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Background:  There  is  an  increasing  interest  in the  study of non-criteria antiphospholipid  antibodies (aPL)

including  antibodies targeting  domain 1 of the  B2  glycoprotein  1 (anti-D1  B2GP1)  and  antibodies  anti

phosphatidylserine/  prothrombin  (PS/PT).

Objectives: Our  aim was  to analyze a panel of conventional and  non-criteria aPL in a cohort  of patients with

systemic lupus  erythematosus  (SLE) and  primary antiphospholipid  syndrome (APS),  to describe if  there

are  differences  in  aPL  titers among groups,  to  evaluate  clinical  associations  including risk of  recurrent

events  of novel  aPL.

Methods: Observational  study  that  evaluated  at  baseline antibodies  against  anti-D1  B2GP1  and anti PS/PT.

Anti-D1 B2GP1  antibodies were tested  using  a chemiluminescent  immunoassay.  IgG  and  IgM  anti  PS/PT,

aCL and anti B2GP1 by  ELISA  techniques.  Therefore,  patients were  followed  in order  to identify  new

thrombotic  events.

Results: 133 patients  with  SLE and 23 with  primary APS patients were  included. Main  APS manifestations

were  DVT (27%),  obstetric  morbidity  (22%) and  arterial thrombosis  (10.1%).  IgM  anti  PS/PT  antibodies

levels  were  (20.6 -  127) vs  21.9  (11.2 -  39.2) U/ml, p< 0.001 in primary APS vs  SLE with  APS, respectively.

Anti-D1 B2GP1, IgG and IgM anti  PS/PT  were associated  with thrombotic  and  non-thrombotic  manifes-

tations.  During  follow-up, IgG B2GP1 were  related  with  a significant cumulative  risk of thrombosis.

Conclusions:  We  found significant  differences  in serum  titers of non-criteria  aPL  among  patients with

primary APS vs  SLE with  APS. Whether non-criteria  aPL  antibodies  titers are  useful  to  differentiate  patients

with primary  and secondary  APS requires  further  analysis  in  other  populations.
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Importancia  de los títulos  de  anticuerpos  antifosfolípidos  no criterio  entre
pacientes  con  síndrome  antifosfolípido  primario  y pacientes  con  lupus
eritematoso  sistémico

r  e  s u  m e  n

Antecedentes: Hay un interés  creciente  en  el  estudio  de  los anticuerpos  antifosfolípidos  (aPL)  no crite-

rio, incluyendo  anticuerpos  contra  el dominio  1  de  la B2  glicoproteína  1 (anti-D1 B2GP1)  y  anticuerpos

antifosfatidilserina/protrombina  (PS/PT).

Objetivos:  Nuestro  objetivo fue  analizar  un panel  de  aPL  convencionales  y no  criterio  en  una cohorte de

pacientes  con lupus eritematoso  sistémico  (LES) y  síndrome  antifosfolípido  primario  (SAF), para  describir

si  hay diferencias en  los títulos  de  aPL  entre los grupos,  y  evaluar  asociaciones  clínicas  incluyendo  el  riesgo

de  eventos  recurrentes  con aPL  novedosos.

Metodología:  Estudio observacional  que  evaluó  los anticuerpos  anti-D1  B2GP1  y  anti-PS/PT de  manera

basal.  Los  anticuerpos  anti-D1  B2GP1 se evaluaron  a través  de  inmunoanálisis  por  quimioluminiscencia.

Los  anticuerpos  anti-PS/PT,  anticardiolipinas  (aCL)  y  anti-B2GP1  fueron  evaluados  por  técnicas  de ELISA.

Finalmente, los pacientes  fueron  seguidos  en  el  tiempo para identificar nuevos eventos  trombóticos.

Resultados: Se  incluyeron  133  pacientes con LES  y  23 pacientes con  SAF  primario.  Las  principales mani-

festaciones  de SAF fueron  TVP  (27%),  morbilidad  obstétrica  (22%)  y trombosis  arterial  (10,1%).  Los  títulos

de  anticuerpos  anti-PS/PT  IgM  fueron  46,5  (20,6-127) vs. 21,9  (11,2-39,2)  U/ml, p  < 0,001,  en  pacientes

con  SAF primario vs.  LES con SAF secundario,  respectivamente.  Los anti-D1  B2GP1,  anti-PS/PT  IgG e  IgM

se asociaron con  manifestaciones  trombóticas  y  no  trombóticas.  Durante  el  seguimiento,  los anticuerpos

IgG B2GP1 se relacionaron  con un  riesgo  acumulativo  significativo  de  trombosis.

Conclusiones:  Se  encontraron  diferencias estadísticamente  significativas en  títulos  séricos  de  aPL  no  crite-

rio  en  pacientes  con  SAF primario  vs. pacientes con  LES y  SAF secundario. Si los  títulos  de  aPL  no criterio  son

útiles para diferenciar entre SAF primario  y  SAF secundario,  se requieren más  análisis en  otras  poblaciones

para poder  confirmar  si los títulos  de  aPL  no criterio.

© 2022 Publicado  por  Elsevier  España,  S.L.U.

Introduction

Antiphospholipid antibodies (aPL) are a  heterogeneous fam-

ily of antibodies that are directed against phospholipids and

phospholipid-binding proteins. Currently. conventional serologi-

cal markers for antiphospholipid syndrome (APLS) include lupus

anticoagulant (LA) and anticardiolipin antibodies (aCL) using solid

phase assays.1 There is growing interest in  novel aPLs. especially

antibodies against B2 glycoprotein 1 domain 1 (anti-D1 B2GP1) and

anti-phosphatidylserine/prothrombin (PS/PT) antibodies. among

others. Novel aPLs may  provide additional information in risk

stratification. and identify patients with persistently negative con-

ventional aPL determinations. also known as seronegative APLS

patients.2

PFS is defined as primary or  associated with an underlying

autoimmune disease. Primary APLS occurs in  patients in whom

there is no clinical or laboratory evidence of another condition. On

the  other hand. associated or secondary APLS may  be associated

with other diseases. most commonly systemic lupus erythemato-

sus (SLE).1

Assessment of the aPL profile has diagnostic implications and

aids in risk stratification. Triple aPL positivity has been associated

with high risk of a first and recurrent thrombotic event.3,4 and is an

independent risk factor associated with gestational complications

such as lower live birth rate. higher rate of intrauterine growth

restriction (IUGR). placental abruption. among others.5

Anti-D1 B2GP1 and anti-PS/PT IgG/IgM antibodies were signif-

icantly higher in patients with APLS than those without APLS.6 An

Italian study of patients with primary APLS7 found that several

clinical and serological features were associated with high anti-

PS/PT antibody titres. IgG and IgM anti-PS/PT antibody titres were

significantly higher in  patients with thrombosis and obstetric mor-

bidity than in those with thrombosis or obstetric morbidity alone.

Another study of patients with APLS who were seeking conception

found that anti-PS/PT antibodies were significantly associated with

late pregnancy complications. IUGR and pre-eclampsia. In addition.

anti-PS/PT IgG antibody titres had a  statistically significant inverse

correlation with neonatal birth weight.8 A systematic review found

that routine measurement of anti-PS/PT antibodies (IgG and IgM

isotypes) could be useful to establish thrombotic risk in patients

with previous thrombosis or SLE.9

Anti-D1 B2GP1 antibodies have been associated with throm-

botic events. including venous and arterial thrombosis.10,11 and

have been found in  high titres in patients with multiple aPL

positivity.12,13

To date. the significance of aPL titres. especially novel aPLs. in

patients with primary APLS is  unclear. The aim of this study was

to analyse a  panel of both conventional and novel aPLs in patients

with SLE and primary APLS. to describe the differences in  aPL  titres

in both groups. and to evaluate the clinical associations of  novel

aPLs. including the risk of recurrent events.

Methods

Study population

This observational study included clinical evaluation and sero-

logical determination of baseline autoantibodies in  patients with

SLE and primary APLS. followed by prospective follow-up. The

diagnosis of SLE was  made according to the American College

of Rheumatology (ACR) classification criteria (1982/199714 and

the APLS according to the Sidney criteria.15 Primary APLS was

defined according to  the criteria proposed by Piette et al.16 Patients

with active cancer or prothrombotic disease other than APLS were

excluded.

Patients ≥ 18 years were recruited from the Department of

Rheumatology. Internal Medicine and the Anticoagulation Clinic.

Hospital San Vicente Fundación. Medellín. Colombia: a  tertiary

referral centre. between March 2015 and March 2017. with follow-

up  until March 2019.

A systematic review of medical records was performed for

demographic variables. aPL-related criteria. and non-criteria man-

ifestations. Arterial and venous thrombotic events were recorded.
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Table  1

Clinical and serological characteristics.

Total cohort Primary APLS SLE without APLS SLE with APLS

Clinical characteristics N = 156 N =  23  N = 88 N =  45

Sex  (female). % 86 82  84 93

Current age (years ± SD)  33.9 ± 12.8 41.1 ±  16.4 30.4 ± 10.4 36.6 ± 13.1

Criteria manifestations

Previous thrombosis (arterial and/or venous). %  35.7 86.4 0 70.0

Deep vein thrombosis. % 27 54.5 0 59.0

Pulmonary thromboembolism. % 9.8 21.0 0 23.0

Arterial thrombosis. % 10.1 40.0 0 14.0

Obstetric morbidity. % 22.9 54.5 0 51.0

Non  Criteria manifestations

Valvulopathy. % 21.5 28.6 0 8.3

Thrombocytopenia. % 31.6 42.8 23.0 41.0

Convulsions. % 12.1 4.8 5.0  25.0

Livedo reticularis. %  6.7 19.0 6.0  2.3

Serological manifestations

Standard aPLs

Lupus anticoagulant positive. %  55.9 60.9 34.0 65.0

IgG  aCL positive. % 30.0 60.0 26.0 30.0

IgM  aCL positive. % 17.0 40.0 10.0 12.0

IgG  B2GP1 positive. %  24.0 55.0 15.0 27.0

IgM  B2GP1 positive. % 14.5 30.0 6.7 12.0

Double positive (LA +  any aCL) 19.9 43.5 6.3 18.0

Triple positive (LA +  any aCL +  any B2GP1) 8.3 0  2.8 7.5

New  aPLs

Anti-D1 B2GP1 positive. % 19.9 43.0 9.6 26.0

IgG  anti-PS/PT positive. % 33.0 60.0 16.0 51.0

IgM  anti-PS/PT positive. % 40.0 75.0 36.0 42.0

aPL: Antiphospholipid antibodies; APLS: Antiphospholipid syndrome; SD: Standard Deviation; SLE: Systemic Lupus Erythematosus.

Arterial events included: myocardial infarction (including vas-

cular procedures for myocardial infarction). angina pectoris and

cerebrovascular attacks. Venous events recorded were deep vein

thrombosis (DVT) and pulmonary thromboembolism (PTE). Only

the first incident event was recorded. Obstetric morbidity was

recorded according to  the Sidney criteria for APLS.15

Written informed consent to participate was obtained from the

patients. The present study was conducted in accordance with the

Declaration of Helsinki. The study protocol was approved by the

ethics committee of the Hospital San Vicente Fundación. within the

project “Biomarkers in  systemic lupus erythematosus” (Act number

10-2015).

Patients were followed for new thrombotic events or APLS-

related events until the occurrence of an event or  the last visit. All

anti-thrombotic therapies used during follow-up, including vita-

min K antagonists and direct oral anticoagulants, were recorded.

Determination of antibodies

Anti-D1 B2GP1 antibodies were determined by  QUANTA Flash®

(Beta2)GP1-Domain 1 chemiluminescence immunoassay (Inova

Diagnostics. San Diego. CA. USA). Anti-PS/PT IgG and IgM antibod-

ies were assayed by QUANTA Lite ELISA (Inova Diagnostics. San

Diego. CA. USA). The aCL (IgG and IgM) and anti-B2GP1 (IgG and

IgM) were measured simultaneously by  ELISA techniques (QUANTA

Lite®. Inova Diagnostics). To detect LA. internationally accepted

recommendations were used. using diluted Russell’s viper venom

and activated partial thromboplastin time (aPTT) as screening

methods.17 The aforementioned antibodies were determined only

at the time of patient inclusion.

Statistical analysis

Statistical analyses were performed in  SPSS® software (IBM

SPSS® version 23.0. Inc. Chicago. IL. USA) and GraphPad Prism ver-

sion 7.0 (GraphPad Software. San Diego. CA. USA). Serum titres of

anti-D1 B2GP1 and anti-PS/PT were compared between patients

with SLE and primary APLS. and between patients with SLE and

APLS vs. patients with primary APLS. In addition. serum anti-

body titres were compared between patients with SLE without

thrombosis. SLE with thrombosis and primary APLS. Chi-square

test and Mann-Whitney or Kruskall-Wallis U-test were used to

compare dichotomous and continuous variables. respectively. In

addition. for continuous variables with non-normal distribution.

the Wilcoxon rank test was  used. Spearman’s correlation test was

used to  look for correlations between aPL (aCL. anti-PS/PT and

anti-B2GP1). Correlation size  was interpreted as very high, high,

moderate, low, and negligible according to values between .9-1.00,

.7-.89, .5-.69, .3-.49, 0-.29, respectively. Finally. Kaplan-Meier time-

to-event analysis was  used to determine risk factors for thrombotic

events during follow-up.

Results

Patient characteristics

From an initial cohort of 173 patients. complete clinical data and

serum samples were available for 156 patients (133 with SLE and

23 with primary APLS).

The demographic. clinical and serological baseline characteris-

tics of all patients. those with SLE and those with primary APLS

are shown in table 1.  The mean age was 33.9 ± 12.8 years. and

86% were female: 77% were of mixed race and 22% were Afro-

Latin American. The main criteria manifestations of  APLS in  the

total cohort were DVT (27%). obstetric morbidity (22.9%) and arte-

rial thrombosis (10.1%). The main non-criteria manifestations were

thrombocytopenia (31.6%). valvular heart disease (21.5%) and pre-

vious seizures (12.1%). Serologically. LA was positive in  55.9% of

patients. aCL IgG in 30%. aCL IgM in 17%. B2GP1 IgG in  24% and

B2GP1 IgM in 14.5% of patients. New aPL positivity was: anti-PS/PT

IgG (33%). PS/PT IgM (40%) and anti-D1B2GP1 (19.9%). One fifth of

patients were double positive for LA +  any aCL and 8.3% were triple

positive for conventional aPL (LA + any aCL +  any B2GP1). Twenty-

seven percent of SLE patients had a  history of thrombosis. Because

199



T.  Urrego-Callejas, A.  Hernández, S. Ruiz Giraldo et al. Reumatología Clínica 19 (2023) 197–203

Figure 1. Serum titres of new aPL according to  the baseline diagnosis. A) Anti-domain1 B2GP1 antibodies. B) IgG anti-PS/PT antibodies. C)  IgM anti-PS/PT antibodies. SLE:

systemic  lupus erythematosus; APLS: antiphospholipid syndrome.

Figure 2. Serum titres of aCL IgM and B2GP1 IgM. according to  the underlying diagnosis. A) IgM aCL antibodies. B)  B2GP1 IgM antibodies.

Table 2

Clinical performance of anti-D1 B2GP1 and anti-PS/PT IgG and IgM antibody assays in patients with features of APLS (both primary APLS and SLE with APLS).

Anti-D1 B2GP1 positive (%) Anti-D1 B2GP1 negative (%)  OR 95% CI P  value

Thrombosis (any arterial or venous) 65.5 34.5 4.9 2.0-11.7 <  .001

DVT 55.2 44.8 5.0 2.1-11.9 <  .001

Thrombocytopenia 58.6 41.4 4.3 1.8-10.3 <  .001

IgG anti-PS/PT positive (%) IgG anti-PS/PT negative (%) OR 95% CI P value

Thrombosis (any arterial or venous) 54.8 22.9 4.0 1.7-9.3 < .001

DVT 60.6 24.1 5.2 1.3-20.8 < .001

Thrombocytopenia 26.5 4.9 7.0 1.9-24.7 < .001

Obstetric morbidity 64.7 22 6.4 2.0-20.0 < .001

IgM  anti-PS/PT positive (%)  IgM anti-PS/PT negative (%)  OR 95% CI  P value

Thrombosis (any arterial or venous) 52.8 32.1 2.3 1.0-5.2 .034

Thrombocytopenia 26.5 4.9 7.0 1.9-24.7 < .001

95% CI: 95% Confidence Interval; APLS: Primary Antiphospholipid Syndrome; DVT: Deep vein thrombosis; OR: Odds Ratio; SLE: Systemic Lupus Erythematosus.

we included patients who met  the Sidney criteria for APLS, none

had single positivity for new aPLs with negative conventional aPLs.

Antiphospholipid antibody profile according to diagnosis

Patients with primary APLS had significantly higher titres of cer-

tain new aPL than patients with SLE without APLS. Patients with

primary APLS had significantly higher titres of anti-PS/PT IgG and

IgM than patients with SLE and APLS (46.5 [20.6-127] vs. 21.9 [11.2-

39.2] median interquartile range [IQR]) U/ml. p<.001 in  patients

with primary APLS vs.  SLE and APLS respectively. No statistically

significant differences were observed in anti-D1 B2GP1 titres. 0 (0-

8)  vs. 5 (0-53) median (RIQ) U/ml. p=.163 between both groups

(fig. 1). Patients with primary APLS and thrombosis had signifi-

cantly higher titres of aCL IgM and B2GP1 IgM than patients with

SLE and APLS and patients with SLE without APLS (fig. 2).

Anti-PS/PT antibody titres (IgG and IgM) were significantly

higher in patients with triple positivity for classical aPL. No dif-

ference in anti-D1 B2GP1 titres was observed in patients with or

without triple positivity (data not shown). and no significant dif-

ference in new aPL  titres was  observed in  patients with DVT alone

vs. patients with arterial thrombosis alone.

Anti-D1 B2GP1 was strongly associated with previous thrombo-

sis  (both arterial and venous), odds ratio (OR): 4.90. 95% confidence

interval (CI):  2.0-11.7; DVT (OR: 5.0. 95%  CI: 2.1-11.9) and thrombo-

cytopenia (OR: 4.3. 95% CI: 1.8-10.3). Anti-PS/PT IgG was  strongly

associated with previous thrombosis, DVT, thrombocytopenia and

obstetric morbidity while anti-PS/PT IgM was  associated with pre-

vious thrombosis and thrombocytopenia (table 2).

A  positive correlation was observed between anti-D1 B2GP1

and anti-PS/PT IgG (r=.651; p=.0001). B2GP1 IgG (r=.604; p=.0001)

and aCL  IgG (r=.645; p=.0001). Previously known moderate-strong

correlations were observed between conventional aPL (table 3).

Follow-up

Follow-up was available in 91 patients. Mean follow-up time

was 20.6 ± 13.8 months (range: 1-46 months). Eight  of  91  patients

(8.8%) had new thrombotic events (6 DVT and 2 arterial throm-

boses). 5 of which occurred despite anticoagulant therapy (4 with

vitamin K  antagonists and one with dabigatran). Six episodes of
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Table  3

Correlation between new and conventional aPLs.

Anti-D1 B2GP1 IgG anti-PS/PT IgM anti-PS/PT IgG B2GP1 IgM B2GP1 IgG aCL IgM aCL

Rho  P value Rho P value Rho P value Rho  P  value Rho P value Rho P value Rho P value

Anti-D1 B2GP1 1 — .651 .0001 .548 .0001 .604 .0001 .346 .0001 .645 .0001 .445 .0001

IgG  IgM anti-PS/PT .651 .0001 1 — .552 .0001 .554 .0001 .324 .0001 .657 .0001 .334 .0001

IgM IgM anti-PS/PT .548 .0001 .552 .0001 1  —  .504 .0001 .412 .0001 .592 .0001 .523 .0001

IgG  B2GP1 .604 .0001 .554 .0001 .504 .0001 1  —  .0001 .822 .0001 .592 .0001

IgM B2GP1 .346 .0001 .324 .0001 .412 .0001 .496 .0001 1 — .456 .0001 .822 .0001

IgG  aCL .675 .0001 .657 .0001 .592 .0001 .822 .0001 .456 .0001 1 — .542 .0001

IgM aCL .445 .0001 .334 .0001 .523 .0001 .592 .0001 .823 .0001 .542 .0001 1 —

aPL: Antiphospholipid antibodies.

Figure 3. Cumulative incidence of thrombosis according to B2GP1 IgG status.

thrombocytopenia and two new fetal losses were observed. Over-

all. LA was associated with recurrent thrombocytopenia (12.9 vs.

0%; p=.049) and anti-B2GP1 IgG antibodies with recurrent throm-

bosis (28 vs. 7%; p=.022) and arterial thrombosis (6.7 vs. 0%;

p=.05). In survival analysis. anti-B2GP1 antibodies were signifi-

cantly related to  the cumulative risk of thrombosis (fig. 3). No

association was  observed between aPL non-criterion or triple pos-

itivity and recurrence. No clinically relevant bleeding (major or

minor) was observed.

Discussion

Our results show significant differences in anti-PS/PT titres

between patients with primary APLS and patients with SLE and

APLS. In addition, strong associations were found between new

aPL with criterion (thrombosis and obstetric morbidity) and non-

criterion manifestations such as thrombocytopenia.

Information on the differential role of new aPLs is limited. In a

Chinese study of patients with primary APLS (n  =  101). secondary

APLS (n = 140) and controls, including patients without thrombo-

sis (n = 161) and healthy controls (n =  39), serum titres of anti-PS/PT

IgG and IgM were significantly higher in patients with primary APLS

and secondary APLS compared to patients with thrombosis with-

out APLS, with obstetric morbidity without APLS, with SLE without

thrombosis and healthy controls. However. anti-PS/PT IgG or IgM

levels were not significantly different between patients with pri-

mary APLS and secondary APLS.18

Non-criteria aPLs, including anti-B2GP1 IgA, anti-D1 B2GP1 and

anti-PS/PT have been proposed as useful markers in patients with

seronegative APLS (patients with clinical manifestations of APLS

although with negative conventional aPL results).19

Although the new aPLs are not usually measured in daily clin-

ical practice, some studies have suggested that they are useful as

adjunctive tests to  identify patients with APLS seronegative for con-

ventional aPLs.20,21 However, since we did not include any cases of

seronegative APLS, this possible additional diagnostic value was not

evaluated in the present study.

Primary APLS is a well-recognised entity, progressing to SLE or

other autoimmune diseases in only .6%-11% of patients. In 2005,

in a  multicentre cohort study including 128 patients with primary

APLS, we reported that about 8% of patients met  SLE criteria after

a median follow-up of 9 years.22 In a European cohort of 1,000

patients with APLS, after a  10-year follow-up, only 3/531 patients

(.6%) initially diagnosed as primary APLS were reclassified as SLE.23

In another European multicentre study of 115 patients with APLS,

only 13 (11%) were reported to develop frank autoimmune disease,

7 patients developed SLE, 2 Sjögren’s syndrome and 4 undifferen-

tiated connective tissue disease after a  follow-up of 18  years.24 A

recent study of 100 French patients with primary APLS found that

none developed SLE after a  median follow-up of up to 12 years.25

Multiple disease markers are not exclusive to their most rep-

resentative diseases, but high titres are often a  hallmark of

each disease. For example, patients with ANCA-associated vas-

culitis often have higher ANCA titres than patients with other

ANCA-positive inflammatory diseases, including patients with

inflammatory bowel disease or SLE.26

Despite a short follow-up in  our study, about 9% of  patients

had new thrombotic episodes, in some cases in  patients on oral

anticoagulation. In particular, patients positive for anti-B2GP1 IgG

antibodies had an increased risk of recurrence. A recent study

reported a  higher rate of thrombotic events in those patients with

positive anti-PS/PT IgG27 and Abu-Zeinag et al.28 reported that

18% of patients developed a thrombotic event after 48 months of

follow-up, especially those with an underlying autoimmune dis-

ease. However, as in  our study, they did not document a  relationship

with LA positivity or triple positivity.

There is no consensus on  monitoring aPL titres during follow-up

and on the impact of aPL levels. Recently, Khawaja et al.29 described

that the presence of aCL and, to  a  lesser extent. LA,  can be nega-

tive after thrombotic events in  SLE patients. Nuri et al.30 found a

significant reduction in aPL titres in  patients with primary APLS

exposed to hydroxychloroquine (HCQ) compared to those with-

out HCQ, and a  potential reduction in the incidence of  recurrence

of arterial thrombosis in  patients with primary APLS treated with

HCQ.

Our study has some limitations:

-  First, we only measured aPL at  the time of study inclusion and

therefore cannot determine whether anti-D1 B2GP1 and anti-

PS/PT titres changed over time.

-  Second, a relatively low number of patients with primary APLS

were included compared to those with SLE plus APLS, but in the
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same ratio (1:4) as usually seen in clinical practice between pri-

mary APLS and SLE-associated APLS. Despite such a relatively low

number of cases, we were able to report that serum anti-PS/PT

titres were twice as high in  patients with primary APLS as in those

with SLE and APLS. However, some of these differences were not

statistically significant, although with a greater tendency for ele-

vated anti-D1 B2GP1 titres in  patients with primary APLS. While

the statistically significant finding was reduced to anti-PS/PT and

aCL antibodies, there is  a numerical difference in anti-D1 B2GP1

antibody titres in favour of patients with primary APLS. How-

ever, the finding may  not be  significant due to  the small sample

size. This is in agreement with our findings of high titres of other

non-criteria antibodies.

-  Third, we found a  high prevalence for AL  positivity compared to

other cohorts. This may  be due, in part, to  the recruitment site of

many patients with primary APLS who came from the anticoag-

ulation clinic after a  positive confirmatory LA  test.

- Fourth, we were unable to identify patients with seronegative

APLS because all patients were classified as APLS according to

the criteria of at least one classical aPL at recruitment. The study

period was relatively short, but we were nevertheless able to

identify new thrombotic episodes. Finally, most of our patients

were of mixed race and. therefore our findings are not necessarily

generalisable to other populations.

In conclusion, to our knowledge, this is the first study to describe

differences in serum titres of new aPL in patients with primary APLS

or SLE with APLS. This may  generate hypotheses on  the differential

role of new aPL in patients with both primary APLS and secondary

APLS related to  systemic autoimmune diseases. Whether anti-D1

B2GP1 and/or anti-PS/PT titres are useful in discriminating between

patients with primary or  secondary APLS requires further analysis.

Conflict of interests

The authors have no conflict of interests to  declare.

Acknowledgements

Anti-D1 B2GP1 antibodies were kindly provided by

INOVA/Werfen Colombia. The authors thank Munther A.

Khamashta and David Buss for their critical review of the content

of this manuscript. We  also thank Sandra M.  Osorno and Angela

Loaiza (Dinámica IPS. Colombia) for support with sample handling

and analysis of aCL and anti-B2GP1 antibodies.

References

1. Gómez-Puerta JA, Cervera R. Diagnosis and classification of
the  antiphospholipid syndrome. J  Autoimmun. 2014;48:20–5,
http://dx.doi.org/10.1016/j.jaut.2014.01.006.

2.  Ardila-Suarez O, Gómez-Puerta JA, Khamashta MA.  Diagnosis of
antiphospholipid syndrome: From an historical perspective to the
emergence of new autoantibodies. Med  Clin (Barc). 2016;146:555–60,
http://dx.doi.org/10.1016/j.medcli.2016.01.005.

3. Pengo V, Ruffatti A, Legnani C,  Barcellona D, Erba N, Testa
S,  et al. Clinical course of high-risk patients diagnosed with
antiphospholipid syndrome. J  Thromb Haemost. 2010;8:237–42,
http://dx.doi.org/10.1111/j.1538-7836.2009.03674.x.

4.  Sciascia S, Murru V, Sanna G,  Roccatello D, Khamashta MA, Bertolac-
cini ML.  Clinical accuracy for diagnosis of antiphospholipid syndrome in
systemic lupus erythematosus: Evaluation of 23 possible combinations of
antiphospholipid antibody specificities. J Thromb Haemost. 2012;10:2512–8,
http://dx.doi.org/10.1111/jth.12014.

5.  Saccone G, Berghella V, Maruotti GM,  Ghi T,  Rizzo G,  Simonazzi G,  et al.,  PREG-
NANTS (PREGNancy in women with ANTiphospholipid Syndrome) working
group. Antiphospholipid antibody profile based obstetric outcomes of pri-
mary antiphospholipid syndrome: the PREGNANTS study. Am J  Obstet Gynecol.
2017;216:525, http://dx.doi.org/10.1016/j.ajog.2017.01.026,  e1-525.e12.

6. Nakamura H, Oku K, Amengual O,  Ohmura K, Fujieda Y, Kato M, et al. First-Line
Non-Criterial Antiphospholipid Antibody Testing for the Diagnosis of Antiphos-

pholipid Syndrome in Clinical Practice: A Combination of Anti–�2-Glycoprotein
I Domain I and Anti–Phosphatidylserine/Prothrombin Complex Antibodies
Tests. Arthritis Care Res. 2018;70:627–34, http://dx.doi.org/10.1002/acr.23310.

7. Hoxha A, Mattia E, Tonello M,  Grava C, Pengo V, Ruffatti A. Antiphos-
phatidylserine/prothrombin antibodies as biomarkers to identify severe
primary antiphospholipid syndrome. Clin Chem Lab Med. 2017;55:890–8,
http://dx.doi.org/10.1515/cclm-2016-0638.

8. Canti V,  Del Rosso S, Tonello M,  Luciano R, Hoxha A, Coletto LA, et al.
Antiphosphatidylserine/prothrombin antibodies in Antiphospholipid Syn-
drome with intrauterine growth restriction and preeclampsia. J  Rheumatol.
2018;45:1263–72, http://dx.doi.org/10.3899/jrheum.170751.

9. Sciascia S, Sanna G, Murru V, Roccatello D,  Khamashta MA,  Bertolac-
cini  ML.  Anti-prothrombin (aPT) and anti-phosphatidylserine /prothrom-
bin  (aPS/PT) antibodies and the  risk of thrombosis in the antiphospho-
lipid  syndrome. A systematic review. Thromb Haemost. 2014;111:354–64,
http://dx.doi.org/10.1160/th13-06-0509.

10.  Mahler M,  Albesa R, Zohoury N, Bertolaccini ML,  Ateka-Barrutia O, Rodriguez-
Garcia JL, et al. Autoantibodies to domain 1 of beta 2 glycoprotein I determined
using a novel chemiluminescence immunoassay demonstrate association with
thrombosis in patients with antiphospholipid syndrome. Lupus. 2016;25:911–6,
http://dx.doi.org/10.1177/0961203316640366.

11.  Nojima J, Motoki Y, Hara K, Sakata T, Tsuneoka H, Ichihara K. Detection of anti-
bodies  against domain 1 of �2-glycoprotein I  is key in predicting thromboem-
bolic  complications in patients with systemic lupus erythematosus. Thromb Res.
2017;153:83–4, http://dx.doi.org/10.1016/j.thromres.2017.02.001.

12.  Banzato A, Pozzi N, Frasson R, De Filippis V, Ruffatti A, Bison E, et al. Anti-
bodies to  domain I of �2 glycoprotein I are in  close relation to patients risk
categories in antiphospholipid syndrome (APS). Thromb Res. 2011;128:583–6,
http://dx.doi.org/10.1016/j.thromres.2011.04.021.

13. Pengo V, Ruffatti A, Tonello M,  Cuffaro S, Banzato A, Bison E, et  al. Antiphospho-
lipid syndrome: antibodies to  domain 1 of �2-glycoprotein I correctly classify
risk. J  Thromb Haemost. 2015;13:782–7, http://dx.doi.org/10.1111/jth.12865.

14.  Tan  EM, Cohen AS, Fries JF, Masi AT, McShane DJ,  Rothfield NF, et  al. The 1982
revised criteria for the classification of systemic lupus erythematosus. Arthritis
Rheum.  1982;25:1271–7, http://dx.doi.org/10.1002/art.1780251101.

15. Miyakis S, Lockshin MD, Atsumi T, Branch DW,  Brey RL, Cervera R, et al. Inter-
national consensus statement on an update of the classification criteria for
definite antiphospholipid syndrome (APS). J  Thromb Haemost. 2006;4:295–306,
http://dx.doi.org/10.1111/j.1538-7836.2006.01753.x.

16.  Piette JC,  Wechsler B, Frances C, Papo T,  Godeau P.  Exclusion criteria for pri-
mary antiphospholipid syndrome. J  Rheumatol. 1993;20:1802–4.

17. Pengo V, Tripodi A, Reber G, Rand JH, Ortel TL,  Galli M, et al. Subcommit-
tee on lupus anticoagulant/antiphospholipid antibody of the scientific and
standardisation committee of the international society on  thrombosis and
haemostasis. Update of the guidelines. J  Thromb Haemost. 2009;7:1737–40,
http://dx.doi.org/10.1111/j.1538-7836.2009.03555.x.

18.  Zhang S, Wu Z, Zhang W,  Zhao J, Norman GL,  Zeng X, et al. Antibodies
to  phosphatidylserine/prothrombin (aPS/PT) enhanced the diagnostic perfor-
mance in Chinese patients with antiphospholipid syndrome. Clin Chem Lab Med.
2018;56:939–46, http://dx.doi.org/10.1515/cclm-2017-0811.

19. Mattia E, Ruffatti A, Tonello M,  Meneghel L, Robecchi B,  Pittoni M,  et al. IgA
anticardiolipin and IgA anti-�2 glycoprotein I antibody positivity determined by
fluorescence enzyme immunoassay in primary antiphospholipid syndrome. Clin
Chem Lab Med. 2014;52:1329–33, http://dx.doi.org/10.1515/cclm-2014-0039.

20. Zohoury N, Bertolaccini ML,  Rodriguez-Garcia JL, Shums Z, Ateka-Barrutia O,
Sorice M,  et al. Closing the Serological Gap in the Antiphospholipid Syn-
drome: The Value of “Non criteria” Antiphospholipid Antibodies. J  Rheumatol.
2017;44:1597–602, http://dx.doi.org/10.3899/jrheum.170044.
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