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Rare coexistence of disease or pathology

Envenomation from the brown recluse spider (Loxosceles reclusa) is described to cause both local and systemic
symptoms. We report a case of an adolescent boy who developed severe systemic loxoscelism, and his clinical
course was complicated by myocarditis, which has not been previously reported in association with loxoscelism.
A 16-year-old boy presented with non-specific symptoms and forearm pain following a suspected spider bite,
which subsequently evolved into a necrotic skin lesion. During his clinical course, he developed a character-
istic syndrome of systemic loxoscelism with hemolysis, disseminated intravascular coagulopathy, and severe
systemic inflammatory response syndrome, necessitating transfer to the Intensive Care Unit. The diagnosis
was confirmed with an enzyme-linked immunosorbent assay that detected Loxosceles venom in the wound.
Additionally, he developed pulmonary edema and cardiogenic shock secondary to myocarditis, which was con-
firmed with cardiac magnetic resonance imaging. Steroids and plasmapheresis were initiated to manage the
severe inflammatory syndrome, and the myocarditis was treated with intravenous immunoglobulins, resulting
in resolution of symptoms and improvement of cardiac function.

This is the first reported case of myocarditis associated with loxoscelism, providing evidence for Loxosceles
toxin-associated cardiac injury, which has been previously described in animal models only. Furthermore, this
case provides further support for the use of confirmatory testing in the clinical diagnosis of loxoscelism.

Brown Recluse Spider ¢ Loxosceles Venom ¢ Myocarditis ¢ Plasmapheresis
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Background

Brown recluse spiders (Loxosceles reclusa) are distributed across
the central and south-central United States [1,2]. Envenomation
by the brown recluse, termed loxoscelism, remains the most
common cause of spider envenomation in the country [3] and
causes local and systemic complications [4]. Presentation of
loxoscelism can vary greatly, and the lack of widely available
diagnostic testing poses significant diagnostic challenges. The
majority of cases exhibit localized erythema, burning pain, and
pruritus, with some cases progressing to necrosis at the bite
site. However, systemic or viscerocutaneous loxoscelism can
present with fevers and arthralgias and lead to serious com-
plications, including disseminated intravascular coagulopa-
thy (DIC), hemolytic and aplastic anemia, respiratory distress,
thrombocytopenia, rhabdomyolysis, and acute kidney inju-
ry [4,5]. Viscerocutaneous loxoscelism occurs more frequent-
ly in children but remains rare, accounting for 0.7% to 1.8% of
cases in the United States [3,5]. The systemic complications of
loxoscelism are from a combination of direct, toxin-mediated
effects and widespread effects from an activated immune re-
sponse [5], frequently requiring management in the intensive
care setting. Here, we summarize a case of severe viscerocuta-
neous loxoscelism in a teenage patient, confirmed by an inves-
tigational laboratory test and resulting in a systemic immune
response, including DIC and severe hemolysis. Additionally, he
developed myocarditis during the course of his illness, a pre-
viously unreported finding in systemic loxoscelism.

Case Report

A previously healthy 16-year-old male resident of western
Missouri presented to the Emergency Department with sore
throat, fatigue, myalgias, fever, and left forearm soreness for 1
day. Initial vital signs revealed a temperature of 39.1°C, heart
rate of 143 beats per min, and normal respiratory rate, pulse
oximetry, and blood pressure. The physical examination re-
vealed a fatigued-appearing teenager with dry mucus mem-
branes and mild cervical lymphadenopathy. A throat examina-
tion showed mild erythema of the posterior pharyngeal wall
but without exudate. Auscultation revealed a normal lung ex-
amination and normal cardiac examination with tachycardia.
Mild tenderness was appreciated on his left forearm, which
otherwise appeared unremarkable and demonstrated full range
of motion. Initial laboratory tests were unremarkable, aside
from an elevated creatinine level (Table 1).

Blood cultures were obtained, and he was started on van-
comycin and ceftriaxone empirically and admitted for possi-
ble sepsis. On hospital day 2, the patient’s forearm soreness
evolved into a swollen, tender, and erythematous area, and he
recalled sleeping in a basement where spiders were noted. He
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developed worsening hypotension (blood pressure decreased
from 109/53 to 82/39 mmHg over a 12-h period) with persis-
tent tachycardia (heart rate, 130-145 beats per min) and was
unresponsive to a fluid challenge, requiring transfer to the
pediatric Intensive Care Unit for management of decompen-
sated shock. lonotropic support was initiated, and intra-arte-
rial access was obtained for continuous blood pressure mon-
itoring. Repeat laboratory examination showed transaminitis,
with increased bilirubin and C-reactive protein, leukocytosis,
and coagulation profile consistent with DIC (Table 1). Owing to
worsening hypotension and a concern for a spider bite, the dif-
ferential diagnosis at this point was septic shock vs loxoscelism.

The medical toxicology department was consulted and agreed
with the diagnosis of loxoscelism. Over hospital days 3 to 5, the
patient’s left arm became increasingly tender, developing vesic-
ular areas over a darkening, necrotic-appearing base (Figure 1).
A skin swab from the lesion was submitted for an enzyme-
linked immunosorbent assay (ELISA) to detect Loxosceles venom
and was positive (SpiderTek, S&A Tech, Rolla MO). During this
time, he also became dyspneic, prompting a chest X-ray that
revealed mild pulmonary edema and an echocardiogram that
showed acceptable function with an ejection fraction of 55%.

His clinical status acutely worsened on day 6, with hemoglo-
bin dropping precipitously from 12.6 gm/dL to 7.9 gm/dL, and
a concomitant increase in LDH, bilirubin, and plasma free he-
moglobin suggested intravascular hemolysis. The patient was
transfused with packed red blood cells, and methylpredniso-
lone was initiated in an attempt to slow hemolysis. He also
developed tachycardia with diffuse T-wave changes on elec-
trocardiogram (EKG), which were concerning for myocarditis.
B-type natriuretic peptide, troponin-I, and creatine kinase-mus-
cle/brain levels were elevated to 1309 pg/mL, 0.29 ng/mL, and
7.6 ng/mL, respectively, and cardiac magnetic resonance imag-
ing (MRI) demonstrated myocarditis involving the left ventric-
ular apex and the basal portion of the heart, with an ejection
fraction of 45% (Figure 2). Myocarditis therapy was initiated
with intravenous immunoglobulins and bumetanide was ad-
ministered to reduce pulmonary edema and volume overload.
He demonstrated a favorable clinical response to therapy, along
with steadily decreasing troponin-I and B-type natriuretic pep-
tide, normalization of EKG (Figure 3), and improved cardiac
function on repeat echocardiogram performed a week later.

Despite ongoing steroidal treatment, the patient’s hemoglo-
bin reached a nadir of 5.9 gm/dL, requiring further transfu-
sions on hospital days 7 and 8. Plasmapheresis was then per-
formed on days 8, 9, 10, and 13. His hematological laboratory
results normalized thereafter, and remained stable for the re-
mainder of his hospitalization. His laboratory values contin-
ued improving over the subsequent week, and he was dis-
charged home on day 20. His wound responded to standard
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Table 1. Patient’s laboratory results and biochemical markers during hospitalization.

(AD:;nilt) Day 2 DEVAL DEVA) DEVY DEVA:] DEVA Day 13
Hemoglobin (gm/dL) 14.9 13.3 7.9 7 5.9 10.8 9.8
Hematoctit %) 455 M 2 244 199 168 322 295
Platelets )10) 188 125() 7200 840 M)  1260) 1450 240
CweC o) 2300 10 125() 143 2L1(H)  361¢H) 337 174(¢H)
CNeutrophils ) sat) ss() 8¢
et w70 3 2 w2 28 u an
N M 14 12 = 13 I PR 1
Fibrinogen (mg/d) 27 sS02(H)  689(H)  S8A(H) 335 134() 740
CDdimer(igm)  1804(H) 1127(H) 653(H)  S8O(H) 2027 (H) 334(H) 219(H)
COH@ats) M0 25 SS2()  718() 10674
 Plasma free hemoglobin (mg/d) o) <0 0 <30 60(H) <30 <30
Tooponin- (ng/m) 029(H) 02 009(H) 004
Procalcitonin (hg/ml) 067(H) 522(H) 625(H) 342(H) 12(H) 029
CCRP(mga) 002 ssi() o100
CFemitin(ig/m)  1a2¢  s®)
Triglycerides g/d) o oaste)
Creatinine (mg/d) 108 117 101 073 106 08 05 057
CAST@eits) 1eH 2 [ s
ATty a0 s 0
Total Bilirubin (mg/d) at) 75 e6H)  asey
Direct Biliubin (mg/d) 200 2400 190

H — abnormally high values; L — abnormally low values.

outpatient wound care (Figure 4), and a follow-up outpatient
echocardiogram was normal.

Discussion

We present a case of severe viscerocutaneous loxoscelism in
an adolescent patient with characteristic hemolysis, DIC, and
severe systemic inflammatory response as well as previously
unreported myocarditis. Diagnosis of loxoscelism envenom-
ation typically depends on clinical presentation, with empha-
sis on history and physical examination [3,5,6]. Although not
commercially available, the ELISA developed at the University
of Missouri and used in this case has been previously detailed
in the medical literature [7,8]. It is performed on skin swabs
obtained from a suspected Loxosceles bite site, and has been
proven to be highly specific for Loxosceles venom [9].
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The mechanism for development of viscerocutaneous loxosce-
lism is not fully understood but is suspected to involve multi-
ple molecular and cellular pathways [6,10,11]. The venom itself
contains sphingomyelinase-D and alkaline phosphatase and is
capable of creating an immune response through complement,
neutrophil, and platelet activation as well as by activating col-
lagenase, proteases, esterase, ribonuclease, and deoxyribonu-
clease [3,6,11]. The toxin causes direct hemolysis via activation
of metalloproteinases that cleave glycophorins from red blood
cell surfaces to make them targets for complement lysis [6].
Loxosceles venom induces a direct increase in the production
of pro-inflammatory cytokines and reduction of anticoagulation
factors, leading to a hypercoagulable state and development of
DIC [6,12]. The venom also directly damages endothelial cells,
leading to blood vessel wall damage that stimulates thrombus
formation [6,11,12]. Other studies have shown direct, immune-
mediated mechanisms for thrombocytopenia and hemolysis
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Figure 1. (A, B) Loxosceles bite site on the anterior portion of patient’s left forearm. Photograph taken with patient and parent

permission on day 5 of hospitalization.

Figure 2. (A, B) Short-axis and long-axis sections from cardiac magnetic resonance imaging showing late gadolinium enhancement in
the ventricular myocardium (depicted by red arrows), consistent with diagnosis of myocarditis.

in Loxosceles envenomation [4,10,13]. Additionally, numerous
studies have found direct antiglobulin test-positive hemolysis 7
to 10 days into the course of Loxosceles envenomation, estab-
lishing an immune-mediated cause of hemolysis [4,10,14,15].

Myocarditis is defined as inflammation of the myocardium,
with a wide spectrum of clinical presentation that can range
from subclinical disease to fulminant circulatory failure and
death [16]. Moreover, survivors of mild to moderate disease
can progress to significant morbidity with dilated cardiomyop-
athy [17]. The clinical picture of myocarditis can be character-
ized by cardiovascular dysfunction, shock, tachycardia, chest
pain, arrhythmias, and pulmonary edema and is supported
by laboratory markers of myocardial injury (elevated tropo-
nin and creatine kinase-muscle/brain levels) and concurrent
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inflammation (elevated C-reactive protein and erythrocyte sed-
imentation rate) [16,18]. Endomyocardial biopsy has historical-
ly been the diagnostic criterion standard for myocarditis, but
its relatively poor sensitivity and invasive nature and the con-
current risks of anesthesia have made it controversial in cur-
rent clinical practice. Cardiovascular MRI is now regarded as
the noninvasive criterion standard for diagnosing myocarditis
[16], allowing noninvasive visualization of myocardial inflam-
mation and ventricular function [17,18]. Our patient’s diagnosis
and cardiac function was also confirmed with cardiovascular
MRI, and therapy was initiated with intravenous immunoglob-
ulins. Follow-up MRI was not deemed necessary at the time
owing to marked clinical improvement following therapy, and
is generally not recommended [16]. However, improved cardi-
ac function was demonstrated on follow-up echocardiograph.
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B EKG on day 10, with complete normalization

A EKG on day 6, with diffuse T-wave changes
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Figure 3. (A) Electrocardiogram (EKG) with T-wave abnormalities on day 6 of admission, and (B) resolution of EKG abnormalities after

initiation of treatment for myocarditis.

Figure 4. (A, B) Loxosceles bite site on patient’s left forearm with fat necrosis prior to discharge and (C) site 6 months after bite.

Photographs taken with patient and parent permission.

Although Loxosceles toxin has been shown to affect the liver
and kidney in previous human studies, there are no reports
of direct myocardial tissue involvement in any human case
of loxoscelism. One previous study showed cardiac complica-
tions, whereby congestive heart failure and pleural effusion
were attributed to loxoscelism-induced activation of system-
ic lupus erythematosus [19], rather than to the direct cytotox-
ic effect of the Loxosceles venom on the myocardium. Animal
studies have isolated Loxosceles toxin to murine myocardium,
with altered calcium ion transit in cardiomyocytes, indicating
loxoscelism-induced myocardial damage [20]. With the exag-
gerated systemic inflammatory response in cases of viscerocu-
taneous loxoscelism, it is possible that myocardial injury may
be an immune-mediated and toxin-mediated pathophysiolo-
gy. Research in myocarditis has demonstrated a role for both
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toxin-mediated and non-specific immune-mediated mecha-
nisms [21,22]. An experimental autoimmune myocarditis mod-
el has been utilized in rodents, whereby exposure to extrin-
sic cardiac myosin sensitizes T cells, which then home to the
myocardium and induce an autoimmune reaction against the
cardiomyocytes and recruit non-specific inflammatory modula-
tors [21]. Similarly, it is plausible that Loxosceles toxin localizing
to cardiomyocytes would be targeted by CD4 T cells, initiating
a cascade of non-specific myocardial inflammation, in addi-
tion to mediating direct cytotoxic injury to the cardiomyocytes.
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Conclusions

In summary, this case highlights previously described features
of viscerocutaneous loxoscelism, such as severe inflammatory
response, hemolysis, and DIC. To the best of our knowledge,
this is also the first reported case of myocarditis associated
with loxoscelism, providing new evidence for Loxosceles-toxin
associated cardiac injury that has been previously described
in mouse models only. ELISA testing for Loxosceles venom de-
tection from the wound site was also utilized and further sup-
ports the use of confirmatory testing in the clinical diagno-
sis of loxoscelism.
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