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RESUMO: Introducio: A estrongiloidiase ¢ uma parasitose endémica no
Brasil e em boa parte do mundo, causada pelo Strongyloides stercoralis,
que se destaca por sua propriedade de causar autoinfec¢do no hospedei-
ro, podendo levar a quadros graves em situagdes de imunossupressao.
Atualmente, a medicina dispde de arsenal terapéutico limitado para esta
infecgdo. Objetivo: Descrever as recomendagdes, novas possibilidades e
a eficiéncia dos tratamentos farmacologicos mais atuais para estrongiloi-
diase. Método: Trata-se de uma revisdo integrativa de literatura, utilizando
as bases de dados PUBMED, Biblioteca Virtual de Satide e SciELO, de
publicacdes dos ultimos 5 anos e com alto nivel de evidéncia. Resul-
tados: Apods aplicacdo dos critérios de elegibilidade, 10 estudos foram
selecionados para serem analisados de forma qualitativa. Discussdo: O
tratamento padrdo para estrongiloidiase permanece sendo a ivermectina
por via oral, reservando-se o albendazol e tiabendazol como terapia de
segunda linha. O rastreio e tratamento da estrongiloidiase a todos os
pacientes que necessitem de terapia imunossupressora ¢ recomendado,
incluindo corticoterapia para COVID-19 ou uso de metotrexato. Embora
nao seja recomendada para criangas com menos de 15 kg por falta de es-
tudos de seguranga, a ivermectina ja foi utilizada neste publico em certas
situagdes, sem grandes efeitos adversos. Inclusive, sendo recomendada,
de forma diluida, pela Agéncia Reguladora Francesa de Medicamentos,
para criangas menores. A moxidectina esta sendo estudada como uma
possivel alternativa a ivermectina principalmente por oferecer algumas
vantagens farmacocinéticas. Na sindrome de hiperinfec¢do, uma for-
mulagdo veterinaria de ivermectina subcutdnea tem sido utilizada em
pacientes que ndo suportam a via oral. Conclusio: Discretos avangos
foram realizados a respeito da terapia farmacologica para estrongiloidiase.
Dentre as principais demandas, destaca-se a urgéncia de estudos clinicos
que testem a ivermectina por via parenteral e sua seguranga em criangas
abaixo dos 15 kg.

DESCRITORES: Tratamento Farmacologico da COVID-19; Estron-
giloidiase; Revisdo.

ABSTRACT: Introduction: Strongyloidiasis is an endemic parasitosis
in Brazil and in whole world, caused by Strongyloides stercoralis, which
stands out for its ability to cause autoinfection in the host, which can lead
to serious conditions in situations of immunosuppression. Currently,
medicine has a limited therapeutic arsenal for this condition. Objective:
To describe the recommendations, new possibilities and efficiency of the
most current treatments for strongyloidiasis. Method: This is an integra-
tive literature review, using the PUBMED, Virtual Health Library and
SciELO databases, of publications from the last 5 years and with a high
level of evidence. Results: After applying the eligibility criteria, 10 studies
were selected to be analyzed qualitatively. Discussion: The standard treat-
ment for strongyloidiasis remains oral ivermectin, reserving albendazole
and thiabendazole as second-line therapy. Strongyloidiasis screening and
treatment is recommended for all patients requiring immunosuppressive
therapy, including corticosteroid therapy for COVID-19 or use of metho-
trexate. Although not recommended for children weighing less than 15
kg due to lack of safety studies, ivermectin has already been used in this
population in certain situations, without major adverse effects. It is even
recommended, in a diluted form, by the French Medicines Regulatory
Agency, for younger children. Moxidectin is being studied as a possible
alternative to ivermectin because it mainly offers some pharmacokinetic
advantages. In hyperinfection syndrome, a veterinary formulation of
subcutaneous ivermectin has been used in patients who cannot tolerate
the oral route. Conclusion: Discreet advances have been made regarding
pharmacological therapy for strongyloidiasis. Among the main demands,
the urgency of clinical studies that test parenteral ivermectin and its safety
in children below 15 kg stands out.

KEYWORDS: COVID-19 Drug Treatment; Strongyloidiasis; Review.
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INTRODUCTION

trongyloidiasis is a parasitic disease caused

by Strongyloides stercoralis, a helminth
transmitted mainly through the soil, which infects more
than 370 million people worldwide'. Its global prevalence
is estimated at 8.1%? and up to 40% of the population is
infected in some areas of the world®. The disease is endemic
in Brazil and has a prevalence of approximately 20%*.

In the life cycle of the parasite, filarial larvae
in contaminated soil penetrate human skin, fall into
the bloodstream and are taken to the lungs, where they
penetrate the alveolar spaces. In the lungs, they are
transported through the bronchial tree to the pharynx,
are swallowed and reach the small intestine, where they
become adult worms®.

The female parasites are parthenogenetic and
reproduce by laying eggs from which rhabditiform
larvae hatch and are eliminated in the feces, or turn into
filarioid larvae that can penetrate the intestinal mucosa
and perpetuate the infection®. Autoinfection explains the
existence of infection in people who have not been to
endemic areas for many years’.

Molting of rhabditiform larvae into filarioids is
accelerated under immunosuppression, allowing massive
numbers of larvae to self-infect the host and spread
throughout the body. This process is called disseminated
hyperinfection and has mortality rates of up to 70%’.

The main trigger of this process is corticosteroid
therapy, but transplanted patients, neoplastic patients or
those under immunosuppressive therapy, are also at risk®.
HTLV-1 infection is also a risk factor’. The hyperinfection
syndrome was observed in the COVID-19 pandemic after
starting corticosteroid therapy!°.

Low socioeconomic status is the main risk factor
for strongyloidiasis; poor housing and sanitation, walking
barefoot and living in places where open defecation occurs.
There are other risk factors for hyperinfection, such as
rheumatic diseases, asthma and glomerulonephritis, mainly
related to the use of corticosteroids and immunosuppressive
medications in these pathologies. There are also some
minor factors, such as malnutrition, end-stage renal disease,
diabetes mellitus, diverticulosis and blind bowel loops®.

In the acute phase, strongyloidiasis may present rash
due to intradermal migration of larvae, itching, epigastric
tenderness, diarrhea, nausea/vomiting, low-grade fever
and eosinophilia. As a result of the pulmonary cycle, the
so-called Loeffler Syndrome may appear, characterized by
wheezing, coughing, and migratory interstitial infiltrates.
In the chronic phase, perianal rash, vague abdominal
complaints, intermittent diarrhea (alternating with
constipation), occasional nausea and vomiting, weight loss,
itching or chronic urticaria may appear.

In hyperinfection due to disseminated strongyloidiasis,
the following findings stand out: abdominal pain, intestinal

obstruction, mucosal ulceration and peritonitis, intestinal
hemorrhage, dyspnea, pneumonia, hemoptysis, meningitis,
pancreatitis, cholecystitis, liver abscess, gram-negative sepsis
resulting from the larvae that transport bacteria through the
mucosal walls, among others'’.

However, most infected people are asymptomatic
or have mild and nonspecific complaints'2. In addition,
commonly used diagnostic methods lack sensitivity?,
and serological tests are the most sensitive diagnostic
tools available nowadays'’. Although the definitive
diagnosis is made by identifying the larvae in the stool,
in hyperinfection, larvae can be found in respiratory
secretions, cerebrospinal fluid, peritoneal fluid, blood and
other samples®.

Regarding diagnosis, stool analysis with Baermann
techniques and agar culture are the best fecal methods
currently®. However, a post-treatment evaluation with
parasitological methods does not reliably exclude infection,
as the sensitivity of these methods is low'*. Although the
direct observation of a single stool sample is not very
sensitive, the sensitivity of the test increases to 50% with
three samples and may reach near 100% with seven stool
samples in a row".

Polymerase Chain Reaction (PCR) tests to detect
Strongyloides in stool samples have already been developed?
and can reach sensitivity of 61.8% and specificity of 95%!.
However, PCR tests are not widely available.

Although no global public health strategy against the
disease has been created to date, the anthelmintic ivermectin
was placed on the list of essential medicines by the World
Health Organization (WHO) in 2017°. Ivermectin is a
macrocyclic lactone and acts on chloride channels controlled
by helminth glutamate, leading to paralysis and death!”. Given
its lesser efficacy, benzimidazole constitutes the second-line
therapy for strongyloidiasis'®.

However, ivermectin is not recommended for children
weighing less than 15 kg since evidence of safety is lacking.
For this reason, other less effective or more toxic alternatives
are used. Although there is this contraindication for ivermectin,
it is likely that thousands of young children have already
received ivermectin during campaigns in Africa’.

In humans, ivermectin is currently available for oral
administration (PO) only, making it difficult to treat patients
who do not support this route. In addition, there is the
prospect of drug resistance given its mass administration,
both in the pandemic, as an attempt at treatment for
COVID-19, and in control programs for onchocerciasis
and filariasis'’.

Thus, considering the worldwide relevance
that strongyloidiasis still represents and the scarcity of
therapeutic possibilities, the aim of this work was to
carry out a scientific literature review in order to know
and describe the recommendations, new possibilities
and efficiency of the most current treatments for
strongyloidiasis.



METHOD

This is an integrative literature review in which the
subsequent stages were followed: 1) Determine the research
question; 2) Investigation of the scientific literature; 3)
Sorting of results; 4) Choice and evaluation of studies;
5) Interpretation, analysis, and discussion of findings; 6)
Production of the review in text format**2!.

This study was focused on the following question:
What is the most current and important scientific literature
about the pharmacological treatment of strongyloidiasis
in humans?

Scientific evidence can be classified hierarchically
depending on the methodology used in each study. To help
choose the best possible evidence, this study was based on
the hierarchy of evidence proposed by Melnyk??. Studies
are subdivided into seven levels, of which only levels 1
(systematic reviews, meta-analyses and clinical guidelines)
and 2 (randomized clinical trials - RCTs) were elected to
enter the sample.

The literature search was carried out in the following
databases: SciELO, PubMed/Medline and Virtual Health
Library (VHL). The search terms used were in accordance
with the Health Sciences Descriptors (DeCS/MeSH) and
combined as follows: (Estrongiloidiase OR Strongyloidiasis
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OR Estrongiloidiasis) AND (“tratamento farmacoldgico”
OR “drug therapy” OR “tratamiento farmacologico™).

The following inclusion criteria were used in the
search: full-text access; publications within a maximum
period of up to five years from the search date; and human
studies. No language restrictions were applied.

Searches in databases were carried out in December
2022. The following exclusion criteria were established
to refine the sample: repeatedly indexed articles; articles
that did not meet the objectives of this review after
reading the titles and abstracts; and articles with imprecise
methodology.

RESULTS

Initially, 2,657 articles were found. After
disregarding duplicate articles and applying the inclusion
criteria, 27 articles remained. After reading the titles,
abstracts and methodologies of the works, ten articles
remained. Their full texts were read and analyzed; six of
these articles were from PubMed and four from VHL. The
SciELO database did not show results for the search. The
flowchart (Figure 1) illustrates in a didactic way how the
article selection process was performed.

Article selection flowchart
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Two data collection instruments were used to as-
sist in the research, represented respectively in Table 1
and Table 2. In Table 1, we sought to identify the studies,
highlighting the title, main author, year and journal. In Table

Table 1 - Identification of studies used.

2, the characterization of studies was performed based on a
qualitative analysis from the reference, methodology, level
of evidence and results of interest of each article.

Title Main author Year Journal
Clinical and laboratory features of Strongyloides stercoralis infection at Buonfrate D, et al. 2021  Clinical Microbiology and Infection.
diagnosis and after treatment: a systematic review and meta-analysis.
Comparison of Trials Using Ivermectin for COVID-19 Between Regions Bitterman A, et al. 2022  JAMA Network open.
With High and Low Prevalence of Strongyloidiasis: A Meta-analysis.
Multiple-dose versus single-dose ivermectin for Strongyloides sterco- Buonfrate D, et al. 2019  The Lancet Infectious Diseases.
ralis infection (Strong Treat 1 to 4): a multicentre, open-label, phase 3,
randomised controlled superiority trial.
Efficacy and safety of ascending doses of moxidectin against Strongyloi- Hofmann D, et al. 2021  The Lancet Infectious Diseases.
des stercoralis infections in adults: a randomised, parallel-group, single-
blinded, placebo-controlled, dose-ranging, phase 2a trial.
Methotrexate exposure and risk of strongyloidiasis. Richards C, et al. 2019  Tropical Medicine & International

health.

A systematic review and an individual patient data meta-analysis of Jittamala P, et al. 2021  PLOS Neglected Tropical Diseases.
ivermectin use in children weighing less than fifteen kilograms: Is it time
to reconsider the current contraindication?
Optimizing moxidectin dosing for Strongyloides stercoralis infections: Hofmann D, et al. 2022  Clinical and Translational Science.
Insights from pharmacometric modeling.
World Gastroenterology Organisation Global Guidelines: Management of Farthing, M, et al. 2020  Journal of Clinical Gastroenterology.
Strongyloidiasis February 2018 - Compact Version.
Evidence-Based Guidelines for Screening and Management of Strongy- Requena-Méndez A, 2017  The American Journal of Tropical
loidiasis in Non-Endemic Countries. et al. Medicine and Hygiene.
Intestinal parasites including Cryptosporidium, Cyclospora, Giardia, and La Hoz RM, et al. 2019  Clinical Transplantation

Microsporidia, Entamoeba histolytica, Strongyloides, Schistosomiasis,
and Echinococcus: Guidelines from the American Society of Transplan-
tation Infectious Diseases Community of Practice.

Table 2 - Characterization of studies used.

Reference Methodology Main results
Systematic review with meta-analysis of nine Ivermectin (200 pg/kg PO single dose) was superior to albendazole
BUONFRATE et RCTs and 13 prospective observational studies. (400 mg/day PO for three days), although not 100% effective in larval
al.? Level 1 of evidence. elimination.

Systematic review with meta-analysis of RCTs
BITTERMAN et taken from the c19ivermetin database.
al.> Level 1 of evidence.

Twelve studies totaling 3,901 patients showed that when COVID-19
patients from areas with a high prevalence of strongyloidiasis underwent
treatment with ivermectin, they had lower mortality.

Controlled, multicenter, open-label, phase three
BUONFRATE et RCT of 231 patients analyzed after 12 months.
al.® Study in non-endemic countries to exclude

reinfection.

Level 2 of evidence.

Multiple doses were not superior to a single dose of ivermectin in the
treatment of strongyloidiasis, suggesting that the co-administration of
ivermectin and albendazole in a single dose would increase the effective-
ness of control programs in endemic communities.

Phase 2A, parallel-group, double-blind, placebo-
HOFMANN et al.?

final sample.

Level 2 of evidence.

controlled, dose-ranging RCT of 209 adults in the

Moxidectin is easily administered as a single dose regardless of weight
and is effective against ivermectin-resistant strains. A dose of 8 mg is
recommended.

Systematic review of the literature on 27 studies
reporting 29 cases of humans exposed to metho-
trexate and tested for Strongyloides.

Level 1 of evidence.

RICHARDS et al.”’

Screening and treatment of strongyloidiasis should be considered for
patients using methotrexate, as 52% of people experienced hyperinfec-
tion, even when using low doses.

continue



continuation
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Reference Methodology

Main results

Systematic review with meta-analysis of 17
JITTAMALA et al.”

ivermectin.

Level 1 of evidence.

reports with 1,088 children under 15 kg who used

Data indicate that ivermectin can be used for children below 15 kg, as
adverse effects occurred in only 1.4% of children, all of which were mild
and self-limiting, even with more than one dose.

Phase 2A, parallel-group, double-blind, placebo-
controlled, dose-ranging RCT with 209 adults in
the final sample.

Level 2 of evidence.

HOFMANN et al.?®

180 out of the 209 patients with strongyloidiasis in the study received
moxidectin 2 to 12 mg with cure rates of 73% to 97%. The remaining
patients received placebo, showing a 14% cure rate. There were no large
gains with the mean cure rate at the 8 mg dose (88% cure) versus the
12 mg dose (90% cure). Cure rates are dependent on the intensity of the
infection (number of larvae per gram of feces); 97% with 8 mg in low-
intensity infections, and 90% in moderate and high-intensity infections.

Clinical practice guideline.

FARTHING et al.’ Level 1 of evidence.

Healing control should be done through a drop in serological titers and
a negative fecal exam. If there is therapeutic failure, ivermectin can be
repeated for two days. It is recommended to look for strongyloidiasis in
patients with eosinophilia. The safety of ivermectin in pregnancy has not
been established. Use it only if at risk of hyperinfection. Breastfeeding
women should only be treated with ivermectin if the benefits outweigh
the risks of excretion in milk for the newborn. Ivermectin can be used
subcutaneously when the oral route is unavailable.

Clinical practice guideline.
REQUENA- Level 1 of evidence.

MENDEZ et al.™

If an appropriate diagnostic test is not available, ivermectin treatment
should be provided preventively. RCTs showed that high-dose
albendazole (800 mg/day for three days) and thiabendazole (1 g every
12 hours for five days) showed high cure rates, although with greater
adverse effects, particularly thiabendazole.

Clinical practice guideline.

LAHOZ et al. Level 1 of evidence.

Transplant candidates or transplant recipients with strongyloidiasis
should be screened for HTLV-1, as co-infection is associated with post-
treatment relapse. Subcutaneous or rectal ivermectin can be used in
hyperinfection in patients who cannot tolerate PO.

DISCUSSION

The morbidity and mortality of strongyloidiasis is
mainly linked to hyperinfection in immunocompromised
individuals. However, the disease can present several un-
comfortable symptoms in immunocompetent people. There-
fore, the screening and treatment of risk groups is important,
even in non-endemic areas, as well as the intensification of
control actions in endemic countries such as Brazil, both for
symptom relief and prevention of the disseminated disease?.

Considering the risk of hyperinfection, all patients
with strongyloidiasis should be treated, as spontaneous cure
cannot be expected because of autoinfection’. In addition,
screening should be mandatory in immunosuppressed pa-
tients'®. The reliable diagnosis of patients at risk is neces-
sary for treatment before starting immunosuppression or in
patients infected with HTLV-1 or HIV>.

In resource-limited endemic areas, a plausible ap-
proach would be to treat all transplant candidates. In endemic
areas with available diagnostic tools, a universal screening
approach can be used. In non-endemic areas, screening
should be guided by risk factors for strongyloidiasis®, which
include people who were born, have lived or traveled to en-
demic tropical or subtropical regions and with unexplained
eosinophilia'“.

As corticosteroid therapy is the main trigger for

hyperinfection, empirical treatment of patients at risk for
strongyloidiasis with ivermectin is prudent before initiat-
ing corticosteroid therapy for COVID-19%. Furthermore, if
emergency immunosuppression is required and diagnostic
tests are not readily available, empiric therapy with iver-
mectin should be considered’.

The same reasoning can be applied to patients who
will start therapy with methotrexate, used in several rheuma-
tological and dermatological diseases, as it is associated with
a greater risk of hyperinfection given its immunosuppressive
effects, even at low doses. In the absence of contraindica-
tions (pregnancy or lactation), it is reasonable to consider
prophylactic treatment with ivermectin if screening is not
feasible?’.

In addition, it has already been demonstrated that
ivermectin is highly effective even in a single dose, which
facilitates the treatment of patients and allows its simultane-
ous use with albendazole, also in a single dose, in parasite
control programs in communities, increasing coverage for
Strongyloides®. The current recommendation for ivermectin
is 200 pg/kg in a single dose, although some experts suggest
that multiple doses increase efficacy, and the WHO itself
offers both options: single dose; or two doses on consecu-
tive days'.

Although a consistent decrease in the prevalence
of Strongyloides has been demonstrated after filariasis
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and onchocerciasis elimination programs with the use of
ivermectin, preventive treatment for strongyloidiasis is still
not recommended by the WHO nor included in the control
strategy for soil-transmitted helminths®.

This corroborates the review by Jittamala!®, which
states that the use of ivermectin for children weighing
less than 15 kg can benefit the health of this group, as
administration of ivermectin in control programs in
Colombia, Ecuador, Argentina and Australia demonstrated
reductions in the prevalence of strongyloidiasis.

However, ivermectin comes in 3 mg or 6 mg tablets
and can be difficult for children to swallow. As no pediatric
formulation is available in France, the French Medicines
Regulatory Agency recommends crushing a whole 3 mg
tablet for children weighing 10-15 kg, or half a tablet for
children weighing less than 10 kg, and mixing in 10 mL of
water for oral administration®.

In Latin America, an oral liquid formulation
for strongyloidiasis has been used in several trials for
the treatment of young children in Colombia and Peru,
and infants weighing less than 15 kg in Venezuela!®. A
randomized, double-blind, placebo-controlled, dose-
escalation study called Ivermectin Safety in Small Children
is currently ongoing and designed to evaluate the safety,
pharmacokinetics, and efficacy of oral ivermectin in children
infected with scabies weighing less than 15 kg®.

Aiming at therapeutic alternatives for strongyloidiasis,
a clinical trial has shown that moxidectin, a drug used in
veterinary medicine, which has been approved for humans
in the treatment of onchocerciasis, can help. Moxidectin
is also a macrocyclic lactone and offers advantages over
ivermectin: single oral dose independent of weight; lower
neurotoxic potential; longer half-life with the potential to
fight self-infection or reinfection; and effectiveness in the
treatment of ivermectin-resistant Strongyloides.

According to Hofmann?, a dose of 8 mg moxidectin
was enough to saturate the glutamate-controlled chloride
channels of the parasite, leading to its paralysis and
elimination, which is the dose already approved for
onchocerciasis. However, in highly infected individuals,
cure cannot be expected with a single dose, as moxidectin,
like ivermectin, acts only on adult worms?. This implies
a possible relapse by migrating larvae or hatching eggs.
Therefore, the extension of treatment period and multiple
dosages can guarantee better results. Larger studies need
to be conducted to better evaluate the effectiveness of
moxidectin in humans.

One guideline also mentions an alternative
therapeutic possibility to ivermectin, which would be high-
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