35 patients
who developed anti-PF4/heparin IgG antibodies and 23 patients
who developed HIT antibodies, detected by the washed platelet
activation assay. Overall, anti-PF4/heparin IgG and HIT antibodies
nd HIT Antibodies in the Patient Groups Divided by Purpose of

Anti-PF4/Heparin IgG (ELISA)

Heparin Flush
(n = 64)

Heparin Prophylaxis
(n = 73) p

12 (18.8) 34 (46.6)* <0.001

TAntibodies (Washed Platelet Activation Assay)

Heparin Flush
(n = 64)

Heparin Prophylaxis
(n = 73) p

9 (14.0) 20 (27.4)* <0.001

r 4.
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TABLE 4. Period Required to Achieve Seroconversion After the Onset of Trauma and Antibody Disappearance Rate on Day 30 Among
the Patients Who Developed Antibodies Divided by Purpose of Heparin Administration

Antibodies All Patients Who Developed Antibodies

Purpose of Heparin Administration

No Heparin Heparin Flush Heparin Prophylaxis p

Anti-PF4/heparin IgGs (ELISA)

Period required to achieve seroconversion, d 8 (7.0–9.0) 7 (6.5–8.5) 9 (8.0–9.0) 8 (7.0–9.0) 0.45

Disappearance rate of anti-PF4/heparin IgGs on day 30* 10/35 (28.6%) 2/3 (66.7%) 1/8 (12.5%) 7/24 (29.2%) 0.19

HIT antibodies (washed platelet activation assay)

Period required to achieve seroconversion, d 8 (7.0–10.5) 6 9 (8–9.5) 8 (7–10.5) 0.22

Disappearance rate of HIT antibodies on day 30* 14/23 (60.9%) 1/1 (100%) 1/5 (20%) 12/17 (70.6%) 0.12

*Only patients whose blood samples were available on day 30 were analyzed.
Numerical data are presented as the median (1st quartile–3rd quartile). Categorical data are presented as number (%).
ELISA, enzyme-linked immunosorbent assay; PF4, platelet factor 4.
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were no longer detected on day 30 in 28.6% (n = 10) and 60.9%
(n = 14), respectively (Table 4, Table 5).

DISCUSSION

This study found that trauma severity (assessed by ISS) is
associated with the development of HITantibodies, even among
those who did not receive any heparin or only received them as
flushes. Heparin administration enhanced the development of
antibodies, resulting in the highest seroconversion rate in se-
verely injured patients. Our results also suggest that traumatic
injury itself may trigger HIT immune response since the period
required to achieve seroconversion after the onset of trauma
was not significantly different between patients who received
heparin and those who did not.

Heparin-induced thrombocytopenia immune response has
several features of an atypical immune-mediated disease. First,
heparin-naive patients can develop IgG antibodies as early as
day 4, similar to a secondary adaptive immune response.11 More-
over, HIT patients reexposed to heparin following the disappear-
ance of HIT antibodies do not necessarily form HIT antibodies
again,15 and HITantibodies are relatively short-lived unlike those
from a secondary adaptive immune response.12 These suggest
that a T cell–independent innate immune reaction is involved in
the underlying mechanism of HIT antibody formation.8–10 There
is an innate immune response to enhance bacterial phagocytosis,
TABLE 5. Period Required to Achieve Seroconversion After the Onset
the Patients Who Developed Antibodies Stratified by Trauma Severity

Antibodies
All Patients Who

Developed Antibodies

Anti-PF4/heparin IgGs (ELISA)

Period required to achieve seroconversion, d 8 (7.0–9.0)

Disappearance rate of anti-PF4/heparin IgGs on day 30* 10/35 (28.6%)

HIT antibodies (washed platelet activation assay)

Period required to achieve seroconversion, d 8 (7.0–10.5)

Disappearance rate of HIT antibodies on day 30* 14/23 (60.9%)

*Only patients whose blood samples were available on day 30 were analyzed.
Numerical data are presented as the median (1st quartile–3rd quartile). Categorical data are p
ELISA, enzyme-linked immunosorbent assay; ISS, Injury Severity Scores; PF4, platelet facto

406 © 2022 The Author(s). Published by Wolters Kluwer Health,
producing anti-PF4/polyanion antibodies, which recognize the
PF4 bound to polyanions on the bacterial surface, with properties
similar to that of HIT antibodies.10 Heparin-induced thrombocy-
topenia could be a misdirected antibacterial host defense mecha-
nism. In fact, a previous study demonstrated that healthy adults
have B cells that produce PF4/heparin-specific antibodies fol-
lowing in vitro stimulation with proinflammatory molecules
containing deoxycytosine-deoxyguanosine in their peripheral
blood.21 This suggests that healthy individuals have preexisting
inactive/tolerant PF4/heparin-specific B cells and that break-
down of the tolerance leads to activation and antibody produc-
tion in patients developing HIT. Inflammation21–23 and the re-
lease of DNA and RNA13 in the blood through tissue destruction
and necrosis may cause the breakdown of B cell tolerance in
trauma patients, resulting in the rapid and temporal development
of HIT antibodies. This would depend on the severity of the
trauma, but not on heparin administration. In addition, anti-
bodies induced by such T cell–independent immune reactions
decline rapidly,9,21 consistent with our results, which showed
that a large proportion of patients, even severely injured ones,
who had developed anti-PF4/heparin IgG and HIT antibodies,
lost them within 30 days of trauma onset.

In innate immunity, programming of the adaptive immune
response where T cells are involved may be caused by activation
of professional antigen-presenting cells.8 Anti-PF4/heparin anti-
body production is suppressed with peripheral immune tolerance.
of Trauma and Antibody Disappearance Rate on Day 30 Among

ISS

Mild Injury Group
(ISS 9–15)

Moderate Injury Group
(ISS 16–24)

Severe Injury Group
(≥25 ISS) p

8 (8.0–9.0) 8 (7.0–9.0) 8 (7.0–9.0) 0.61

3/5 (60%) 2/11 (18.2%) 5/19 (26.3%) 0.3

8.5 (7.5–9.5) 8 (7.0–9.0) 8.5 (8.0–10.5) 0.68

3/4 (75%) 4/7 (57.1%) 7/12 (58.3%) 1.0

resented as number (%).
r 4.

Inc. on behalf of the American Association for the Surgery of Trauma.
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When PF4 reacts with glycosaminoglycans of the T cell surface,
the inhibitory effect of regulatory T cells on nonregulatory ones
can be suppressed. Thus, while PF4/heparin (or other
polyanions) complexes are present, they suppress the inhibitory
effect of regulatory T cells and consequently break down periph-
eral immune tolerance, leading to temporal production of anti-
PF4/heparin antibodies.24 If PF4/heparin complexes disappear,
peripheral immune tolerance revives and inhibits antibody pro-
duction.25,26 Since many PF4 can be released by the activation
and consumption of platelets in severely injured trauma patients,
this may be another mechanism of how anti-PF4/heparin IgG
antibodies can develop in this population, even in those who
do not receive heparin.

As shown in Table 2, approximately one third of moder-
ately and severely injured patients developed anti-PF4/heparin
IgG antibodies, and the proportion of antibodies with platelet-
activating properties was higher in severely injured patients.
This is despite the fact that the proportion of patients treated with
heparin was almost similar (around 40%), independent of trauma
severity. These results suggest that severely injured trauma pa-
tients are at an increased risk for developing HIT antibodies
when they are treated with heparin, consistent with the results
of a previous study.14 In that randomized, double-blinded study,
all trauma patients received either UFH or low-molecular-weight
heparin for more than 5 days for thromboprophylaxis.14 The se-
verity of trauma assessed by AIS was significantly correlated
with the seroconversion rates of immunoassay (ELISA) and
the washed platelet activation assay (heparin-induced platelet
activation test). Trauma patients who underwent major surgery
for humeral, hip, femoral, tibial, or pelvic fractures, or extended
tissue trauma, exhibited significantly higher seroconversion
rates than those who underwent minor surgery. Among trauma
patients who underwent major surgery and received UFH for
thromboprophylaxis, the combined seroconversion rate of anti-
PF4/heparin IgG and HIT antibodies detected by the heparin-
induced platelet activation test was around 9%, much lower than
the 48% seroconversion rate of our severely injured patients who
were treated with heparin. This discrepancy may be attributed to
the fact that our study included more severely injured trauma pa-
tients, since the AIS of almost all patients in the previous study
was 3 or less, and those who required intensive care treatment or
therapeutic dose anticoagulants were excluded from the study.

Unexpectedly, some proportion of seroconverted patients,
even those severely injured, lost HIT antibodies within 30 days
of trauma onset. Therefore, we may consider the possibility of
readministering heparin to patients with HITevenwithin 30 days
of trauma onset, if the HIT antibody detected by the washed
platelet activation assay is negative.

This study has some limitations. Infections and sepsis
have been shown to be at high risk for developing HIT.27 How-
ever, data regarding infections were not available for this study,
and thus, we were unable to evaluate the influence of infection
and sepsis on HIT immune responses in trauma patients. This
should be addressed in future studies. In addition, because of
our relatively small sample size, we did not perform amultivariate
analysis to identify other risk factors for developing HIT anti-
bodies. Therefore, we cannot exclude other confounding factors
that may influence anti-PF4/heparin antibody seroconversion.
Similarly, we are unable to completely distinguish between the
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
impact of trauma severity and that of heparin administration
and to evaluate the relationship between no heparin administra-
tion and seroconversion in trauma patients.

Regarding the analysis for the antibody disappearance rate,
we included only those whose blood samples were available on
day 30, which may have led to selection bias. However, among
the patients who developed antibodies, the mean OD value of
anti-PF4/heparin IgG antibodies did not significantly differ based
on blood sample availability (data not shown).

CONCLUSION

Our results demonstrated that seroconversion of HIT anti-
bodies was observed commonly in trauma patients, and up to
one third of severely injured trauma patients develop HIT anti-
bodies with platelet-activating properties when they are treated
with heparin. Heparin-induced thrombocytopenia antibody de-
velopment may be related to trauma severity, with high disap-
pearance rate on day 30.We should consider HITas a differential
diagnosis in patients who develop thrombocytopenia and unex-
pected thromboembolism between days 5 and 10 after the onset
of trauma, irrespective of heparin administration. Our findings
provide deep insights for understanding the HIT immune reac-
tions in trauma patients, which may lead to the appropriate diag-
nosis and treatment of these patients.
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