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Closing the Serological Gap in the Antiphospholipid
Syndrome: The Value of “Non-criteria”
Antiphospholipid Antibodies 
Navid Zohoury, Maria Laura Bertolaccini, Jose Luis Rodriguez-Garcia, Zakera Shums, 
Oier Ateka–Barrutia, Maurizio Sorice, Gary L. Norman, and Munther Khamashta

ABSTRACT.   Objective. Most clinicians use the 2006 Sydney classification criteria to evaluate patients suspected of
having antiphospholipid syndrome (APS). Although sensitive and specific for APS, many patients
fulfilling clinical criteria for the syndrome are persistently negative for the specific serological tests
(“laboratory criteria”). These “seronegative APS” (SN-APS) patients can go undiagnosed and untreated
until they experience serious clinical events. This study’s objective was to describe antibody profiles
of SN-APS patients using non-criteria markers, assess the clinical utility of these markers separately
and in combination, and suggest incorporation into guidelines for patients suspected of APS.

                       Methods. We categorized 175 consecutive patients suspected of APS into 2 subgroups: 107 fulfilling
Sydney APS classification for seropositive APS (SP-APS) and 68 with clinical manifestations
suggestive of APS but having negative serology, on 2 occasions, for criteria markers (SN-APS). On
study inclusion, samples were retested for criteria and 11 non-criteria markers, including antiphos-
phatidylserine/prothrombin antibodies.

                       Results. Using 4 of 11 non-criteria tests, a cumulative 30.9% of SN-APS patients were detected.
Combining results of all 11 non-criteria tests, 25 SN-APS (36.8%) and 89 SP-APS (83.2%) were
positive for 1 or more non-criteria antibodies.

                       Conclusion. Failure to diagnose APS can result in severe clinical consequences. Patients displaying
clinical features of APS, but negative for conventional criteria markers, should undergo additional
testing for non-criteria biomarkers. In our cohort, around one-third of SN-APS patients showed
reactivity to 1 or more non-criteria markers. An update to the current classification criteria incorpo-
rating new serological markers should be considered to identify and stratify patients with APS for
more effective treatment and management. (First Release September 1 2017; J Rheumatol
2017;44:1597–602; doi:10.3899/jrheum.170044) 
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Growing recognition of the antiphospholipid syndrome
(APS), an autoimmune condition described almost 30 years
ago by Graham Hughes, has highlighted the need for accurate
and effective diagnostic assays1. APS can lead to devastating
clinical outcomes such as recurrent vascular thrombosis and
pregnancy loss.

    Based on the 2006 Sydney revision of the original 1999
Sapporo criteria, to be classified as having APS, laboratory
testing should demonstrate the persistent presence of
moderate to high IgG/IgM anticardiolipin antibodies (aCL)
and/or anti-β2-glycoprotein I (anti-β2-GPI) by ELISA and/or
show, by a series of coagulation-based tests, lupus anticoag-
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ulant (LAC) positivity, on at least 2 occasions 12 weeks
apart2,3,4,5. In addition to these laboratory criteria, patients
suspected of APS must fulfill at least 1 of 2 clinical criteria:
vascular thrombosis or pregnancy morbidity.
    The finding of individuals who present a clinical picture
highly suggestive of APS, but who are persistently negative
for “criteria” antiphospholipid antibodies (aPL) has led physi-
cians to refer to this patient population as having “seroneg-
ative” APS (SN-APS)6. While the use of the term remains a
matter for debate, there is increasing recognition in the APS
community of the existence of this subgroup7,8,9,10,11,12.
    Several authors have suggested that testing for new aPL
specificities may help to more clearly identify the syndrome
in patients with thrombosis or pregnancy loss in whom APS
is strongly suspected, but conventional aPL testing is
repeatedly negative13,14,15. In our present study, using a
highly characterized cohort of consecutive patients at St.
Thomas’ Hospital, London (a specialized tertiary-care
center), we have evaluated a group of SN-APS patients with
a series of “non-criteria” serological assays. We aimed to
elucidate the antibody profile of SN-APS patients to assess
the clinical utility of a group of candidate non-criteria
markers [some available commercially and cleared for in
vitro diagnostic use by the US Food and Drug Administration
(FDA) and some assays only for research use that have not
been subjected to strict regulatory review], and to suggest
possible improvements to the classification criteria that
would allow for more timely diagnosis of patients suspected
of APS.

MATERIALS AND METHODS
Patients. A total of 175 patients were included in the study. Table 1 depicts
clinical and laboratory characteristics of this cohort. Clinical characteristics
of the majority of this patient population (154 out of 175) have been
described previously in detail7. Briefly, consecutive patients with a suspected
diagnosis of APS, who were attending the Louise Coote Lupus Unit at St.
Thomas’ Hospital, were categorized into 2 subgroups: 107 patients fulfilling
the Sydney classification criteria for APS2 (seropositive APS: SP-APS), and
68 patients with thrombosis and/or other major clinical manifestations
suggestive of APS but persistently negative for LAC, IgG, and IgM aCL,
and IgG and IgM anti-β2-GPI, when tested on 2 separate occasions (SN-APS
group).
      This study was approved by the UK National Health Service National
Research Ethics Service committee (London), under reference 10/H0715/001,
and patients were enrolled after written consent was obtained. Patients with
either clinical evidence or history of vasculitis were excluded from the study. 
      For inclusion into the study, all samples were tested for the presence of
LAC by 2 screening tests and confirmed with both mixing and confirmatory
tests as suggested by the current guidelines16. In addition to LAC, all patients
were tested for IgG and IgM aCL and anti-β2-GPI as previously
reported17,18. Patients fulfilling the Sydney criteria for APS were included
in the SP-APS group. Patients fulfilling only clinical criteria but negative
for criteria aPL were categorized as SN-APS and included in the SN-APS
group. 
      On inclusion in the study, all samples were retested by commercially
available and “research use only” assays. Commercially available tests
included the following: IgA, IgG, and IgM QUANTA Lite aCL; IgA, IgG,
and IgM anti-β2-GPI; IgG and IgM antiphosphatidylserine (aPS); IgG and
IgM antiphosphatidylserine/prothrombin complex (aPS/PT); and QUANTA

Flash anti-β2-GPI Domain-I (DI) IgG. All these test materials are cleared by
the FDA and manufactured by Inova Diagnostics Inc. Testing was performed
blinded at Inova according to the manufacturer’s instructions. The “research
use only” tests included ELISA to detect IgG and IgM antiphos-
phatidylethanolamine antibodies (aPE) and IgG anti-cardiolipin/vimentin
antibodies (aCL/Vim). Testing was done at the Lupus Research Unit, King’s
College London, for aPE and at the Department of Experimental Medicine
at La Sapienza, Rome, for aCL/Vim, as previously described19,20.
Statistical analysis. Statistical analysis was performed using the Analyse-it
software (Version 4.51; Analyse-it Software Ltd.). Testing for differences
between SP-APS and SN-APS was done using Fisher’s exact test with a
2-tailed p value. A p value < 0.05 was considered statistically significant.

RESULTS 
Comparison of clinical characteristics of seronegative and
seropositive individuals. The clinical characteristics of the
SP-APS and the SN-APS patients were similar with a few
exceptions. Thrombophilia was more frequent in the SN-APS
population compared to SP-APS (p = 0.036). Obstetric APS
cases were also more prevalent in the SN-APS population 
(p = 0.036). Within the obstetric population, miscarriages
were more frequently seen in SN-APS compared to SP-APS
patients (p = 0.021), while prematurity and preeclampsia
showed no significant differences between the 2 groups
(Table 1).
Detection of aPL. The prevalence of non-criteria aPL was
higher in the SP-APS when compared to the SN-APS (p ≤
0.0001; Table 2). Of the 107 SP-APS, only 3 samples showed
no reactivity to at least 1 of 11 non-criteria aPL assays tested.
On retesting the entire cohort with QUANTA Lite kits, 3
samples in the SN-APS group were each found to be
low-positive for at least 1 criteria marker (IgG aCL, IgM
aCL, or IgM anti-β2-GPI).
    Anti-PS/PT (IgG and/or IgM) was the most sensitive of
the non-criteria biomarkers in the SP-APS group, detecting
60/107 (56.1%) as positive. Figure 1 shows the presence and
overlap of the non-criteria biomarkers in SP-APS (Figure
1A). Anti-CL/Vim IgG, aPS IgG/IgM, and aPE had similar
sensitivity, being positive in 48 (44.8%), 46 (43%), and 44
(41.1%) of the patients from the SP-APS group, respectively.
The combination of the 4 non-criteria biomarkers was found
in 87/107 patients (81.3%) from the SP-APS group. In the
SN-APS cohort, 8 samples tested positive for aPS/PT (4 IgG
and 4 IgM; 11.8%), 4 for aPS (3 IgG and 1 IgM; 5.8%), 8 for
aPE (7 IgG only and 1 both IgG and IgM; 11.8%), 11 for
aCL/Vim IgG (16.1%), and 1 for IgA anti-β2-GPI (1.5%;
Figure 1B; note that IgA anti-β2-GPI is not included in Figure
1). Combining the results of the non-criteria assays resulted
in detection of 24/68 patients (36.8%) of the SN-APS as
positive. While anti-β2-GPI DI IgG was not found in any of
the SN-APS, it was positive in 29/107 (27.1%) of the SP-APS
patients. 
Relationship of aPS/PT antibodies to LAC. LAC was positive
in 71/107 (66.3%) of the SP-APS patients. Of the
LAC-positive patients, IgG and/or IgM aPS/PT were present
in 50 of the 71 (70.4%) LAC-positive specimens. Using only
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the results of anti-β2-GPI IgG/IgM, aCL IgG/IgM, and PS/PT
IgG/IgM (all FDA-cleared kits available for clinical
laboratory use), 78/107 (72.9%) of the SP-APS patients were
detected. The combination of LAC, anti-β2-GPI IgG/IgM,

and aPS/PT IgG/IgM only, as suggested by Sciascia, et al21
as having the best diagnostic accuracy in their study, detected
95/107 (88.9%) of the SP-APS and 8/68 (11.8%) of the
SN-APS patients. 

DISCUSSION
In clinical practice, aCL and anti-β2-GPI detected by ELISA
and the LAC detected by clotting assays are the most widely
used tests for the detection of aPL in patients suspected of
having APS. However, despite the use of these assays for
decades, standardization of aCL and correct determination of
LAC still remain issues of ongoing concern. Further, in
addition to LAC being a highly technical and demanding
assay, anticoagulation treatment can interfere with its
accurate detection, often resulting in false positives22.
Because patients experiencing a thrombotic event are usually
started on anticoagulant therapy immediately, this precludes
accurate measurement of LAC23. Even when these tests
function optimally, however, it is clear that these criteria tests
miss a number of patients who present with the typical
clinical features of APS, including multiple pregnancy losses
and/or thrombotic events. Recognition of this subset of
patients has prompted the concept of seronegative APS and
has resulted in a continuing search for new specific markers.
Identification and adoption of new markers could help reduce
the number of so-called seronegative samples. While the
commercial availability of new tests detecting non-criteria
aPL has expanded over the past few years to include a variety
of antibodies directed to phospholipid-binding proteins or
their complexes with phospholipids, their incorporation into
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Table 1. Demographics and clinical characteristics of the study population.

Characteristics       SP-APS         SN-APS                                 p
                                               n = 107                    %                   n = 68                   %                            

Age, yrs, mean (SD)            46.2 (11.1)                 —                45.8 (9.3)                —                         —
Sex (female)                                99                       92.5                    67                     98.5                        —
VT                                               47                       43.9                    27                     39.7                        —
    DVT                                        31                       28.9                    21                     30.8                        —
    PE                                           30                       28.0                    16                     23.5                        —
AT                                               39                       36.4                    24                     35.2                        —
    Stroke                                      18                       16.8                    10                     14.7                        —
    TIA                                         16                       14.9                     9                      13.2                        —
    CAD                                         4                         3.7                      6                       8.8                         —
Thrombophilia tested                 22*                             20.6                   24+                          35.2                     0.036
    Positive                                3/22**                          13.6                 2/24++                        8.3                         —
Pregnancy morbidity                73/87                    83.9                 62/65                  95.3                     0.036
    Miscarriage                             42                       48.2                    44                     67.6                     0.021
    Prematurity                             20                       22.9                    19                     29.2                        —
    Preeclampsia                           24                       27.5                    18                     27.6                        —

* 8 VT, 1 AT, 6 VT + AT. **1 Factor V Leiden heterozygous, 1 Protein S heterozygous, 1 unknown (all 3 VT only).
+11 VT, 4 AT, 5 VT + AT. ++ Both Factor V Leiden heterozygous (both VT only). Pregnancy morbidity was calcu-
lated over the total number of women who have ever been pregnant (n = 87 for the SP-APS and 65 for the SN-APS
groups). Only p values < 0.1 are shown and values < 0.05 are considered statistically significant. APS: antiphos-
pholipid syndrome; SP-APS: seropositive APS; SN-APS: seronegative APS; VT: venous thrombosis; AT: arterial
thrombosis; DVT: deep vein thrombosis; PE: pulmonary embolism; TIA: transient ischemic attack; CAD: carotid
artery disease.

Table 2. Prevalence of aPL in SP-APS and SN-APS.

aPL                                  SP-APS      SN-APS
                                                n = 107          %            n = 68          %

aCL                            IgG            33            30.8              1              1.5
                                  IgM            20            18.7              1              1.5
                                  IgA            10             9.3               0              0.0
Anti-β2-GPI               IgG            28            26.2              0              0.0
                                  IgM            25            23.4              1              1.5
                                  IgA            24            22.4              1              1.5
Anti-β2-GPI DI          IgG            29            27.1              0              0.0
aPS                            IgG            46            43.0              3              4.4
                                  IgM            13            12.1              1              1.5
                                  IgA             3              2.8               0              0.0
aPS/PT                       IgG            44            41.1              4              5.9
                                  IgM            38            35.5              4              5.9
aPE                            IgG            25            23.4              8             11.8
                                  IgM            27            25.2              1              1.5
aCL/Vim                    IgG            48            44.8             11            16.2

Single reactivity against noncriteria marker was seen in 19/25 aPL positive
SN-APS samples (3 IgG and 3 IgM aPS/PT, 1 IgG aPS, 5 IgG aPE, and 7
IgG aCL/Vim). aPL: antiphospholipid antibodies; APS: antiphospholipid
syndrome; SP-APS: seropositive APS; SN-APS: seronegative APS; aCL:
anticardiolipin antibodies; anti-β2-GPI: anti-β2-glycoprotein I; DI: Domain-
I; aPE: antibodies to phosphatidylethanolamine; aCL/Vim: anticardiolipin/
vimentin antibodies; aPS/PT: antiphosphatidylserine/prothrombin anti-
bodies; aPS: antibodies to phosphatidylserine.
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routine clinical practice has remained slow as a result of
unclear clinical performance, as well as their “non-criteria”
status.
    Previously we described the clinical manifestations seen
in the set of SN-APS patients analyzed here and compared

their characteristics with a subset of patients fulfilling the
Sydney clinical and laboratory criteria for definite APS7. In
this study, we have expanded this cohort and clearly demon-
strate that a significant subset of this SN-APS population
(36.8%) shows positivity for other antibodies to various
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Figure 1. The distribution of non-criteria aPL biomarker reactivity in (A) SP-APS
samples and (B) SN-APS samples. aPL: antiphospholipid antibodies; APS: antiphos-
pholipid syndrome; SP-APS: seropositive APS; SN-APS: seronegative APS; aPE:
antibodies to phosphatidylethanolamine; aCL/Vim: anticardiolipin/vimentin anti-
bodies; aPS/PT: antiphosphatidylserine/prothrombin antibodies; aPS: antibodies to
phosphatidylserine.
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phospholipid or phospholipid-binding proteins. Our results
suggest that routine testing of criteria markers in patients
displaying clinical features of APS should be supplemented
by simultaneous or followup testing with additional assays
that identify APS patients negative for these regular tests. In
support of this concept, the task force at the 2010 International
APS Congress in Brazil recommended that testing for aCL
IgA, anti-β2-GPI IgA, aPS/PT IgG, and aPS/PT IgM should
be considered in any patient with a high suspicion of APS, but
who is negative for the criteria markers15. The finding of
aPS/PT IgG/IgM in 56.1% of the SP-APS also supports its
inclusion as a major diagnostic biomarker of APS. In addition
to its diagnostic value, aPS/PT also adds clinical value as a
risk marker for thrombosis and has been associated with
adverse outcome in patients with transient ischemic
attack23,24,25. Increasing evidence supports the utility of
anti-β2-GPI DI IgG as a risk marker for thrombosis26,27. In
our study, 27.1% of the SP-APS, but none of the SN-APS
cases, were anti-β2-GPI DI IgG–positive. The lack of
anti-β2-GPI DI IgG in the SN-APS is not surprising, however,
because by definition this group is anti-β2-GPI IgG–negative. 
    While our study suggests the potential value of aCL/VIM
and aPE as additional biomarkers for APS, the data
supporting these markers at present is considerably weaker
than that on aPS/PT. Assays for aPL antibodies are techni-
cally considerably more demanding to manufacture and
control than many other conventional assays. In contrast to
aPS/PT, which is commercially available and has been
evaluated in a recent international multicenter study and
subjected to rigorous FDA review, the other assays are less
standardized and need additional studies, especially to
validate their specificity using disease controls28. In our
study, aCL/Vim antibodies were detected in 44.9% of the
SP-APS patients and in 16.2% of the SN-APS patients,
suggesting a potential utility. While this assay has proven
difficult to translate from the research laboratory to
commercial production for regulatory clearance, ongoing
efforts are focused on overcoming this problem. LAC, when
done by experienced laboratory workers, is a very useful and
specific assay. It is, however, also technically very
demanding, and as discussed above, the results are often
unreliable when patients have received anticoagulant
treatment. While aPS/PT does not detect all LAC-positive
specimens and, therefore, is not a replacement for LAC
testing, in our study it identified 41/71 (57.7%) of
LAC-positive cases. Other studies have reported up to 86.7%
of the LAC-positive specimens were aPS/PT-positive23.
These findings would suggest that when LAC is not
available, aPS/PT could help in identifying patients who
otherwise would be missed. Further, unlike LAC, aPS/PT is
unaffected by anticoagulation treatment and thus provides a
particularly valuable marker for anticoagulated patients24. In
addition to its close association with LAC, aPS/PT also
complemented LAC determination in our study, being

positive in 18 of 35 (51.4%) of LAC-negative SP-APS cohort
and in 27/104 (26%) of the entire combined SP-APS and
SN-APS cohort. When LAC was combined with anti-β2-GPI
and aPS/PT in our current study, 88.9% of the SP-APS
patients were detected.
    In addition to new biomarkers, future updates to the APS
classification criteria may incorporate methods of scoring
patients based on their total antibody profile and clinical
manifestations, rather than the current limited number of
diagnostic assays. Two such systems that are based on testing
a profile of antibodies and providing an algorithm for scoring
the patient’s antibody profile have been proposed; namely,
the Global Anti-Phospholipid Syndrome Score (GAPSS) and
the antiphospholipid score (aPL-S)29,30. A number of
secondary studies have verified the usefulness of each of
these respective approaches and the task force in 2014
suggested there is clinical utility in assessing multiple aPL
positivity31,32,33,34,35. Notably, both the GAPSS and the
aPL-S scoring systems require the specific measurement of
aPS/PT antibodies (not antiprothrombin in solid phase-aPT)
in addition to the criteria markers of LAC, aCL, and
anti-β2-GPI antibodies.
    The use of new diagnostic algorithms and new biomarkers
to supplement those developed many years ago will help the
accurate and timely diagnosis of more patients with APS who
are serologically negative for the current criteria markers and
who therefore may be at risk of serious clinical consequences
owing to delayed treatment. Such algorithms can also guide
clinical laboratories in developing appropriate and efficient
testing regimens tailored to their respective patient popula-
tions and available resources. This will benefit patients, as
well as result in reduced healthcare spending, by reducing
devastating and costly events such as thrombosis and
pregnancy complications. It is expected that as technologies
and our understanding of APS further evolve, these scoring
systems will be updated, refined, and their utility validated
in additional clinical studies. The evolution and adoption of
new well-characterized markers and new scoring tools
present the opportunity to move the field forward for the
benefit of patients and the clinicians who care for them.  
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