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Use of a whole-cell ELISA to detect additional antibodies in 
setting of suspected heparin-induced thrombocytopenia

Eva M. Bashover1, Catherine M. Stefaniuk1, Clifford V. Harding1, and Robert W. Maitta1,*

1University Hospitals Cleveland Medical Center and Case Western Reserve University School of 
Medicine, Cleveland, OH

Abstract
Objectives: Type II heparin-induced thrombocytopenia (HIT) is mediated by formation of 
antibodies to platelet factor 4 (PF4)-heparin complexes. We evaluated anti-PF4-heparin negative 
samples for presence of additional anti-platelet and anti-red blood cell (RBC) antibodies using 
whole-cell platelet/ RBC ELISAs we developed.

Methods: Seventy-three samples tested for anti-PF4-heparin by ELISA were included: 62 tested 
negative, 9 tested positive, and 2 had equivocal results. Plasma specimens from healthy donors 
were used as controls.

Results: 100% (9/9) anti-PF4 positive samples had anti-platelet antibodies detected by whole-
cell platelet ELISA. 42.2% (27/64) anti-PF4-heparin negative samples were negative for anti-
platelet and anti-RBC antibodies. 32.8% (21/64) negative samples showed reactivity to both 
platelets and RBC; 12.5% (8/64) negative samples were each reactive with either platelet or RBC 
ELISA respectively. Additionally, two samples that tested equivocal by anti-PF4-heparin ELISA 
had antibodies to both platelets and RBC by whole-cell ELISA.

Conclusions: —Our study suggests that patients with thrombocytopenia testing negative for 
anti-PF4-heparin may still harbor antibodies to platelets. However, additional research is needed to 
determine the significance of these antibodies. Nevertheless, these findings may encourage 
clinicians to further investigate patients with possible immune-mediated etiologies of 
thrombocytopenia and anemia.
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Introduction
Heparin-induced thrombocytopenia (HIT) is an adverse effect of heparin therapy that leads 
to thrombocytopenia and a higher risk of both arterial and venous thrombosis. 
Physiologically, two types of HIT have been recognized based on apparently distinct 
etiologies. Type I is defined as having early onset of mild thrombocytopenia presenting 
within the first two days after heparin exposure that does not require heparin therapy 
discontinuation for platelet count normalization.(1) Its etiology is not precisely known but it 
may result from a direct effect of heparin on platelet activity that leads to agglutination and 
does not involve an immune response.(1)

Type II HIT normally takes 5–14 days to develop after heparin administration.(2) Contrary 
to type I, type II HIT is an immune-mediated disorder caused by antibody formation (usually 
IgG) to platelet factor 4-heparin complexes (anti-PF4-heparin) which subsequently bind to 
either FcγRIIA receptor on platelets leading to their activation or on monocytes leading to 
tissue factor expression which facilitates platelet activation by thrombin, or to the 
glycosaminoglycan (GAG) molecules on the surface of platelets and endothelial cells.(1–5) 
Immunologically, type II HIT represents an atypical response with both T-cell dependent 
features represented by formation of antibodies to PF4-heparin complexes.(6) and a T-cell 
independent mechanism as suggested by lack of a memory response upon heparin re-
exposure.(7) For the remainder of the text, type II HIT will be referred to as HIT.

Current evidence suggests that antibodies with PF4-heparin complex specificity form when 
cationic PF4 released from platelets’ alpha granules interacts with anionic heparin leading to 
charge neutralization.(8) This leads to availability of a conformationally-dependent site on 
PF4 that is recognized by the newly formed antibody,(9) which then binds and crosslinks 
platelet/monocyte FcγRIIA receptors resulting in platelet activation and thrombosis.(10, 11) 
These events cause a decrease in platelet count (nadir less than 150 × 109/L) often greater 
than 50% from baseline, however, HIT-associated thrombosis can occur with a less 
pronounced platelet count decline.(12)

HIT diagnosis requires a correlation between clinical findings and laboratory results such 
that a patient with new onset thrombocytopenia or thrombotic clinical events temporally 
associated with heparin administration show appropriate antibody formation.(13) To 
increase diagnostic accuracy, the 4T probability score in the setting of an antibody-detection 
test followed by a confirmatory test such as heparin-induced platelet antibody (HIPA) and 
the serotonin release assay (SRA) is desirable for diagnosis. Antibodies to the PF4-heparin 
complex can be detected by enzyme-linked immunosorbent assay (ELISA),(14) and this 
methodology is more sensitive than SRA.(15) However, a patient’s plasma may also contain 
antibodies that aggregate platelets in the presence of heparin that are not detected by anti-
PF4-heparin ELISA.(16) Further support for the presence of these antibodies is given by 
results indicating that HIPA assays appear to be more sensitive for the diagnosis of HIT than 
anti-PF4-heparin ELISA.(17)

There are reports in the literature of thrombotic disorders resembling HIT that appear in 
patients who have not been exposed to heparin,(18–20) as well as examples of a delayed-
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onset HIT in which symptoms persist despite heparin cessation.(21, 22) Recently, it was 
shown that platelet activation can occur with antibodies that were cross-reactive with PF4-
nucleic acid complexes.(23) There are potentially far reaching implications of this work, as 
nucleic acid levels, while generally low in healthy individuals, are significantly increased in 
disease states such as multiple organ injuries, surgery, infection, and malignancies.(24) 
Consequently, the possibility exists that antibodies causing thrombocytopenia may not be 
detected by anti-PF4-heparin ELISA. Along these lines, despite high sensitivity of 
commercially available anti-PF4 ELISAs a significant proportion of patient samples test 
negative.

In this study we evaluated anti-PF4-heparin negative samples from patients suspected of 
having HIT for the presence of additional anti-platelet antibodies using a whole-cell platelet 
ELISA we developed. In addition, samples were analyzed for the presence of antibodies to 
red blood cells (RBC) using a similar whole-cell RBC ELISA to detect potentially cross-
reactive antibodies.

Materials and Methods
Patients

Samples from patients with suspected HIT that were tested for anti-PF4-heparin antibodies 
during a one month period at University Hospitals Cleveland Medical Center (UHCMC), a 
(>1,000 bed) tertiary academic teaching hospital, were included in our study cohort. 
Seventy-three patients tested during this period had the following results on anti-PF4-
heparin testing that were scored as recommended by the manufacturer: 9 tested positive (OD 
> 0.4 and >50% inhibition), 2 tested equivocal (OD > 0.4 with < 50%), and 62 tested 
negative (OD < 0.4 and no inhibition). Only one sample per patient was included in our 
study. For all patients in the study the decision to test was made by the primary clinical 
service requesting testing as indicated in patients’ medical records; study investigators had 
no role in the decision to test for anti-PF4-heparin or how these patients were risk-stratified 
by clinicians to pursue testing. Study was approved by our Institutional Review Board.

Complete blood counts and differential
All patients had complete blood counts measured at UHCMC using the automated Sysmex 
hematology analyzer XE-5000 according to manufacturer’s protocols as previously 
described (Sysmex America Inc., Mundelein, IL).(25) Platelet count from day of anti-PF4-
heparin testing was used for comparison.

Anti-PF4-heparin ELISA
Anti-PF4-heparin testing was performed at UHCMC using GTI Incorporated PF4 Enhanced 
kit X-HAT45 assay in which PF4 is complexed to polyvinyl sulfonate (heparin cross-
reactive). This assay is designed to detect IgG, IgA, and IgM heparin-associated PF4 
antibodies which increases probability of a positive test result (26) and was performed 
according to manufacturer’s protocols (Lifecodes GTI Diagnostics, Waukesha, WI). All 
samples for anti-PF4-heparin testing were collected in red top tubes with serum clot 
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activator and gel separation (VWR, Radnor, PA). Plates were read using the ELx800 
microplate reader set at wavelength of 405/490 (BioTek Instruments, Inc. Winooski, VT).

14C-Serotonin release assay (SRA)
All patients with a positive anti-PF4-heparin test were reflexively sent out to the Blood 
Center of Wisconsin to undergo SRA testing.(27) For equivocal anti-PF4 test results our 
institution makes a recommendation to clinicians to order SRA. Reference ranges were 
defined as follows: positive result requires >20% release of serotonin with low dose heparin 
and <20% release in the presence of a high concentration of heparin.

Whole-cell platelet ELISA protocol
Single-donor platelet (SDP) specimens were obtained from local blood suppliers: American 
Red Cross (Cleveland, OH) and LifeShare Community Blood Services (Lorain, OH). SDP 
units were type O, leukoreduced, anticoagulated with ACD-A (10 – 15%), and had similar 
platelet counts (3 × 1011/unit) as established by the Food and Drug Administration’s Code of 
Federal Regulations Title 21. A 2 mL aliquot from SDP was centrifuged at 2,000 RPM using 
the Sorvall RT6000D high capacity centrifuge (DuPont, Wilmington, DE) for 5 min at 10°C. 
Platelet pellet was resuspended in 15 mL of Phosphate Buffered Saline solution (PBS) 
(Ca2+- and Mg2+-free) (HyClone Laboratories, Logan, UT) and centrifuged at 1,800 RPM 
for 10 min at 10°C. Platelets were resuspended in 15 mL and a 1.5 mL aliquot was diluted 
with PBS to a final volume of 50 mL and centrifuged as before. 1 mL from the prior 
suspension was diluted 1:10 in PBS and 100 μL of the diluted platelet suspension plated to 
each ELISA microtiter well (Corning, Corning, NY), followed by centrifugation at 1,800 
RPM and discard of supernatant.(28–30) Platelet adherence to microtiter wells was 
confirmed using a tissue culture microscope (not shown). Plates were washed three times 
using a model 1575 ImmunoWash microplate washer (BioRad Laboratories, Inc., Hercules, 
CA) with 250 μL/ well of PBS buffer with 0.05% Tween. 200 μL of 1% Bovine serum 
albumin BSA (BSA) (HyClone Laboratories) was added to wells and stored overnight at 
4°C. ELISA plates were washed as before prior to being used and assay performed using 40 
μL of patient sample (or specimens from non-thrombocytopenic [> 150,000 × 109/L] 
patients used as controls) in a 1:10 dilution with 1% BSA (other dilutions 1:50 and 1:100 
were also performed but resulted in higher non-specific background binding with lower 
sample signal); 100 μL of each sample suspension was plated in duplicate and incubated for 
1 hour at 37°C. ELISA plates were washed and incubated with 100 μL/well of a 1:2000 of 
mouse anti-human IgG FC (secondary) conjugated to alkaline phosphatase (AP) (Abcam, 
Cambridge, MA). Secondary antibody alone in the absence of plasma sample and an isotype 
control antibody (mouse monoclonal IgG2b) (R&D Systems Inc. Minneapolis, MN) at the 
same dilution of secondary antibody were used as controls. Plates were incubated for 1 hour 
at 37°C followed by washing as before. Reaction was detected using 100 μL of p-
nitrophenyl phosphate according to manufacturer’s protocol (Sigma-Aldrich, St. Louis, 
MO). Plates were incubated as before and binding determined using a model 680 microplate 
reader (Bio-Rad Laboratories) at a wavelength of 415 nm. Alternatively, platelets were 
washed and treated with porcine heparin (Sigma) or with chondroitinase ABC (Sigma) as 
previously described (31, 32) before plating.
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Whole-cell RBC ELISA protocol
RBC specimens were obtained as before. RBC specimens were type O and leukoreduced, 
anticoagulated with ACD-A (10 – 15%), and had a hematocrit of 60%. A 3 mL RBC aliquot 
was obtained and centrifuged at 2,000 RPM as before for 5 min at 10°C. The RBC pellet 
was resuspended in 15 mL and re-centrifuged at 1,800 RPM for 10 min at 10°C. Pellet was 
diluted 1:50 with PBS and re-centrifuged. Cells were re-suspended a second time in 50 mL 
of PBS and 100 μL of this dilution used per well and centrifuged as before. Adherence of 
cells was confirmed using a tissue culture microscope. ELISA plates were washed and 
incubated with 200 μL of 1% BSA and stored at 4°C until the following day. Plasma 
samples from patients and control subjects were diluted as before 1:10 and 100 μL of each 
specimen plated in duplicate, and incubated for 1 hour at 37°C. Plates were washed and 
incubated with either 100 μL of 1:2,000 dilution of mouse anti-human IgG FC-AP 
conjugated or with a similar dilution of isotype control for 1 hour at 37°C. Secondary 
antibody in the absence of plasma sample was also used as control. Plates were washed and 
reaction detected with 100 μL of p-nitrophenyl phosphate as before. Antibody binding was 
measured at a wavelength of 415 nm.

Statistical analysis
All statistics were performed using Prism 6 (GraphPad Software Inc., La Jolla, CA). Results 
are presented as mean ± SD. The intergroup data comparisons were performed using the 
unpaired Student t test. All reported p values are two-tailed with a type I error rate of 5% 
and a p<0.05 set for significance.

Results
Clinical characteristics of patient cohort

A total of 73 patients consisting of 43 males (59%) and 30 females (41%) were included in 
the study (Table 1). Mean age for the cohort was 66 years. Of the patients tested by anti-
PF4-heparin ELISA during this time period, 9 patients tested positive (PF4+), 2 had 
equivocal results and 62 patients tested negative (PF4-). In the patient cohort, 6 had a history 
of autoimmune disease, 36 had a history of cardiac disease, 15 had a history of malignancy, 
and 2 had a history of pro-thrombotic mutation. All patients had heparin exposure prior to 
testing and a decrease in platelet count from baseline. None of the patients had clinician 
requests for platelet-specific or antibodies to human leukocyte antigens (HLA) testing.

Anti-PF4-heparin positive patients
Results from whole-cell ELISA are shown in Figure 1. Of the patients included in the study 
all PF4+ (9/9) showed reactivity by whole-cell platelet ELISA (Figure 1A). The reactivity 
was detectable even after diluting the samples up to 1:100; however, higher dilutions 
resulted in increased non-specific background (data not shown). One of these patients (1/9) 
also had reactivity by whole-cell RBC ELISA suggesting the presence of additional 
antibodies in the patient’s sample (Figure 2A). PF4+ patients were reflexively tested by SRA 
and results were confirmed by this methodology. Two tests that gave ODs suggestive of 
positive binding but lacked appropriate inhibition were resulted as equivocal and are shown 
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in a separate section. Of note, treatment of platelets with heparin and chondroitinase ABC 
eliminated reactivity of positive samples (data not shown). Samples from non-
thrombocytopenic samples (10/experiment) failed to show reactivity by either whole-cell 
ELISA.

Anti-PF4-heparin negative patients
Of the PF4 -patients, whole-cell ELISA testing allowed for the segregation of patients into 
distinct groups: 42.2% (27/64) patient samples showed no detectable reactivity by platelet or 
RBC whole-cell ELISA (Figure 2B); 12.5% (8/64) samples had antibodies to platelets by 
whole-cell ELISA (Figure 1A); 12.5% (8/64) were reactive with RBC ELISA (Figures 1B 
and 2B); and 32.8% (21/64) of anti-PF4 negative samples showed reactivity to both platelets 
and RBC by whole-cell ELISA (Figure 2B). Statistical comparison of whole-cell platelet 
ELISA results indicated no significant difference between the ODs of PF4- and PF4+ 
(Figure 1A). However, there was a significant difference in the ODs of PF4+ and PF4- 
compared to controls (p=0.0007 and p<0.0001 respectively). Similar analysis, of whole-cell 
RBC ELISA results found that the ODs of the PF4- group were significantly higher than 
those testing PF4+ and controls (p<0.0001). Treatment of platelets with chondroitinase ABC 
resulted in marked decreases or abrogation of binding by patient samples using whole-cell 
ELISA except for two patient samples in the platelet-binding only group which were 
moderately decreased (data not shown). As shown in Table 1, of the patients with antibodies 
to platelets, 13% (4/31) had an underlying autoimmune disease, 55% (17/31) had cardiac 
disease history, 26% (8/31) had a prior malignancy and none had prothrombotic mutations. 
These numbers were similar to those without platelet antibodies detected except for patients 
with prothrombotic mutations in the platelet antibody negative group (6%, n=2) (Table 1). 
Regardless of whole-cell reactivity patients had a similar decrease in platelet count (+platelet 
antibodies 75% and -platelet antibodies 73%). A review of the medical record of those 
patients testing positive by whole-cell platelet ELISA did not show they had been tested for 
the presence of platelet-specific antibodies, 2 received single platelet transfusions post-anti-
PF4-heparin testing, and none had history of chronic platelet transfusions or of anti-HLA 
antibodies. Additionally, 3/64 patients, two from the group reacting to RBC (weakly reactive 
[OD: 0.27–0.34]) and platelets (strongly reactive [OD: 0.7–0.84]), and one from the group 
negative in both ELISA had direct antiglobulin testing performed at this time which were 
negative.

Anti-PF4-heparin equivocal patients
In our cohort two samples tested equivocal by anti-PF4-heparin ELISA. These two patients 
had OD >0.5 with one showing 35% inhibition and the other no inhibition (data not shown). 
These two samples were eventually scored as equivocal based on inhibition results. In these 
equivocal cases a recommendation is made to clinicians to order the SRA to confirm 
presence/absence of antibodies. In both of these patients SRA results were negative. 
Notably, these samples had reactivity in both whole-cell ELISAs (shown in Figure 2B in the 
group of samples positive to both platelets and RBC).
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Comparison according to whole-cell platelet reactivity
To further understand if the reactivity seen in the whole-cell ELISA differentiates patients 
who tested positive or negative in comparison to the anti-PF4-heparin ELISA results, a 
separate analysis of platelet counts was undertaken (Table 2). A comparison of the mean 
platelet count between those who tested positive vs. those testing negative on whole-cell 
platelet ELISA failed to show a significant difference (105 ± 13 vs. 145 ± 18 respectively, 
p=0.0841). Among those patients who tested positive by whole-cell platelet ELISA, 
subdivision according to anti-PF4-heparin results showed that those patients who tested 
positive by whole-cell platelet ELISA and negative by anti-PF4-heparin testing had a 
significantly lower mean platelet count (PF4+ 168 ± 43 vs. PF4− 95 ± 13, p=0.0384). When 
a similar comparison was performed taking into account the reactivity obtained in the 
whole-cell RBC ELISA no statistical difference was found.

Discussion
Heparin-induced thrombocytopenia represents a common complication in the treatment of 
patients requiring anti-coagulation. The discovery that heparin induces the production of IgG 
antibodies that bind PF4-heparin complexes has proven essential to understanding 
thrombocytopenia associated with heparin use.(2) In this report we show that patients in our 
cohort who tested negative by anti-PF4-heparin harbored antibodies not detected by this 
methodology but were identified in our whole-cell ELISA. Though additional approaches 
may identify patients having HIT from others, (33) the possibility that antibodies may still 
be present in patients testing negative by anti-PF4 is of interest. Nevertheless, it has to be 
emphasized that though it was unclear from our assay results the antigenic specificities of 
these antibodies, use of treated platelets with chondroitinase ABC led to abrogation or 
decreases in binding of most patient samples. Therefore, our results suggest that looking at 
sample reactivity using whole platelets with antigens in their native conformation identifies 
additional antibodies.

Considering that the identification of the etiology leading to thrombocytopenia can be made 
more difficult when different presentations lead to an overlapping clinical picture,(34) 
additional diagnostic tools are desirable. In this regard, using platelets in whole-cell ELISA 
to detect additional antibodies has been previously reported to be a highly sensitive assay to 
find anti-platelet antibodies,(28) as well as a logical first step when the antigen suspected of 
eliciting production of anti-platelet antibodies is not known.(29, 35, 36) This methodology 
has led to further research which resulted in the identification of specific antibodies in cases 
of post-transfusion purpura,(36, 37) and has aided diagnostically in idiopathic 
thrombocytopenic purpura to detect a greater number of antibodies.(30) Additionally, in 
some settings variations of this whole-cell ELISA approach can detect activated platelets 
which can be important in some disease states.(38) In our assay, special care was undertaken 
to minimize platelet activation prior to coating the plates which included keeping 
centrifugation at a setting shown to minimize premature activation.(39) However, if some 
degree of activation occurred, results were reproducible in independent experiments using 
different SDPs to coat plates which may indicate that binding occurred onto platelets and not 
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just to mediators released as a result of activation. Nevertheless, this is an area that will 
require future investigation.

Higher sample dilutions to that which is used in anti-PF4-heparin testing resulted in 
increased background signal and lower antibody detection by whole-cell ELISA. Looking at 
our results closely, our assay could have led to the detection of antibodies that were in low 
titers and were missed by commercial kits with specificity for the antigen in its native 
conformation. However, enzyme treatment of platelets indicated that most of these 
antibodies were to GAG and likely missed by commercial ELISA, but two patients still had 
antibodies to platelets of unknown specificity. Interestingly, we also detected antibodies that 
recognized RBCs, however, we could not do a full correlation with clinical tests since only 3 
cohort patients had a direct antiglobulin test performed but these were negative. In 2 of these 
patients with positive whole-cell platelet and RBC ELISA reactivity, RBC binding may have 
been non-specific since OD readings were among the lowest of patient samples tested.

Our assay correlated well with the anti-PF4-heparin ELISA results since specimens from 
patients who tested positive by this methodology (also positive by SRA) were also positive 
by whole-cell ELISA. Notably, those testing equivocal by anti-PF4-herparin gave positive 
results in both of our ELISAs and this reactivity could have been to a stromal or cytoplasmic 
antigenic molecule and likely not specific to platelets. Furthermore, our assay confirmed that 
42.2% of patients testing negative by anti-PF4 ELISA were negative for the presence of anti-
platelet antibodies and found no reactivity in control group samples. Therefore, since anti-
PF4-heparin ELISA testing is still done even in the presence of low pre-test probability,(40, 
41) our approach may have been justified.

Attempts have been made to further characterize the antigenic epitopes of the PF4-heparin 
complex that mediate immunogenicity.(42) At the immune cell level, CD4+ T-helper cells 
play a critical role in the production of HIT antibodies while marginal zone B cells produce 
the relevant antibodies.(43) However, heparin exposure is not always necessary for some 
anti-PF4 antibody formation.(32) These results suggest that antibodies generated in the 
presence of heparin may be distinct from those generated in its absence, leading to the 
possibility that distinct or different immunologic determinants on platelets may lead to a 
HIT-like clinical presentation. This highlights the potential to miss potentially relevant 
antibodies in patients testing negative by anti-PF4-heparin ELISA.

PF4 can also bind to lipid A on the lipopolysaccharide of gram negative bacteria, this 
binding exposes epitopes that cross react with PF4-heparin complexes, and these antibodies 
may constitute an evolutionary conserved mechanism that contributes to a host’s 
antibacterial defense; additionally, antibodies to PF4-heparin complexes can be either IgG or 
IgM and are not uncommon among the normal population.(44) As a result, in patients with 
minimal to no exposure to heparin, infection with gram negative bacteria may lead to 
antigenic sensitization through antigenic mimicry that lead to the formation of HIT-like 
antibodies.(45) Indeed, patients with gram negative bacteremia have been described as 
having high titers of antibodies to PF4-heparin complexes compared to controls.(46) 
Bacteremia leads to cell damage and release of nucleic acids into the circulation, which can 
then trigger conformational changes in PF4 leading to antibody formation.(23) These 
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additional antibodies provide a possible mechanism for HIT-like episodes that persist despite 
heparin cessation without prior heparin exposure. Furthermore, it does emphasize that in 
some patients these cross-reactive antibodies may be part of a broader immune response that 
is evolutionarily conserved in response to other antigens.

In our study we looked at patients suspected of having HIT and tested them using a whole-
cell ELISA protocol for the presence of additional antibodies to platelets and found that 
some patients who tested negative for antibodies to PF4-heparin complex did express 
antibodies to platelets. Further research to characterize the antigenic determinants that may 
lead to antibody formation in the setting of heparin exposure requires scrutiny. In light of 
these results we propose that in the setting of suspected HIT, unlike those testing positive by 
anti-PF4-heparin who undergo confirmatory tests such as the SRA, those who test negative 
undergo a more extensive evaluation. Furthermore, whole-cell ELISA may prove useful 
when there is clinical suspicion for immunological etiologies causing unexplained 
thrombocytopenia.

Acknowledgements:
This study was supported by grant funding from the Office of Diversity and Inclusion of UHCMC and by the Dr. 
Harry Taylor Scholar Award also from UHCMC both awarded to RWM. The authors would like to acknowledge the 
technological and logistical assistance provided by Ms. Nancy Nagy at CWRU who was supported by NIH R01 
AI034343 grant (awarded to CVH), and Mr. Jamal Nofal at UHCMC. In addition, we thank Dr. Hollie M. Reeves 
for critical review of the manuscript, and Ms. Iryna Y. Maitta and Ms. Annette Graves for assistance in the 
preparation of the manuscript.

References
1. Arepally GM. Heparin-induced thrombocytopenia. Blood. 2017; 129(21): 2864–72. [PubMed: 

28416511] 
2. McKenzie SE, Sachais BS. Advances in the pathophysiology and treatment of heparin-induced 

thrombocytopenia. Curr Opin Hematol. 2014; 21(5): 380–7. [PubMed: 24992313] 
3. Pouplard C, Iochmann S, Renard B, Herault O, Colombat P, Amiral J, Gruel Y. Induction of 

monocyte tissue factor expression by antibodies to heparin-platelet factor 4 complexes developed in 
heparin-induced thrombocytopenia. Blood. 2001; 97(10): 3300–2. [PubMed: 11342462] 

4. Rauova L, Hirsch JD, Greene TK, Zhai L, Hayes VM, Kowalska MA, Cines DB, Poncz M. 
Monocyte-bound PF4 in the pathogenesis of heparin-induced thrombocytopenia. Blood. 2010; 
116(23): 5021–31. [PubMed: 20724543] 

5. Madeeva D, Cines DB, Poncz M, Rauova L. Role of monocytes and endothelial cells in heparin-
induced thrombocytopenia. Thromb Haemost. 2016; 116(5): 806–12. [PubMed: 27487857] 

6. Suvarna S, Rauova L, McCracken EK, Goss CM, Sachais BS, McKenzie SE, Reilly MP, Gunn MD, 
Cines DB, Poncz M, Arepally G. PF4/heparin complexes are T cell-dependent antigens. Blood. 
2005; 106(3): 929–31. [PubMed: 15845897] 

7. Staibano P, Arnold DM, Bowdish DM, Nazy I. The unique immunological features of heparin-
induced thrombocytopenia. Br J Haematol. 2017; 177(2): 198–207. [PubMed: 28369702] 

8. Greinacher A, Gopinadhan M, Gunther JU, Omer-Adam MA, Strobel U, Warkentin TE, Papastavrou 
G, Weitschies W, Helm CA. Close approximation of two platelet factor 4 tetramers by charge 
neutralization forms the antigens recognized by HIT antibodies. Arterioscler Thromb Vasc Biol. 
2006; 26(10): 2386–93. [PubMed: 16873726] 

9. Suh JS, Aster RH, Visentin GP. Antibodies from patients with heparin-induced thrombocytopenia/
thrombosis recognize different epitopes on heparin: platelet factor 4. Blood. 1998; 91(3): 916–22. 
[PubMed: 9446652] 

Bashover et al. Page 9

Eur J Haematol. Author manuscript; available in PMC 2020 August 01.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript



10. Cai Z, Yarovoi SV, Zhu Z, Rauova L, Hayes V, Lebedeva T, Liu Q, Poncz M, Arepally G, Cines 
DB, Greene MI. Atomic description of the immune complex involved in heparin-induced 
thrombocytopenia. Nat Commun. 2015; 6: 8277. [PubMed: 26391892] 

11. Cai Z, Zhu Z, Greene MI, Cines DB. Atomic features of an autoantigen in heparin-induced 
thrombocytopenia (HIT). Autoimmun Rev. 2016; 15(7): 752–5. [PubMed: 26970483] 

12. Warkentin TE. New approaches to the diagnosis of heparin-induced thrombocytopenia. Chest. 
2005; 127(2 Suppl): 35S–45S. [PubMed: 15706029] 

13. Warkentin TE. Heparin-induced thrombocytopenia: pathogenesis and management. Br J Haematol. 
2003; 121(4): 535–55. [PubMed: 12752095] 

14. Amiral J, Bridey F, Wolf M, Boyer-Neumann C, Fressinaud E, Vissac AM, Peynaud-Debayle E, 
Dreyfus M, Meyer D. Antibodies to macromolecular platelet factor 4-heparin complexes in 
heparin-induced thrombocytopenia: a study of 44 cases. Thromb Haemost. 1995; 73(1): 21–8. 
[PubMed: 7740492] 

15. Arepally G, Reynolds C, Tomaski A, Amiral J, Jawad A, Poncz M, Cines DB. Comparison of PF4/
heparin ELISA assay with the 14C-serotonin release assay in the diagnosis of heparin-induced 
thrombocytopenia. Am J Clin Pathol. 1995; 104(6): 648–54. [PubMed: 8526207] 

16. Greinacher A, Amiral J, Dummel V, Vissac A, Kiefel V, Mueller-Eckhardt C. Laboratory diagnosis 
of heparin-associated thrombocytopenia and comparison of platelet aggregation test, heparin-
induced platelet activation test, and platelet factor 4/heparin enzyme-linked immunosorbent assay. 
Transfusion. 1994; 34(5): 381–5. [PubMed: 8191560] 

17. Look KA, Sahud M, Flaherty S, Zehnder JL. Heparin-induced platelet aggregation vs platelet 
factor 4 enzyme-linked immunosorbent assay in the diagnosis of heparin-induced 
thrombocytopenia-thrombosis. Am J Clin Pathol. 1997; 108(1): 78–82. [PubMed: 9208982] 

18. Warkentin TE, Basciano PA, Knopman J, Bernstein RA. Spontaneous heparin-induced 
thrombocytopenia syndrome: 2 new cases and a proposal for defining this disorder. Blood. 2014; 
123(23): 3651–4. [PubMed: 24677540] 

19. Okata T, Miyata S, Miyashita F, Maeda T, Toyoda K. Spontaneous heparin-induced 
thrombocytopenia syndrome without any proximate heparin exposure, infection, or inflammatory 
condition: Atypical clinical features with heparin-dependent platelet activating antibodies. 
Platelets. 2015; 26(6): 602–7. [PubMed: 25383922] 

20. Lubenow N, Kempf R, Eichner A, Eichler P, Carlsson LE, Greinacher A. Heparin-induced 
thrombocytopenia: temporal pattern of thrombocytopenia in relation to initial use or reexposure to 
heparin. Chest. 2002; 122(1): 37–42. [PubMed: 12114336] 

21. Pruthi RK, Daniels PR, Nambudiri GS, Warkentin TE. Heparin-induced thrombocytopenia (HIT) 
during postoperative warfarin thromboprophylaxis: a second example of postorthopedic surgery 
‘spontaneous’ HIT. J Thromb Haemost. 2009; 7(3): 499–501. [PubMed: 19087219] 

22. Warkentin TE, Kelton JG. Delayed-onset heparin-induced thrombocytopenia and thrombosis. Ann 
Intern Med. 2001; 135(7): 502–6. [PubMed: 11578153] 

23. Jaax ME, Krauel K, Marschall T, Brandt S, Gansler J, Furll B, Appel B, Fischer S, Block S, Helm 
CA, Muller S, Preissner KT, Greinacher A. Complex formation with nucleic acids and aptamers 
alters the antigenic properties of platelet factor 4. Blood. 2013; 122(2): 272–81. [PubMed: 
23673861] 

24. Lam NY, Rainer TH, Chan LY, Joynt GM, Lo YM. Time course of early and late changes in 
plasma DNA in trauma patients. Clin Chem. 2003; 49(8): 1286–91. [PubMed: 12881444] 

25. Hong H, Xiao W, Stempak LM, Sandhaus LM, Maitta RW. Absolute immature platelet count 
dynamics in diagnosing and monitoring the clinical course of thrombotic thrombocytopenic 
purpura. Transfusion. 2015; 55(4): 756–65. [PubMed: 25370931] 

26. Juhl D, Eichler P, Lubenow N, Strobel U, Wessel A, Greinacher A. Incidence and clinical 
significance of anti-PF4/heparin antibodies of the IgG, IgM, and IgA class in 755 consecutive 
patient samples referred for diagnostic testing for heparin-induced thrombocytopenia. Eur J 
Haematol. 2006; 76(5): 420–6. [PubMed: 16466367] 

27. Sheridan D, Carter C, Kelton JG. A diagnostic test for heparin-induced thrombocytopenia. Blood. 
1986; 67(1): 27–30. [PubMed: 3940551] 

Bashover et al. Page 10

Eur J Haematol. Author manuscript; available in PMC 2020 August 01.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript



28. Schiffer CA, Young V. Detection of platelet antibodies using a micro-enzyme-linked 
immunosorbent assay (ELISA). Blood. 1983; 61(2): 311–7. [PubMed: 6336958] 

29. Taaning E Microplate enzyme immuno-assay for detection of platelet antibodies. Tissue Antigens. 
1985; 25(1): 19–27. [PubMed: 3885477] 

30. Stockelberg D, Hou M, Jacobsson S, Kutti J, Wadenvik H. Detection of platelet antibodies in 
chronic idiopathic thrombocytopenic purpura (ITP). A comparative study using flow cytometry, a 
whole platelet ELISA, and an antigen capture ELISA. Eur J Haematol. 1996; 56(1–2): 72–7. 
[PubMed: 8599998] 

31. Rauova L, Zhai L, Kowalska MA, Arepally GM, Cines DB, Poncz M. Role of platelet surface PF4 
antigenic complexes in heparin-induced thrombocytopenia pathogenesis: diagnostic and 
therapeutic implications. Blood. 2006; 107(6): 2346–53. [PubMed: 16304054] 

32. Padmanabhan A, Jones CG, Bougie DW, Curtis BR, McFarland JG, Wang D, Aster RH. Heparin-
independent, PF4-dependent binding of HIT antibodies to platelets: implications for HIT 
pathogenesis. Blood. 2015; 125(1): 155–61. [PubMed: 25342714] 

33. Chen W, Ha JP, Hong H, Maitta RW. Absolute immature platelet counts in the setting of suspected 
heparin-induced thrombocytopenia may predict anti-PF4-heparin immunoassay testing results. 
Transfus Apher Sci. 2018; 57(4): 507–11. [PubMed: 29661682] 

34. Bittencourt CE, Ha JP, Maitta RW. Re-examination of 30-day survival and relapse rates in patients 
with thrombotic thrombocytopenic purpura-hemolytic uremic syndrome. PLoS One. 2015; 10(5): 
e0127744. [PubMed: 26000799] 

35. Taaning E Platelet immunology. ELISA for detection of platelet antibodies, platelet-specific 
antigens and platelet glycoproteins. Dan Med Bull. 1992; 39(4): 343–54. [PubMed: 1382006] 

36. Lochowicz AJ, Curtis BR. Clinical applications of platelet antibody and antigen testing. Lab 
Medicine 2011; 42(11): 687–92.

37. Taaning E, Morling N, Ovesen H, Svejgaard A. Post transfusion purpura and anti-Zwb (-P1A2). 
Tissue Antigens. 1985; 26(2): 143–6. [PubMed: 4060138] 

38. Salles I, Broos K, Fontayne A, Szanto T, Ruan C, Nurden AT, Vanhoorelbeke K, Deckmyn H. 
Development of a high-throughput ELISA assay for platelet function testing using platelet-rich 
plasma or whole blood. Thromb Haemost. 2010; 104(2): 392–401. [PubMed: 20508902] 

39. Soderstrom AC, Nybo M, Nielsen C, Vinholt PJ. The effect of centrifugation speed and time on 
pre-analytical platelet activation. Clin Chem Lab Med. 2016; 54(12): 1913–20. [PubMed: 
27227708] 

40. Chaturvedi S, Kohli R, McCrae K. Over-testing for heparin induced thrombocytopenia in 
hospitalized patients. J Thromb Thrombolysis. 2015; 40(1): 12–6. [PubMed: 25127902] 

41. Beauverd Y, Boehlen F, Tessitore E, Gerstel E, Fontana P, Nendaz M, Perrier A, Reny JL. 
Suspicion of heparin-induced thrombocytopenia in internal medicine: How appropriate is the 
ordering of anti-PF4/heparin antibody testing? Platelets. 2015; 26(7): 632–7. [PubMed: 25275932] 

42. Ziporen L, Li ZQ, Park KS, Sabnekar P, Liu WY, Arepally G, Shoenfeld Y, Kieber-Emmons T, 
Cines DB, Poncz M. Defining an antigenic epitope on platelet factor 4 associated with heparin-
induced thrombocytopenia. Blood. 1998; 92(9): 3250–9. [PubMed: 9787161] 

43. Zheng Y, Yu M, Padmanabhan A, Aster RH, Yuan L, Wen R, Wang D. Critical role of CD4 T cells 
in PF4/heparin antibody production in mice. Blood. 2015; 125(11): 1826–9. [PubMed: 25595736] 

44. Krauel K, Weber C, Brandt S, Zahringer U, Mamat U, Greinacher A, Hammerschmidt S. Platelet 
factor 4 binding to lipid A of Gram-negative bacteria exposes PF4/heparin-like epitopes. Blood. 
2012; 120(16): 3345–52. [PubMed: 22942185] 

45. Krauel K, Potschke C, Weber C, Kessler W, Furll B, Ittermann T, Maier S, Hammerschmidt S, 
Broker BM, Greinacher A. Platelet factor 4 binds to bacteria, [corrected] inducing antibodies 
cross-reacting with the major antigen in heparin-induced thrombocytopenia. Blood. 2011; 117(4): 
1370–8. [PubMed: 20959601] 

46. Pongas G, Dasgupta SK, Thiagarajan P. Antiplatelet factor 4/heparin antibodies in patients with 
gram negative bacteremia. Thromb Res. 2013; 132(2): 217–20. [PubMed: 23830968] 

Bashover et al. Page 11

Eur J Haematol. Author manuscript; available in PMC 2020 August 01.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript



Figure 1. 
Optical density (OD) of patient and control samples on whole-cell platelet ELISA (A), and 
whole-cell RBC ELISA (B). Samples of all patients testing positive by anti-PF4-heparin 
ELISA also tested positive by whole-cell ELISA. Those patients testing negative by anti-
PF4-heparin ELISA and testing positive by whole-cell platelet ELISA had ODs similar by 
this methodology to those who tested anti-PF4-heparin positive without statistically 
significant difference. Plasma samples from non-thrombocytopenic subjects failed to show 
reactivity by whole-cell ELISA. ODs of samples testing positive by RBC ELISA were 
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similar to whole-cell platelet ELISA positive results. Results are representative of three 
independent experiments. Statistically significant differences are shown.
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Figure 2. 
Pie chart representation of anti-PF4-heparin positive (A), negative and equivocal samples 
(B) reactivity on whole-cell ELISA. All patients who tested anti-PF4-heparin positive also 
tested positive by whole-cell platelet (PLT) ELISA. Only one of these patients had reactivity 
by whole-cell RBC ELISA. Twenty seven patients who tested anti-PF4-heparin negative 
were also negative by whole-cell ELISA. Twenty-nine patients tested positive by whole-cell 
platelet ELISA. Two samples that tested equivocal by anti-PF4-heparin ELISA are 
represented in the group testing positive for platelet and RBC whole-cell ELISA. Results are 
representative of three independent experiments.
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Table 1.

Demographic data for patient cohort

+Platelet antibodies −Platelet antibodies

Number 38 35

Males 26 17

Females 12 18

Age (years): Mean (Range) 66 (28–91) 64.6 (30–96)

Autoimmune disease history 13% (4/31*) 6% (2/32*)

Cardiac disease history 55% (17/31) 59% (19/32)

Malignancy history 26% (8/31) 22% (7/32)

Pro-thrombotic mutation** 0% (0/31) 6% (2/32)

Plt%*** 75% 73%

*
Percentages are calculated based on patients with available clinical history. 31 and 32 patients who tested positive and negative respectively for 

anti-platelet antibodies by whole-cell ELISA had complete medical history available at time of testing.

**
Pro S deficiency/Factor V Leiden mutation

***
Mean platelet (Plt) count percent is defined as change from baseline obtained 7–14 days prior to and within a day of anti-PF4 testing. Percent 

decrease and platelet count change is based on the analysis of 28 patients in each group for whom there was sufficient platelet count data.
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Table 2.

Mean platelet counts of patients with and without anti-platelet antibodies by whole-cell ELISA

+Plt antibodies −Plt antibodies P value

Mean platelet (× 109/L) 105 ± 13 145 ± 18 0.0841

Mean platelet (× 109/L) PF4+ PF4− P value

168 ± 43 95 ± 13 0.0384*

Mean platelet (× 109/L) Plt+/RBC+ Plt+/RBC− P value Plt−/RBC+ Plt−/RBC− P value

88 ± 11 134 ± 30 0.0886 130 ± 39 149 ± 20 0.0682

*
Comparison among samples that tested positive by whole-cell ELISA differentiated according to anti-PF4 test result. Data are reported as Mean ± 

SEM.
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