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Introduction
Strongyloidiasis is an infectious parasitic disease caused by the 
intestinal nematode Strongyloides stercoralis. This infection 
is prevalent worldwide except in the Antarctica and with 
predominance in the warm and humid climates of tropical 
and sub-tropical regions of the world. Human infection with S 
stercoralis was first discovered in French soldiers returning from 
Indochina borders and is called as cochin-china diarrhoea [1].

 It has been noted that dogs, cats and other mammals may act as 
reservoirs of S stercoralis. Strongyloides fulleborni, S myopotami 
and S procynosis are the only other species of Strongyloides 
among the 52 identified ones that causes infections usually in 
chimpanzees and baboon and other animals and may accidentally 
infect humans (zoonotic Strongyloidiasis) [2,3].The exact 
prevalence rates of strongyloidiasis is not known by it is estimated 
that about 100 million people might be affected throughout the 
world [4]. It has been observed that strongyloidiasis is more 
commonly seen among the rural population and in people 
living in poverty. The predisposing factors for infection with S. 
stercoralis include walking bare footed in soil contaminated with 
human faeces and sewage water. 

Life cycle of S stercoralis
S. stercoralis is a typical parasite which not only has the ability 

to continue living freely in the environment (soil and water), 
but also can cause mild to severe and life threatening human 
infections. The free living cycle of the Strongyloides starts with 
the deposition of rhabditiform larvae in the soil, which instead 
of transforming in to the infective filariform larva, develops in 
to the adult male and female worm, undergo fertilization and 
produce rhabditiform larvae. The rhabditiform larvae instead 
of continuing the free living cycle may in some cases directly 
develop in to the infective filariform larvae and penetrate human 
skin thus initiating infection and the infective/parasitic life cycle 
[5]. Filariform larvae that penetrate the skin with the help of 
histolytic protease enzyme wanders through the sub cutaneous 
connective tissues and reaches the intestines or in some cases the 
filariform larvae penetrate the skin and directly enter the blood 
through lymphatic system and after reaching the lungs may either 
be coughed out or be swallowed in to the stomach and move 
towards the intestines. After reaching the intestines the filariform 
larvae attach themselves to the intestinal epithelial cells and also 
get embedded in to the intestinal folds, develop in to the adult 
forms and females undergo self-fertilization (parthenogenesis) to 
release eggs in to the lumen of the intestine which immediately 
hatch out rhabditiform larvae. The rhabditiform larvae thus 
released are passed out through faeces to continue free-living 
cycle in the environment or may immediately transform in to 
a filariform larva and penetrate intestinal mucosa/perinea skin 
resulting in internal auto infection. Some of the rhabditiform 
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larvae move towards the perianal regions and develop in to 
filariform larva and may penetrate the skin to cause external 
autoinfection [6,7]. 

Predisposing factors for infection with S 
stercoralis
Although the exact incubation time from the skin penetration to 
the initial symptoms is not clear, it is believed that it may take 
around one month for the presence of larvae in the faeces.

The predisposing factors for Strongyloides stercoralis infection are 
corticosteroid therapy [8,9]. other immunosuppressive treatment 
that include chronic antibiotic therapy and treatment with tumour 
necrosis factor (TNF) modulators. Human immunodeficiency 
virus infection (HIV), solid organ/haematological malignancies, 
organ transplantation, malnutrition, hypogammaglobulinaemia, 
chronic renal disease, collagen/vascular diseases, metabolic 
disorders, alcoholism and old age are other factors which may 
predispose to strongyloidiasis [10-16]. 

Epidemiology of human strongyloidiasis
Human strongyloidiasis is considered as a neglected tropical 
disease and is under diagnosed parasitic infection [17-19]. 
There are only few studies available in literature reporting the 
epidemiology of strongyloidiasis throughout the world. It has 
been observed that the prevalence of strongyloidiasis ranges 
between 10 and 40% in tropical and subtropical regions of the 
world [20]. A whopping 40% prevalence was reported from 
African region, south-east Asian regions, Middle East, parts of 
Brazil, Spain and Australia [21-24]. A prevalence rate of 8.7% was 
noted in the Peruvian Amazon region [25]. Prevalence was more 
frequent among children attributed to their playing habitats 
and hygiene habits [26]. S stercoralis infection is rare in America 
excepting some parts (Appalachia, Kentucky, West Virginia, 
Puerto Rico and Tennessee) which revealed a prevalence rate 
of 4% [27]. A study from china showed an increased prevalence 
during previous decade and overall cases reported [28]. A study 
from Malaysia, which reviewed the data of 12 years revealed a 
prevalence rate of 0.08%. This study also has observed that among 
the infected population 92% of them had one or the other co-
morbidities [29]. A study reported from Cambodia which included 
458 schools going children and screened for the presence of S 
stercoralis, showed a prevalence rate of 24.4% [30]. Another 
recent study from rural Cambodia has revealed a high incidence 
of human strongyloidiasis (44.7%) [31]. An isolated single case of 
S stercoralis infection in an 8 year old school going white girl was 
reported recently from north-eastern America (Pennsylvania) 
[32]. Epidemiological survey study of human strongyloidiasis in 
Japan showed that the prevalence among community (18.7%) 
was found to be higher as compared to the hospital diagnosed 
cases (13.6%) [33]. Two studies from Peru have revealed that the 
prevalence of strongyloidiasis was noted to be higher (22%) when 
multiple diagnostic tests were performed as compared to the 
use of only serological based methods (8.7%) [25,34]. Although 
epidemiological studies from India are hardly available, there 
are several isolated case studies which undermine the actual 
prevalence of human strongyloidiasis in India and many other 
tropical and subtropical countries [35-43]. 

Pathophysiology of strongyloidiasis
In most of people the infection may remain symptomless but 
some patients might show clinical symptoms that may include 

abdominal pain, nausea, loss of appetite, alternate bouts of 
diarrhoea and constipation, blood in the stool (occult blood), 
epigastric pain, post prandial fullness of stomach, bloating 
and some complaining heartburns. Presence of parasites in 
lungs may precipitate dry cough and recurrent sore throat. 
Movement of the parasite under the skin called as larva currens 
causes erythematous raised skin rashes (utricaria, serpiginous 
maculopapular rash) usually involving the legs, thighs, perineal 
regions and the buttocks [44]. Auto infection may lead to 
chronic, persistent infection and among immunocompromised 
individuals S stercoralis may cause hyper infection syndrome and 
disseminated strongyloidiasis [45-48]. 

It has also been noted that patients suffering from chronic 
strongyloidiasis may present with arthritis, signs and symptoms 
related to chronic malabsorption, duodenal obstruction, 
nephritic syndrome, symptoms of asthma and cardiac 
arrhythmias. Mild to moderate eosinophilia was observed to be 
the most common laboratory haematological finding among the 
infected patients. Hyper infection syndrome can be diagnosed by 
clinical symptoms that include vomiting, ileus, bowel oedema, 
intestinal ulceration, obstruction, appendicitis and haemorrhage, 
peritonitis, secondary bacterial sepsis and nephrotic syndrome 
[49-51]. Respiratory tract symptoms indicating hyper infection 
could be presenting as wheezing, dyspnoea, Pneumonitis, 
haemoptysis, acute respiratory distress syndrome (ARDS) and 
respiratory failure [52-57]. Pulmonary haemorrhage secondary 
to disseminated S stercoralis infection was noted in a patient 
with systemic lupus erythematous, signifying the importance 
of co-morbidities in the management of human strongyloidiasis 
[58]. Larval migration in the brain may show clinical presentation 
that includes aseptic/bacterial meningitis. In children with 
malnutrition infection with S stercoralis may present as chronic 
and persistent diarrhoea, cachexia, anorexia and failure to thrive. 
It is important to note that initiation of immunosuppressive 
therapy in clinically asymptomatic carriers may result in hyper 
infection and serious consequences (severe morbidity and 
mortality) [39]. A recent report on the activities of CD4+ T cell 
subsets including the Th1, Th2 and Th17 during chronic infection 
with S stercoralis has revealed that there was an increase in the 
frequency of non-functional and dual functional Th2 cells against 
the specific S stercoralis antigen. This study has also confirmed 
that up on initiation of treatment there was decreased frequency 
of Th2 cells. This study might be instrumental in advancement of 
further immunological research studies in Strongyloides infection 
and a hope to develop a vaccine in future [59,60]. 

A recent study has highlighted the importance of screening for 
chronic Strongyloides infection as it could be responsible for 
complications arising from other associated infections. This study 
reported a paediatric patient from Dominican Republic suffering 
from recurrent pruritic rash, eosinophilia that presented with 
acute onset bacterial meningitis and was later investigated and 
observed to be suffering from chronic strongyloidiasis. This 
case should be considered as a best example to explain the fact 
that chronic infection with S stercoralis could be a predisposing 
factor for the development of hyperinfection syndrome under 
immunocompromised conditions/glucocorticoid therapy/
immunosuppressive treatment [61].

Isolated reports and the significance of underlying conditions 
in precipitating human strongyloidiasis are present in the 
literature. Infection with human strongyloidiasis among patients 
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suffering from ulcerative colitis, disseminated strongyloidiasis 
in a diabetic patient, strongyloidiasis associated with malignant 
pleural effusion, respiratory hyperinfection in a patient suffering 
from renal failure, acute respiratory distress syndrome (ARDS) 
attributed to infection with S stercoralis infection in a patient 
with non-Hodgkin’s lymphoma and disseminated strongyloidiasis 
in acquired immunodeficiency syndrome (AIDS) patients are 
some of the clinical presentations of human strongyloidiasis in 
supposedly endemic countries which should be considered as 
a serious concern that requires further research and greater 
understanding of the clinical course of Strongyloides infection 
[62-68].

Laboratory diagnosis of Strongyloidiasis
Laboratory diagnosis of strongyloidiasis involves demonstration 
of larvae in stool using the wet mount method, the most common 
microscopic method (Figure 1). Sensitivity of a single direct faecal 
microscopic examination was found to be less than 30% and that 
there is 70% probability if three faecal specimens are screened. 
The chances of finding larvae increases only after collecting 
and observing more than seven samples from each suspected 
patient; applying stool concentration techniques together with 
other advanced laboratory techniques [69,70]. Microscopy of 
other specimens including sputum, vomitus, duodenal aspirates, 
cerebrospinal fluid, ascetic fluid and others may also be beneficial 
in cases of hyper infection and disseminated strongyloidiasis. 
Histological examination of duodenal aspirates and duodenal and 
jejuna biopsy samples for diagnosing strongyloidiasis were also 
found to be promising [71-74]. Other methods for diagnosing 
infection with S stercoralis include the detection of specific IgG 
antibodies using enzyme linked immunosorbent assay (ELISA), 
radioallergosorbent test for detection of specific IgE antibodies, 
indirect immunofluorescence test, complement fixation test, 
gelatine particle agglutination test and western blot assay 
[75,76]. Skin test utilising the S stercoralis larval extracts has also 
been tried [18]. Luciferase immunoprecipitation system (LIPS) 
method, which was recently described, was proven to be better 
than ELISA for the diagnosis of strongyloidiasis [77]. Molecular 
diagnostic techniques using multiplex polymerase chain reaction 
(PCR), real-time PCR are available for more sensitive and specific 
diagnosis of strongyloidiasis [78,79]. A recent research study 
from Brazil has evaluated the utility of ELISA for the detection of 
serum IgG and salivary IgA in the diagnosis of Strongyloidiasis. 
This study has also compared ELISA with stool examination and 
found that serum IgG ELISA showed high specificity and sensitivity 
as compared to salivary IgA and that there was possibilities of 
around 26% cross reactivity with other parasitic infection [80]. 
Other methods of laboratory diagnosis of human strongyloidiasis 
include immunofluorescence antibody test (IFAT) and western 
blot (WB) [81,82]. A recent study has observed that it is very 
important to accurately diagnose strongyloidiasis especially 
among immunocompromised patients and that stool microscopic 
methods should always be complimented with advanced 
immunological and molecular methods to improve the efficacy 
of laboratory diagnosis of human strongyloidiasis [83]. Detection 
of parasite-specific micro RNA’s in the stool specimens and the 
possibility of circulatory micro RNA’s in the blood could pave a 
new way for the development of advanced means of diagnosis in 
human strongyloidiasis [84].

Prophylaxis against Strongyloidiasis
Treatment in case of acute or chronic infection with S stercoralis 
is done using albendazole and mebendazole. Although 
thiabendazole is also effective, it may not be preferred due to 
the adverse side effects. Currently ivermectin is considered as a 
drug of choice for the treatment of strongyloidiasis. World health 
organization (WHO) recommends use of either albendazole or 
ivermectin at a dose of 400 mg daily for three days and single dose 
of 200 µg/kg bodyweight respectively [85,86]. A previous study 
has observed that treatment of strongyloidiasis among people 
co-infected with human T-cell leukaemia virus type 1 (HTLV-1) 
is difficult which could be attributed to elevated expression of 
gamma-interferon (IFN-γ) and tissue growth factor-β1 (TGF-β1). 
This study has also noted that increase in the IgG4 subsets as 
compared to IgE antibodies could function as blocking antibodies 
restricting the IgE mediated immune response [87].

A systematic study of case reports of strongyloidiasis presenting 
as hyperinfection syndrome and disseminated strongyloidiasis 
has observed that people in endemic regions should be 
thoroughly screened, high risk patients must be identified and 
noted that ivermectin is the gold standard for the treatment of 
severe strongyloidiasis [88].

Conclusion
From the available literature it is evident that the stool microscopy 
has less sensitivity in detecting larvae of S stercoralis and should 
not be considered as a routine screening method for the diagnosis 
of Strongyloidiasis. If microscopy is the only method available, at 
least three stool specimens must be collected from the suspected 
patients and a wet mount can be observed only after performing 
any one larval concentration methods. Studies thus far have 
also demonstrated the utility of serological and molecular 
methods in the specific diagnosis of strongyloidiasis. Due to the 
low sensitivity of stool microscopy, there is an urgent need to 
incorporate an ELISA based technique to assist the laboratory 
diagnosis of strongyloidiasis. Clinicians should be aware of the 

The rhabditiform larva of Strongyloides stercoralis 
observed in stool wet mount 

Figure 1
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fact that S stercoralis infection among the immunocompromised 
individuals and in patients receiving immunosuppressive 
therapy are at increased risk of developing hyper infection 
syndrome, disseminated and fatal form of strongyloidiasis 
resulting in mortality. Children are at increased risk of contracting 
strongyloidiasis due to their habits of playing in environments (soil 
and water) contaminated with larvae especially in the developing 
and third world countries. Improved sewage disposal techniques, 

better sanitation and practicing hygienic habits may reduce the 
risk of infection. From the available literature it becomes evident 
that the clinical course of human strongyloidiasis may also be 
influenced by co-morbidities and that there is an emergent 
need for studies on the better understanding of epidemiology, 
pathogenesis, clinical presentation, immunology and improved 
approaches towards the diagnosis and therapy of S stercoralis 
infection. 
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