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Abstract Strongyloides stercoralis hyperinfection syn-
drome (SHS) is a life-threatening condition that warrants
early detection and management. We describe the patho-
genesis, organ-specific clinical manifestations, and risk
factors associated to this condition. A comprehensive
review of the literature was conducted in PubMed,
LILACS, EBSCO and SciELO by using the keywords:
“hyperinfection syndrome”; “Strongyloides stercoralis”;
“disseminated strongyloidiasis”; “systemic strongyloidia-
sis”, “pathogenesis” and “pathophysiology”. Relevant
articles on this topic were evaluated and included by con-
sensus. Also, a secondary search of the literature was
performed. Articles in English and Spanish language were
included. SHS has been described in tropical and sub-
tropical regions. However, there is growing evidence of
cases detected in developed countries favored by increas-
ing migration and the advance in immunosuppressive
therapies for oncologic and inflammatory diseases. SHS is
characterized by massive multiplication of larvae, typically
in immunocompromised hosts. Clinical manifestations
vary according to the organ involved and include diarrhea,
intestinal bleeding, alveolar hemorrhages, heart failure,
jaundice, bacteremia among others. Despite advances in
the understanding of this condition, fatality rates are near
90%. Clinicians should consider SHS in the differential
diagnosis of acutely ill patients with multiple organ
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damage and epidemiological risk factors. Adverse out-
comes are common, especially with delayed anti-parasitic
treatment.
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Introduction

Strongyloides stercoralis is an intestinal nematode with a
worldwide distribution. To a great extent, it affects poverty-
stricken populations predominantly from rural areas; how-
ever, it may be present in regions such as the USA and
Europe (Schir et al. 2013; Barros and Montes 2014; Marcos
et al. 2011). Approximations of 30-100 million infected
people worldwide date back to reports published in 1989
(Genta 1989) and 1996 (Jorgensen et al. 1996). Estimates on
the global prevalence are challenging due to numerous limi-
tations including inadequate diagnostic methods, small study
sample size, and limited statistics (Schir et al. 2013). Most
recent data reveal that this organism affects between 10 and
40% of the population in many tropical and subtropical
countries and its prevalence can be as high as 60% in
resource-limited settings (Schir et al. 2013; Buonfrate et al.
2013; Ketzis and Conan 2017; Puthiyakunnon et al. 2014).
Specific groups including travelers, military personnel
and immigrants from endemic areas are prone to harbor
and spread this infection in developed nations, where its
frequency is significantly lower (Schir et al. 2013;
Puthiyakunnon et al. 2014). Furthermore, with the advent
of transplant and immunosuppressive therapies, S. sterco-
ralis hyperinfection syndrome (SHS) is becoming an
emergent healthcare problem (Alsharif et al. 2015;
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Upadhyay et al. 2001). Hence, chronically infected
patients, particularly those who are asymptomatic or oligo-
symptomatic, are at risk of developing SHS due to lack of
healthcare policies that promote parasitological screening
among patients from endemic areas receiving immuno-
suppressive medications (Schér et al. 2013; Barros and
Montes 2014; Marcos et al. 2011; Buonfrate et al. 2013).
Thus, fatal outcomes may occur, with mortality rates
ranging from 60 to 87% (Vadlamudi et al. 2006; Geri et al.
2015).

The purpose of this review article is to analyze and
summarize the current evidence on SHS. A comprehensive
review of the literature was conducted in PubMed,
LILACS, EBSCO and SciELO by using the keywords:
“hyperinfection syndrome”; “Strongyloides stercoralis”;
“disseminated strongyloidiasis”; “systemic strongyloidia-
sis”, “pathogenesis” and “pathophysiology”. A set of
articles was obtained and reviewed by the authors in detail
(GVR, RPR, JPP, RM, EFR) and further discussed with a
senior expert (AT). Articles in English and Spanish lan-
guage were included and the information was collected in
summary forms. Any discrepancy was resolved by con-
sensus. Additionally, references of these selected articles
were also reviewed.

Strongyloides stercoralis: reproduction,
autoinfection, hyperinfection

S. stercoralis reproduces through two separate life cycles: a
free-living and a parasitic cycle (Fig. 1) (Centers for Dis-
ease Control and Prevention 2015). The parasitic cycle

begins with the penetration of human intact skin by the
filariform larvae. The larvae access venous circulation and
migrate to the lungs where they penetrate the alveolar
spaces and ascend across the bronchial tree, trachea, and
larynx, until they reach the pharynx, where they are
swallowed. Subsequently, the larvae penetrate the mucosa
within the proximal small bowel, where they mature into
adult females and deposit the eggs produced by partheno-
genesis. These eggs hatch in situ releasing rhabditiform
larvae that are eventually excreted with the stool. Once
outside the human host, these larvae can mature into
either free-living male and female adult worms (which can
reproduce sexually, completing a free-living cycle) or into
filariform larvae, ready to infect another host (Schér et al.
2013; Barros and Montes 2014; Puthiyakunnon et al.
2014). A distinctive feature of S. stercoralis is that some
rhabditiform larvae may develop into filariform larvae in
the intestinal lumen and penetrate the colonic mucosa or
perianal skin. These filariform larvae, in turn, are capable
of completing a new cycle in-host. This process is known
as autoinfection and is unique to this parasite (Barros and
Montes 2014; Marcos et al. 2011; Puthiyakunnon et al.
2014; Marcos et al. 2008). This phenomenon is seen in
both asymptomatic and symptomatic hosts, where contin-
uous cycles may perpetuate the infection for decades
(Schér et al. 2013; Mejia and Nutman 2012). Of note,
selected individuals with alterations in their immune sys-
tem are at risk for developing more severe forms of dis-
ease, known as Strongyloides hyperinfection syndrome
(Marcos et al. 2011; Mejia and Nutman 2012).

During primary infection, the host’s innate immune
response is mediated primarily by granulocytes and
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@ Springer



J Parasit Dis (Apr-June 2019) 43(2):167-175

169

macrophages; both able to exert effector and
immunomodulatory functions (Barros and Montes 2014;
Bonne-Année et al. 2013). Experiments in mice infected
with S. stercoralis and S. ratti have studied the role of
neutrophils and eosinophils in the early innate immune
response, demonstrating their capacity to kill larvae and
affect larvae migration and fecundity (Galioto et al. 2006;
Watanabe et al. 2000). Moreover, robust T- helper type-2
(Th2) and regulatory T-cells (Tregs) responses are pivotal
pieces of the adaptive immunity, preventing the progres-
sion of the parasitic infection to SHS (Anuradha et al.
2015a). Th2 cells secrete interleukin (IL)-4, IL-5, and IL-
13, increase eosinophil recruitment, and can activate
M2 macrophages and IgE antibody production. Further-
more, Th2 response can exert effects on the gastrointestinal
(GI) and respiratory tract by increasing the peristalsis, and
by augmenting mucus production in respiratory epithelial
cells and the mast cell population of the mucosa (Marcos
et al. 2011; Anuradha et al. 2015a; Bonne-Année et al.
2011).

The expression pattern of Th2 subset has been analyzed
and compared to that of Thl and Thl7 subsets among
uninfected and asymptomatic infected individuals,
demonstrating the downregulation of Th1 and Th17 subsets
and an increased frequency of CD4 4 Th2 cells in those
infected. Interestingly, this alternation in the phenotypic
expansion of Th cells has been noticed to revert following
antiparasitic treatment (Anuradha et al. 2015b). Addition-
ally, in a parallel study, S. stercoralis-infected subjects
exhibited markedly decreased levels of systemic proin-
flammatory cytokines, such as gamma interferon (IFN-vy),
tumor necrosis factor alpha (TNF-a), and IL-1B. This
suggests that Strongyloides infection could immunomodu-
late the host response and blunt the specific response in
harmful inflammatory conditions such as autoimmune
disorders (Anuradha et al. 2015a). It is unknown if these
findings could correlate to a lesser extent with other
metabolic abnormalities seen in infected individuals. For
example, some studies have revealed that subjects who
were infected by S. stercoralis and other soil-transmitted
helminths may develop insulin resistance and altered glu-
cose metabolism following antiparasitic treatment (Hays
et al. 2017; Tahapary et al. 2017), suggesting a potential
interplay between metabolic regulation and inflammation.
On the other hand, the expansion of T-regulatory subpop-
ulation can diminish the Th2 response, highlighting the
importance of a fine balance between Th cells and T-regs to
prevent the downregulation of an otherwise protective
response against S. stercoralis (Montes et al. 2009).

External factors such as corticosteroid therapy or human
T cell lymphotropic virus type-1 (HTLV-1) infection may
alter the regular mechanisms of immunity, allowing the
parasite to massively reproduce and the infection to

aggravate. Hence, hyperinfection is the process by which
the parasite undergoes uncontrolled proliferation, and dis-
semination, when it spreads to organs other than skin, lungs
or GI tract (Schir et al. 2013; Barros and Montes 2014,
Marcos et al. 2011; Puthiyakunnon et al. 2014). The par-
asite can virtually invade any organ including the liver,
heart, kidneys, lymphatic ducts and nodes, and the central
nervous system (Keiser and Nutman 2004; Altintop et al.
2010).

Risk factors for hyperinfection syndrome

Certain conditions have been recognized to affect the
immune system, putting the host at risk for the develop-
ment of SHS and dissemination. In the following lines, we
describe the most common risk factors for SHS and their
influence in its pathophysiology.

HTLV-1

Subjects infected with HTLV-1 show an elevated number
of circulating Tregs, which downregulates the Th2
response, altering the immune balance necessary for effi-
cient parasite eradication (Barros and Montes 2014; Barros
et al. 2012). Thus, HTLV-1 is associated with an increased
Thl cytokine response, favoring the parasite burden by
reduced IL-5 levels and eosinophil counts (Montes et al.
2009). Importantly, HTLV-1 infection has been associated
with strongyloidiasis treatment failure among otherwise
immunocompetent individuals (Terashima et al. 2002).

Corticosteroids

Corticosteroids interfere with the type-2 response through
binding glucocorticoid receptors in the CD4 + Th2 cells,
causing cell dysfunction and apoptosis (Marcos et al.
2011). They may also lead to an increased number of
filariform larvae and dissemination through production of
ecdysteroid-like substances, which act as molting signals
for eggs and rhabditiform larvae (Vadlamudi et al. 2006).

Transplant

Strongyloidiasis and SHS in both solid organ transplant and
hematopoietic stem cell transplantation (HSCT) have been
described, often due to reactivation of chronic asymp-
tomatic or oligo-symptomatic infections in recipients fol-
lowing the initiation of immunosuppressive therapy (Schir
et al. 2013; Khushman et al. 2017; Mazhar et al. 2017;
Izquierdo et al. 2013). Cases associated to HSCT were
associated with more severe forms of disease and a higher
incidence of SHS, with mortality rates at 83% (Marcos
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et al. 2011; Khushman et al. 2017; Al Malki and Song
2016; Wirk and Wingard 2009). There is growing evidence
on donor-derived S. stercoralis infection and SHS, a unique
mechanism of spread compared to other parasitic infections
(Abdalhamid et al. 2015; Kim et al. 2016). Kim and col-
leagues (Kim et al. 2016) identified 27 cases of S. sterco-
ralis-infected donor allograft with a 35% case fatality rate,
being sepsis and bacteremia strong predictors of mortality.
Both conditions were seen in 100% of subjects with fatal
outcomes and are considered clinical markers of
dissemination.

Alcoholism

Immunity is impaired in alcoholics due to increasing
endogenous cortisol levels and reduced intestinal motility
(Teixeira et al. 2016). These factors may allow the rhab-
ditiform larvae to stay in the GI tract for a prolonged time
and enabling them to develop into filariform larvae. The
latter, along with a lower density of macrophages in the
duodenal mucosa and deficient IgA secretion may increase
the risk of SHS (Teixeira et al. 2016; Silva et al. 2016).
Furthermore, recent studies have shown increased expres-
sion of Tregs in alcoholic individuals, which may attenuate
the immune response and play an important role in larvae
dissemination (Ribeiro et al. 2017).

Human immunodeficiency virus (HIV)

Immunosuppression secondary to HIV infection is char-
acterized by an impaired cell-mediated response, with a
progressive decay in CD4 4+ T cells and altered Thl
function rather than Th2 subset compromise (Siegel and
Simon 2012). During the early HIV/Acquired Immune
Deficiency Syndrome (AIDS) era, disseminated strongy-
loidiasis was considered an AIDS-defining condition.
However, due to the relatively low number of cases of SHS
in HIV/AIDS-affected individuals, it was removed from
the list in 1987 (Schir et al. 2013; Keiser and Nutman
2004; Siegel and Simon 2012). Nowadays, HIV infection is
not frequently associated to SHS (Schir et al. 2013; Sal-
vador et al. 2013).

Malnutrition

S. stercoralis infections have been associated with a high
risk of growth retardation and stunting in children from
Cambodia (Forrer et al. 2017). Although the cause of these
findings could be multifactorial, it is known that both
innate and adaptive immunity can be impaired in subjects
with protein-energy malnutrition, inducing thymus atrophy,
and blunted Th2 immune response (Schaible and Kauf-
mann 2007; Takele et al. 2016). Conversely, helminth
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infections may disrupt the gut microbiota and have a
negative impact on nutrient absorption, creating a vicious
cycle that results in a higher parasitic burden (Glendinning
et al. 2014). Interestingly, SHS has been also described in
individuals with marginal or acceptable anthropometric
parameters but severe vitamin deficiencies (Marathe and
Date 2008).

Clinical manifestations and organ damage

A case series of 133 patients with SHS revealed that fever
(80.6%) and respiratory symptoms (88.6%) were the most
common clinical manifestations (Geri et al. 2015). This
differs from data on chronic Strongyloidiasis in which
urticaria and diarrhea were the most frequent complaints
(Forrer et al. 2017). SHS with dissemination can exhibit
varied clinical syndromes depending on the organ
involved:

Gastrointestinal disease

GI manifestations described in SHS range from mild dys-
pepsia or abdominal pain to more ominous others such as
hematemesis, abdominal distension and shock (Altintop
et al. 2010; Bollela et al. 2013). Diarrhea may be present in
most individuals with S. stercoralis infection; mainly as
loose or watery stools (Herrera et al. 2006; Infante et al.
1998). Strongyloides infection affects the GI tract in wide
extension. Initial stages of enteric disease show mild
mucosal congestion and larvae restricted to the mucous
membrane. This can progress to edematous enteritis with
edematous wall thickening and villous atrophy (de Paola
et al. 1962). Ulcerative enteritis is an ultimate severe form
of disease, which presents ulcers with fibrosis and larvae
throughout the entire wall, allowing bacterial translocation
and subsequent bacteremia and sepsis (Puthiyakunnon
et al. 2014; Kishimoto et al. 2008).

Liver and biliary tract disease

Although hepatobiliary manifestations are uncommon in
SHS, severe duodenal involvement and inflammation could
cause papillary stenosis and jaundice, as reported in pre-
vious studies (Keiser and Nutman 2004; Ortega et al.
2010). Autopsy findings of larvae in the gallbladder have
also been reported (Basile et al. 2010). Importantly, ele-
vation of liver enzymes could be seen in patients under-
going allogeneic transplantation and mimic the
presentation of graft-versus-host disease. Thus, in a case of
cholestasis or evidence of hepatic cytolysis, it may be
important to screen post-transplant individuals who present
with jaundice, abdominal pain, and have a compelling
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epidemiological background (Izquierdo et al. 2013). Also,
acute pancreatitis has also been reported in the context of
strongyloidiasis. In these cases, the diagnosis was achieved
by assessing the biliary fluid obtained during endoscopic
retrograde cholangio-pancreatography (Makker et al.
2015).

Lung disease

Pulmonary involvement is one of the most common sites
affected by S. stercoralis and thus, it demands a high level
of attention (Geri et al. 2015). A spectrum of clinical
manifestations have been described, ranging from asthma-
like symptoms such as cough and dyspnea to more severe
presentations including pneumonia, diffuse bilateral infil-
trates, and consolidations (Alsharif et al. 2015; Upadhyay
et al. 2001; Nabeya et al. 2017). Complications such as
diffuse alveolar hemorrhage, necrotizing pneumonia, and
eosinophilic pleural effusions have also been described,
although the data is scarce (Vadlamudi et al. 2006; Keiser
and Nutman 2004; Mokhlesi et al. 2004). Asthma-like
presentations are among the most challenging due to the
resemblance with conventional allergic asthma. This has
led to the inappropriate use of steroids as a part of the
treatment, which has ultimately led to SHS and adverse
outcomes (Alsharif et al. 2015; Upadhyay et al. 2001). The
delay of anthelminthic therapy results in worsening respi-
ratory function and massive parasitic reproduction, creating
an unbreakable vicious cycle that culminates in death.

Pneumonia and sepsis may develop owing to repeated
damage to alveolar membranes by the passage of large
amounts of larvae, and due to direct transport of enteric
bacteria along with larvae from the gut to the bloodstream
(Nabeya et al. 2017). Thus, the host becomes susceptible
for bacterial infections and further inflammation. In fact, it
is quite frequent to isolate enteric bacteria in sputum
samples and blood cultures of patients with SHS with
pulmonary manifestations (Basile et al. 2010; Nabeya et al.
2017; Man et al. 2017). Likewise, continuous disruptions
of alveolar-capillary membranes may cause inflammatory
pneumonitis and alveolar hemorrhage (Mokhlesi et al.
2004). Alterations of the intestinal microbiota due to par-
asitic infections may hamper the ability of the host to
prevent further bacterial translocation (Kinjo et al. 2015;
Zaiss and Harris 2016) which again, perpetuates the burden
of pneumonia, sepsis and bacteremia.

In terms of radiographic findings in SHS and lung
involvement, multiple patterns have been documented to
date including migratory pulmonary infiltrates and
peripheral consolidations. However, none of them is
specific for strongyloidiasis. Chest x-rays showing diffuse
ground glass opacities, diffuse patchy infiltrates and con-
solidations have been associated with advanced disease

(Nabeya et al. 2017; Mokhlesi et al. 2004). CT scan
imaging has revealed diverse patterns of lung affection
including interlobular septal thickening with ground glass

opacities, cavitary lesions and abscesses (Nabeya et al.
2017; Mokhlesi et al. 2004; Hiibner et al. 2013).

Cardiac disease

Two reports on disseminated strongyloidiasis involving the
pericardium have been described in the literature, pre-
senting with right-sided heart failure symptoms and
exudative pericardial effusion. In both cases, S. stercoralis
larvae were obtained from the pericardial fluid, and they
were also detected on histopathology (Fakhar et al. 2010;
Lai et al. 2002). These findings could be interpreted as an
inflammatory process resulting from the passage of larvae
into the pericardial space. Two risk factors associated with
this presentation included corticosteroid therapy and poorly
controlled diabetes.

Endomyocardial fibrosis and Loffler endocarditis have
also been described in the literature although very rarely
(Murali et al. 2010; Alizadeh-Sani et al. 2013; Sarangi
et al. 2013; Thaden et al. 2013; Nolan et al. 2013). Afflicted
patients were otherwise immunocompetent individuals who
presented with heart failure symptoms as the most promi-
nent manifestations of disease. Larvae were found in the
stool microscopy and cardiac MRI revealed marked signs
of endomyocardial fibrosis. Although endomyocardial
fibrosis and restrictive cardiomyopathy may result from
sustained eosinophil degranulation rather than direct tissue
damage by the parasite, this unique situation might reflect
repeated cycles of autoinfection with reactive eosinophil-
mediated injury.

Renal disease

Dissemination of S. stercoralis larvae to several organs
including the kidneys has been documented in autopsy
studies (Keiser and Nutman 2004). Most cases of SHS with
renal involvement are related to kidney transplant, descri-
bed in recipients who reactivated a latent infection and in
those individuals receiving infected kidney allografts from
both living and cadaveric donors (Abdalhamid et al. 2015;
Kim et al. 2016; Weiser et al. 2011; Hoy et al. 1981).
Larvae have been also isolated in the urine, indicating that
S. stercoralis is stable in a variety of tissues and fluids
(Pasqualotto et al. 2009). Interestingly, strongyloidiasis has
been associated with nephrotic syndrome, particularly due
to minimal change disease and focal segmental glomeru-
losclerosis, presumably due to immune factors inducing
podocyte injury and increased protein permeability
(Merzkani et al. 2017; Miyazaki et al. 2010). Patients have
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shown improvement of their clinical status following
antiparasitic treatment.

Central nervous system (CNS) disease

CNS involvement also makes the diagnosis of disseminated
strongyloidiasis. SHS is characterized by the transport of
gram-negative bacteria from the gut into the bloodstream,
leading to bacteremia, pneumonia and meningitis (Woll
et al. 2013; Greaves et al. 2013; Luvira et al. 2016;
Rodriguez et al. 2012; Morgello et al. 1993). Furthermore,
larvae of S. stercoralis have been found in cerebrospinal
fluid (CSF), meningeal vessels and meningeal spaces
(Rodriguez et al. 2012). Meningeal signs and altered
mental status are the most common manifestations seen in
patients with CNS strongyloidiasis (Woll et al. 2013;
Rodriguez et al. 2012; Morgello et al. 1993). Cerebrospinal
fluid can exhibit an aseptic meningitis-type picture on
biochemical analysis or features of gram-negative menin-
gitis, with CSF cultures that are usually positive for enteric
organisms such as Escherichia coli, Proteus mirabilis,
Klebsiella pneumoniae, Enterococcus faecalis and Strep-
tococcus bovis (Keiser and Nutman 2004; Woll et al. 2013;
Greaves et al. 2013). Among other CNS diseases associated
with Strongyloides, it is hypothesized that larvae may cause
cerebral perfusion defects through capillary obstruction
which is seen on MRI as diffuse infarcts (Marcos et al.
2011). Invariably, once larvae reach the CNS, the damage
is irreversible and usually associated with fatal outcomes.
Antiparasitic drug levels seem to be insufficient to contain
the infection (Keiser and Nutman 2004; Woll et al. 2013;
Rodriguez et al. 2012).

Diagnostic approach

High level of suspicion is the cornerstone for early diag-
nosis to prevent the progression and high mortality of SHS
and dissemination. Although the absence of eosinophilia
and the presence of important extraintestinal manifesta-
tions may deviate the clinical suspicion towards other eti-
ologies, it is important to consider SHS in the differential
of patients with multiorgan dysfunction from endemic
areas (Vadlamudi et al. 2006; Toledo et al. 2015).
Diagnosis of S. stercoralis can be very complicated in
immunocompetent hosts, as the larvae output may be
intermittent and in small concentrations (Schir et al. 2013;
Barros and Montes 2014). Therefore, a relatively high
index of false negative results have been described with
conventional stool-based methods (Marcos et al. 2011). On
the other hand, individuals who develop SHS with dis-
semination have a markedly increased parasite burden with
presence of larvae in other body fluids and tissues,
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facilitating the detection to some extent (Vadlamudi et al.
20006; Geri et al. 2015; Toledo et al. 2015). For instance,
Geri el al. (Geri et al. 2015) reported a detection rate of
93% in both stool and sputum samples of 133 patients with
SHS.

Current diagnostic strategies include: (1) direct visual-
ization of the larvae through body fluid microscopy (stool,
sputum, bronchial-alveolar lavage, CSF), (2) direct visu-
alization of the larvae through tissue biopsy, (3) serology,
and (4) molecular assays. Among parasitological tech-
niques, the agar plate culture is the most sensitive method
(up to 90%) (Puthiyakunnon et al. 2014; Nutman 2017).
However, it requires special training for accurate identifi-
cation of the parasite and preparation of the culture media.
Also, the incubation period may be prolonged: up to
72-96 h until the parasite can be visualized under the
microscope. This is a limiting factor when there is an urge
to make the diagnosis in a timely fashion.

Upper GI endoscopy has shown some utility in the
diagnosis of Strongyloides as duodenal biopsy samples can
be positive in up to 71.4% of the cases in patients with
SHS. However, this procedure may be difficult to perform
in a patient who is mechanically ventilated, supported on
pressor medications or experiencing active bleeding
(Kishimoto et al. 2008). Enzyme-linked immunoassay
(ELISA) significantly increases the sensitivity and negative
predictive value of the stool microscopy (Toledo et al.
2015). Nonetheless, antibody detection in immunocom-
promised individuals may be altered, leading to false
negative results (Puthiyakunnon et al. 2014; Nutman 2017).
Molecular diagnosis through real-time polymerase chain
reaction (RT-PCR) has shown promising results on recent
studies, achieving a sensitivity as high as 100% upon
testing of two stool samples (Buonfrate et al. 2015). Its
high specificity owes to pathogen-specific DNA target
detection. Conversely, patients may test negative after
receive appropriate treatment (Toledo et al. 2015). It may
be a suitable test in an acute scenario, however, RT-PCR is
not widely available and its cost and lack of technological
support may be limiting factors in endemic areas.

Mortality and outcomes

Overall, SHS is a life-threatening condition with morality
rates comparable to other serious non-communicable con-
ditions such as acute coronary syndromes. A systematic
review of 244 case reports on SHS recorded a fatality rate
of 60%. Patients who did not receive any therapy had
morality rates as high as 100%, while patients who were
treated with albendazole (73%), thiabendazole (51%) and
ivermectin (47%) exhibited improved numbers, although
still high (Buonfrate et al. 2013). One of the most important
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factors associated to this high mortality is concomitant
bacterial infection that may be detected early or late during
the hospital course (Vadlamudi et al. 2006; Geri et al.
2015; Toledo et al. 2015).

Despite the malignant nature of this condition, there are
no guidelines for the standardized management of SHS.
Oral ivermectin has been considered the standard of care
for strongyloidiasis according to the World Health Orga-
nization (Barros and Montes 2014; Marcos et al. 2011;
Puthiyakunnon et al. 2014; Mejia and Nutman 2012; Dacal
et al. 2018); however, the appropriate duration and man-
agement of treatment failure has not been addressed in the
literature. This is reflected in the variety of therapeutic
regimens reported which may presumably contribute to
different outcomes as well. Appropriate follow up on this
group of patients and the incidence of re-infection or
recrudescence of disease are yet to be elucidated in future
studies. Thus far, the recommended treatment regimen for
a patient with SHS is oral ivermectin 200 pg/kg/day for
2 days, and then repeated during the second and fourth
week with later stool microscopy for parasite clearance
surveillance (Barros and Montes 2014; Mejia and Nutman
2012). The lack of parenteral formulations may be another
constraint. Additionally, clinicians may consider starting
broad-spectrum antibiotics in case of further neurological
decline and imminent bacteremia.

Conclusion

In conclusion, SHS remains one of the most neglected
conditions in tropical and general medicine. Despite its
high mortality rate, the paucity of reports, the lack of health
policies to identify individuals at risk and the limited
diagnostic support may be associated with its under-
recognition among physicians in the intensive care unit.
Due to the advance of medical therapies including trans-
plant and immunosuppressive chemotherapy, more cases of
SHS may be seen in developed countries. The spread of
this parasite through donor-specific organs warrants special
attention, particularly with the popularization of trans-
plantation. SHS can virtually affect any organ and should
be considered in the differential of patients with multiple
organ failure refractory to conventional antibiotic therapy,
especially when the pertinent epidemiological correlate is
present. Survival rates are dramatically affected when
appropriate therapy is delayed, and particularly when the
CNS has been involved. Ivermectin remains the therapy of
choice, although the appropriate dose for CNS disease,
management of treatment failure and specific follow up
remain obscure. Future studies should focus on affordable
screening methods, and easy-to-carry diagnostic techniques
that can be applied in developed and developing countries.
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