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Abstract 

Background: Strongyloides stercoralis is a soil-transmitted helminth, endemic in remote Aboriginal 

and Torres Strait Islander communities in northern Australia with estimates of prevalences up to 

60%. Hyperinfection in the setting of immunosuppression is a rare but well-recognised cause of 

significant morbidity and mortality. However, the morbidity associated with chronic uncomplicated 

infection is less well characterised.  
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Methods: This retrospective case-control study measured the prevalence of symptoms potentially 

attributable to S. stercoralis infection and their association with seropositivity. Records of primary 

healthcare presentations were reviewed for symptoms in the 12 months before and after an 

ivermectin mass drug administration (MDA) in a remote Aboriginal community.  

Results: One hundred and seventy-five S. stercoralis seropositive cases were matched with 175 

seronegative controls. The most frequently reported symptom overall in the 12 months prior to the 

MDA was cough followed by abdominal pain, weight loss/malnutrition, diarrhoea and pruritis.  

Seropositive cases were not more likely than matched controls to have symptoms typically 

attributed to strongyloidiasis. In the seropositive cohort, we found no difference in symptoms in the 

12 months before and after an ivermectin MDA despite a reduction in seroprevalence.  

Conclusion: We found no evidence to suggest that S. stercoralis seropositivity was associated with 

increased symptoms when compared to matched seronegative controls. Treatment with ivermectin 

did not reduce symptoms in seropositive cases. Without evidence to support that population-based 

screening or treatment programs reduce symptoms, the emphasis must remain on identifying and 

managing those few individuals with immunosuppression that predisposes them to potentially life-

threatening hyperinfection.   

 

Keywords 
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Background 

Strongyloides stercoralis is a soil-transmitted helminth with a worldwide geographical distribution, 

estimated to infect more than 100 million people globally1. Strongyloidiasis disproportionately 

affects vulnerable populations and is endemic in remote Aboriginal communities in northern 

Australia with estimates of seroprevalences up to 60%.2 Interventions through mass drug 

administration (MDA) and individual case-finding and treatment have reduced seroprevalence in 

individual communities, at least in the short term.3, 4 A seroprevalence study across northern 

Queensland, Australia showed a sustained reduction in S. stercoralis prevalence from 2000-2018, 

postulated to be a result of improved environmental health and the increased use of ivermectin.5 
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However, as highlighted in an editorial response to this study, uncertainty remains about the health 

benefits to the general population of strongyloidiasis control programs in endemic regions.6  

S. stercoralis is unique among soil-transmitted helminths in its ‘autoinfective’ reproductive cycle that 

allows establishment of chronic infection in human hosts without re-exposure to contaminated soil.7 

The rare complication of hyperinfection in the setting of immunosuppression is well documented 

with a high parasite burden and larval dissemination leading to overwhelming infection, secondary 

bacteraemia from translocated bowel pathogens and a high mortality rate.8, 9 However, the 

morbidity of strongyloidiasis in immunocompetent hosts without hyperinfection is poorly 

understood due to the non-specific nature of potential symptoms,10 limited investigation of 

outcomes of chronic infection11, 12 and difficulties of determining the true prevalence of 

strongyloidiasis due to non-standardised diagnostic tests.13  

Although infection is recognised to be often asymptomatic, the most common symptoms attributed 

to strongyloidiasis include: cutaneous manifestations of itching and urticaria, gastrointestinal 

complaints of abdominal pain and diarrhea, and respiratory symptoms that may present as cough or 

dyspnoea.10 The fundamental question of what is the population morbidity from infection with S. 

stercoralis was addressed in a recent systematic review and meta-analysis by Tamarrozzi et al.14 

While they found an association with abdominal pain, diarrhea and urticaria overall, after removal of 

low-quality studies only an association with urticaria remained significant. 

The outcomes of chronic strongyloidiasis are poorly described. Studies in endemic regions have 

reported an association with anaemia in the general population12 and nutritional deficiency and 

stunting among children.11 Recently, however, a protective effect of chronic strongyloidiasis on the 

risk of diabetes mellitus was reported in one Australian Aboriginal population,15 with treatment 

increasing the likelihood of developing diabetes at three years follow-up.16 Nevertheless this study 

also showed that participants with chronic strongyloidiasis who had diabetes had an improvement in 

HbA1c levels after treatment for strongyloidiasis. In another recent study S. stercoralis infection was 
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associated with lower LDL cholesterol levels, potentially conferring a reduction in the risk of 

cardiovascular disease.17 This emerging hypothesis of a protective effect of S. stercoralis against 

metabolic syndromes requires larger prospective studies.   

Northern Territory guidelines have, for over a decade, targeted treatment of symptomatic 

individuals with strongyloidiasis and emphasised the critical importance of pre-emptive screening 

and treatment of immunosuppressed individuals from endemic communities to prevent S. 

stercoralis hyperinfection.18-20 Presence of S. stercoralis larvae from clinical samples other than stool 

is notifiable under the Public Health Act in the Northern Territory specifically as part of the program 

to prevent mortality from hyperinfection. Arguments have been made to make S. stercoralis 

seropositivity also notifiable in Australia,21 but given the lack of robust data on symptoms or 

morbidity from uncomplicated strongyloidiasis in endemic settings such as remote Aboriginal 

communities, the focus has remained on targeting individuals at risk to prevent hyperinfection.  

 

To assess the morbidity from chronic strongyloides infection in an endemic setting, this study 

compared clinical symptoms potentially associated with strongyloidiasis between seropositive and 

seronegative individuals. Symptoms reported in primary healthcare centre (PHC) records in the 12 

months prior to participating in an ivermectin MDA3 were compared between those found to be 

seropositive for S. stercoralis and a matched seronegative cohort. In addition, symptoms before and 

12 months after ivermectin MDA were compared in the seropositive cohort. The hypothesis was that 

seropositive cases would report more symptoms than seronegative controls and that treatment with 

ivermectin would reduce symptoms in the seropositive cohort.  

Methods 

This matched case-control study was conducted on a remote tropical island off Australia’s northern 

coastline with an approximate population of 2000. A MDA was undertaken in 2010 in this 

community aiming to reduce the prevalence of scabies and S. stercoralis.3 Prior to the 
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commencement of the 2010 MDA, participants were screened for S. stercoralis with a quantitative S. 

stercoralis ELISA in house test that used sonicated S. ratti antigen to detect anti-Strongyloides IgG 

(sensitivity 93% and specificity 95%).22, 23 Optical density (OD) was reported and interpreted as 

seronegative (0-<0.25), equivocal (0.25–0.45) or seropositive (>0.45). One hundred and seventy-five 

(21%) of the 859 participants screened were seropositive and were included in the matched case 

control study.3 

Participants in the MDA were administered ivermectin or albendazole as per protocol at the time of 

baseline screening and a second dose 10-42 days later if seropositive for S. stercoralis (Table 1). 

Seropositive participants were matched one to one by sex then age (+/- two years) with 

seronegative controls. Electronic health records of presentations to the PHC service were reviewed 

retrospectively for the 12 months before and after MDA to determine the presence of symptoms 

which might be attributed to infection with S. stercoralis. Symptoms that were included for analysis 

were: cough, abdominal pain, malnutrition/weight loss, diarrhoea and pruritis. These symptoms 

were included based on their reported association with chronic strongyloidiasis in previous 

studies.10, 14 

A sample size of at least 171 matched pairs was calculated to detect an odds ratio of 2 with 80% 

power and a type 1 error rate of 0.05, estimating that 20% of controls would report each symptom. 

Stata 14.1 (Statacorp, College Station, Texas) was used for data analysis. Conditional logisitic 

regression was used to account for the matched case-control design in assessing whether S. 

stercoralis seropositive cases were more likely to have symptoms of cough, abdominal pain, weight 

loss/malnutrition, diarrhoea and pruritis in the 12 months prior to MDA than S. stercoralis 

seronegative controls. McNemar’s test was then used to compare the prevalence of symptoms 

within the seropositive group before and after the MDA to assess whether treatment had any effect. 

A p-value of <0.05 was used to determine statistical significance for all analysis.  
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The project was registered with the Australian New Zealand Clinical Trial Register (ACTRN– 

12609000654257) and received ethical approval from Human Research Ethics Committee of the 

Northern Territory Department of Health and Menzies School of Health Research (EC00153—project 

09/34). 

Results 

Data from 175 matched case-control pairs were included for analysis. Median age for all participants 

was 21 (IQR 12-31) and 84 (48%) were male. The median number of total clinic presentations was 

two for cases (IQR 1-5) and three for controls (IQR 1-7) over the 24 months study period and each 

participant attended the clinic at least once during the pre-MDA period.  

Cough was the most frequently reported symptom overall of the five symptoms by 28 cases (16%) 

and 40 controls (23%) followed by abdominal pain and weight loss/malnutrition, diarrhoea and 

pruritis. (Table 2). Conditional logistic regression did not demonstrate any association between 

symptoms in the 12 months prior to MDA and S. stercoralis seropositivity.      

There was also no difference in the prevalence of symptoms in the seropositive cohort in the 12 

months before and after MDA. (Table 3). 

Discussion 

This is the first Australian study using longitudinal data in a hyperendemic region to explore if 

symptoms potentially associated with uncomplicated strongyloidiasis were reported more 

frequently in S. stercoralis seropositive participants than seronegative controls. Over the 12 months 

prior to MDA, there was no association between seropositivity and symptoms typically attributed to 

S. stercoralis infection.  

The symptoms identified from PHC records in this population were lower than those reported in 

other studies.24-27 The discrepancy is likely a result of differences in methodology. This study was 

limited by the use of electronic health records capturing only symptoms that were severe enough to 
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warrant presentation to a PHC service and therefore may have underestimated the true prevalence 

of symptoms.  Nevertheless, the findings of this study are consistent with the prior findings from this 

cohort of Kearns et al.3, which did not demonstrate any association between symptoms and 

seropositivity when participants were questioned on the day of MDA administration. 

Most previous studies used surveys inquiring specifically about symptoms typically attributed to S. 

stercoralis infection and are therefore potentially affected by recall bias. In addition, previous 

studies have used stool microscopy for diagnosis of cases as opposed to serology. Given the low 

sensitivity of stool microscopy, positive stool identification may represent individuals with a higher 

parasite burden who may have a greater frequency of symptoms from this burden.13 It is also 

important to note that this study did not include children less than five years of age, who may be 

more likely to have a greater symptom burden and complications of infection with S. stercoralis such 

as stunting11, diarrhoea and abdominal distention sometimes resulting in intestinal pseudo-

obstruction.28  

The symptoms for seropositive cases were not reduced after MDA despite a reduction in population 

S. stercoralis seroprevalence from 21% to 5%.3 This suggests that the symptoms experienced by 

participants are unlikely to be attributed to S. stercoralis, although causation cannot be disproved in 

this observational study. Population-based treatment with MDA reduced seroprevalence in this 

community and may potentially reduce future complications for individuals but it did not impact on 

the PHC presentations with symptoms that have often historically been presumed in part to be 

driven by S. stercoralis.  

The relatively low number of PHC presentations reporting symptoms, the lack of association with S. 

stercoralis seropositivity and failure of symptom resolution after MDA suggests that uncomplicated 

chronic strongyloidiasis is not a cause of symptoms in this remote Aboriginal community, where 

serology studies suggest S. stercoralis is hyperendemic. The findings of this study begin to address 

the surprisingly limited data on morbidity associated with strongyloidiasis in endemic regions such as 
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northern Australia. Robust population data are required to inform the best approach to control of 

this neglected disease in endemic areas. Pharmacological control has proven to be effective in the 

short term through both MDA3 and case finding and treatment strategies in individual communities,4 

while improvements in sanitation and standards of living have led to reduced prevalence in specific 

regions.5 However, more long-term data are needed to assess impact of reduced prevalence on 

morbidity.  

Given the limitations of this study, further investigations are needed to confirm the findings from 

this study and better define morbidity from uncomplicated chronic strongyloidiasis as well as resolve 

the uncertainty about any potential protective effect of strongyloidiasis on the risk of diabetes 

mellitus15, 16 and dyslipidaemia.17 Randomised control trials could assess the efficacy and safety of 

anti-helminth medications in the control of strongyloidiasis in remote Indigenous communities. 

Alternatively, prospective cohort studies assessing morbidity in a range of remote communities with 

varying current practice of ivermectin use should at least be informative for future guidelines 

revisions. 

 

This study supports the continuation of the Northern Territory Communicable Diseases Centre 

notifiable diseases scheme restricting laboratory notifications to only those with S. stercoralis larvae 

in clinical samples other than stool. The study findings do not support expanding the notification 

criteria to include S. stercoralis seropositivity, given the lack of association of seropositivity with 

symptoms. Our study found no evidence to suggest that identifying and treating immunocompetent 

individuals by screening reduces morbidity in the context of remote Aboriginal communities. Calls 

for routine S. stercoralis serology testing of adults in endemic remote communities with treatment 

of seropositive individuals21 have not been incorporated in the Central Australian Rural 

Practiotioners (CARPA) Manual19 and have not been taken up by the majority of health clinics in the 

Northern Territory. This is different from the scenario of refugees coming to Australia from S. 
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stercoralis endemic regions who are screened and treated if seropositive in the knowledge that they 

are unlikely to be re-exposed to S. stercoralis after resettlement.29 

Guidelines for preventing hyperinfection and death from S. stercoralis in Indigenous communities 

have focused on rigorous identification and pre-emptive screening and treatment of the 

immunosuppressed individuals who are at risk. First published in 2003,20 the 2017 revision of the 

guidelines moved to pre-emptive ivermectin for all those meeting the defined immunosuppressive 

conditions who are from or spending time in S. stercoralis endemic communities18 (Table 4). 

Ivermectin is subsequently given every three months for those continuing to reside in endemic 

communities and these guidelines have been incorporated into the CARPA manual.19 With an 

emphasis on this approach there has not been a documented fatality from complicated 

strongyloidiasis in the Top End of the Northern Territory for over a decade. 
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Conclusion 

This study did not find any evidence to suggest S. stercoralis seropositivity was associated with 

increased symptoms for participants in a remote Aboriginal community ivermectin mass drug 

administration program. Treatment with ivermectin did not improve symptoms in seropositive 

cases. The policy and practice of identifying and managing those individuals living in or from remote 

communities who have immunosuppression that predisposes them to potentially life-threatening 

hyperinfection should continue.   
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Table 1. MDA treatment protocol. 

Group Day 1-3 Day 10-42 if seropositive 

<6kg No MDA Discussed with chief investigators 

6-15kg Oral albendazole 200-400mg daily for 3 

days 

Oral albendazole 200-400mg daily for 3 

days 

>15kg Oral ivermectin 200ug/kg once Oral ivermectin 200ug/kg once 
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Table 2. Association between symptoms and S. stercoralis seropositivity in the 12 months prior to 

MDA. 

 

 

  

Symptoms Cases 
n=175 

Controls 
n=175 

Odds ratio (95% CI) p-value 

Cough (%) 28 (16) 40 (23) 0.63 (0.37 - 1.10) 0.11 

Abdominal pain (%) 8 (5) 11 (6) 0.70 (0.26 – 1.84) 0.47 

Weightloss/malnutrition (%) 7 (4) 7 (4) 1.00 (0.29 – 3.45)  1.00 

Diarrhoea (%) 6 (3) 5 (2) 1.25 (0.33 – 4.65) 0.74 

Pruritis (%) 4 (2) 6 (3) 0.67 (0.19 – 2.36) 0.53 
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Table 3. Difference in symptoms in seropositive cases before and after MDA 

Symptoms Before MDA After MDA Odds ratio (95% CI) p-value 

Cough (%) 28 (16) 39 (22)  1.52 (0.85-2.78) 0.13 

Abdominal pain (%) 8 (5) 7 (4) 0.88 (0.27- 2.76) 0.79 

Weightloss/malnutrition (%) 7 (4) 6 (3) 0.83 (0.20 – 3.28) 0.76 

Diarrhoea (%) 6 (3) 7 (4) 1.17 (0.34 – 4.20) 0.78 

Pruritis (%) 4 (2) 5 (3) 1.25 (0.27 – 6.30) 0.74 
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Table 4. S. stercoralis management for immunosuppressed patients. Adapted from Opportunistic 

Infections Prevention in Patients with Immunosuppression TEHS Guideline.18 

Stage of 
immunosuppression 

Serology or stool microscopy positive* Serology and stool 
microscopy negative 

Before 
immunosuppression 

Oral ivermectin 200 ug/kg on days 0,7 Single dose of oral ivermectin 
200 ug/kg if a patient is from, 
or regularly visits endemic 
area Already 

immunosuppressed 
Oral ivermectin 200 ug/kg on days 0, 1, 15, 16 

Ongoing 
immunosuppression 

Repeat ivermectin dose every three months without further investigation if lives 
in or regularly visits endemic area 

 

* All patients who are positive on stool microscopy should be referred to Infectious Diseases for 
further assessment to exclude disseminated disease. Albendazole treatment regimen can be used if 
ivermectin contraindicated. 
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