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Abstract Strongyloides stercoralis is an intestinal nematode estimated to infect at
least 100 million people worldwide, predominantly in subtropical and tropical
regions. With a unique life cycle and expansion of global travel and migration,
strongyloidiasis is increasingly encountered in temperate and even non-endemic
regions of North America. Most people harboring the worm are asymptomatic, but
if left untreated, and especially in immunocompromised hosts such as people
coinfected with HTLV-1/HTLV-2, Strongyloides larvae can disseminate and lead
to a high-mortality hyperinfection syndrome manifesting as Gram-negative or
polymicrobial sepsis and/or meningitis, pneumonitis, and end-organ failure. Diag-
nosis is based on microscopic examination or PCR of stool or serologic testing.
Ivermectin remains the mainstay of treatment, but complicated infections should be
treated with the support of a physician expert in tropical medicine.

Keywords Disseminated strongyloidiasis - Helminthiases - Immunosuppression -
Migrant health - Strongyloides stercoralis

1 Introduction

Strongyloidiasis is caused by the intestinal roundworm (nematode), Strongyloides
stercoralis. There are over 50 species of Strongyloides that infect a wide range of
hosts [1]. Two other species, Strongyloides fuelleborni subsp. fuelleborni and
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Strongyloides fuelleborni subsp. kellyi, are known to infect humans but have limited
clinical importance and are restricted in their geographic distribution
[2]. Strongyloides fuelleborni infects primates and has been documented to infect
humans in parts of Africa as well as Papua New Guinea [3]. This chapter focuses on
the human pathogen Strongyloides stercoralis.

2 Epidemiology

Worldwide it is estimated that up to 100 million people are infected with
Strongyloides [4, 5]. However, many experts believe this is an underestimate as
many countries suffer from a lack of reporting and infrastructure to support high
sensitivity testing [1, 6-8]. Some estimate the global prevalence as closer to 370 mil-
lion people infected; however, with a dearth of epidemiological data, Strongyloides-
related morbidity and mortality remain poorly defined [6].

Strongyloides exists mainly in tropical and subtropical regions with pockets in
temperate climates comprising over 70 countries worldwide [1]. It shares a geo-
graphic distribution with hookworm [9]. With increasing trends in worldwide travel
and northward migration, more cases have been encountered in non-endemic regions
including in North America.

In Canada, 2.5 million people are estimated to have simple intestinal strongyloi-
diasis, mostly reflecting individuals born in endemic countries with a small propor-
tion related to travel [10]. Anywhere from 9-77% of immigrants and refugees in
Canada are thought to be infected, and current Canadian guidelines recommend
screening for refugees from Southeast Asia, from Africa, and for immigrants from
endemic areas including South America, Africa, Southeast Asia, and the Caribbean
[11, 12]. Additionally, there have been reports of endemic institutional
strongyloidiasis [13].

In the United States, many of the patterns observed in the Canadian context
extend including infection in individuals born in endemic countries, travel-related
infections, and institutional endemics [14]. There are also pockets in the Appalachia
and rural areas in the southeastern United States that are endemic for Strongyloides
[15-17]. Most people infected in these regions are involved in farming or mining
activities, where skin-to-soil contact is presumed to be substantial [7].

The distribution of Strongyloides in Latin America is ill defined including in
Mexico [18]. Studies in Mexico traditionally have been focused on capturing data on
a wide range of intestinal parasites and therefore have used study techniques with a
low sensitivity for strongyloidiasis [19, 20]. With these limitations, community-
based and health service studies have reported less than 10% prevalence of stron-
gyloidiasis in Mexico [7].

However unclear the specific epidemiological data are regarding strongyloidiasis
prevalence; one fact remains clear: Strongyloides, as with soil-transmitted helminths,
disproportionately affects impoverished peoples without access to adequate water,
sanitation, or opportunities for socioeconomic development [21].
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3 Transmission

The life cycle of Strongyloides stercoralis is unique and allows for host autoinfec-
tion (Fig. 1). Strongyloides stercoralis exists in four stages: egg, noninfectious
rhabditiform larvae (250-300 pm by light microscopy), infectious filariform larvae
(measuring 550 pm), and adults, either male and female sexually reproducing in the
environment or as parthenogenetic female worms in the intestinal tract (semitrans-
parent colorless worms measuring 2.2 mm). Adult male worms do not exist in the
human intestinal tract [22]. Infectious filariform larvae penetrate the host skin from
the environment and access the venous or lymphatic systems and then migrate to the
lungs. Larvae are able to penetrate alveoli and migrate through to the bronchial
system until they reach the trachea and are coughed then swallowed into the host into
the gastrointestinal tract. It takes 18—28 days for the larvae to reach the small bowel
mucosa from the time of skin penetration. Larvae then develop into adult females
that intercalate themselves (hence the moniker “thread worm”) into the small bowel
epithelium where they produce eggs. The eggs develop into noninfectious
rhabditiform larvae in the gastrointestinal tract mucosa before moving into the
bowel lumen. By the time rhabditiform larvae reach the end of the gastrointestinal
tract they have two potential paths: they are either excreted and become free-living
sexually reproductive adult male and female worms which produce eggs that then
develop into noninfectious rhabditiform larvae and then infectious filariform larvae
or they develop into filariform larvae while still in the bowel lumen and penetrate the
intestinal mucosa or perianal skin completing the autoinfection cycle.

The autoinfective capabilities of Strongyloides stercoralis enable it to complete
its entire life cycle in the human host [23]. This biological imperative has two
important implications. First, the number of Strongyloides parasites can increase
within the human host without exogenous reinfection. This can lead to the clinical
manifestations of severe complicated strongyloidiasis, disseminated strongyloidia-
sis, and hyperinfection, years after the initial infection. Second, Strongyloides can be
theoretically transmitted from one person to another during close physical contact so
infection can occur without the need for travel to an endemic region. For these
reasons Strongyloides is rather unique among helminths as it can cause disease with
significant mortality among persons who might not be easily identified by a history
focused solely on the individual risk factors.

Transmission to humans most commonly occurs when filariform larvae in the
sand or soil penetrate through intact human skin while walking barefoot. Children
are also at risk of exposure when they play in contaminated soil without skin
protection. Person-to-person transmission has been reported in institutional settings
such as day care centers and psychiatric facilities, among men who have sex with
men, and between solid organ donors and recipients via the donated organs [24, 25].

Strongyloides infection elicits a host immune response that is mostly mediated by
the Th2 arm. There are also concurrent high levels of IL-4, IL-5, IL-10, IL-13, serum
IgE, and often eosinophils. Acquired protective immunity has been demonstrated in
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animal models, though human antibody responses that aid in controlling the worm
burden do not lead to worm eradication [26, 27].

The immune response to Strongyloides infection is especially important in human
T-lymphotropic virus type 1 (HTLV-1) coinfection. HTLV-1 is a retrovirus that
typically causes chronic asymptomatic infection [28]. It is most prevalent in Japan,
West Africa, focally throughout the Caribbean islands, and certain countries of
South America, particularly Peru [29]. HTLV-1 causes an impaired Th2 response,
the major immune response to Strongyloides, which in turn leads to diminished
circulating levels of IL-4 and IL-5, and a suboptimal eosinophil recruitment
response, indicated by low peripheral blood eosinophils. This immunopathogenesis
leads to increased susceptibility to simple intestinal strongyloidiasis and severe
complicated strongyloidiasis as well as poor response to treatment with frequent
relapses [30-35]. There is also evidence showing the deleterious relationship
between HTLV-1 and Strongyloides is mutual, specifically that strongyloidiasis
can promote HTLV-1 progression to T-cell leukemia/lymphoma [36].

Human immunodeficiency virus (HIV) and Strongyloides have overlapping
geographies in low- and middle-income countries with millions of people predicted
to be coinfected [37]. When AIDS was first described, there were concerns about an
impending outbreak of disseminated strongyloidiasis, and the infection was initially
included as an AIDS-defining illness prior to the identification of HIV [38]. At that
time, it was hypothesized that the impaired cell-mediated immunity would allow for
increased worm proliferation and subsequent dissemination. In 1987, the infection
was removed from the revised AIDS classification as it was rarely described
[39, 40]. Since then the general consensus has been that HIV is not associated
with a higher risk of developing Strongyloides hyperinfection [41]. This could be
because HIV primarily causes the loss of Thl activity and may impact Th2 activity
to a lesser degree and possibly even augment Th2 activity [42]. There have,
however, been reports of severe complicated strongyloidiasis as part of an immune
reconstitution phenomenon after initiating anti-retroviral therapy in patients [43, 44].

4 Clinical Manifestations

Strongyloidiasis has three major clinical manifestation profiles:

1. Simple intestinal strongyloidiasis, which can have an acute and chronic phase

2. Hyperinfection, one end of the spectrum of severe complicated strongyloidiasis

3. Dissemination, the other end of the spectrum of severe complicated
strongyloidiasis

Simple intestinal strongyloidiasis occurs when Strongyloides stercoralis is con-
fined to its typical life cycle in the human body while the host’s cell-mediated
immunity keeps the worm burden under control. In the acute phase, symptoms can
occur that are consistent with the migration patterns of the parasite [23]. After skin
penetration, larvae can cause a pruritic papular rash. The specific cutaneous finding
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Fig. 2 Larva currens rash of strongyloidiasis [12]. CMAJ has granted permission for reproduction

of larva currens, a serpiginous rash that can move up to 10 cm/h, is pathognomonic
for Strongyloides infection (Fig. 2). Larva currens is a manifestation of the migrating
infectious filariform larvae through the skin and usually occurs on the buttock, groin,
or trunk; however, larva currens can affect all areas of the skin and is often one of the
manifestations that triggers clinical teams to consider the diagnosis in those who are
critically ill with exuberant autoinfection and diffuse serpiginous eruptions. When
larvae enter the lungs, they can lead to cough or wheezing, and once in the GI tract,
can cause abdominal pain and diarrhea. While penetrating the lungs and other host
tissues, larvae incite a high-grade peripheral eosinophilia in 75-80% of cases of
acute infection. In the chronic phase of simple intestinal strongyloidiasis, most
patients are asymptomatic as the parasite is being regulated by the host immune
system. Some patients can have symptoms that are similar to those in the acute phase
as Strongyloides completes repeated autoinfection cycles in its host. These symp-
toms include recurrent maculopapular or urticarial rash or larva currens, recurrent
asthma or a Loeffler-like syndrome, refractory gastritis, abdominal pain, vomiting,
diarrhea, pruritus ani, and an isolated intermittent eosinophilia.

Severe complicated strongyloidiasis represents two states, hyperinfection and
dissemination, both of which are usually associated with an impairment of the host
cell-mediated immunity arising from corticosteroid use, HTLV-1 coinfection, solid
organ and bone  marrow  transplant, hematologic ~ malignancy,
hypogammaglobulinemia, heavy alcohol use, end-stage renal disease, or malnutri-
tion. Eosinophilia is typically absent in cases of severe complicated strongyloidiasis
as well as in immunocompromised hosts [45]. In Strongyloides hyperinfection, the
worm burden is increased from baseline but remains within the organ systems it
typically infects including the gut, lung, and skin. Most patients in this stage of
illness will remain ambulatory or only intermittently fulfill admission criteria for
hospitalization. Gram-negative bacteremia may be detected in a portion of such
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patients. Risk factors specific to hyperinfection outside of immunosuppression
include prolonged burden of autoinfection [8].

In disseminated strongyloidiasis, the worm burden has increased to the point that
larvae and possibly other stages including adults and/or eggs can be detected in
off-target organ systems that are not within the typical migratory pattern of
Strongyloides, such as the central nervous system, renal collecting system, and
liver. Specific impairment of the Th2 immune response can lead to dissemination
[46, 47]. In these cases filariform larvae are detectable at distant sites and compli-
cations include polymicrobial bacteremia, meningitis, and sepsis as a result of fecal
flora being tracked throughout the body. The mortality of disseminated strongyloi-
diasis is quoted to be at least 85% and 100% if left untreated [48].

Due to its ability to autoinfect its host, it is important for clinicians to know that
the clinical manifestations of strongyloidiasis can occur over 50 years after the time
of presumed exposure [4, 49].

5 Diagnosis

Due to the nonspecific or absent nature of symptoms, clinical diagnosis of
Strongyloides infection is challenging. Mild eosinophilia that accompanies gastro-
intestinal symptoms such as abdominal pain, bloating, and diarrhea can occur with
many other helminthiases including schistosomiasis, ascariasis, and hookworm
infection. The exception is in the setting of larva currens—the rapidly migrating
serpiginous skin eruption—which is stereotypical of strongyloidiasis. Laboratory
diagnosis of strongyloidiasis is an evolving science, and like all areas of microbiol-
ogy, molecular techniques are being increasingly utilized in diagnostic algorithms.

The main currently available diagnostic testing for strongyloidiasis includes
serology, microscopy- or molecular-based stool ova and parasite testing, stool agar
culture, and microscopic ova and parasite testing on other body fluids including
sputum, endotracheal aspirates, urine, cerebral spinal fluid (CSF), and tissue. Stool
PCR testing remains generally confined to reference laboratories.

There are several high sensitivity enzyme immunoassay-based serologic tests for
strongyloidiasis available in North America [50, 51]. The overall reported sensitivity
of serologic assays in acute and chronic Strongyloides infections are 73% and 98%,
respectively; however, this performance can be drastically reduced in situations of
immunosuppression such as HTLV-1 infection, immune ablating medications, and
hematologic malignancy [52-54]. The sensitivity of serology is also reduced in
disseminated infection. The specificity of Strongyloides serology is typically limited
by a high degree of cross-reactivity with other helminthiases, in particular filariasis.
Additionally, a positive serologic test cannot be used to differentiate between simple
intestinal infection, hyperinfection, or dissemination.

In contrast to serology, microscopy-based stool ova and parasite testing has a low
sensitivity and a high specificity; however, performance can be optimized through
collection of multiple stools over the course of several days due to low or intermittent
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larval shedding [50, 55]. A single stool specimen can miss up to 70% of cases;
however, in some studies >90% sensitivity is achieved if seven or more stool
samples are examined consecutively [56—58]. Several techniques have been devel-
oped to improve the performance of stool testing such as formalin-ethyl acetate
concentration, Baermann concentration, and Harada-Mori filter paper culture. The
formalin-ethyl acetate concentration technique increases the larvae yield but kills the
larvae rendering them immotile and therefore more difficult to detect at low magni-
fication. The Baermann concentration and Harada-Mori filter paper culture both
capitalize on the larval propensity to migrate into warm water; however, neither is
commonly used in diagnostic parasitology laboratories. In accordance to the life
cycle of Strongyloides stercoralis, the long pre-patency generally leads to negative
stool testing within the first month of infection while larvae migrate through the
human host before reaching the bowel and maturing to reproductive adults [59].

Stool agar culture consists of plating a fresh stool specimen on agar and then
incubating in the presence of UV light to help identify and preserve larvae and adult
worms. A positive stool agar culture is indicated by gross examination of tracts left
by organisms as they crawl across the agar or microscopic examination of agar for
different stages. Stool agar culture is highly specific and can be more sensitive than
direct stool microscopic examination. However, sensitivity is low in non-endemic
settings such as much of North America where microbiological and specialized
parasitological testing is usually regionalized, leading to delays between specimen
collection by the patient and ultimate inoculation onto agar in the laboratory. Such
testing can be plagued with logistical challenges requiring 2—3 days of incubation,
expensive equipment, and specialized technical knowledge, which is waning over
time with attrition of expert microscopists [51, 57, 60].

Ova and parasite testing on other bodily fluids such as sputum, urine, CSF, and
tissue can be used in severe complicated strongyloidiasis when larval burden is high.
Prolonged shedding can occur in these fluids and be monitored for parasite stage,
density, and drug effect, all of which influence clinical management decisions [50].

The use of stool PCR has generated mixed conclusions across geographic regions
and patient populations in which it has been validated. Studies have demonstrated a
lack of performance advantage of stool PCR over traditional microscopy or stool
agar plate culture, with extremely poor sensitivity when worm burden is low
[50, 61-63]. Other studies have indicated that PCR testing of stool offers perfor-
mance characteristics justifying its implementation including sensitivity and speci-
ficity of up to 100% [64, 65]. Ultimately, stool PCR necessitates further validation
across regions and laboratory settings but has the potential for far-reaching diagnos-
tic impacts.

5.1 Screening Guidelines

The following approach is recommended to screening for strongyloidiasis in the
North American context:
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Table 1 Tests for diagnosis of strongyloidiasis. Adapted from [10] (also available as an app on:
https://apps.apple.com/ca/app/the-strongy-app/id1260973695)

Clinical scenario Recommended test

Asymptomatic patient Serology

Immunocompromised patient Serology
Stool ova and parasite examination

Suspected hyperinfection or Serology

dissemination Stool ova and parasite examination
Sputum, urine, CSF, and/or tissue ova and parasite
examination

1. Consider screening anyone with a cumulative exposure of greater than 2—
6 months in endemic areas or in anyone with compatible clinical manifestations.
It is of particular importance that anyone who fulfills such criteria is screened
prior to starting immunosuppression that can lead to severe complicated
strongyloidiasis.

2. Screen family members of a positive index cases with common exposures, even if
asymptomatic.

3. Use the appropriate tests for diagnosis. See Table 1.

5.2 Differential Diagnosis

It is prudent to consider other migratory helminthiases in the differential diagnosis of
gut and/or cutaneous symptomatology suggestive of strongyloidiasis, including
toxocariasis, gnathostomiasis, filariasis, and angiostrongyliasis. These other hel-
minths can present with symptoms similar to strongyloidiasis and can also cross-
react with Strongyloides serological testing.

6 Treatment

6.1 Available Pharmacologic Treatment

The goal of pharmacologic treatment of strongyloidiasis is complete eradication of
the parasite (i.e., curative intent) due to the autoinfection process. This is in contrast
to other soil-transmitted helminths where decreasing parasite burden is adequate to
achieve clinical cure. Three antihelminthics exist to theoretically achieve this goal
including ivermectin, albendazole, and thiabendazole.

Ivermectin dosed at 200 mcg/kg orally is first-line treatment for strongyloidiasis.
It is safe and well tolerated and imparts its effects on ion channels in the cell
membrane causing parasite paralysis. In cases where oral administration is not
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feasible—particularly in the setting of disseminated strongyloidiasis—subcutaneous
and parenteral ivermectin has been used with success [66—69]. A 2016 Cochrane
meta-analysis found no difference comparing one dose versus two doses of iver-
mectin in simple intestinal strongyloidiasis that was re-demonstrated in a 2019 RCT
comparing one versus four doses in immunocompetent patients in non-endemic
regions [70, 71]. The two-dose regimen was based on theoretical idea that a
14-day interval between two doses would target the pre-patent infection arising
from autoinfection [48]. Prior to ivermectin administration, the risk of
microfilaremic loiasis needs to be assessed as ivermectin has been associated with
severe fatal encephalopathy in untreated high-microfilaremic Loa loa infection
[72]. A diagnosis of Loa loa should be considered in those who are born or have
prolonged residency in countries of the central African rainforest including Camer-
oon, Equatorial Guinea, Gabon, Central African Republic, the Democratic Republic
of the Congo, Nigeria, Chad, South Sudan, and northern Angola. Daytime blood film
for microfilaria examination should then be performed in these patients prior to
administration of ivermectin.

Albendazole 400 mg orally every 12 h for 7 days is a less effective alternative for
strongyloidiasis treatment [10, 48, 70], and based on smaller scale data, thiabenda-
zole has a similar efficacy to ivermectin but with a much worse safety and tolerability
profile [73].

Ivermectin and albendazole are pregnancy category C drugs; however, the ben-
efits of treatment likely outweigh the risk in cases of hyperinfection and dissemina-
tion. A recent systematic review and meta-analysis of use of antihelminthics in
pregnancy noted no signal toward adverse maternal outcomes or safety events
following gestational ivermectin use [74].

6.2 Treatment Approach

The following list of interventions should be considered for all patients diagnosed
with strongyloidiasis:

1. Consult an expert in migrant health or tropical infectious diseases.
2. Administer pharmacologic treatment based on the patient’s clinical
manifestations

a. Simple intestinal or asymptomatic strongyloidiasis: ivermectin 200 mcg/kg
orally in two doses separated by 14 days

If the patients is undergoing imminent immunosuppression with a history of
exposure to endemic regions, consider empiric treatment with ivermec-
tin prior to the return of serology.

b. Mild hyperinfection: empiric ivermectin 200 mcg/kg orally on day 1 and day
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14 PLUS albendazole 400 mg orally BID daily for 7 days; or ivermectin 200
mcg/kg orally daily for 7 days

c. Dissemination: empiric ivermectin 200 mcg/kg orally or subcutaneously daily
plus albendazole 400 mg orally BID daily until cessation of larval shedding
(i.e., repeat sputum and stool ova and parasite testing are negative) and clinical
improvement

Also start broad-spectrum antibiotics to cover polymicrobial sepsis.
If possible, lower the degree of immunosuppression in the patient.

3. Consider testing for HTLV-1 in those at risk

a. If HTLV-1 positive, consider two daily doses of ivermectin every 2—6 weeks
to keep larvae suppressed.

4. Arrange for follow-up for repeat serology in 9-12 months after treatment. A
greater than 60% reduction in the antibody titer or serologic optical density
indicates successful treatment [75, 76].

7 Prevention

In North America, most cases of strongyloidiasis will be encountered in healthcare
settings, and prevention measures need to be taken for infection control as nosoco-
mial transmission has been previously described [14, 77-80]. Contact precautions
should be instituted for patients with suspected or confirmed strongyloidiasis and the
laboratory workers processing their microbiology samples. Agar plates of specimens
from patients with disseminated strongyloidiasis should be handled with gloves and
sealed with Parafilm® tape [10].

Worldwide, experts agree that strongyloidiasis remains a neglected tropical
disease that warrants expanded public health efforts and research coordination in
order to manage the disease burden [6, 57, 81-83].
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