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Abstract 29 

Purpose: CD36, recognized as a distinct blood group system, encodes a class-B scavenger receptor essential for 30 

hemostasis and innate immunity. Alloantibodies against CD36, although often overlooked, are a significant cause of 31 

platelet transfusion refractoriness (PTR), fetal–neonatal alloimmune thrombocytopenia, and immune-mediated 32 

bleeding. The comparative effectiveness of platelet antibody assays remains unclear. We aim to propose a 33 

streamlined diagnostic algorithm for PTR. 34 

Methods: This retrospective cohort study, conducted at a tertiary center, analyzed 2,453 patients undergoing parallel 35 

screening for platelet antibodies using both the Solid Phase Red Cell Adherence Assay (SPRCA) and qualitative 36 

ELISA over a period of nearly seven years. Confirmatory workflows included MAIPA, molecular genotyping, and 37 

flow cytometry for CD36 antigen expression. Six illustrative cases with genetically or phenotypically confirmed 38 

CD36 deficiency were comprehensively profiled. 39 

Results: ELISA detected antiplatelet antibodies in 33.5% of samples, while SPRCA identified them in 18.1%, 40 

yielding a moderate overall concordance of 78.1% (κ = 0.444). Among SPRCA-positive samples, 81.9% were 41 

confirmed by ELISA; for SPRCA-negatives, 22.8% were ELISA-positive, underscoring substantial assay 42 

discordance. Notably, 18.7% of cases were exclusively ELISA-positive, compared to only 3.3% detected solely by 43 

SPRCA. Dual assay positivity was highly specific for clinically significant platelet alloimmunization and PTR. 44 

 45 

Conclusion: Our findings highlight the critical role of combined ELISA and SPRCA screening, supplemented by 46 

confirmatory and molecular methods, in accurately identifying anti-CD36 alloimmunization. The study underscores 47 

the need for comprehensive diagnostic protocols, rare donor registry development and the broader implementation 48 

of CD36-negative platelet inventories to optimize personalized transfusion strategies and patient outcomes. 49 

 50 

Keywords:  CD36 deficiency, CD36 alloimmunization, platelet transfusion refractoriness, Monoclonal Antibody-51 

specific Immobilization of Platelet Antigens (MAIPA), Solid Phase Red Cell Adherence Assay (SPRCA). 52 

 53 

 54 



3 

 

List of Abbreviations 55 

Human Platelet Antigen (HLA/HPA), platelet transfusion refractoriness (PTR), fetal–neonatal alloimmune 56 

thrombocytopenia (FNAIT), Monoclonal Antibody-specific Immobilization of Platelet Antigens (MAIPA), Solid 57 

Phase Red Cell Adherence Assay (SPRCA), Enzyme-Linked Immunosorbent Assay (ELISA), lymphocytotoxicity 58 

test (LCT), disseminated intravascular coagulation (DIC), drug-induced thrombocytopenia (DITP) 59 

 60 

 61 

Main Text 62 

Introduction 63 

CD36 (glycoprotein IV) is a heavily N-glycosylated class-B scavenger receptor expressed on platelets, monocytes, 64 

endothelium, and erythroid lineage cells [1, 2]. Early studies defined the Naka– (CD36-negative) phenotype [3] and 65 

established type I and type II deficiency (absent on platelets±monocytes) [4], providing the immunohematologic 66 

framework for today’s diagnostics [5]. Its polymorphic expression on red cells and null variants, now recognized by 67 

The International Society of Blood Transfusion supports classifying CD36 as a blood group system with clear. 68 

clinical relevance [6, 7]. Anti-CD36 is an important, often under-recognized cause of FNAIT[8],[9],[10] and fetal 69 

anemia[6, 11], demonstrating effective prenatal therapy in preclinical models and editorially highlighting integration 70 

into perinatal workflows.12 Mechanistically, platelet CD36 surface density correlates with prothrombotic signaling 71 

responses[12],[13] (e.g., to oxidized low-density lipoprotein)[14, 15], helping to explain why deficiency or 72 

alloimmunization can materially alter hemostasis[16]. In transfusion practice, anti-CD36–mediated platelet 73 

transfusion refractoriness (PTR) [17],[18], which should be considered when Human Leukocyte Antigen and Human 74 

Platelet Antigen (HLA/HPA) matching fails [18], especially in high-prevalence populations [5], and may contribute 75 

to post-transfusion purpura (PTP) [19, 20]. Finally, flow cytometry remains first-line for phenotyping [5, 21], while 76 

optimized Monoclonal Antibody-specific Immobilization of Platelet Antigens (MAIPA) capture clones (GZ-70/GZ-77 

608) markedly improve anti-CD36 detection over legacy reagents, enabling more reliable case identification and 78 

targeted donor selection [22]. 79 

CD36 deficiency exhibits notable geographic differences, affecting 2–4% of  Chinese[23, 24] populations, 3%-11% 80 

of Japanese[3] populations, 2.6% of Middle Eastern[25] populations, and up to 3% of African[26, 27] populations, 81 
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but remains rare(<0.4%) in Europeans, which explains the low rate of anti-CD36 alloimmunization in Western 82 

populations. 83 

Recent advancements in high-throughput sandwich Enzyme-Linked Immunosorbent Assay (ELISA) have surpassed 84 

conventional methods for CD36 phenotyping, achieving intra- and inter-assay variations as low as 2.1–5.2% [23]. 85 

Diagnosis remains challenging due to the disorder's rarity and the need for multiplexed approaches beyond standard 86 

antibody screens, especially in patients with comorbidities that can mask or mimic clinical features. Accurate 87 

diagnosis depends on comprehensive tests, including flow cytometry [28], MAIPA [29], Solid Phase Red Cell 88 

Adherence Assay (SPRCA), ELISA, and molecular genotyping, to distinguish CD36-related platelet 89 

alloimmunization from other causes. Our clinical series underscores the importance of integrated diagnostics for 90 

accurate identification in complex hemostatic disorders and guides optimal transfusion management. 91 

Accurate detection of antiplatelet antibodies is essential in managing Immune Thrombocytopenia, FNAIT, and PTR. 92 

At MacKay Memorial Hospital (MMH), since 2019, parallel testing using SPRCA and ELISA has revealed a 93 

persistent “gray zone” of detection discrepancies [30]. Integrating CD36 antigen typing and anti-CD36 antibody 94 

screening has been pivotal for elucidating PTR mechanisms, highlighting the need for standardized thresholds to 95 

improve diagnostic precision. 96 

 97 

Methods 98 

We would report that patients, including cases 1[31], 2-4[32], 5, and 6[32, 33], have CD36 deficiency and CD36-99 

related refractoriness.  100 

Patients  101 

Case 1: A 78-year-old female patient with lung adenocarcinoma and a documented CD36 deficiency was admitted 102 

with respiratory distress caused by pneumonia. Initial treatment involved empiric antibiotics, notably 103 

teicoplanin (400 mg IV daily), administered from January 30 to February 7 and resumed on February 25. 104 

Piperacillin/tazobactam was given concurrently from January 30 to February 6. Meropenem was initiated on 105 

February 4 and continued until the patient's death. Ceftriaxone was added to the antimicrobial regimen from 106 

February 18 to February 25. 107 
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Case 2 was a 32-year-old pregnant woman. Case 3 was a 60-year-old man with metastatic small-cell carcinoma, 108 

Sjögren's syndrome, and an unexpected PTR. Case 4 was a 21-year-old woman with acute leukemia, cellulitis, 109 

disseminated intravascular coagulation (DIC), and PTR. Case 5 was a 46-year-old man with severe cardiovascular 110 

disease, ischemic gangrene requiring multiple amputations, acute respiratory failure, and repeated surgical 111 

interventions. Case 6 was an 86-year-old woman with chronic lymphoma, recurrent infections, dementia, chronic 112 

heart failure, and atrial fibrillation. 113 

Additionally, our retrospective analysis of 2,453 samples tested using SPRCA and ELISA under standardized 114 

protocols at MMH from the beginning of January 2019 to the middle of November 2025 found that positive results 115 

from either method prompted clinical interpretation. Discrepancies were categorized as either concordant 116 

(positive/negative) or discordant (ELISA-only/SPRCA-only). 117 

 118 

 119 

Methods 120 

Clinical Assessment 121 

Patients were evaluated for CD36 alloimmune risk using transfusion history, pregnancy records, platelet increment 122 

data, and pertinent clinical information. 123 

Platelet Antibody Screening and Confirmation of Specificity  124 

Primary detection of platelet alloantibodies, including anti-CD36, was performed using SPRCA. Wells were coated 125 

with anti-thrombocyte antibody, then incubated with PRP from 12 random donors and patient serum; indicator red 126 

blood cells were used to identify antibody binding. SPRCA was supported by MAIPA, lymphocytotoxicity test 127 

(LCT), or chloroquine-modified SPRCA when results were ambiguous. 128 

Supplemental ELISA: PAKPLUS 129 

The PAKPLUS ELISA (Immucor) evaluated serum reactivity against key platelet glycoproteins (GPIIb/IIIa, 130 

GPIa/IIa, GPIb/IX, GPIV/CD36, HLA) using kit controls; results were determined by measuring optical density. 131 

Flow cytometric assessment of CD36 expression 132 

Using fluorescence-activated cell sorting (FACS), platelet CD36 was measured after dual labeling of PRP with 133 

FITC–anti-CD36 and PerCP–anti-CD41a; 5,000 CD41a+ events were analyzed. Monocyte CD36 levels were 134 

assessed in lysed whole blood using FITC–anti-CD36 and PerCP–anti-CD14, with 2,000 CD14+ events analyzed. 135 
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Molecular typing: CD36 exon 5 sequencing 136 

Genomic DNA was extracted from EDTA-anticoagulated blood (MagCorePlus automated platform) from two 137 

CD36-deficient samples. Exon 5 and the surrounding intronic regions of CD36 were amplified using exon-specific 138 

primers (Forward 5′-AGATCTAATGTTCACATATG-3′; Reverse 5′-GATTAATTACATGAGTTCTAG-3′). PCR 139 

cycling included 35 cycles of denaturation at 95°C for 30 seconds, annealing at 50°C for 60 seconds, and extension 140 

at 72°C for 30 seconds, followed by a final extension at 72°C for 10 minutes. Amplicons were sequenced using 141 

Sanger sequencing on an Applied Biosystems 3730xl DNA Analyzer at an external core facility, and sequence 142 

analysis followed standard bidirectional trace review with quality control of base calling. 143 

Quality control and interpretation 144 

All serologic assays included both kit-provided and in-house positive and negative controls; any runs that did not 145 

meet control acceptance criteria were repeated. Ambiguous serology results were clarified through orthogonal 146 

testing (chloroquine-modified SPRCA, MAIPA, and LCT) and by correlating with cellular CD36 expression and the 147 

CD36 exon 5 sequence, when available. 148 

Ethics approval and consent to participate 149 

The Institutional Review Board (IRB) of MacKay Memorial Hospital approved this study.  150 

 151 

Results 152 

Case 1: Clinical Presentation 153 

During hospitalization, the patient quickly developed worsening, confluent, and prominent bilateral ecchymoses 154 

with significant soft tissue swelling on the axillae, chest, and limbs. The cutaneous surface demonstrated widespread 155 

disruptions, persistent serous exudation, and widespread macular lesions on the thigh. On February 7, she 156 

experienced an episode of acute, massive hematochezia exceeding 800 mL, along with sharp drops in both 157 

hemoglobin and platelet counts. Despite prompt transfusions of packed red blood cells, fresh frozen plasma, and 158 

pooled platelets, the cytopenia remained resistant to treatment. An urgent colonoscopy revealed a large colonic 159 

perforation, with widespread bruising observed across multiple areas. 160 

Targeted transfusion of CD36-negative platelets caused a temporary but significant rise in platelet count (Figure 161 

2B). Supportive care was aggressive, including broad-spectrum antimicrobials (Figure 2A), hemodialysis, and 162 
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plasma exchange (Figure 1). However, hemorrhagic activity remained uncontrolled, and disseminated intravascular 163 

coagulation (DIC) worsened, leading to progressive multi-organ failure. 164 

Laboratory Findings 165 

Laboratory evaluation revealed significant thrombocytopenia and coagulopathy [34], including prolonged 166 

prothrombin time (PT/INR), elevated total and direct bilirubin, D-dimer, and fibrin degradation products, with low 167 

fibrinogen (Figure 2C) [35]. Haptoglobin (<30 mg/dL) indicated acute hemolysis or massive consumptive bleeding 168 

(Figure 2B). Renal and hepatic functions were impaired (Figure 1), consistent with multi-organ involvement.  169 

Diagnostic Assessment 170 

Considering her known CD36 deficiency and history of multiple transfusions, immunologic studies were conducted. 171 

ELISA and flow cytometry detected an anti-CD36 (anti-Naka) alloantibody. Platelets showed no expression of the 172 

CD36 antigen, and MAIPA screening confirmed the deficiency of CD36. She received a transfusion of CD36-173 

negative platelets, which led to sustained platelet recovery by February 19. Flow cytometric fluorescence profiles 174 

verified the absence of detectable anti-CD36 antibodies in the patient's serum (Figure 3A-C). 175 

This presentation illustrates the clinical features of severe, resistant DIC in the context of PTR. It is characterized by 176 

catastrophic gastrointestinal bleeding, extensive skin involvement, and significant vascular damage. These 177 

dermatologic signs, such as increasing ecchymoses and blister rupture, along with widespread mucocutaneous 178 

systemic bleeding, emphasize the severity of vascular injury and widespread capillary fragility, highlighting the 179 

overlapping hemorrhagic and thrombotic disorders that characterize the final stage of PTR complicated by advanced 180 

DIC. 181 

Since Case 2 was pregnant and diagnosed with NAITP, maternal flow cytometry clearly showed complete CD36 182 

deficiency on platelets and monocytes, confirming maternal Type I CD36 deficiency. The paternal CD36 phenotype 183 

tested positive, establishing an antigenic incompatibility that could trigger maternal alloimmunization. (Figure 4 A-184 

F) Additional serological tests using SPRCA assays identified maternal anti-CD36 antibodies, with IgG specifically 185 

binding to CD36-positive platelets. Crossmatch serology confirmed these findings, showing that maternal serum 186 

bound only to CD36-positive platelets without reactivity to CD36-negative platelets. Neonatal serum showed no 187 

independent antibody activity, indicating passive transfer of maternal antibodies. 188 
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The neonate was born with severe thrombocytopenia, with an initial platelet count of 40 × 10³/μL, presenting as 189 

petechiae. The platelet counts naturally rose to 332 × 10³/μL within eight days, following a recovery pattern typical 190 

of NAIT. Meanwhile, progressive anemia was observed, with hemoglobin dropping from 12.6 g/dL at birth to 9.1 191 

g/dL by day 8; however, this anemia was not directly attributable to anti-CD36 antibodies. Additionally, intermittent 192 

episodes of neonatal desaturation occurred, likely due to perinatal stress or infection rather than antibody-mediated 193 

mechanisms. 194 

In Case 3, anti-CD36 was detected using support from SPRCA, and a biallelic CD36 mutation confirmed the genetic 195 

basis of homozygosity (Figure 5E), explaining the type I CD36 deficiency. This genetic evidence validated the 196 

immunophenotypic absence of CD36 on platelets and monocytes, as shown by flow cytometry in Figures 5A-D. The 197 

patient experienced severe anemia from melena, severe thrombocytopenia (~13–15K/μL), and developed anti-CD36 198 

alloantibodies after transfusions, which explained the persistent PTR. His cardiac and metabolic assessments 199 

revealed elevated NT-proBNP, indicating worsening cardiometabolic stress, along with hyponatremia. He also 200 

reported fatigue, chest pain, and exercise intolerance. 201 

Case 4: Anti-CD36 was conclusively detected by SPRCA and showed absence of CD36 on platelets and monocytes 202 

assessed by flow cytometry (type I deficiency) (Figure 6A-D). Biallelic CD36 mutations confirmed the CD36 203 

deficiency (Figure 6E). She also developed anti-CD36, resulting in severe thrombocytopenia (~15K/μL), transfusion 204 

dependence, and refractoriness to platelet support. Her cardiac issues included cardiomegaly, elevated BNP, and 205 

acute heart failure. 206 

Case 5: The patient's clinical course was characterized by severe platelet refractoriness, starting with an initial 207 

platelet count of 27×10³/μL. After surgery, his count rebounded significantly, reaching up to 758×10³/μL, a response 208 

that intensified with repeated surgical stress, ischemic conditions, and systemic inflammatory reactions caused by 209 

extensive tissue necrosis. Although such fluctuations are typically indicative of consumptive coagulopathy, DIC, or 210 

reactive thrombocytosis following major surgery, recent specialized testing provides crucial clarification. Flow 211 

cytometry performed on the patient's platelets and monocytes revealed markedly reduced or absent CD36 212 

expression, confirming the diagnosis of CD36 deficiency. (Figure 7 A-H) Additionally, serological testing detected 213 

the presence of specific anti-CD36 antibodies through MAIPA and SPRCA, confirming alloimmunization. 214 
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He exhibited a significantly elevated NT-proBNP level (1710 pg/mL), consistent with acute heart failure. The 215 

patient's history of hypertension,[11] mellitus with complications, stroke, and ARDS-induced pneumonia indicated 216 

severe cardiovascular and metabolic stress. 217 

Case 6: The 86-year-old patient presented with thrombocytopenia primarily related to her underlying lymphoma, 218 

chronic infections, and age-related conditions, which made it difficult to definitively interpret CD36 involvement. 219 

Despite significant cardiomegaly and metabolic symptoms, typical signs directly caused by CD36 deficiency were 220 

not clear, and no anti-CD36 antibodies were detected.  221 

Clinical Interpretation of ELISA versus SPRCA: In this cohort of 2,453 evaluations, ELISA demonstrated a 222 

higher detection rate of antiplatelet antibodies (33.5%) compared to SPRCA (18.1%). The agreement between the 223 

two methods was moderate, with an overall concordance of 78.1% and a Cohen’s kappa of 0.444, adjusting for 224 

chance. Notably, only 14.8% of all cases were concordant double-positives, while discordant results mainly 225 

involved ELISA-only positives (18.7%) versus SPRCA-only positives (3.3%). Method-specific analysis further 226 

emphasized this imbalance: 81.9% of SPRCA-positive samples were confirmed by ELISA, and nearly a quarter 227 

(22.8%) of SPRCA-negative cases were classified as positive by ELISA.  228 

 229 

Discussion 230 

1. Clinical relevance 231 

The clinical vignette (Case 1) illustrates the disastrous convergence of three distinct but synergistic 232 

pathophysiological processes: anti-CD36 alloimmunization, drug-induced thrombocytopenia (DITP), and DIC [34]. 233 

DITP [36], notably linked to medications such as antibiotics, further complicates clinical management. Teicoplanin-234 

associated DITP typically appears 5-7 days after exposure, aligning with the patient’s thrombocytopenic episode and 235 

the timeline of clinical deterioration. The sequential administration of multiple broad-spectrum antibiotics, including 236 

meropenem and ceftriaxone reflects increasing concern for multidrug-resistant infections and the management of 237 

sepsis. The pathogenesis involves teicoplanin-dependent antibodies that target epitopes on GPIIb/IIIa or GPIb/V/IX 238 

complexes, leading to antibody-mediated platelet destruction.[37] Studies demonstrate a 4.6% incidence of 239 

teicoplanin-induced thrombocytopenia in clinical populations, with a median onset of 5 days and maximum platelet 240 

decrease within 8 days. 241 



10 

 

Immunological assessment, including CD36 antigen typing and anti-CD36 antibody testing, clarified that immune-242 

mediated PTR was caused by massive transfusions of standard random donor platelets due to the high 243 

immunogenicity of CD36 and its widespread presence on donor platelets. This likely existed prior to sensitization 244 

and contributed to the development of anti-CD36 alloantibodies. Consequently, CD36-negative platelet transfusions 245 

are required for transient clinical improvement. However, persistent and consumptive coagulopathy DIC 246 

significantly increased the risk of PTP, a massive hemorrhage and severe thrombocytopenia involving alloimmune 247 

and consumptive mechanisms. This complicated the effectiveness of supportive treatments, including infection 248 

management, coagulation correction, and targeted immunotherapy (e.g., IVIG for CD36 isoimmune PTR; platelet 249 

washing [38], leukoreduction [39], plasma exchange attempted to remove antibodies [40-42]). 250 

This scenario highlights the need for a systematic approach to severe thrombocytopenia, including the timing of 251 

drug exposures by increasing clinician awareness of DITP and promptly discontinuing the offending drug [37, 43], 252 

and avoiding preexposure [44]. Additionally, it involves screening for alloantibodies, establishing registries for 253 

CD36-deficient donors, and assessing for DIC to guide appropriate therapy. Further research into treatments for PTR 254 

complicated by anti-CD36 alloimmunization and DITP is essential to improve clinical guidelines and patient 255 

outcomes. 256 

Case 2: This clinical scenario underscores the urgent need to quickly identify maternal CD36 deficiency and its link 257 

to alloimmunization in neonates presenting with unexplained severe thrombocytopenia. Accurate serologic detection 258 

of anti-CD36 antibodies allows for early intervention and appropriate clinical management, potentially preventing 259 

serious neonatal complications.[11] Furthermore, differentiating NAIT from non-immune etiologies is crucial for 260 

making optimal treatment decisions and accurately predicting outcomes.[10] Therefore, increased clinical awareness 261 

and involving an expert panel throughout the prenatal and postnatal stages[45, 46] and conducting comprehensive 262 

serologic assessments are strongly recommended. 263 

Early recognition of this anti-CD36-mediated refractoriness thrombocytopenia enables precise and restrictive 264 

transfusion strategies[47], such as selecting CD36-negative donors to source CD36-negative platelet units[48] and 265 

enhancing clinical monitoring, prophylactic measures during pregnancy, the antenatal administration of IVIG[49, 266 

50] and/or steriods[50, 51], and/or deg-mAb 32-106[11], to help optimize patient outcomes and enhance transfusion 267 
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safety and effectiveness. Postnatal maternal platelets for neonatal transfusion should be washed to remove HPA 268 

antibodies and irradiated to prevent GVHD [52]. 269 

Cases 3 and 4 emphasize the essential role of specialized diagnostics in managing rare platelet alloimmunization and 270 

how CD36 deficiency intersects with complex diseases, transfusion, and cardiometabolic care. Flow cytometry and 271 

sequencing confirmed CD36 deficiency which complicates underlying diseases and can worsen heart failure through 272 

impaired myocardial fatty acid metabolism [53, 54], potentially increasing vulnerability to cardiac dysfunction under 273 

metabolic stress [55]. This critically impacts patient management by complicating transfusion therapy, raising the 274 

risk of PTR, and potentially aggravating cardiometabolic instability in severe underlying diseases. 275 

Minimize Platelet Transfusion; Immunosuppression/Desensitization 276 

In the Case 4 scenario, an AML patient has anti-CD36. The immune PTR in patients with hematologic malignancies 277 

varies widely, ranging from 7% to 34% [56]. Minimizing prophylactic platelet transfusions and transfusing only 278 

during chemotherapy-induced aplasia unless bleeding occurs is an optimized approach[47, 57] and can help reduce 279 

ongoing destruction of incompatible platelets [58], limit further immune stimulation [4], and temporary suppress 280 

anti-CD36 production. Regimens have included rituximab, bortezomib [59], and plasmapheresis to remove 281 

antibodies. In one severe case, these measures only modestly lowered antibody levels (anti-CD36), with the mean 282 

fluorescence intensity falling but rebounding within days [4], underscoring that current desensitization is often 283 

inadequate. Furthermore, high CD36 expression is independently associated with worse overall survival and event-284 

free survival [60], likely through altered lipid uptake, metabolic reprogramming, and enhanced leukemic persistence 285 

stem cells [60, 61]. CD36-expressing metastasis-initiating cells directly contribute to aggressive disease biology 286 

[62] and correlate with poor prognosis in multiple carcinomas. Targeted inhibition of CD36 disrupts metabolic and 287 

signaling pathways essential for metastatic colonization, demonstrating a tangible reduction in tumor dissemination 288 

and disease progression [63]. Overall, these findings position CD36 not only as a predictor of therapeutic response 289 

but also as a potential therapeutic target [64] to overcome drug resistance and improve long-term outcomes in AML 290 

patients [65]. An "effector-silencing" anti-CD36 monoclonal antibody has been proposed to block the patient's 291 

antibodies experimentally [58], thereby allowing safe transfusion. 292 
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In case 5, with severe PTR, was caused by undetected CD36 alloimmunization.[17] Specifically, despite multiple 293 

platelet transfusions, his post-transfusion counts remained near zero until an anti-CD36 isoantibody was identified, 294 

which caused rapid clearance of transfused platelets. In known CD36-deficient patients undergoing surgery or 295 

therapy, it is crucial to minimize allogeneic transfusions to prevent triggering anti-CD36 alloimmunization.  296 

CD36 deficiency was indicated complex metabolic interactions and provides a protective metabolic effect [66] 297 

regarding diabetic cardiomyopathy and atherosclerosis [67, 68]. However, the patient's severe phenotype 298 

underscores the multifactorial nature of cardiovascular diseases, especially in chronic diabetic [55] and hypertensive 299 

contexts.[46] 300 

Beyond transfusion reactions, CD36 plays a vital role in platelet activation and lipid metabolism and has been 301 

proposed as a therapeutic target to reduce thrombotic risk in individuals [47, 67, 69] with dyslipidemia. Type I 302 

CD36 deficiency is linked to atherosclerosis [70], altered glycolipid metabolism and ischemia-reperfusion 303 

myocardial damage [71], and cardiomyopathy [72]. Clinically, patients with type I CD36 deficiency, especially 304 

those without prior anti-CD36 alloimmunization, require careful perioperative and transfusion management [73] due 305 

to potential metabolic and hemostatic alterations [74]. 306 

In studies of platelet function, the findings suggest that CD36 deficiency might protect against acute ischemic events 307 

like myocardial infarction or stroke in certain situations and improved outcomes in stroke models [75, 76], and 308 

improved functional recovery after stroke[77]. 309 

These cases underscore advanced platelet antibody detection techniques in distinguishing CD36-related conditions 310 

from thrombocytopenia caused by other chronic diseases are vital. The presence of severe underlying conditions, 311 

particularly lymphoma and extensive surgical trauma, significantly influences the clinical signs of CD36 deficiency. 312 

Accurate detection of anti-CD36 antibodies using MAIPA [22] and SPRCA assays allows for the development of 313 

tailored management strategies, emphasizing the importance of high diagnostic suspicion and specialized testing in 314 

complex cases. 315 

In contrast, as shown in Case 6 with lymphoma-related thrombocytopenia, a CD36-negative patient without 316 

alloantibodies can initially receive standard platelets without immediate destruction, because no anti-CD36 317 
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antibodies are present. However, her transfusion refractoriness likely results from non-immune factors, such as 318 

splenomegaly or HLA antibodies, rather than CD36 alloantibodies.  319 

In summary, CD36 deficiency complicates transfusion outcomes by forming an often-overlooked immune barrier. If 320 

left unrecognized, it results in refractory thrombocytopenia, despite adequate platelet doses [78]. Once identified, 321 

clinicians should tailor transfusion support by sourcing rare donors or using immunosuppressants to prevent 322 

alloimmune destruction and employing leukoreduction, which can reduce alloimmune platelet refractoriness from 323 

14% to 4% in patients receiving chemotherapy for acute leukemia or stem cell transplantation [39, 60]. The 324 

profound refractoriness observed with anti-CD36 (Case 5) compared to standard management of thrombocytopenia 325 

without such antibodies (Case 6) underscores the clinical importance of CD36 alloimmunization in hematology. 326 

Ultimately, the immune dysregulation and metabolic effects of CD36 deficiency have major implications for cancer 327 

treatment. CD36 is a pattern-recognition scavenger receptor on monocytes, macrophages, and dendritic cells that 328 

binds danger signals and pathogen component [79]. It aids in phagocytosing bacteria and cell debris and modulates 329 

cytokine production during infections. CD36 is expressed in various cancer cells and immune cell subsets, where it 330 

exerts both pro- and anti-tumorigenic roles [80]. 331 

In patients with hematologic malignancies, maintaining an intact innate immune response is crucial as they are often 332 

neutropenic or lymphopenic due to chemotherapy [24]. Therefore, the optimal function of macrophages and other 333 

remaining immune cells is essential for fighting infection. CD36 deficiency can impair innate immunity, for 334 

example, by reducing macrophage uptake of Gram-negative bacteria and diminishing Toll-like receptor signaling, 335 

resulting in reduced cytokine release. This could make an immunocompromised cancer patient even more vulnerable 336 

to sepsis or fungal infections [81, 82]. 337 

2. Recommended Diagnostic Strategy 338 

Overview of Agreement Metrics and Clinical Implications 339 

A comparative analysis of 2,453 paired samples revealed ELISA detected antiplatelet antibodies in 33.5% of 340 

samples, while SPRCA identified them in 18.1%, yielding a concordance (overall agreement) of 78.1% and 341 

moderate agreement (The Cohen's Kappa value; κ = 0.444) indicates that relying on a single platform may either 342 

overestimate or underestimate the alloimmunization risk, emphasizing significant assay-specific differences. 343 
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Notably, only 14.8% of all samples were concordantly positive by both assays. Since there is no definitive gold 344 

standard for antiplatelet antibody detection, neither method was considered the reference. Instead, we examined 345 

method-specific concordance: Among SPRCA-positive samples, 81.9% were confirmed by ELISA; for SPRCA-346 

negatives, 22.8% were ELISA-positive, underscoring substantial assay discordance. Notably, 18.7% of cases were 347 

exclusively ELISA-positive, likely reflecting increased sensitivity for low-affinity or non–complement–fixing 348 

antibodies of uncertain clinical relevance. Meanwhile, the only 3.3% detected solely by SPRCA probably represent 349 

alloantibodies with highly specific for clinically significant platelet alloimmunization and PTR, consistent with 350 

SPRCA's dependence on antigen density and its lower susceptibility to nonspecific binding. These findings 351 

underscore the superior sensitivity of ELISA in this setting and highlight the need for method-specific interpretation 352 

of discordant results and the complementary nature of ELISA and SPRCA rather than their interchangeability. 353 

Specifically, ELISA provides broad antibody detection, while SPRCA enhances detection of functionally relevant 354 

signals. In the context of platelet transfusion refractoriness, relying on only one assay risks patient 355 

misclassification and the selection of inappropriate donors. Therefore, a sequential, tiered diagnostic approach 356 

combining high-throughput screening with ELISA, targeted confirmation with SPRCA, and molecular tools such 357 

as flow-cytometric CD36 phenotyping and next-generation HPA/HLA genotyping [22] offers opportunities to 358 

refine antibody characterization [83], link serologic patterns with donor genetics, and ultimately improve matching 359 

strategies for highly alloimmunized patients. 360 

GP-specific antibody assays most effectively detect anti-Nak (a). However, false negatives can occur due to 361 

monoclonal antibody interference that blocks human antibody binding. Conventional platforms, such as Luminex 362 

bead assays and the MAIPA assay, often miss anti-CD36 because of epitope competition with capture antibodies 363 

(clone FA6-152). Employing ELISA for initial broad screening is recommended due to its efficiency and scalability. 364 

Subsequently, all ELISA-positive samples should be confirmed with SPRCA or other high-specificity assays, such 365 

as MAIPA [22] or flow cytometry [24], which are crucial for clinical decisions. Dual positive results on ELISA 366 

and SPRCA strongly indicate pathogenicity, while discordant cases require a detailed review of clinical and 367 

laboratory data, including transfusion history and symptoms. This integrated approach enhances the accuracy of 368 

anti-CD36 detection, supports thrombocytopenia management, and aligns with emerging evidence. Interpretation 369 

guidelines for clinical decisions should be considered that samples positive by both ELISA and SPRCA are highly 370 

valid, indicating true positivity. Discordant results (ELISA-positive/SPRCA-negative or ELISA-negative/SPRCA-371 
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positive) should undergo further reflex testing through clinical correlation, including a review of the transfusion 372 

history, symptoms, and other relevant laboratory results. 373 

Conclusions 374 

In practice, prevention, rapid triage, and targeted support should serve as the foundation of managing immune PTR 375 

[84]. Establish a universal pre-storage leukoreduction standard to limit HLA alloimmunization [39, 85]. In cases of 376 

refractoriness, especially when HLA/HPA-matched platelets fail, use parallel SPRCA and ELISA with reflex 377 

MAIPA/flow to determine specificity (including anti-CD36) and the phenotype/genotype of CD36 (Type I/II). 378 

Transfuse to prevent antibody formation: prioritize crossmatch-compatible or HLA-matched platelets. For 379 

confirmed anti-CD36, source CD36-negative units (± HLA/HPA matching) [10, 84]. When rapid intervention is 380 

clinically necessary, consider plasma exchange or immunoadsorption combined with IVIG for short-term reduction 381 

of pathogenic Fc-mediated clearance [86]. Reserve rituximab [68], and, in carefully managed rescue cases, plasma-382 

cell–targeted therapies (e.g., bortezomib, daratumumab [87]) for high-titer, persistent cases. Finally, ensure 383 

institutional readiness by accessing CD36-negative donor registries, utilizing standardized MAIPA capture clones 384 

[22], implementing predefined reflex algorithms, and routinely monitoring CCI/bleeding outcomes [88] to support 385 

continuous quality improvement. 386 

 387 
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Figure Legend 629 

Figure 1. Clinical timeline and therapeutic interventions. The figure delineates the sequential clinical interventions, 630 

highlighting the initiation and progression of large-volume blood transfusion therapy, hemodialysis (H/D), and plasma 631 

exchange (PE). Each intervention point corresponds precisely with the patient’s clinical deterioration and therapeutic 632 

escalation during hospitalization. A comprehensive summary of the above interventions and corresponding renal 633 

functions (the level of creatinine, BUN) and liver functions (the level of total and direct bilirubin) dynamics was 634 

depicted and recorded by dates in the patient’s hospitalization. 635 

 636 

Figure 2. Comprehensive Timeline of Antibiotic Therapy, Transfusion Interventions, and Hemostatic 637 

Dynamics During Hospitalization. (A) A comprehensive summary of antibiotic interventions and corresponding 638 

platelet dynamics is depicted and recorded by patient hospitalization dates. (B) Transfusion timeline and platelet 639 

response during hospitalization. A comprehensive summary of transfusion interventions and corresponding platelet 640 

dynamics is depicted, including administration of 44 units of packed red blood cells, 32 apheresis platelet units of 641 

which four were specifically CD36-negative, 30 units of fresh frozen plasma, 28 designated for plasma exchange 642 

procedures, and six units of frozen plasma, and 1 unit of whole blood. Serial platelet counts are illustrated before and 643 

after platelet transfusions, with blood sampling intervals indicated. This figure highlights the temporal relationship 644 

between transfusion strategies, particularly CD36-negative platelet transfusions, and the patient's count response 645 

amidst ongoing immune-mediated platelet refractoriness and concomitant clinical complexities. (C) The 646 

corresponding levels of coagulopathy, relevant lab data, such as PT/APTT/INR, hemoglobin, and platelet dynamics, 647 

are depicted and recorded by the patient’s hospitalization dates. 648 

Figure 3. Detection of anti-CD36 antibody in sera by flow cytometric analysis.  649 

(A) Overlay histograms compare patient serum (purple), CD36(-) control, and CD36(+) control. The patient’s curve 650 

aligns closely with the CD36(-) control, showing a sharp peak at low fluorescence (FITC-A), with minimal rightward 651 

shift. The CD36(+) control demonstrates an apparent change to higher fluorescence, confirming strong CD36 antigen 652 

expression. The absence of a comparable rightward change in the patient sample indicates a lack of anti-CD36 653 

antibody binding, consistent with CD36 deficiency. (B) Separated histograms clearly show the distribution for each 654 

population: patient, CD36(-) control, and CD36(+) control. The patient and CD36(-) control overlap extensively, 655 
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reinforcing the finding that the patient’s platelets do not express CD36 and do not bind anti-CD36 antibody. The 656 

CD36(+) control shows a distinct peak at higher fluorescence, as expected for CD36-expressing cells. (C) PerCP-657 

Cy5.5-A histogram overlays patient (blue), CD36(-) control, and CD36(+) control. The patient’s and CD36(-) 658 

control’s histograms peak at low fluorescence, with no detectable population at higher intensity, while the CD36(+) 659 

control displays a broad peak in the high-intensity range. This confirms the absence of CD36 on the patient’s platelets, 660 

validating the CD36-deficient phenotype both by negative immunoreactivity and by comparison to well-characterized 661 

controls.  662 

Summary interpretation: These histograms collectively demonstrate that the patient’s platelets lack CD36 antigen 663 

expression, as their fluorescence profiles are indistinguishable from CD36(-) controls and distinct from CD36(+) 664 

controls. This pattern is diagnostic for type I or type II CD36 deficiency and supports the absence of detectable anti-665 

CD36 antibodies in the patient’s serum by flow cytometryAll images have been carefully de-identified to maintain 666 

patient confidentiality. 667 

Figure 4. Maternal Type I CD36 Deficiency Confirmed by Flow Cytometry. Flow cytometry showed no CD36 668 

antigen on maternal platelets or monocytes (maternal plots with anti-CD36 overlapped isotype controls, whereas the 669 

father’s platelets/monocytes (and a standard donor control) were strongly CD36-positive. This pattern indicates a 670 

maternal Type I CD36 deficiency, well‐recognized in Asian populations, and predisposes to alloimmunization during 671 

pregnancy. By contrast, paternal cells express CD36 normally. In NAIT, a CD36‐deficient (mother) × CD36‐positive 672 

(father) pairing is a classic scenario: the mother can form anti‐CD36 (Nak) antibodies against the fetal platelets. 673 

  674 

Figure 5. Functional Assessment of Platelet and Monocyte CD36 Expression and IgM Binding. Flow cytometric 675 

panels depict:  676 

(A) CD36 expression on platelets (PSP-CD36Ab(+)-CD36). Top-left panel: The rectangular gate isolates the platelet 677 

population, leveraging platelet-specific CD41a expression and size characteristics to ensure accurate identification. 678 

Top-right panel: Platelets -expressing CD41a and CD36 are depicted as red events in the upper-right quadrant, 679 

indicating a CD36-positive platelet subpopulation at 0.16% of the gated platelets. Bottom-left panel: Histogram 680 

illustrating CD36 fluorescence intensity across the gated platelet population. The mean fluorescence intensity (MFI) 681 

threshold for CD36 positivity exceeds 10 (Log scale), aligning with established gating criteria used in quantitative 682 
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assays of platelet CD36 expression. This threshold differentiates CD36-deficient from CD36-expressing platelets, as 683 

is typical in clinical flow cytometry analyses.  684 

(B) Platelet-bound IgM levels (PSP-CD36Ab(+)-IgM). FITC-conjugated IgM (Isotype Control) is used to set the 685 

negative fluorescence intensity and serves as the negative control. 686 

(C) CD36 expression on monocytes (WB-CD36Ab(+)-CD36). Top-left panel: The rectangular gate isolates the 687 

monocyte population, leveraging CD14 expression and size characteristics for accurate identification. Top-right panel: 688 

Monocytes co-expressing CD14 and CD36 are depicted as red events, indicating a CD36-positive monocyte 689 

subpopulation at 1.30% of the gated monocytes. Bottom-left panel: Histogram illustrating CD36 fluorescence intensity 690 

across the gated monocyte population. The mean fluorescence intensity (MFI) threshold defining CD36 positivity 691 

exceeds 100 (Log scale), in accordance with established gating criteria. This enables accurate differentiation between 692 

CD36-deficient and CD36-expressing monocytes.  693 

(D) Monocyte-bound IgM levels (WB-CD36Ab(+)-IgM). FITC-conjugated IgM (an Isotype Control is used to set 694 

the negative fluorescence intensity, serving as the negative reference). Control. 695 

(E) Molecular Characterization of CD36 Deficiency: Identification of Pathogenic Variants by Sanger 696 

Sequencing. This figure illustrates representative gene sequencing chromatograms from patients diagnosed with type 697 

I CD36 deficiency, highlighting distinct pathogenic variants across exon 5 of the CD36 gene. The panel displays a 2-698 

base pair deletion (c. 329_330delAC) (rs572295823) in exon 5, observed in a homozygous state.  699 

 700 

Figure 6. Validation of CD36 Deficiency and Alloimmunization Mechanisms 701 

Flow cytometric analysis demonstrates: 702 

(A) Platelet CD36 expression (PSP-M2(D1)-CD36). The rectangular gate isolates the platelet population, leveraging 703 

platelet-specific CD41a expression and size characteristics to ensure accurate identification. Top-right panel: 704 

Platelets -expressing CD41a and CD36 are depicted as red events in the upper-right quadrant, indicating a CD36-705 

positive platelet subpopulation at 1.89% of the gated platelets. Bottom-left panel: Histogram illustrating CD36 706 

fluorescence intensity across the gated platelet population. The mean fluorescence intensity (MFI) threshold defining 707 

CD36 positivity exceeds 10 (Log scale), consistent with established gating criteria used in quantitative assays of 708 

platelet CD36 expression. This threshold distinguishes CD36-deficient and CD36-expressing platelets, as commonly 709 

applied in clinical flow cytometry analyses.  710 
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(B) Platelet IgM binding (PSP-M2(D1)-IgM). FITC-conjugated IgM (Isotype Control) is used to set the negative 711 

fluorescence intensity and serves as the negative control. 712 

(C) Monocyte CD36 expression (WB-M2(D1)-CD36). Top-left panel: The rectangular gate isolates the monocyte 713 

population, leveraging CD14 expression and size characteristics for accurate identification. Top-right panel: 714 

Monocytes co-expressing CD14 and CD36 are depicted as red events, indicating a CD36-positive monocyte 715 

subpopulation at 1.54% of the gated monocytes. Bottom-left panel: Histogram illustrating CD36 fluorescence intensity 716 

across the gated monocyte population. The MFI threshold defining CD36 positivity exceeds 100 (Log scale), enabling 717 

the differentiation of CD36-deficient from CD36-expressing monocytes, consistent with clinical flow cytometry 718 

gating standards.  719 

(D) Monocyte IgM binding (WB-M2(D1)-IgM). FITC-conjugated IgM (Isotype Control) is used to set the negative 720 

fluorescence intensity and serves as the negative control. 721 

(E) Molecular Characterization of CD36 Deficiency: Identification of Pathogenic Variants by Sanger 722 

Sequencing. This figure illustrates representative gene sequencing chromatograms from patients diagnosed with type 723 

I CD36 deficiency, highlighting distinct pathogenic variants across exon 5 of the CD36 gene. The panel presents a 724 

frameshift mutation (c.329_330delAC) (rs572295823) in exon 5, introducing a premature shift in the reading frame 725 

at amino acid 110, predicted to generate a truncated, non-functional protein. 726 

 727 

Figure 7. Flow Cytometric Confirmation of Type I CD36 Deficiency and Anti-CD36 Alloantibody Detection. It 728 

shows absence of CD36 expression on patient platelets and monocytes, coupled with specific anti-CD36 IgG binding 729 

on CD36-positive targets, confirming type I CD36 deficiency and alloimmunization. 730 

(A-C) Flow cytometric analysis of CD36 antigen expression on patient blood cells. Peripheral blood samples were 731 

analyzed using PerCP-Cy5.5–conjugated goat anti-human CD36 antibody and matched isotype controls. Flow 732 

cytometry shows absent CD36 expression on both platelets and monocytes, confirmed using PerCP-Cy5.5–conjugated 733 

anti-CD36 antibody and matched isotype controls. Positive control monocytes from a healthy donor validate assay 734 

specificity.  735 

(D-F) Patient and control sera were incubated separately with CD36‐negative and CD36‐positive platelet targets, 736 

followed by FITC-conjugated goat anti-human IgG. (D) Patient serum + CD36– platelets: Histogram overlay of 737 

FITC fluorescence for CD36– platelets incubated with patient serum (blue) versus negative control serum (purple) 738 
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shows only background binding. (E) Patient serum + CD36+ platelets: Corresponding overlay for CD36+ platelets 739 

revealed a marked rightward shift with patient serum (red), indicating specific anti-CD36 IgG binding; negative 740 

control serum (purple) remains at background. (F) Positive control serum + CD36+ platelets: FITC fluorescence of 741 

CD36+ platelets incubated with patient serum (pink) exhibits a similar rightward shift relative to negative control 742 

(purple), confirming assay sensitivity and specificity. 743 

(G-H) Platelet Immunofluorescence Assay (PIFA) Confirms Anti-CD36 Antibody Binding. Immunofluorescence 744 

images demonstrate specific binding of anti-CD36 antibodies from patient and positive control sera to CD36-positive 745 

platelets, with no reactivity on CD36-negative targets, validating assay specificity. (I-J) Differential CD36 Expression 746 

in Platelets and Monocytes by Flow Cytometry. The panels demonstrate absent CD36 expression on both patient 747 

platelets and monocytes. These findings are consistent with a CD36-deficiency type I phenotype. 748 


