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Abstract
Thrombotic events are the most frequent causes of death in patients with antiphospholipid syndrome (APS). Previous studies
have reported infection to be the most important trigger of thrombosis in APS, with molecular mimicry considered to be a major
mechanism. Although timely management of infections has been recommended in patients with high suspicion of infection, anti-
infective therapy would not take effect in a short time due to the dilemma in determining the origins of infection, especially in
patients undergoing immunosuppressive therapy. Here, we describe a 26-year-old patient with systemic lupus erythematosus
with triple antiphospholipid antibody positivity who had a stroke involving her dorsolateral medulla, despite timely anti-infective
treatment within the context of skin infection caused by Stenotrophomonas maltophilia. To the best of our knowledge, it is the
first report about the association between Stenotrophomonas maltophilia infection and thrombotic complications in APS. Thus,
solely focusing on anti-infective therapy by the current recommendation for the management of APS may be insufficient within
the context of infection; early initiation of effective anticoagulation should also be suggested until the anti-infective therapy
becomes effective, especially in patients with high-risk antiphospholipid antibody profiles, in whom the potential benefit would
outweigh the risk of bleeding.
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Introduction

Antiphospholipid syndrome (APS) is a systemic autoimmune
disorder characterized by the occurrence of venous and arterial

thrombosis as well as obstetric manifestations due to the pres-
ence of pathogenic autoantibodies known as antiphospholipid
antibodies (aPLs), including lupus anticoagulant (LA), anti-
cardiolipin antibodies (anti-CL), and anti-β2 glycoprotein I an-
tibodies (anti-β2GPI) [1]. APS can occur as an isolated diag-
nosis or can coexist with systemic lupus erythematosus (SLE)
or other autoimmune diseases. Thrombotic events are the most
frequent causes of death in patients with APS [2].
Accumulating evidence has proposed a variety of independent
risk factors for thrombotic events, such as concurrent other
systemic autoimmune diseases and the presence of a high-risk
aPL profile (defined as persistently high aPL titers, LA, or
multiple aPL positivity) [3]. Thromboprophylaxis with low-
molecular-weight heparin has been shown to be effective in
reducing thrombotic events and therefore recommended in pa-
tients with persistently positive aPLs during high-risk periods,
including pregnancy pre- and peri-partum, recent surgery, and
concurrent SLE with low albumin levels [3–5].

Previous studies have revealed that infectionsmay be themost
important triggers of elevated aPL levels and thrombosis and
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even catastrophic APS (CAPS), which is a lethal condition char-
acterized by thrombotic events in various organs over multiple
days [6]. Molecular mimicry is considered to be a major mecha-
nism in the association between APS and infection [7]. Although
prompt treatment of infection by the early use of anti-infective
medications has been recommended in patients with APS [3], it
may be not effective in a short time, mainly due to the difficulties
in determining the origins of infection, especially in patients un-
dergoing immunosuppressive therapy. Therefore, to avoid the
enhanced risk of thrombosis caused by infection, a question arises
as to whether early initiation of effective anticoagulation should
be suggested until the anti-infective therapy takes effect, especial-
ly in patients with high-risk aPL profiles. Here, we describe a
high-risk patient with concurrent SLEwho had a stroke involving
her dorsolateral medulla, despite timely anti-infective treatment
under infection caused by Stenotrophomonas maltophilia
(S. maltophilia). To the best of our knowledge, this is the first
report about the association between S. maltophilia infection and
thrombotic complications in APS.

Case presentation

A 26-year-old Chinese woman was referred to our hospital
due to a 10-day history of numbness, pain, and ecchymoses
in the lower extremities, polyarthralgia, and fever (T-max 39.4
°C). She admitted hypersensitivity to sunlight but denied any
other symptoms, including rash, oral ulcers, headache, or diz-
ziness. She had two healthy children without a history of path-
ological pregnancy. She denied relevant past medical or fam-
ily histories, and she did not smoke.

On admission, the patient had normal vital signs, and her
physical examination did not reveal any abnormal findings
except for ecchymosis and small ulcers on both lower extrem-
ities. The results of her laboratory tests showed elevated C-
reactive protein (46.63 mg/L; normal range < 5 mg/L), eryth-
rocyte sedimentation rate (115 mm/h; normal range < 20 mm/
h), and D-Dimer (3622.99 ng/mL; normal range < 100 ng/mL)

as well as a prolonged activated partial thromboplastin time
(56.3 s, 29.7 s in the control). Her complete blood cell count,
basic metabolic panel, and levels of complement components
C3 and C4 were normal. A comprehensive infectious workup,
including repeated blood cultures, was negative.
Rheumatological evaluation yielded a high titer of anti-
nuclear antibodies, positivity for anti-dsDNA and anti-Smith
antibodies, and high levels of anti-CL IgG (> 120 GPLU/mL;
normal range < 12 GPLU/mL) and anti-ß2GPI-IgG (97.7 AU/
mL; normal range < 24 AU/mL). In addition, LA and direct
Coomb’s test were positive. Echocardiography revealed thick-
ened anterior mitral valve leaflets with vegetations and mod-
erate mitral regurgitation (Fig. 1), which was consistent with
Libman-Sacks endocarditis. Electromyography showed dif-
ferent degrees of myogenic lesions and damage to peripheral
nerve motor and sensory conduction in the extremities. Other
investigations involving normal Doppler ultrasound and com-
puted tomography angiography (CTA) of the lower extremi-
ties as well as unremarkable magnetic resonance imaging
(MRI) of the head and CT of the lungs were notable.

A definitive diagnosis of SLE was made, with an SLE
disease activity index of 9 (mild disease activity). Therefore,
on hospital day 3, methylprednisolone (40 mg/day) and
hydroxychloroquine (200 mg, twice/day) were initiated. The
patient’s complaints were dramatically reduced, without fever
for 2 weeks. However, more exudates gradually appeared on
the surface of the ulcers in her lower extremities, and the
patient began to have intermittent fever (T-max 38.3 °C)
starting from hospital day 19. The result of her repeated echo-
cardiography was almost the same as before. On hospital day
20, levofloxacin was initiated immediately, and the skin exu-
date culture later tested to be positive for S. maltophilia (with
sensitivity to levofloxacin according to the result of a drug
sensitivity test). The peak temperature decreased, but her fever
still persisted in the following days.

On hospital day 25, the patient suddenly complained of
dizziness, perioral numbness, dysphagia, and dysarthria. An
urgent headMRI revealed a region of hyperintensity in the left

Fig. 1 Echocardiography
demonstrating anterior mitral
valve vegetations (a) with
moderate mitral regurgitation (b).
The white arrow points to the
anterior mitral vegetations
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dorsolateral medulla (Fig. 2), which was confirmed by neuro-
surgeons as acute dorsolateral medullary infarction.
Enoxaparin was started immediately and later successfully
bridged to warfarin for long-term anticoagulation (target
INR, 2.5–3.5), with aspirin and statin commenced; piperacil-
lin and tazobactam were added to better control the skin in-
fection. She gradually showed substantial improvement in
symptoms during the next 2 weeks and was subsequently
discharged. Four months after initial presentation, the diagno-
sis of APS was confirmed due to the episode of stroke and the
persistent presence of LA with high titers of anti-CL IgG and
anti-ß2GPI IgG. No thrombotic events reoccurred during the
13-month follow-up period under the therapy of low-dose
steroids and hydroxychloroquine, along with a combined reg-
imen of anticoagulation with warfarin (target INR, 2.0–3.0)
and aspirin as an antiplatelet agent.

Discussion

Diagnosis of APS

We depict an SLE patient with triple aPL positivity who ex-
perienced a sudden dorsolateral medullary infarction despite
timely anti-infective treatment within the context of skin in-
fection caused by S. maltophilia. A definitive diagnosis of
APS requires at least one clinical manifestation (thrombotic
or adverse pregnancy events) and one laboratory criterion
(persistent presence of aPLs), measured at least 12 weeks
apart [8]. Using these updated Sapporo classification criteria
often results in a lack of sensitivity and might fail to encom-
pass APS patients with aPL-related clinical manifestations
other than thrombosis or pathological pregnancy.
Accordingly, although this case did not fulfill the classifica-
tion criteria of APS before the occurrence of stroke, the patient
had triple aPL positivity and several “extra-criteria” features

[9], such as heart valve disease (Libman-Sacks endocarditis)
and leg ulcers. In addition, the stroke episode and persistent
presence of aPLs remeasured 4 months after the initial presen-
tation supported the diagnosis of APS in this patient.

Risk stratification of thrombotic events

Thrombotic events are the most common causes of death in
patients with APS, accounting for approximately 40% of mor-
tality [2]. Identifying the presence of factors associated with
high risk for thrombotic events is critical in APS patient man-
agement. As the most likely factor related to thrombosis, aPLs
mainly interact with endothelial cells andmonocytes and stim-
ulate platelet activation, resulting in a pro-thrombotic pheno-
type [10]. Accordingly, the high-risk aPL profile, such as the
presence of LA, triple aPL positivity, and the presence of
persistently high aPL titers are major risk factors for thrombo-
sis. According to a retrospective study, the cumulative inci-
dence rates of recurrent thrombotic events in patients with
APS who had triple aPL positivity were 12.2%, 26.1%, and
44.2% after 1, 5, and 10 years of follow-up, respectively [11].
Additional risk factors for thrombosis include coexistence of
other systemic autoimmune diseases (especially SLE), a his-
tory of thrombotic events, and the presence of traditional car-
diovascular risk factors [3]. Therefore, to prevent thrombosis,
a risk-stratified approach is needed for individuals with APS.
The aPL score has been reported to be a predictive marker for
thrombosis in APS, and an aPL score of > 30 is an indepen-
dent risk factor for thrombosis [12]. The global APS score
(GAPSS) is another quantitative scoring system for risk pre-
diction of APS-related thrombosis, taking into account the
aPL profile and conventional cardiovascular risk factors.
GAPSS values ≥ 10 have been reported to have the best
diagnostic accuracy [13]. The patient discussed herein had a
high-risk aPL profile and coexistence of SLE, with aPL scores
≥ 45 and GAPSS values ≥ 13, regardless of anti-

Fig. 2 Head magnetic resonance
imaging showing lesions in the
left dorsolateral medulla a
Diffusion-weighted magnetic res-
onance imaging of the brain b
Apparent diffusion coefficient of
the lesions. The white arrows
point to the lesions in the left
dorsolateral medulla
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phosphatidylserine/prothrombin antibodies (not detected),
resulting in a considerably high risk of thrombosis.

Stroke is one of the most frequent thrombotic events in
APS, being present in 5.3% of a total cohort of 1000 patients
during the 10-year follow-up [2]. Accordingly, the patient
with concurrent SLE and APS in this study experienced med-
ullary infarction, which has also been reported previously as a
complication in patients with APS or aPLs [14, 15].
Intriguingly, Risse et al. recently reported a case of reversible
APS due to minocycline in a patient who experienced recur-
rent strokes including an acute infarct in the left medulla
oblongata [16].

Infection as a trigger of thrombosis in APS

Studies have shown that the presence of aPLs may be associ-
ated with different infections [6], in which β2GPI has been
established as the culprit in the interactions between infections
and APS. In vitro and in vivo studies suggest that molecular
mimicry between β2GPI-related peptides and structures of
microbial pathogens may be a major mechanism in the corre-
lation between infections and APS [17–19]. Initial studies
showed that aPLs induced by infections did not possess
anti-β2GPI activity and had no relationship with thrombotic
complications [20]. However, increasing evidence has re-
vealed that increased levels of infection-related aPLs were
associated with APS features including thrombosis [21–24].

Various infections can be associated with thrombotic
events in patients with APS, skin infections being reported
as themain associated infection [25]. A systematic review of
case reports revealed that the most common preceding in-
fection was viral (55.6%) in the development of APS or
APS-related manifestations [26]. In addition, a strikingly
high prevalence of aPLs was observed in patients with co-
ronavirus disease 2019 (COVID-19), accounting for up to
96% (24/25) [27]. A Dutch study confirmed a high cumula-
tive incidence of thrombotic complications (49%) in 184
critically ill patients with COVID-19 despite all patients re-
ceiving pharmacological thromboprophylaxis [28].
Recently, aPLs have been considered to be implicated in
the higher thrombotic burden in patients with COVID-19
[29–31]. On the other hand, aPLs have also been reported
to be associated with various bacterial infections (36.9%)
[26], with Mycoplasma pneumonia the most common bac-
teria associated with thrombosis. As shown in Table 1, var-
ious infections have been reported to be associated with
thrombotic events in aPL-positive situations and APS as
well as CAPS [29, 31–40]. Intriguingly, the patient in this
study experienced a stroke in the context of skin infection
caused by S. maltophilia, which is, to our knowledge, the
first report about the association between S. maltophilia in-
fection and thrombosis in APS. Notably, Carrillo-Córdova
et al. previously described a patient with SLE complicated

by rheumatoid arthritis and positive aPLs who developed
community-acquired S. maltophilia endocarditis, suggest-
ing that autoimmunity could be a possible predisposing fac-
tor for S. maltophilia endocarditis [41].

According to the “two-hit hypothesis,” the presence of aPLs
provides the “first hit” by activating interactions with endothe-
lial cells, neutrophils, platelets, and monocytes, and “second
hit” factors, such as infections and trauma, further contribute
to thrombosis [9]. Infectious agents may lead to a dispropor-
tionate immune response involving both the innate and adap-
tive immune systems by generating pathogenic anti-β2GPI
antibodies. In this patient, dorsolateral medullary infarction oc-
curred within the context of her skin infection. It is reasonable
to speculate that the skin infection in this patient with APSmay
have played the role of the postulated “second hit,” leading to
the thrombotic event. Therefore, it is extremely important to
eliminate the triggering factor of infection, and early recogni-
tion and timely management of infections have been recom-
mended in patients with high suspicion of infection [3].
Importantly, S. maltophilia, a ubiquitous Gram-negative and
aerobic bacillus, has emerged as an increasingly prevalent op-
portunistic pathogen with widespread antimicrobial resistance
in debilitated patients. Trimethoprim-sulfamethoxazole and
levofloxacin are generally considered to be the first-line antibi-
otics in the treatment of S. maltophilia infections. Nevertheless,
studies have revealed a higher resistance and decreased suscep-
tibility to these first-line agents [42, 43]. This may partially
explain the unsatisfactory outcome of the initial anti-infective
therapy with levofloxacin in our patient. Moreover, given the
additional susceptibility of thrombosis within the context of
infection, one question is whether combination therapy of ef-
fective anticoagulation and timely management of infection is
advisable to secure such a high-risk patient.

Antithrombotic therapy in APS

Antithrombotic therapy in APS depends on the indication and
risk of bleeding. In fact, the number of deaths associated with
fatal bleeding secondary to anticoagulant treatment is consid-
erably lower than those related to recurrent thrombosis in pa-
tients with APS [44]. According to the 2019 EULAR recom-
mendations for the management of APS [3], patients with
definite APS and first venous thrombosis should be treated
with vitamin K antagonists, with a target INR 2.0–3.0.
Notably, a systematic review revealed that recurrent throm-
botic complications were uncommon in patients administered
sufficient oral anticoagulation to a target INR of 3.0–4.0 [44].
In addition, the intensity of anticoagulation may be
overestimated in patients with LA positivity because INR is
not reliable in reflecting the true level of anticoagulation, lead-
ing to a subtherapeutic warfarin dose [45]. Therefore, it re-
mains to determine the best evidence-based strategy to prevent
thrombotic events in patients with APS.
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An effective thromboprophylaxis with low-molecular-weight
heparin has been shown to be protective in thrombotic events and
therefore has been recommended in patients with persistently
positive aPLs during some high-risk situations such as pregnancy
pre- and peri-partum, recent surgery, and SLE patients with ne-
phritic syndrome and low albumin levels [3–5]. Notably, a recent
study revealed that anticoagulation therapy at admission was
associated with a lower risk of thrombotic complications [28].
Therefore, in decision-making about the timing of prophylactic
antithrombotic therapy, we should promptly recognize transient
high-risk situations, where an early initiation of effective
anticoagulation is required for a brief period.

As discussed above, infection is the most important precip-
itating factor for thrombotic events in APS, and it is critical to
administer anti-infective therapy in a timely manner. However,
anti-infective therapy does not take effect immediately due to
the difficulties in determining the origins of infection, especially
in patients undergoing immunosuppressive therapy. In this cir-
cumstance, in addition to prompt treatment of infections, early
initiation of effective anticoagulation is advisable in high-risk
patients in whom the potential benefit would outweigh the risk
of bleeding. Although not supported by prospective controlled
studies, combination therapy of effective anticoagulation and
timely anti-infective treatment may be required to secure pa-
tients with high-risk aPL profiles during infection.

Conclusions

Infection is an important trigger of thrombotic events in APS.
In addition to early diagnosis and management of infections,
early initiation of effective anticoagulation should be sug-
gested to secure patients with high-risk aPL profiles, in whom
the potential benefit may outweigh the risk of bleeding. High-
quality prospective controlled studies on strategies of anti-
thrombotic therapy under infection in patients with high-risk
aPL profiles are needed in the future.
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