INTERFERENCE OF HETEROPHILIC ANTIBODY IN D-DIMER DETERMINATION IN
ANASYMPTOMATIC ELDERLY WOMAN

ABSTRACT

Background: D-Dimer is considered a pivotal biomarker in diagnosis of disseminated
intravascular coagulation and in differential diagnosis of thrombosis and pulmonary
embolism.

Case Summary: BL, Caucasian woman, 81 years old, was admitted to hospital, in October

2023, for concussive head trauma after an accidental fall. The patient had a "non-
assayable D-Dimer due to excess antigen" utilizing Sysmex Innovance D-dimer using a
Sysmex CS 5100 analyser. This abnormal result was firstly observed in March 2022. A
second Laboratory confirmed the raised D-dimer concentration. The patient had
undergone periodic D-dimer checks which had always confirmed the results and had been
treated with a direct FXa inhibitor.

Methods: Patient’s plasma samples were tested for D-dimer using different assays and
different analysers, moreover sample diluted in phosphate buffer and heterophilic
antibodies blocking reagent have been tested.

Results:The Sysmex Innovance D-dimer assay gave us, constantly “non-assayable D-
dimer due to excess antigen" results; the HemosIL D-dimer HS assay gave us, constantly
a raised D-dimer concentration (four to five higher than upper reference values); the
Quidel Triage D-dimer gave us, constantly D-dimer normal concentration. Results
obtained from dilution curves confirmed the presence of high concentration highavidity
heterophilic antibodies.

Conclusions: Reports regarding the influence of heterophilic antibodies on the
measurement of D-dimer are quite uncommon in literature however, they constitute a
significant potential risk. Interference from heterophile antibodies often has a different
impact using different instruments and methods in the measurement of D-dimer. Using a
combination of different assays and analysers, of dilution strategy with heterophilic
antibody blockers, and combining laboratory results with clinical examinations and imaging

data, we were able to identify the interference and exclude the presence of thrombosis

Keywords



D-dimer, D-dimer assays, Heterophilic antibody, Immunoassay, Interference

INTRODUCTION

The final phase of activation of the blood coagulation process involves the
cleavagedegradation of fibrinogen into fibrin by Flla. Thrombin firstcleaves two small
fragments (fibrinopeptides A and B) fromfibrinogen originating the fibrin monomer. Fibrin
monomer spontaneously form a polymer through hydrogen bonds. FXllla stabilizes the
initial fibrin polymer by catalysingthe formation of covalent bonds to cross-link adjacent D
domains. In a further phase plasmin cleaves fibrin into variousfragments (fibrin
degradation products - FDPs), D-dimer (DD) are FDPs products, which are composedof
two adjacent cross-linked fibrin monomers[1,2]. DDis considered asensitive, but
non-specific indicator to detect deep vein thrombosis (DVT) or pulmonary embolism(PE),
and a substantial aid to diagnose or monitor disseminated intravascularcoagulation (DIC)
[3.4].

Many different D-dimer assayshave been developed, which differ in the DD epitope
targetedby the antibody, method of capture and detection, instrumentationrequired, and
calibration standard. At present has been reportedthat there are abouttwenty different
monoclonal antibodies used by almost thirty differentDD-dimer assays. From a general
point of view the majority ok these methods use homogeneoussandwiches of monoclonal
antibodies to detect specific epitopeson cross-linked D-dimer fragments. The detection
methods for D-dimer in the clinical laboratory mainly include immunoturbidimetry, enzyme
immunoassays, immunofluorescence and immunochromatography, with the most widely
used being immunoturbidimetry [5-7].

Immunoassays are very sensitive to interference sustained by multivalent antibody binding
ligands that can bridge the reagent antibodies. This not specific cross-linking may result in
generation of a falsely positive results. The more common cause of such interference was
the presence of heterophilic (or human anti mouse) antibodies [8-10].

In this paper we report an observation regarding the finding of a heterophilic antibody
related falsely very high D-Dimer concentration in a wealthy elder woman.

MATERIALS AND METHODS

Case history: BL, Caucasian woman, age 81, was admitted, in October 2023, to the

medical ward of the “Madonna della Navicella” Hospital in Chioggia because loss of
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consciousness following concussive head trauma after an accidental fall.During
hospitalization, a “non-assayable DDdue to excess antigen” was detected utilizing Sysmex
Innovance D-dimer using a Sysmex CS 5100 analyser (Siemens). For description of D-
Dimes assays see table 1. The evaluation of BL's health documentation made it possible
to detect that the first observation of a “non-assayable D-Dimer due to excess antigen”
dated back to March 2022 (random finding during routine checks). Assays were performed
in duplicate by diluting the sample with both phosphate buffer and the heterophilic
antibody-blocking reagent present in the KIT with comparable results (see table 2). The
sample had been sent to another laboratory for further investigation and a markedly high
DD (four times the normal reference value) results was obtained using HemosIL D-dimer
HS assay (ACL TOP750). Assays were performed in duplicate by diluting the sample with
both phosphate buffer and the heterophilic antibody-blocking reagent present in the KIT
with comparable results as reported in table2. The patient had undergone periodic DD
checks which had always confirmed the results, in the presumption of being in the
presence of a subject with active DVT or PE, therapy was started with a direct FXa
inhibitor.

At hospital admission a clinical evaluation was performed using the Wells' Criteria for PE
andDVT [11,12]. In order to evaluate the head trauma, a skull x-ray and a brain CT scan
were performed. In order to evaluate the presence of PE a standard thoracic Rx
examination such as computed tomography angiogram of the thorax were performed. To
investigate the presence of DVT legs and abdominal ultrasound scans were performed. A
comprehensive laboratory evaluation was performed too.

D-Dimer_assays and Comparative Testing: BL plasma samples were simultaneously

tested with threedifferent methods: two latex-enhanced immunoturbidimetric
immunoassays. Sysmex Innovance D-dimer using a Sysmex CS 5100 analyserand
HemosIL D-dimer HS using an ACL TOP750; and a fluorescent based POCT assay
(Quidel TriageTrue D-Dimer). For the two latex-enhanced immunoturbidimetric
immunoassays, samples were evaluated after treatment with the heterophilic antibody-
blocking reagent supplied with the kit. [13,14].

Dilution tests: BL plasma samples dilutions were tested using our routine laboratory

method (Sysmex Innovance D-dimer). Four sets of doubling dilutions (1/10 to 1/320) were
set up: in a series the sample was diluted. In two series the sample was diluted using
phosphate buffer (I and Il); in two series the sample was diluted using the heterophile
antibody blocking reagent supplied with the kit (Il and 1V). Each series was incubated for
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60 minutes prior to assays; series | and Ill were incubated at +22°C and series Il and IV
were incubated at +37°C. [15,16].
Heterophilic antibody blocking reagent: BL plasma samples were treated with heterophilic

blocking tube (HBT, Scantibodies Laboratory Inc) following the manufacturer's instructions.
Briefly, the HBTwas shaken in an upright position, uncapped and 500 mL of plasma were
added, the tube was recapped and mixed by inversion. The tube must be incubated for 60
minutes at room temperature before performing the assay [17,18].

RESULTS

At Hospital admission the Well score was 0, therefore BL had less than 1.3% chance of
presenting DVT or PE. Furthermore, the ultrasound study of the abdomen and lower limbs
did not reveal thrombosis and the thoracic CT study did not reveal pulmonary embolism. It
was therefore considered possible to exclude the presence of actual thromboembolic
phenomena[l11,12].

BL presented a modest monoclonal IgM-K component described four years ago stable in
time, asymptomatic and without depression of the other immunoglobulin
classescompatible with a diagnosis of MGUS (monoclonal gammopathy of undetermined
significance) [19].

Biochemical profile for evaluation of glucose and lipid metabolism, ions, renal function,
liver function showed no relevant alterations Blood cells count was normal such as
coagulation parameters: prothrombin time(PT), activated partial thromboplastin
time(aPTT), thrombin time(TT), antithrombin (AT), protein C (PC), protein S (PS), activated
protein C resistance (aPCR), genetic test for G1691A FV (FV Leiden) and G20210A FlI
(Prothrombin G) mutations. Research of lupus anticoagulant was negativesuch as assays
for anti-cardiolipin antibodies (IgG and IgM) and anti-B2-glycoprotein antibodies (IgG and
IgM). No infection sustained by HBV, HCV, HIV, Treponema pallidum, CMV, EBV,
Mycoplasma pneumoniae was detected. We also investigated the presence of
autoimmune-type phenomena finding a positive anti-nucleus autoantibody (ANAtitre 1/80,
homogeneous pattern), but Autoantibody anti-smooth muscle (ASMA), anti-native DNA,
anti-mitochondria antibodies (AMA) were negative, C3 and C4 assays were normal, direct
(DAT); and indirect Coombs(IAT) test were negative as well as “a frigore” agglutinins and
cryoglobulins [20]. No interference was observed with numerous other immunometric
assays such as Ferritin CEA, Cal9.9. CA125, CA15.3, Tropoinin T, BNP which always
presented values within the normal reference ranges [21-23].



In table 1 are reported values of DD concentration obtained, from March 2022 to January
2024, with three commercial methods.Sysmex Innovance D-dimer assay and HemosIL D-
dimer HS assay, bothare immunoturbidimetric immunoassays performed on high
throughput automated analysers, samples consist in citrated plasma, the target
monoclonal antibody is the so called 8D3 [13-18].Quidel Triage D-Dimeris an
immunofluorescent immunoassay performed using a Triage POCT analyser, samples
consist in EDTA whole blood, the target monoclonal antibody is the so called 3B6 [13-
18].As reported in table2, when analysing untreated plasma, using the Sysmex Innovance
D-dimer assay, we obtained constantly “non-assayable D-Dimer due to excess antigen”
results. These results were confirmed using, for sample’s dilution, both the standard buffer
than the heterophilic antibodies blocking reagent supplied with the kit. While, using the
HemoslIL D-dimer HS assay, we obtained constantly a raided DD (approximately 4-5 times
above the normal reference limit). These results were confirmed using, for sample’s
dilution, both the standard buffer than the heterophilic antibodies blocking reagent supplied
with the kitUsing the Quidel Triage D-Dimer assay resulted in an analyte quantification that
was within the normal reference range. After sample treatment with Heterophilic Blocking
Tube (HBT, Scantibodies Laboratory Inc) we obtain D-dimer normal concentration both
with Sysmex Innovance D-dimer assay and HemoslL D-dimer HS assay. These results
were comparable to that obtained using POCT instrumentation (Quidel Triage D-Dimer).

In figure 1 were reported dilution curves obtained using phosphate buffer solution
(INNOVANCE D-Dimer Diluent) and buffer solution with heterophil blocking
reagentincluded on the kit (INNOVANCE D-Dimer Supplement) tested at +22°C (room
temperature) and at +37°C. We used the Sysmex Innovance D-dimer kit, the citrated
plasma was diluted by twofold (1/1 to 1/320) using both a phosphate buffer solution and a
heterophilic antibody blocking reagent of the kit. Each dilution series was incubated for 60
minutes at either +22°C or +37°C prior to analysis. As shown in the figure, no results
(antigen excess alarm) were obtained for dilutions less than 1/40. For dilutions equal to or
greater than 1/40 we obtained a quantitative result that was always slightlylower in the
series prepared by diluting the sample with heterophilic antibody-blocking reagent than in
the series prepared using phosphate buffer. The pre-incubation temperature does not
seem to influence the results.In any case the quantification of DD always gave extremely
high results despite the attempts made to mitigate the interference from heterophilic
antibodies.

DISCUSSION



In this elderly patient without symptoms suggestive of possible DVT and/or EPwere
observed repeatedly elevated (or non-assayable results due to excess antigen)DD values
led to extensive unnecessary diagnostic investigations and inappropriate anticoagulant
therapy. This resulted in unjustified costs, uncertainty and discomfort for the patient, her
parents, andhealth care providers. in fact the patient underwent repeated tests but was
treated with a direct FXa inhibitor [24].

After repeated DD evaluations with pathological/undeterminable values without
explanation and without attempts to investigate the causes of these abnormal results, we
approached the problem by assuming the presence of an analytical interference.
Interference from hyperbilirubinemia,hemolysis and hyperlipemia, sometimes reported in
literature, were excluded because appearance of the specimen and the results of
biochemical tests [6-8,25,26].We therefore considered the presence of an
interferencesustained by heterophilic antibodies [27,28]. The first approach to the problem,
which had already, partially, been carried out prior to our observation, was to repeat the
DD determination using different methods and different instrumentations. In a first time,
assays were performed in duplicate with the Sysmex Innovance D-dimer kit using a
Sysmex CS 5100 analyser and the HemosIL D-dimer HS kit using an ACL TOP750
analyser. This approach did not solve the problem, probably because, the two methods
are extremely similar: the same sample (citrated plasma), the same assay principle
(turbidimetric immunoassay) and the same monoclonal antibody used to bind the analyte
(8D3). Both these assays include the availabilityof an additional reagent to mitigate
interference from heterophilc antibodies. For both methods, the D-Dimer assay was
performed by diluting the patient's plasma using the reagent blocking heterophile

antibodies. In this case these measures did not appreciably modify theobtainedresults.

We therefore considered to performthe DD determination using a third method using the
Triage instrumentation and the Quidel Triage D-Dimer kit, this method uses a different
sample (EDTA whole blood), a different detection system (immunofluorescent
immunoassay) and a different monoclonal antibody used to bind the analyte (3B6) [13-18].
Using the Sysmex Innovance D-dimer assay D-Dimer was always “non-determinable due
to excess antigen” even using the kit's suppletive reagent to mitigation of heterophilic
antibodies interference. Using the HemosIL D-dimer HS assayD-Dimer was consistently
high (about 4-5 times abovetheupper reference values)even using the kit's suppletive
reagent to mitigation of heterophilic antibodies interference. Using the Quidel-Triage

6



assaywe obtained a D-Dimer quantification within normal limits.It was therefore possible to
confirm that the patient did not present an increase in DD and that the anomalous results
obtained were, probably, attributable to analytical interferencefrom heterophilic antibodies
[29-31].

Four samples’ serieshave been set-up and tested using the Sysmex Innovance D-dimer
assay. Pre assay incubation temperature Incubation temperature did not demonstrate any
influence on the results, demonstrating that it was in the presence of a heterophilic
antibody with a wide thermal range of activity (from +22°C to +37°C).Moreover,the dilution
of the sample with the suppletive reagent for the mitigation of interference from
heterophilic antibodies supplied with the Kit was not able to resolve the problem. This
observation led us to hypothesize the presence of a heterophilic antibody with high
concentration and high avidity[27-29]. Furthermore, the observation that the heterophile
antibody did not seem to interfere with other immunometric assays carried out with the EIA
method (e.g. tumor markers) or D-Dimer quantification performed using an
immunofluorescent based assay, seemed to suggest a fair specificity for the immuno
turbidimetric assay [30-32].

Normal D-dimer concentration was obtained using heterophilic blocking tube (HBT,
Scantibodies Laboratory Inc) both with Sysmex Innovance D-dimer assay and HemoslIL D-
dimer HS assay; forthis kind of heterophilic antibodies contained in the plasma sample,
HBT has proven to be more effective than the suppletive blocking reagent included both in
the kit of the Sysmex Innovance D-dimer assay and HemosIL D-dimer HS assay. HBT
contains a unique blocking reagent composed of specific binders which inactivate
heterophilic antibodies. Once the specific binders have bound to the heterophilic
antibodies, the antibodies are no longer able to cause immunoassay interference arising a
normal D-dimer concentration[31,32].

CONCLUSIONS

Analytical interference in antibody-based tests is a well-known phenomenon in laboratory
medicine. Immunoassays, including assays forhuman chorionic gonadotropin, troponin, or
thyroid hormones, areknown to be sensitive to interference from heterophilic antibodies
[32,33].These are naturally occurring polyreactive antibodies, autoantibodies,human anti—
animal antibodies, or rheumatoid factor [8-10]. Publishedreports on antibody interference
in D-dimer assays quite uncommon. In literature were reported cases both in women and
men of different ages. Interestingly, the great majority of described cases showed

interference on latexenhancedimmunoturbidimetric D-dimer assays and occurred
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withmonoclonal antibodies of different manufacturers, different antibodyepitopes, and in
reagents with different blocking agents [28-30].Determination of the origin of heterophilic
antibodies is challenging.The occurrence of antibody interference and the lack of aclearly
definable cause for this interference makes considering thepretest probability of DVT and
PE in the context of D-dimer analysis evenmore important because D-dimer testing is
sensitive but not specific.

The influence of heterophilic antibodies on the measurements of D-dimer remains a
relevant challenge. Heterophilic antibodies should be considered when an elevated D-
Dimer value is not in conformity with the clinical evidence and imaging data; the use of
different methods and reagent that inactivate the heterophilic antibodies could be a
strategy to obtain a reliable result [32,33].

STUDY LIMITATIONS

This is a short paper reporting an evaluation about interference in D-Dimer quantification
sustained by presence of high concentration high avidity heterophilic antibodies. The main
limitation of this study, in our opinion, lies in the fact that it was only possible to compare

different commercial methods for the determination of D-Dimer.
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ABBREVATIONS:

Activated Factor II: Flla; Activated Factor X: FXa ; Activated Factor XllI: FXllla Activated
partial thromboplastin time: aPTT,; Activated protein C resistance: aPCR, Antithrombin AT,
Brain Natriuretic Perptide; BNP, Carboidratic Embrionary Antigen: CEA, Carboidratic
Antigen 15.3, 19.9, 125: Cal5,5, Cal89.9, Cal25, Complement Fractions 3 and 4: C3 and

C4, Cytomegalovirus; CMV, D-Dimer: DD, Epstein Barr Virus: EBV, Factor V Leiden: FVL,
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Fibrin degradation products: FDPs, Hepatitis B Virus: HBV, Hepatitis C Virus: HCV, Human
Immunodeficiency Virus: HIV, Protein C: PC, Protein S: PS, Prothrombin time: PT,
Thrombin time TT,
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Table 1: D-Dimer assays comparison

Assays description

Assay Sysmex Innovance | HemosIL D-dimer Quidel Triage
D-dimer HS assay D-Dimer
Matrix Citrated Plasma Citrated Plasma EDTA whole blood
Reference Values <800 mcg/L FEU <700 mcg/L FEU <600ng/mL
Assay Principle Immunoturbidimetric | Immunoturbidimetric Fluorescence
immunoassay
Target MoAb 8D3 8D3 3B6
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Table 2: D-Dimer concentration values obtained using three different commercial

methods.
Sysmex Innovance D-dimer HemosIL D-dimer HS assay Quidel Triage
D-Dimer
Standard KIT Blocking Standard KIT Blocking | Standard Assay
Assay supplement Assay supplement
mcg/L FEU mcg/L FEU mcg/L FEU mcg/L FEU ng/mL
March 04 22 AE AE 2907 NT NT
April 15 22 AE AE 2974 NT NT
May 25 22 AE AE 2942 3300 NT
June 28 22 AE AE 3003 NT NT
March 20 23 AE AE 3014 2900 NT
June 29 2023 AE AE 3028 3100 NT
September 29 23 AE AE 3059 NT NT
October 18 23 AE AE 3009 2800 390
November 20 23 AE AE 2848 NT 389
December 28 23 AE AE NT NT 441
January 10 24 458* NT 658* NT 452

AE: Antigen Excess, NT: Not Tested

* Results obtained testing undiluted plasma samples treated with heterophilic antibody
blocking solution (HBT Heterophilic Blocking Tube, Scantibodies Laboratory INC)
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Figure 1: Effect of dilution with buffer solution and heterophilic antibody blocking

solution
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Analysis was performed using Sysmex Innovance D-dimer assay using a Sysmex CS
5100 analyser. Four dilution series were set up, each dilution series was incubated for 60
minutes at either room temperature (RT) or +37°C prior to analysis.In two series plasma
samples were diluted using the Kit's suppletive heterophilic antibodies blocking reagent
(SUPPL). In two series plasma samples were diluted using the Kit's standard dilution

buffer (DIL).
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