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Abstract
Purpose of Review The antiphospholipid syndrome (APS) is characterized by the development of thrombotic events and
pregnancy morbidity in the presence of antiphospholipid antibodies (aPL). An infectious etiology for this syndrome has been
postulated. The present review is aimed to summarize recent evidence about the role of infections and vaccines in the pathogen-
esis of the APS (including its catastrophic variant).
Recent Findings There is an increased risk of developing aPL in various infections, particularly in viral infections. The most
frequent infection related to aPL has been hepatitis C virus. These antibodies may be associated with thromboembolic events,
including catastrophic APS. There is a link between vaccinations, such as the tetanus toxoid and aPL, due to molecular mimicry
between the two molecules.
Summary Accumulated evidence supports that the presence of aPL is associated with a variety of infections, including viruses,
bacteria, fungi, and parasites, and the main mechanism to explain this correlation is molecular mimicry. Moreover, a link between
vaccinations, such as the tetanus toxoid, and APS has also been described.
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Introduction

The antiphospholipid syndrome (APS) is a systemic autoim-
mune disease with persistent elevation of antiphospholipid
antibodies (aPL), namely, anticardiolipin antibodies (aCL),
lupus anticoagulant (LA), and others, which may result in
recurrent thromboembolic events and pregnancy-related mor-
bidity with recurrent fetal losses [1]. The clinical significance
of aPL has attracted attention since their discovery in patients
with syphilis [2]. False-positive results were seen with other

infections [3] and in patients with systemic lupus erythemato-
sus (SLE) and other autoimmune diseases [4]. The disease
may be life-threatening with multiple organ failure in about
1% of cases, who develop catastrophic antiphospholipid syn-
drome (CAPS) [5].

The prevalence of elevated aPL has been reported as 1–5%
in young, healthy individuals and 50% in elderly patients with
chronic diseases. No clear data are available regarding how
many people with elevated aPLmay develop antiphospholipid
syndrome (APS) [6, 7].

Pathophysiology of aPL Generation During Infections

The aPL bind negatively charged phospholipids, mainly
through the β2-glycoprotein I (β2-GPI). The wide heteroge-
neity of aPL has been a challenge for diagnostic tests and for
the elucidation of the pathophysiologic mechanisms of the
disease. The molecular pathogenesis of APS is complex, and
environmental triggers may play a crucial role in genetically
predisposed individuals. APS may occur in association with
an infection or malignancy, or may be induced by some drugs
(e.g., interferon-alpha) [8].

This article is part of the Topical Collection on Antiphospholipid
Syndrome

* Ricard Cervera
rcervera@clinic.cat

1 Systemic Autoimmune Diseases Research Unit, UMAE CMN
Manuel Avila Camacho, Instituto Mexicano del Seguro Social,
Puebla, Mexico

2 Immunology and Rheumatology, Medical School, Benemérita
Universidad Autónoma de Puebla, Puebla, Mexico

3 Department of Autoimmune Diseases, Hospital Clinic, Villarroel,
170, 08036 Barcelona, Catalonia, Spain

Current Rheumatology Reports (2018) 20: 62
https://doi.org/10.1007/s11926-018-0773-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s11926-018-0773-x&domain=pdf
mailto:rcervera@clinic.cat


There are several mechanisms through which pathogens
can initiate or perpetuate autoimmunity, and while the fac-
tors causing the production of aPL remain undefined, there
is evidence that molecular mimicry is one mechanism
through which experimental APS may occur in association
with some pathogens. The clinical observation that throm-
bosis is observed only occasionally, despite the persistent
presence of aPL, suggests that the procoagulant state in-
duced by aPL (“first hit”) only leads to thrombotic events
when there is an inciting factor (“second hit”) such as in-
flammatory responses including infections, malignancies,
and other procoagulant conditions in individuals with ge-
netic susceptibility [9]. Infectious agents could trigger aPL,
sometimes temporarily, but other times persistently, and
lead to thrombosis. It has been suggested that anti-β2GPI
antibodies may be generated as a result of molecular mim-
icry between human β2GPI and molecules similar to
β2GPI in invading organisms [9]. It is not clear whether
infections plausibly contribute to the postulated first or sec-
ond hits.

Interpretation of aPL Profile During Infection

It is reported that IgG aCL were more frequently found in
patients with hepatitis C virus (HCV) than in controls [9/46
(20%) vs. 2/96 (2%)] [10]. The most frequently detected
aPL antibodies in hepatitis B virus (HBV)-infected patients
were IgM aCL, and titers were mostly low [11•]. According
to a recent systematic review and meta-analysis of observa-
tional studies evaluating the risk of elevated aCL antibodies
following viral infection, the most prevalent aPL antibodies
were aCL (55 studies, 91.7%) and anti-ß2 GPI (19 studies,
31.7%), while LA were tested in eight studies (13.3%).
Only four studies tested all three aPL antibodies [12], and
most studies reported only one aPL titer. Therefore, the
influence of triple positivity on the etiology of viral infec-
tions is still unclear [12]. Moreover, no studies have com-
pared the risk of infections according to high or low aCL
titers.

Differentiation between pathogenic and non-pathogenic
aPL by laboratory techniques is of paramount importance.
New assays for the detection of aPL use a variety of ap-
proaches: some use traditional ELISA techniques (such as
APhL assays, which test for antibodies reactive to a mixture
of phospholipids) [13], whereas others use different platforms,
which could potentially affect their diagnostic accuracy. A
novel line immunoassay (LIA) differentiates between APS
and asymptomatic aPL carriers or patients with infectious dis-
eases. The LIA and ELISA have good agreement in detecting
aPL in APS, but the LIA differentiates patients with APS from
infectious patients and asymptomatic carriers, likely through
the exposure of domain 1 [14].

Viral Infections and Antiphospholipid Antibodies

Table 1 shows the main viral infections related to aPL anti-
bodies and APS manifestations. Observational studies have
shown that, while aCL occur frequently in viral infections,
particularly HIV (49.75%), hepatitis B virus (HBV) (24%),
and hepatitis C virus (HCV) (20%), they are very rarely asso-
ciated with anti-β2GPI antibodies and do not correlate with
the risk of thrombosis or the hematological manifestations of
APS [15•, 16•]. aPL antibody titers in patients with chronic
HCV are lower than those in patients with SLE or APS [17,
18].

Systematic reviews and meta-analysis have evaluated the
role of infections, particularly viral infections, on aPL and
thromboembolic events. The first included studies in patients
with HIV, HCV, and HBV, and the second reported on patients
with HCVor HBV [19, 20]. The results showed that HIVand
viral hepatitis are significantly associated with aPL positivity
and with aPL-related thrombotic complications. In a more
recent systematic review and meta-analysis of observational
studies that analyzed 73 publications from 60 studies, HIVand
HCV were most frequently reported. Compared with healthy
controls, patients with HIV were more likely to develop ele-
vated aCL (risk ratio (RR) 10.5, 95% confidence intervals (CI)
5.6–19.4), as were those with HCV (RR 6.3, 95% CI 3.9–
10.1), HBV (RR 4.2, 95% CI 1.8–9.5), and Epstein-Barr virus
(EBV) (RR 10.9 95% CI 5.4–22.2). The only significantly
increased risk for anti-β2GPI antibodies was observed in pa-
tients with HCV (RR 4.8 95% CI 1.0–22.3). Compared with
patients with SLE, patients with HIV were more likely to
develop elevated aCL (RR 1.8, 95% CI 1.3–2.6), and those
with EBV elevated anti-β2GPI antibodies (RR 2.2, 95% CI
1.3–3.9) [12]. Therefore, viral infection can increase the risk
of developing elevated aPL.

Thromboembolic events have been shown to be more
prevalent in patients with elevated aPL who had HCV
(9.1%, 95% CI 3.0–18.1) and HBV (5.9%, 95% CI 2.0–
11.9) infections, and pregnancy events were the most prev-
alent in those with parvovirus B19 (16.3%, 95% CI 0.78–
45.7), according to a recent systematic review [12]. To quan-
tify the role of aPL in the pathogenesis of clinical events in
these patients, the risk in virus-infected patients with or with-
out aPL was evaluated: the only significantly increased risk
was observed in patients with HCV (OR 3.4, 95% CI 1.6–
7.4) [12]. Only one study from this systematic review eval-
uated the prevalence of aPL-related clinical events in pa-
tients with HCV compared with SLE patients and healthy
controls. Pregnancy complications occurred in 5% of HCV
patients, and none developed thromboembolic events. In
SLE controls, 16% developed venous thrombosis or preg-
nancy events, while no clinical events were reported in
healthy controls [21]. In this systematic review, the role of
thromboprophylaxis was not analyzed.
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Bacterial Infections and Antiphospholipid Antibodies

aPL have been associated with numerous bacterial infections
(Table 2), although they are not usually associated with throm-
botic events and anti-β2GPI antibodies. The association with
bacterial infections was first recognized in syphilis. In 1979,
Cole et al. described, for the first time, a “circulating antico-
agulant” in one case of lepromatous leprosy [23]. De
Larrañaga et al. found a high prevalence of aPL in leprosy
[24]. Streptococcal infections may also be associated with
increased aCL titers, mainly IgG isotypes, in acute post-
streptococcal glomerulonephritis and streptococcal impetigo
without renal involvement [25]. Coxiella burnetii has also
been associated with raised aCL titers. Ordi-Ros et al. [18]
described a high incidence of IgM and IgG isotypes of aCL
and suggested they may aid the diagnosis of Q fever present-
ing only as fever [26]. A recent observational cross-sectional
study at the French National Referral Center for Q fever ana-
lyzed 664 patients, of whom 47.1% had positive IgG aCL and
1.9% were diagnosed with thrombosis. Three fulfilled APS
criteria. After multiple adjustment, only positive IgG aCL
(RR 14.46, 95% CI 1.85–113.14) were independently associ-
ated with thrombosis [27]. The authors suggest that aCL

should be systematically assessed in acute Q fever patients
and hydroxychloroquine should be tested in acute Q fever
patients with aCL to prevent aPL-associated complications.
Increased IgM and IgG aCL have been detected in patients
with cold agglutinins and extrapulmonary complications
[28••]. Greco et al. reported the presence of aPL in patients
with persistent symptoms of Lyme disease (Borrelia
burgdorferi) [29].

APS was proposed as an extra-gastric disease associated
with Helicobacter pylori (HP) in 2001 by Cicconi et al. [20],
who published the case of a woman in whom APS disap-
peared after the eradication of an HP infection. There are no
additional reports of this finding in the medical literature, most
likely because it is not being considered and subsequently not
studied. However, APS has been associated with other H.
pylori infection-related diseases including primary immune
thrombocytopenia, SLE, and central serous chorioretinitis
[30, 31].

To date, the evidence supporting a role for HP eradication
in the management of APS is too limited to include in routine
clinical practice. In addition, even if it may be speculated that
eradiating HP might result in the disappearance of aPL, an
important clinical question still remains: is aPL negativization

Table 2 Frequency of aPL
antibodies and APS
manifestations in patients with
bacterial, parasitic and fungal
infections

Main infections Frequency of aPL positivity Frequency of APS manifestations

Bacterial

Coxiella burnetii 17.2% 3.9%

Mycoplasma pneumonia 2.2% 8.6%

Streptococci 2.2% 6.9%

Mycobacterium tuberculosis 2.2% 3.9%

Mycobacterium leprae 1.1% 4.2%

Parasitic 5.4% 4.2%

Fungal 2.2% 1.6%

From [22]

aPL antiphospholipid antibodies, APS antiphospholipid syndrome

Table 1 Viral infections
associated with aPL and APS
manifestations

Main infections aCL isotype Anti-β2GPI APS manifestations OR (95% CI)

Thromboembolic events Pregnancy events

Viral

HIV IgG IgM 7.4 (0.24–231.3)

HBV IgM – 3.1 (0.19–49.7)

HCV IgG, IgM IgA 3.4 (1.6–7.4)

Epstein-Barr virus IgM IgA, IgM Non-estimable

Parvovirus B19 IgG + – 1.7 (0.17–17.6)

Anti-β2GPI anti-β2 glycoprotein I, aCL anticardiolipin antibodies, aPL antiphospholipid antibodies, CI confi-
dence interval, HBV hepatitis B virus, HCV hepatitis C virus, HIV human immunodeficiency virus, LA lupus
anticoagulant, ND not detected
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enough to change the therapeutic approach in a patient with
APS. Recent data suggest that a persistently negative aPL
profile is not an indication for the interruption of oral antico-
agulant therapy, as patients are still at a high risk of recur-
rences [32].

According to a recent systematic review of case reports of
APS following infections, bacterial infections were reported
in 108 patients (36.9%), most commonly secondary to C.
burnetii, Mycoplasma pneumonia, streptococci, and
Mycobacterium tuberculosis. Most Coxiella cases resulted in
the development of antibodies without clinical manifestations
for APS, while for the other infections (Mycoplasma, strepto-
cocci, andMycobacterium), the majority of reported cases had
APS [22].

Rheumatic fever (RF) is a non-suppurative late autoim-
mune inflammatory complication of Streptococcus pyogenes
infection in the upper airway and remains a public health
problem in developing countries. RF and APS share clinical
and pathophysiological manifestations, including carditis,
chorea, arthritis, and thromboembolic events (mainly stroke).
Furthermore, aPL have been related to valve manifestations
that are similar in RF and APS, both echocardiographically
and pathophysiologically [33]. A systematic review found
that the association between APS and RF is quite rare, but
is of great clinical importance, and that physicians who deal
with RF should include APS in the differential diagnosis,
especially in RF patients with stroke whose echocardiogram
does not show intracavitary thrombi [34]. Figueroa et al. [35]
showed that, during the active phase of RF, 80% of patients
had positive aCL, compared with 40% during the inactive
phase of the disease. Likewise, Carvalho and Goldenstein-
Schainberg [36] simultaneously evaluated the presence of
three routinely used aPL (aCL, lupus anticoagulant (LA),
and anti-β2GPI) in nine patients with long-term RF (about
11 years). In contrast to other studies, no patient was positive
for any of the antibodies.

Parasitic and Fungal Infections and Antiphospholipid
Antibodies

Activation of autoimmune mechanisms has been associated
with infection with various parasites. Parasitic infections, such
as malaria and kala-azar (visceral leishmaniasis) [19] and sys-
temic toxoplasmosis, have been related to APS [37]. APS
secondary to acute toxoplasmosis retinochoroiditis has been
also described [38]. In patients with kala-azar, the occurrence
of aPL was only reported in a single Brazilian study (n = 30),
where the reported frequencies of IgG aCL, IgM aCL, and
IgG anti-β2GPI were 6, 3, and 53%, respectively [39].
Moreover, the frequent occurrence of aPL in a large series of
103 cases of visceral leishmaniasis has been demonstrated.
However, none of the patients with aPL had thrombosis
[37]. In a recent systematic review of case reports, parasitic

and fungal infections were less common in patients who ful-
filled the criteria for definitive APS or those who developed
transient aPL with thromboembolic phenomena or patients
who developed transient aPL without thromboembolic phe-
nomena; only 12 patients (4.1%) had a parasitic infection and
5 (1.7%) had a fungal infection [22].

Catastrophic Antiphospholipid Syndrome

CAPS is characterized by the simultaneous involvement of
multiple organs, with histology demonstrating a myriad of
small-vessel occlusions suggestive of a thrombotic storm
[40••]. Most of what we know about this condition must be
credited to the impressive international “CAPS registry,”man-
aged by the European Forum on Antiphospholipid
Antibodies. This collection of clinical data on more than 500
CAPS episodes is reviewed periodically [41, 42]. Consistent
with the double-hit hypothesis, nearly two thirds of cases in
the CAPS registry are attributed to a clear precipitating factor,
including infection (49%), malignancy (17%), and surgery
(16%) [42]. The most common infectious precipitant factors
are bacteria such as Shigella, E. coli, Klebsiella, Salmonella,
Streptococcus, Staphylococcus, and viruses such as HCVand
the herpes family [22]. Of the entire cohort, 60 out of 500
(12%) cases were aged ≥ 18 years at the onset of CAPS.
Only 9% of cases were in patients aged ≥ 65 years.
Infections were significantly the precipitating factor much of-
ten described in the childhood (54 vs. 28%), while in elderly
patients malignancies were more often reported (33 vs. 8%).
Recently, the Chikungunya virus, a single-stranded RNA
mosquito-borne alphavirus of the Togaviridae family, has
been implicated in some cases of CAPS [43, 44]. In a recent
systematic review including 17 patients (5.8%) who fulfilled
the most up-to-date CAPS criteria, HCV was the most com-
mon infection reported in this group of patients, although nine
other viral and bacterial infections were also observed [22].

Molecular mimicry has been suggested as one major mech-
anism in the interaction between CAPS and infections, based
on correlations between the clinical manifestations of CAPS
and infectious agents. A strong sequence homology between
some proteins in viruses and bacteria and β2-GPI-related pep-
tides has been described [45]. Beyond its role as an initiator,
infection is the cause of mortality in 14.1% of CAPS cases,
which are attributable to bacterial sepsis, candidiasis, cerebral
abscess, or pneumocystis-associated pneumonia [46].

Vaccines and the Antiphospholipid Syndrome

It has been shown that vaccinations such as the tetanus toxoid
may trigger antibodies due to molecular mimicry between the
two molecules (tetanus toxoid and β2-GPI). The pathogenic
potential of anti-tetanus toxoid antibodies cross-reactive with
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β2-GPI have been shown to be pathogenic in animal models,
inducing experimental APS [47, 48].

An association between the human papillomavirus (HPV)
vaccine and autoimmunity was suggested following reports of
various post-vaccination autoimmune conditions. Homology
between amino acid sequences included in the vaccine and the
human proteome has been demonstrated. In conjunction with
an adjuvant, which accelerates the immune response, it had
been believed that the induction of immunity through molec-
ular mimicry culminates in autoimmunity. Recently, a case
report described a patient who developed immune thrombo-
cytopenic purpura and concomitant positive aPL following
vaccination with a four-valent HPV vaccine [49].

A few reports have suggested that seasonal and pandemic
influenza vaccination may induce aPL in inflammatory rheu-
matic diseases, particularly in SLE patients, but there are no
data regarding new-onset thrombosis and the induction of aPL
in primary APS patients.

A case-control study evaluated a large panel of aPL follow-
ing pandemic influenza A/H1N1 non-adjuvant vaccination in
primary APS patients and healthy controls in the short and
long terms [50]. The authors found that pandemic influenza
vaccination in primary APS patients does not trigger short- or
long-term thrombosis or significant production of aPL-related
antibodies.

It is unclear whether vaccination triggers the development
of aPL in SLE. In another elegant study, SLE patients and
matched controls received seasonal influenza vaccinations.
Sera were tested by ELISA for aCL at baseline, 2, 6, and
12 weeks after vaccination. Patients with positive aCL were
further tested for anti-β2GPI antibodies. SLE patients and
healthy controls developed new onset aCL post-vaccination
(12/101 cases and 7/101 controls, OR 1.81, p = 0.34). New-
onset moderate aCL are slightly enriched in African-
American SLE patients (5/36 cases; p = 0.094). The optical
density (OD) measurements for aCL reactivity were signifi-
cantly higher than baseline at 2 weeks (p < 0.05), 6 weeks (p
< 0.05), and 12 weeks (p < 0.05) post vaccination. No new
anti-β2GPI antibodies were detected in patients with new
aCL reactivity. The vaccine response did not differ between
patients with and without new onset aCL reactivity (p = 0.43).
The study showed transient increases in aCL, but not
anti-β2GPI responses, after influenza vaccination [51].

Conclusions

Several studies have shown there is an increased risk of de-
veloping aPL in various infections, particularly viral infec-
tions. Infection-induced aPL have been regarded as transient
and were generally not associated with clinical features of
APS. Infection-induced aPL have been regarded as transient
and were generally not associated with the clinical features of

APS.Most aPL are transient. However, in some cases of HCV
infection, aPL are persistent and may be associated with
thromboembolic events. Clinicians should be aware of clinical
features suggestive of APS in patients with viral infections.
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