


Tropical and travel-associated diseases

KEY POINTS

e Strongyloidiasis is a common global infection with
substantial associated morbidity and mortality in the
setting of hyperinfection and dissemination that
warrants deliberate consideration and management in
immunocompromised transplant recipients.

o Oral ivermectin remains the preferred antihelminthic
treatment for S. stercoralis hyperinfection or
dissemination but alternate routes of ivermectin therapy
via compassionate or investigational use may be
needed in some cases and in combination with
albendazole therapy.

o Complete eradication of S. stercoralis in the
immunocompromised host can be difficult to confirm
and therefore posttreatment surveillance is
recommended during periods of
augmented immunosuppression.

o Universal donor screening and either universal or
enhanced targeted pretransplant recipient screening
are key approaches to prevention of Strongyloides
infection in organ transplant recipients.

Whereas a number of Strongyloides species infect
various vertebrates, S. stercoralis is the primary spe-
cies that infects humans, though canines may also
serve as definitive hosts [1]. The S. stercoralis lifecycle
is depicted in Fig. 1. Filariform larvae in the environ-
ment infect a suitable host via penetration into skin,
the most common route of entry, or consumption
via contaminated food or water [2]. Once they pen-
etrate either the skin or the mucosa of the gastro-
intestinal tract, filariform larvae migrate through
the circulatory system to the lungs, ascend the
respiratory tract, and are swallowed into the gastro-
intestinal tract. Adult females that have reached the
small intestine, commonly the duodenum, lay eggs
in the mucosa that mature and release rhabditiform
larvae in the lumen which are shed in the stool.

Critical to infection in the human host, rhabditi-
form larvae that hatch in the gut lumen may also
develop into infectious filariform larvae before leav-
ing the host (Fig. 1). This unique ability gives rise to a
cycle of autoinfection as these filariform larvae can
then penetrate through the intestinal mucosa or
perianal skin, enter the circulatory system, and per-
petuate infection ad infinitum in the untreated host.
This leads to a lifetime infection even if the host is no
longer being exposed in an endemic region. A multi-
tude of virulence factors involved in proteolysis,
inhibition of host proteases, and prevention of gut
expulsion are likely involved in this process of inva-
sion and persistence within the host [3]. The Strong-
yloides cuticle may also promote immune evasion
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[4]. When the host is not able to control the rate of
autoinfection massive repeat penetration and larval
migration can lead to disseminated disease.

A variety of immunocompromising conditions
are associated with progression and persistence of
infection. Solid organ transplantation (SOT) and
immunomodulatory medications including cortico-
steroids are risk factors for complications related to
S. stercoralis [2]. Coinfection with human T-lympho-
trophic virus type 1 (HTLV-1), a retrovirus with a
specific geographic predilection that is estimated to
infect several million people worldwide, serves as
another risk factor for complications related to
Strongyloides infection [5]. Whereas helminth infec-
tion typically elicits a robust Th2 response, HTLV-1
coinfection in patients with strongyloidiasis is asso-
ciated with a diminution in interleukin (IL)-5, IL-4,
IL-13 and immunoglobulin E (IgE) production, a
finding suggesting a transition to a potentially less
effective Th1-predominant response [5].

Epidemiology

The association of strongyloidiasis with soil, food, or
water contaminated with fecal matter contributes
to its disproportionate impact on communities
afflicted by socioeconomic challenges such as inad-
equate infrastructure, suboptimal hygiene practices,
and limited access to protective footwear [6"]. The
utilization of night soil, human feces used as fertil-
izer, remains a common practice in some parts of the
world [7]. Contamination of raw fruits and vegeta-
bles occurs frequently in some regions [7].

On a global scale, multiple factors have hindered
efforts to accurately characterize the epidemiology
of S. stercoralis infection. Screening for infection is
challenging in resource-limited settings, and small
volume stool collection mars the sensitivity of stud-
ies relying on coproparasitological examination for
diagnosis [8]. Furthermore, the sensitivity and spe-
cificity of serologic screening assays varies between
available platforms, and cross reaction with other
helminth species may occur with some tests [9].

S. stercoralis is estimated to infect >600 million
people worldwide with a predominance in tropical
and subtropical regions [10]. In some communities
within Latin America, Africa, and the Western
Pacific, prevalence may exceed 70% [11]. Southeast
Asia, Africa, and the Western Pacific account for
approximately 76% of infections globally [10].
Though S. stercoralis bears the World Health Organ-
ization’s designation as a neglected tropical disease,
autochthonous transmission may also occur in tem-
perate and arid climates [6",12].

In the developed world, prior residence in an
endemic region has been identified as a risk factor
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FIGURE 1. S. stercoralis lifecycle?®.

that may account for the vast majority of cases [13].
However, clinicians should consider other potential
risk factors including dietary habits, occupational
exposures, canine exposure, and the presence of
household contacts who may have emigrated from
endemic regions. Within the US, S. stercoralis has
primarily been identified in the southeast. In partic-
ular, rural areas of the Appalachian region, espe-
cially within Kentucky, may exhibit significant
prevalence rates [14]. Prevalence is also notably
higher among individuals who have been institu-
tionalized related to cognitive or psychiatric con-
ditions [15]. Recent modeling by Singer and Sarkar
suggests that multiple other states within the US
may also harbor conditions conducive to autoch-
thonous transmission [16].

Though donor-derived infection (DD]) is overall
rare, recent data suggest that transmission via organ
transplantation is more common than previously
recognized [17,18]. Despite the availability of
improved diagnostic tools, strongyloidiasis cur-
rently represents the most common parasitic DDI
following SOT [19]. In a Centers for Disease Control
and Prevention review of seven clusters of donor-
derived strongyloidiasis, 86% of donors were born in
Central or South America [20]. Whereas intestinal
transplant may pose the most significant risk of
transmission, other organs may also transmit infec-
tion [20,21].
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Clinical manifestations

Heavily influenced by host immunity, S. stercoralis
infection may present with a wide spectrum of
clinical manifestations. In the general population,
asymptomatic infection is most common. When
immunocompetent hosts do experience symptoms,
abdominal discomfort, vomiting, bloating, and
loose stool, sometimes alternating with constipa-
tion, are frequent complaints [2]. Cutaneous man-
ifestations are also common. Larva currens, a raised,
erythematous, often serpentiform exanthem that
has a predilection for the abdomen and extremities,
is associated with the transit of filariform organisms
through the skin. This rash is pathognomonic for
S. stercoralis. In contrast to cutaneous larva migrans
associated with hookworm infection that often lasts
weeks, may progress up to two centimeters per day,
and is typically bright red, larva currens is typically
evanescent, may progress several centimeters per
hour, and more often takes on a lighter color
[22,23]. In cases of disseminated disease, periumbil-
ical purpura, sometimes in a pattern reminiscent of
thumbprints, and sometimes characterized by cen-
trifugal spread, may occur as exemplified in Fig. 2
[24]. Purpura are thought to be secondary to inva-
sion of the dermis by larvae that migrate through
the wvessel wall. In chronic cases, cutaneous
manifestations including urticarial or pustular
lesions may occur and are thought to represent
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FIGURE 2. Purpuric abdominal rash in a solid organ transplant recipient with S. stercoralis hyperinfection syndrome.

immunologic sequelae [2]. Angioedema, similarly
thought to be an immunologic phenomenon,
may also be observed [2]. Symptoms related to pul-
monary involvement including cough, wheezing, or
throat irritation may be noted [2]. Eosinophilia is a
common but inadequately sensitive and nonspecific
tinding associated with strongyloidiasis [25].
Immunocompromised hosts have a greater risk
of progressive, complicated, persistent, and recur-
rent infection. In SOTR, immunomodulatory med-
ications including corticosteroids may accelerate
the S. stercoralis autoinfection cycle, potentially with
devastating effect [26]. Hyperinfection syndrome,
characterized by the rapid proliferation of larvae
in the gut and migration between the respiratory
and gastrointestinal tracts, carries a nearly 50% risk
of mortality [25]. Patients often present with sys-
temic symptoms such as fever, prominent gastro-
intestinal symptoms including vomiting, diarrhea
or ileus, hematochezia, and abdominal pain, and
pulmonary symptoms including cough, dyspnea,
and hemoptysis. In cases with significant lung
involvement, CT imaging may demonstrate a vari-
ety of findings. Ground glass opacities as depicted in
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Fig. 3a and prominent interlobular septal thickening
(crazy paving pattern) as depicted in Fig. 3b are
common in patients with hyperinfection syndrome
[27]. The acute respiratory distress syndrome may
turther complicate pulmonary disease. Dissemi-
nated disease occurs when a patient with hyper-
infection syndrome progresses to develop organ
involvement outside the respiratory and alimentary
tracts. This condition is associated with high mor-
bidity and a nearly 70% risk of mortality if not
recognized and treated early [25]. A massive hel-
minth burden penetrating through the gut wall
may contribute to secondary bacterial infections
including polymicrobial bacteremia, meningitis
due to enteric organisms, and concomitant sepsis.

DDI can manifest with a wide spectrum of symp-
tomatology, can be acute or chronic, and can range
in clinical severity. Gastrointestinal manifestations
are most common [17]. Notably, the latency period
between the time of transplantation and the subse-
quent development of symptoms related to DDI is
long, ranging from seven to 33 weeks in one study
[20]. Strongyloidiasis in SOTR in the early post-
transplant period may represent newly acquired
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