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Abstract
BACKGROUND
D-dimer, a soluble degradation product of cross-linked fibrin, is commonly used as an important marker for the diagnosis of disseminated intravascular coagulation and differential diagnosis of thrombosis. Herein, we present a geriatric case with an unusually elevated D-dimer level. 

CASE SUMMARY
An 82-year-old woman, admitted to the ward with a diagnosis of chronic heart failure, was noted to have a remarkably elevated D-dimer level, beyond the qualified range (>100 mg/L), utilizing the Innovating D-dimer for Sysmex CS-5100 System™. However, no evidence, including clinical symptoms, radiographic evidence of thromboembolic disease, and parallel fibrinogen degradation product values, suggested that this patient was at high risk of thrombopenia. To confirm the discrepancy, a series of approaches including sample dilution, re-analysis via alternative methods, and sample treatment with blockage of specific heterophilic antibodies were performed. A remarkable disappearance of the elevated D-dimer values was observed in the samples after they were subjected to these approaches (4.49, 9.42, 9.06, and 12.58 mg/L, respectively). This confirmed the presence of heterophilic antibodies in this case. In addition, a reduction in cardiac output due to the presence of cardiac failure could also be responsible for the existence of a hypercoagulable state in this case. 

CONCLUSION
In conclusion, the presence of heterophilic antibodies should be considered when an elevated D-dimer value is not in conformity with the clinical evidence, and a viral infection should be considered when interference by a heterophilic antibody exists.
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Core tip: Heterophilic antibodies should be considered while elevated D-dimer value is not in conformity with clinical evidence. We will keep on doing subsequent serial monitoring of D-dimer values with anti-virus therapy and more research needs to be done to verify the exact fragment to improve the D-dimer test in the near future.


INTRODUCTION
D-dimer, a soluble degradation product of cross-linked fibrin, is commonly used for the diagnosis of disseminated intravascular coagulation and thromboembolic diseases, such as deep vein thrombosis (DVT) and pulmonary embolism (PE). In comparison with other assays that have adopted methods such as whole-blood agglutination assays and enzyme-linked immunosorbent assays, immunofluorescence or latex agglutination assays have become the mostly widely used methods for the examination of D-dimers, as they combine the advantages of convenience and relatively high sensitivity and specificity[1]. The methodology of immunofluorescence has been optimized and established as the gold standard for D-dimer testing. However, it has been suggested by numerous researchers that heterophilic antibodies could interfere with the interpretation of D-dimer testing. In addition, other factors could also interfere with the results of coagulation tests, such as cardiac failure, infections, and usage of anti-coagulant drugs.
Heterophilic antibodies are a substantial player among the factors interfering with the determination of the absolute value of D-dimer levels. Herein, we report a case with an extremely elevated level of D-dimers but with no relevant symptoms related to thrombosis. We concluded that the D-dimer test results were due to her cardiac factors and interference from her heterophilic antibodies against Epstein-Barr virus (EBV).

CASE PRESENTATION
Chief complaints
An 82-year-old woman complaining of weakness, dyspnoea, and chest tightness was admitted to the Department of General Practice of our hospital. 

Physical examination
Physical examination revealed an elderly woman without agitation. Her lungs were clear without moist crackles on auscultation. Her cardiac rhythm was also regular, with a heart rate of 65beats per minute. There was no oedema in her lower limbs. 

Laboratory examinations
To exclude the possibility of pulmonary embolism (PE), her levels of fibrinogen degradation product (FDP) and D-dimers were tested. However, her level of D-dimers was remarkably elevated in comparison to the qualified range (> 100 mg/L; reference interval: < 0.55 mg/L) while her level of FDP was elevated only slightly at 10.4 μg/mL (reference interval: 0–5). 
In our laboratory, the D-dimer parameter was evaluated on citrated plasma samples utilizing the Innovance D-dimer for Sysmex CS-5100 System (Siemens Healthcare Diagnostics, Erlangen, Germany), a particle-enhanced, immunoturbidometric assay with a sensitivity and specificity of 97% and 91%, respectively[2]. Her D-dimer test was repeated in the following 2 wk, and the extremely high value was (> 100 mg/L) consistently present using the same testing method, excluding analytical errors such as inaccurate pipetting, washing insufficiency, tracer aggregation, or other contamination[3]. She also continued to have an only modestly elevated FDP.

Imaging examinations
We investigated the cause of the remarkable results of her D-dimer test. Further imaging workup including chest computed tomography (CT) and contrast-enhanced CT pulmonary angiography was performed; however, the results did not show any obvious abnormality. Duplex ultrasound of the lower limbs was also conducted to rule out the existence of potential deep vein thrombosis (DVT), along with a large panel of laboratory tests including homocysteine, lupus anticoagulant, and anticardiolipin, but the results of these laboratory and imaging tests were all negative. 

FINAL DIAGNOSIS
She was diagnosed with chronic heart failure.

TREATMENT
She was treated with diuretics and angiotensin receptor enzymes. However, the value of her D-dimers always remained far above the diagnostic threshold for venous thrombosis or pulmonary embolism.

OUTCOME AND FOLLOW-UP
Four days after admission, her chest tightness was alleviated and her BNP value turned out to be normal after the diagnosis of chronic plus acute heart failure was established.

DISCUSSION
Patient characteristics and disorders, such as ageing; pregnancy; a recent injury, surgery, or trauma; sepsis; cancer; and some liver or renal diseases[1] are also associated with increased levels of D-dimers. To exclude effects originating from any of these comorbidities, we confirmed her medical history and performed a series of serum tests. The results of all tests were within the normal reference range, taking into account her age and sex, and her relevant medical history was negative (Table 1).  
In this case, repeated testing confirmed that her D-dimer levels were remarkably elevated above the qualified range. Nevertheless, the patient had no relevant clinical symptoms or radiographic evidence of abnormalities in parallel FDP values and other coagulation parameters indicating thrombosis, and therefore the possibility of interference arose. As an initial step in the diagnostic workshop, the sample was manually diluted to various levels and then calibrated using Innovaccer D-dimer assays. The patient’s results yielded a weak linear response (R2 = 0.9186) upon dilution, while the parallel sample was similar to the standard curve (R2 = 0.9997, Figure 1A). Dilution is an approach used to verify interference when the test result is remarkable high; however, weaker linear responses or nonlinear responses can result in false confirmation of suspected interference[3]. 
In the next step, a sample was sent for confirmation to another laboratory where they use HamosIL D-dimer HS for ACL TOP (Instrumentation Laboratory, Bedford, MA, United States), which is also a latex-enhanced turbidimetric immunoassay. The cut-off value is 0.242 mg/L, and her sample D-dimer value was 4.49 mg/L, which was substantially lower than the results from our laboratory. This confirmed that there was some interference in the sample. 
Heterophilic antibody (HA) interference is still a threat in immunoassays, and D-dimer testing is not exempted from interference. Although the Innovance reagent additive could neutralize some interfering substances such as bilirubin, rheumatoid factors, and blood clotting, it was hypothesized that HA might play a critical role in this case. Thus, a blocking experiment was conducted to further investigate this controversial phenomenon. The sample was treated with three kinds of specific heterophilic antibody blocking reagents (HBT antibodies Laboratory Inc., Santee, CA, United States) and then measured with Innovance D-dimer. The testing presented a remarkable discrepancy of values, that is, 9.42, 9.06, and 12.58 mg/L vs > 100 mg/L, which is highly indicative of the presence of HAs in the sample that were interfering with the immunoturbidimetric assay used in our laboratory for routine measurement of D-dimers. 
Interestingly, both the Innovance and HamosIL D-dimer assays are latex-enhanced turbidimetric immunoassays, and the monoclonal antibodies chosen to coat the beads are both clone 8D3 according to the user manuals. Thus, we propose that the HAs in this case could have impressive affinity to the Fc-region of the 8D3antibodiesand could bridge the beads independently of D-dimers, resulting in increased agglutination (Figure 1B). The results of the HBT-treated samples confirmed the presence of HAs in the sample. To rule out false elevation of endocrine tests and cardiac injury markers[4] in this case, we then reanalysed her testing results and found that the results were in the normal range (Table 1). Thus, the D-dimer test is the only one affected by HAs in this case.
[bookmark: _Hlk41937418]It has been reported that HAs may be induced after exposure to animals such as cats and mice, mouse products, immune cells, blood transfusion, dialysis and maternal transfer, among others[3,4], but we did not find any apparent causes based on her medical history. Some screening tests were applied to identify the source. Different kinds of viral infections have also been reported to induce HAs[5,6]. Epstein-Barr virus infection is an example reported previously[7]. Therefore, real-time PCR and serum antibodies against EBV were tested at the same time. The EBV-DNA load measured in her peripheral blood mononuclear cells was 3.4E04 copies/mL (Epstein-Barr Virus DNA Quantitative Fluorescence Diagnostic Kit, Changsha, Hunan Province, China), while all of her immunoglobulin G antibodies against EBV viral capsid antigen (VCA), early antigen (EA), and nuclear antigen (NA) were positive except for immunoglobulin M against VCA. This patient was then diagnosed with an EBV infection. Heterophilic antibodies tend to peak 2–5 wk after symptom onset and may only rarely persist for 6-12 mo[8], so we confirmed that her EBV infection was contributing to the phenomenon. However, how many D-dimer tests could be underestimated due to heterophilic antibodies against Epstein-Barr virus needs further investigation.
Caused by SARS-CoV-2, COVID-19 has become a global pandemic. Unfortunately, in this case, the understanding of the immunologic characteristics of SARS-COV-2 was still relatively scarce. A variety of serological assays were established for detecting SARS-COV-2, such as chemiluminescence assay (CLIA) and colloidal gold immunochromatographic assay (GICA), through immunoassay. Moreover, some COVID-19 patients demonstrated abnormal antiphospholipid antibodies and coagulopathy consistently[9]. Therefore, heterophilic antibody should be cautious as one of the factors that contribute to interference even to false-positive results.

CONCLUSION
In summary, heterophilic antibodies should be considered when an elevated D-dimer value does not conform with the clinical evidence. It is believed that it could be a better method if there is standardization of D-dimer reagents[10]. But for now, using different instruments and heterophilic antibody blockers could rule out most of the interference. We will subsequently do serial monitoring of D-dimer values during anti-viral therapy, and more research needs to be done to verify the exact interfering fragment to improve the D-dimer test in the near future. 
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Figure Legends
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Figure 1Correlation between D-dimer values and the dilution ratio and the general view of latex agglutination assay. A: Correlation between D-dimer values and the manual dilution ratio in the patient’s (red, solid line) and parallel samples (black, dotted line); B: The latex agglutination assay uses latex beads coated with D-dimer specific antibodies. In the presence of D-dimers, latex beads, and heterophilic antibodies, agglutination is detected by turbidity.



Table 1 Results of laboratory testing in our laboratory before and after patient admission 
	
	Patient results
	Reference range

	
	At admission (June 11)
	Follow-up (June 15-26)
	

	Leucocytes (× 109/L)
	8.28
	7.16
	3.5-9.5

	Red blood cells (× 1012/L)
	4.08
	3.77
	3.8-5.1

	Haemoglobin (g/L)
	119
	108
	115-1

	Haematocrit
	0.37
	0.34
	0.35-0.45

	Platelets (× 109/L)
	237
	293
	125-350

	Prothrombin time (s)
	11.6
	13.2
	9-13

	Prothrombin time (INR)
	1.01
	1.16
	—

	Activate partial thromboplastin time (s)
	27.3
	31.7
	20-40

	Thrombin time (seconds)
	16.2
	19.6
	14-21

	Fibrinogen (g/L)
	3.4
	4
	2-4

	Fibrinogen degradation product (µg/mL)
	9.29
	5.7
	0-5

	D-dimer (mg/L)
	> 100
	> 100
	< 0.55

	Antithrombin-III (%)
	91
	94
	83-128

	Creatine kinase-MB (ng/mL)
	0.63
	ND
	0-5

	Myoglobin (ng/mL)
	50.44
	ND
	0-110

	Cardiac troponin-I (ng/mL)
	0.017
	ND
	0-0.04

	B-type natriuretic peptide (pg/mL)
	321.48
	73.83
	0-100

	C-reactive protein (mg/L)
	13
	6.9
	0-5

	Triiodothyronine (nmol/L)
	1.05
	ND
	0.92-2.79

	Thyroxine (nmol/L)
	93.46
	ND
	55.3-160.8

	Free triiodothyronine (pmol/L)
	3.46
	ND
	3.5-6.5

	Free thyroxine (pmol/L)
	18.63
	ND
	11.5-22.7

	Thyroid-stimulating hormone (µIU/mL)
	2.688
	ND
	0.55-4.78

	Human chorionic gonadotropin (mIU/mL)
	2.18
	ND
	0-10

	Squamous cell carcinoma antigen (ng/mL)
	1.1
	ND
	0-1.5

	Alpha-fetoprotein (ng/mL)
	6.37
	ND
	0-8.1

	Carcinoembryonic antigen (ng/mL)
	1.33
	ND
	0-5

	Carbohydrate antigen 50 (IU/mL)
	4.63
	ND
	0-25

	Carbohydrate antigen 242 (IU/mL)
	1.35
	ND
	0-20

	Carbohydrate antigen 19-9 (U/mL)
	17.77
	ND
	0-37

	Carbohydrate antigen 125 (U/mL)
	6.14
	ND
	0-35

	Carbohydrate antigen 15-3 (U/mL)
	5.09
	ND
	0-32.4

	Carbohydrate antigen 72-4 (U/mL)
	4.01
	ND
	0-8.2

	Immunoglobulin A(g/L)
	ND
	2.83
	0.7-4

	Immunoglobulin G(g/L)
	ND
	12.9
	7-16

	Immunoglobulin M(g/L)
	ND
	0.62
	0.4-2.3

	Immunoglobulin E(IU/mL)
	ND
	19.1
	< 100

	Anti-streptolysin O (IU/mL)
	ND
	50
	0-408

	Rheumatoid factor (IU/mL)
	ND
	12.5
	0-15.9

	Anti-cyclic citrullinated peptide antibodies (U/mL)
	ND
	7
	0-17


ND: Not detected.
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