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Abstract  
 

Background 

Strongyloidiasis is a soil transmitted helminth infection caused by the parasitic 
nematode Strongyloides stercoralis. The disease is generally associated with 
socio-economic disadvantage and poor living conditions. Strongyloidiasis is 
prevalent in many rural and remote Aboriginal communities in northern and 
central Australia. In developing countries mass drug administration (MDA) is an 
accepted way to treat parasitic infections.   

The purpose of this study was to review the published evidence concerning the 
effectiveness of MDA and to determine if there was a difference in primary 
health care (PHC) presentations before and after an ivermectin MDA in a remote 
Australian Aboriginal community. 

Methods 

A nested matched case-control study was conducted using data collected from 
352 participants (cases n=176, controls n=176) aged between 5-74 years living 
in a remote Northern Territory (NT) Aboriginal community. The participants were 
enrolled in a two year ivermectin mass drug administration project that 
commenced in 2010 to reduce the prevalence of scabies and strongyloidiasis. 
Clinical information on PHC presentations that occurred 12 months prior to the 
date of the 2010 Strongyloides result (pre MDA) and 12 months after the result 
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date (post MDA) was extracted from the electronic health record system used by 
the PHC service. 

Findings 

There were 176 participants (cases) with a positive Strongyloides result in 2010 
that were matched by age and sex with participants who had a negative 
Strongyloides result (controls). The median age was 20 years (IQR 12 – 29) with 
significantly more males diagnosed with strongyloidiasis than females (28% v’s 
22%, p=0.01).  

There was no difference in the odds of cases presenting to the PHC service 
than controls with any of the five symptoms commonly associated with 
strongyloidiasis pre MDA (OR 0.71, CI 95% 0.44,1.14) or post MDA (OR 0.64, 
CI 95% 0.40,1.28).However, controls had a significantly greater proportion of 
symptomatic presentations to the PHC service than cases pre MDA (12% 
v’s16%, p<0.05 respectively) but not post MDA (15% v’s17%, p>0.05 
respectively). For the types of PHC presentations (well person, infectious or 
unwell presentation), the odds of a strongyloidiasis case having a well person or 
unwell presentation pre MDA was almost half that of controls (well person OR 
0.47, CI 95% 0.29,0.76, unwell 0.46, CI 95% 0.29,0.72),  

Conclusion 

Strongyloidiasis cases had significantly less PHC presentations than controls in 
the 12 months prior to being screened and receiving the ivermectin MDA, and in 
the 12 months following MDA. PHC presentations with symptoms associated 
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with strongyloidiasis did not change after the MDA and were greater for controls 
both pre and post MDA.  

From this study, there is no evidence to suggest a benefit to this community of 
further MDA with ivermectin for the treatment or prevention of strongyloidiasis if 
using the presence of symptoms and presentations to PHC as measures of 
morbidity.   
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Study Overview 
 
This study was conducted to determine if mass drug administration (MDA) for 
strongyloidiasis impacted on the primary health care (PHC) service by 
comparing the presentation histories of participants positive for strongyloidiasis 
with those negative for strongyloidiasis before and after a MDA. 

This report consists of six sections:  

i) Introduction: a general overview of the disease strongyloidiasis is 
provided including definition, transmission and life cycle, symptoms, 
diagnosis, treatment, prevalence and complications. Included is 
discussion on prevalence rates and public health approaches to 
control and disease prevention, especially as these apply in the case 
of Aboriginal people living in remote communities. 

ii) Literature Review: This literature review was conducted to identify the 
evidence available as this concerns the mass drug administration 
approach to preventing and controlling parasitic infections.  

iii) Methods for the nested matched case-control study 
iv) Results 
v) Discussion and recommendations. 
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i) Introduction  
 
What is strongyloidiasis? 
 
Strongyloidiasis is a soil-transmitted helminth (STH) infection with the majority of 
human infections being from the parasite Strongyloides stercoralis (S. 
stercoralis). STH infections collectively are one of the most common infections 
worldwide, affecting one in four people [1]. Strongyloidiasis is found in tropical 
and sub-tropical regions of the world. Immigrants, war veterans and returned 
travelers account for the infections diagnosed in more temperate areas [2].  

 

Transmission and life cycle of S. stercoralis 
 
Inadequate hygiene, sanitation and access to clean drinking water are major 
contributors to STH infections [3]. Strongyloidiasis is most common in 
developing countries, where sanitation is poor, there is inadequate access to 
clean drinking water and over-crowding occurs [3]. Strongyloides is acquired 
generally through contact with faecally contaminated soil [4], and less frequently 
through ingestion of food or water contaminated with the larvae [5, 6, 7]. 
Immature S. stercoralis worms are known as filariform infective larvae. They live 
for short periods of time in the environment and are able to burrow through 
healthy skin they come in contact with, most often on the feet, hands or buttocks 
[6, 7]. The larvae travel from the site of invasion, through the blood stream to the 
lungs, where they break through the alveoli and move upwards to the throat. 
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The larvae are then coughed up and swallowed into the gastrointestinal tract. 
Once in the small intestines, the filariform larvae shed twice, developing into 
adult female parasites that attach themselves to the intestinal mucosa of the 
host with their mouth, or the submucosa with their anterior end. The female 
parasite is capable of producing several dozen eggs per day which are released 
into the small intestine, or the submucosa, and hatch [6, 7].  

The juvenile larvae either pass from faeces to soil, or reinfect the host if they 
manage to shed twice while in the hosts system. Larvae found in the soil move 
through two more stages of development and become filariform infective larvae, 
with the ability to start the cycle of infection in a new host. Larvae that shed and 
remain in the intestines become filariform infective larvae within the gut and 
penetrate the lower gut mucosa and follow the normal life cycle, becoming adult 
females capable of producing eggs. This process is called autoinfection and is 
unique to the Strongyloides parasite (figure 1) [6, 7]. Autoinfection is much more 
significant in the immunocompromised host, and contributes to the life 
threatening forms of strongyloidiasis.  
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Figure 1. Life cycle of Strongyloides Stercoralis [7] 
 

Symptoms and Signs 
 
Symptoms of strongyloidiasis if present are non-specific and include abdominal 
pain, diarrhoea, cough, urticaria, arthralgia, weight loss, tiredness, anorexia, 
abdominal distension, wheezing and shortness of breath [2, 8, 9, 10, 11, 12, 13]. 
The only pathognomonic clinical sign of strongyloidiasis is larvae currens (Figure 
2), an erythematous skin lesion, seen to move rapidly under the skin with a 
wave like motion, moving at rates of up to 10cm per day [11]. This sign is not 
widely reported.   
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Figure 2. Larvae currens [14] 
 
A search of the literature (Appendix B) revealed that the five most commonly 
reported symptoms of strongyloidiasis are: diarrhea (10 studies) [5, 6, 8, 9, 10, 
21, 58, 59, 60, 61] abdominal pain (nine studies) [6, 8, 9, 10, 21, 58, 59, 60, 61], 
urticaria (seven studies) [5, 8, 9, 10, 47, 58, 59], cough (six studies), [8, 9, 21, 
58, 61, 62], impaired absorption/ malnutrition/ wasting (five studies), [5, 6, 8, 10, 
61], while shortness of breath, wheezing and nausea/ vomiting were reported 
less frequently. Despite larva currens being a specific characteristic of this 
infection, it is not a symptom which was widely reported. This may be that in 
regions where strongyloidiasis is most prevalent, the skin colour tends to be 
darker making larvae currens less noticeable.  

 
Diagnosis  
 
The most reliable method to date for diagnosis of strongyloidiasis is the 
Strongyloides ELISA [11]. However, the period from infection to seroconversion 
is unknown, therefore a patient may have a negative blood test result, but in fact 
have a positive stool sample and therefore be infected [11]. Direct microscopy of 
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a stool sample and faecal culture are two other commonly used methods used 
for diagnosis. Both require viable larvae to be present and therefore have a 
lower sensitivity than ELISA due to the intermittent shedding of larvae [2]. In 
both cases, examination of multiple specimens improves sensitivity. Some 
studies have suggested that up to seven samples are required to achieve 100% 
sensitivity [16]. Delays in time from collection to analysis and extremes of 
temperature diminish the quality of the sample as the number of viable larvae 
decreases, making detection difficult [2]. There is also a need to distinguish the 
Strongyloides larvae from other helminths, particularly hookworm [2]  

 

Treatment  
 
Treatment of strongyloidiasis is readily available in many countries. Ivermectin 
and albendazole are the two treatments currently used in Australia. Ivermectin is 
the most effective but is more expensive and cannot be used to treat children 
under the age of 5 years or pregnant women [15]. Ivermectin is excreted in 
breast milk and safety for newborns has not been established. It is advised that 
ivermectin be given to breastfeeding women only if the benefit outweighs the 
risks and after the first week of life of the infant [17]. Ivermectin is limited in its 
range of activity against other helminths when compared to albendazole [6]. For 
these reasons ivermectin may not be the drug of choice in some lower 
socioeconomic countries.  
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Prevalence  
 
Estimates of the number of people with strongyloidiasis range from 30 - 100 
million worldwide [5, 12, 18]. In Australia, prevalence is highest among 
Aboriginal and Torres Strait Islander (Indigenous Australians) people who live in 
the northern parts of Australia. An estimated 10% - 60% of people living in some 
remote, tropical communities are infected [2, 12]. In Australia, some consider 
that prevalence of strongyloidiasis greater than 5% is hyper-endemic [13]. 

Chronic disease, alcoholism, malnutrition and immunosuppressive conditions 
also put people at greater risk of the more severe forms of strongyloidiasis [13, 
19]. Poor living conditions and high rates of chronic disease and co-morbidity 
mean that Indigenous Australians who live in tropical regions of Australia are at 
higher risk of infection [2, 12]. 

 

Complications  
 
As previously discussed, acute or chronic strongyloidiasis in an otherwise 
healthy adult generally manifests itself in mild gastrointestinal and respiratory 
symptoms [10]. However children, among whom strongyloidiasis is most 
prevalent, can experience severe diarrhoea and hypokalaemia [2]. A person with 
strongyloidiasis treated with corticosteroids, can develop a severe, life-
threatening hyper infection syndrome [20]. This is caused by a diminished 
immune response and accelerated autoinfection leading to an increase in worm 
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numbers which overwhelm the host [12]. This rapid, overwhelming autoinfection 
may lead to dissemination of the larvae to multiple body organs, with a mortality 
rate as high as 87% [2, 21].  

 

Beating scabies and Strongyloides project 
 
In 2010 a MDA using ivermectin and albendazole to reduce the prevalence of 
scabies and strongyloidiasis was conducted in a remote Aboriginal community 
as part of the NHMRC funded ‘Beating scabies and strongyloidiasis’ project [22]. 
Over 1000 people in the community participated in the project. This project 
demonstrated a reduction in the prevalence of strongyloidiasis as determined by 
IgG EIA (S. ratti) results in response to MDA with ivermectin or albendazole. The 
age distribution of strongyloidiasis in 2010 was predominantly in the 0 - <30 year 
age group (Figure 3) [23]. Those over 50 years of age had the lowest 
prevalence.  
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Figure 3. Age distribution of Strongyloides results at MDA 2010 [23] 
 

Self-reported symptoms from the 2010 MDA were collected as a baseline to 
help determine what symptoms participants were experiencing if an adverse 
reaction was suspected (Figure 4) [23]. Many of the symptoms reported by 
participants were potentially the symptoms of strongyloidiasis. This survey did 
not identify a specific symptom or group of symptoms unique to participants who 
were Strongyloides positive. Participants identified to have strongyloidiasis 
reported similar rates of diarrhoea, abdominal pain and skin pruritis as those 
with a negative result. However, the strongyloidiasis positive participants 
reported lower rates of coughing and slightly higher rates of skin rash than those 
with negative results. This survey provided a simple snapshot in time, and more 
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rigorous examination of morbidity associated with strongyloidiasis was 
recommended.  

 

 
Figure 4. Self-reported symptoms at MDA 2010 [23] 
 

The ‘Beating scabies and strongyloidiasis’ project demonstrated that MDA 
significantly reduced the prevalence of strongyloidiasis in this population [23]. 
However, changes to public health policy to include MDA for strongyloidiasis 
were not implemented as evidence was lacking on the impact the disease 
burden had on an individual and the PHC service.  
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Indication for further research  
 
Diagnosis of strongyloidiasis based on symptomatology is difficult as the 
symptoms are generally non-specific and could be the manifestation of any 
number of conditions [4]. However, in high risk populations, such as Indigenous 
Australians living in the northern parts of Australia, a high index of suspicion is 
required for clients who present with diarrhoea, abdominal pain, urticaria, cough, 
or impaired absorption, malnutrition or wasting as the prevalence of 
strongyloidiasis in these regions is high [13].  

Despite the high rate of infection in these regions and the potentially 
catastrophic consequences of undiagnosed strongyloidiasis in 
immunocompromised patients, strongyloidiasis is not on the global public health 
agenda. This is due in large part to the uncertainty over the impact of 
strongyloidiasis on the PHC system. This research project addresses this gap in 
knowledge by investigating the impact strongyloidiasis has on the PHC service 
by comparing the presentation histories of participants positive for 
strongyloidiasis with those negative for strongyloidiasis before and after a MDA. 
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ii) Literature Review  
 
Internationally, MDA campaigns to reduce parasitic infections among at risk 
population groups are the cornerstone of treatment [24, 25, 26, 27]. MDA is the 
administration of a pharmaceutical agent to at least 85% of the population 
irrespective of their disease status, in an attempt to eradicate or control a 
specific disease within that community. 

A literature review was conducted to determine if a mass drug administration 
approach to preventing and controlling parasitic infections is effective at 
reducing morbidity. The purpose was to identify any relevant evidence that could 
be used to further inform future policy and practice in the remote community 
context. The review question was: 

Does MDA decrease morbidity from parasitic infections? 
 

Inclusion criteria 
 
Studies eligible for inclusion were those written in English that reported on the 
impact of MDA on parasites, in particular, helminthic parasites in humans. Those 
reporting on animal studies and non-helminthic parasites were excluded, and 
included those causing malaria and scabies. Only quantitative study designs 
were included.  
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Search strategy 
 
The following search terms were used: “mass drug administration” OR “mass 
drug administration” AND “parasitic infections”. Electronic data-bases searched 
included Medline with full text, Cinahl Plus with full text, PubMed, Informit, and 
The Cochrane Library. The initial search was for studies published during the 
period 2000 to 2014. The electronic literature search was updated in August 
2015. 

 

Study selection 
 
Four hundred and seventy eight potentially relevant articles were identified by 
search of the electronic databases (Figure 5). Of these, 409 were excluded 
during the title search as titles did not include mention of mass drug 
administration for treatment/prevention of a parasitic disease, or words with 
similar meanings. Sixty nine articles were selected for review of the abstract, of 
which a further 38 were excluded as they were not quantitative studies, they 
related to non-helminthic parasitic infections, or were letters to editors, cost 
analyses, or strategies for increasing coverage of MDA rather than evaluating 
the impact of MDA. After reading the full text, a further nine were excluded 
because they reported on studies already included as determined by location, 
population, timing, interventions and outcomes, leaving 22 articles for full review 
(Appendix A).  
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Findings 
 
Study designs included longitudinal (6), cross-sectional (12), randomised 
controlled trial (2), historical before and after (1) and case control (1). An 
overview of each of the studies is provided in Appendix A.  

Longitudinal studies [28, 29, 30, 31, 32, 33]: The diseases targeted in the 
studies included lymphatic filiariasis (LF) (3 studies), onchocerciasis (1 study), 
and STH (2 studies). All studies were conducted in developing country contexts. 
In all six studies the MDA was repeated annually across a time period of two to 
eight years. A wide range of laboratory results and other outcomes appropriate 
to the disease studied were measured usually pre-treatment, and then annually 
until the MDA program was completed.  

Measures included Microfilariae (Mf), mean antigen level, frequency of 
hydrocele and lymphedema, incidence of acute morbidity events, microfilarae 
rates, gross visual impairment, nodule prevalence, and intensity of hookworm 
infection. Intervention medications used in the studies either alone, in 
combination, or compared in different treatment arms, included 
diethylcarbamazine (DEC), ivermectin (IV), praziquantel (PZQ), and albendazole 
(ALB). Outcomes of these longitudinal studies included a reduction in 
morbidities that included: reduced reservoir of Mf and improved Mf clearance 
rates, decreased transmission potential of mosquitoes, reduction in mean 
antigen levels and reduced frequency of hydrocele and lymphoedema. Filarial 
antigenaemia and antibody rates were also demonstrated to be decreased for 



27 
 

the MDAs treating LF. Egg reduction rates were evident with MDA for treatment 
of STH, and MDA for treatment of onchocerciasis demonstrated a reduction in 
gross visual impairment, nodule prevalence and papular dermatitis. Repeated 
MDA was considered effective in all the studies. 

Randomised controlled trials [47, 48]:  Both studies were conducted over six 
years to measure the reduction in LF prevalence from an annual MDA. Rather 
than randomization occurring at an individual level, groups or communities were 
randomized and assigned to either the treatment A or treatment B arm, or to a 
placebo arm. How the various groups were chosen and what factors made them 
similar enough to be able to participate in an RCT were explained.  

The intervention medications used in one study were DEC or IV or a placebo 
and in the other DEC or DEC and ALB. In both studies the Mf rate was 
decreased following MDA. One study found DEC to be as, if not more, effective 
than IV. The other study found that MDA with DEC in combination with ALB to 
be more effective than DEC alone at reducing prevalence of LF as measured by 
Mf prevalence. Repeated MDA was considered effective in both studies. 

Cross sectional studies [35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46]: The 
diseases targeted in these 12 studies included schistosomiasis (S mansoni) (1 
study), LF (8 studies), onchocerciasis (2 studies) and STH (1 study). The length 
of time over which the studies were conducted ranged from three to 10 years 
with in general, an annual MDA. One study [36] to address LF delivered six 
MDAs using DEC over 10 years and the same study delivered five MDAs using 
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ALB to address STH. As mentioned in the previous paragraph a range of 
laboratory results and other outcomes appropriate to the disease were 
measured generally pre MDA and then annually. Intervention medications used 
either alone, in combination or compared as different treatment arms, included 
DEC, IV, PZQ, and ALB.  

Outcomes of these cross-sectional studies included an overall reduction in the 
prevalence of STH, in one study a rebound was reported post cessation of MDA. 
Reductions in Mf, filarial specific IgG4 antibody rates, circulating filarial antigen, 
were reported across the board, but to varying degrees, with MDA for LF. 
Prevalence of Mf carriers and nodule carriers were reduced following MDA for 
onchocerciasis.  The cross sectional studies were conducted in an environment 
where there was high compliance of MDA in the community. Repeated MDA 
was considered effective in all the studies.   

Case control study [49]: This study was conducted in a place where annual MDA 
had been ongoing for 13 years. The study was conducted at the end of the 13 
years, with 20 villages from the treatment area being compared to 20 villages 
from a non-treatment area with similar characteristics. This study measured the 
prevalence of Ascaris and Trichuris trichiura among children living in treated and 
untreated villages. The intervention medication used was IV. The study found 
that the MDA was effective at reducing prevalence of STHs Ascaris and 
Trichuris trichiura, but not hookworm. The MDA approach was considered 
beneficial in reducing prevalence but benefit was considered to be reduced due 
to sub-optimal treatment provided. 
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Historical before and after study [50]: This retrospective audit of clinical records 
investigated prevalence rates of STH over a six year period when annual MDAs 
using ALB or mebendazole were delivered. Data collected from 50 PHC 
services in the year 2000 was used as a baseline to determine the impact of 
MDA for STH. To calculate the number of reported and treated STH cases, 
health records of patients who indicated abdominal pain, passing of worms and 
who were recommended to be treated with ALB were calculated. Data from five 
age groups was obtained; birth to five years, 6 – 10 years, 11 – 15 years, 16 – 
20 years and > 20 years. Health service records showed a consistent decline in 
the number of cases of intestinal helminths diagnosed by community health 
workers, and a parallel decline in the number of prescriptions for treatment 
across all five age groups. A 90 - 98% reduction in the number of cases 
presenting with STH to PHC clinics was reported. Repeated MDA was 
considered effective in this study. 

Quality of studies 
 
The evidence resulting from a longitudinal study design is considered to be the 
strongest and most informative when studying parasitic diseases [34]. However, 
the findings from other study designs were relevant to this review as they 
analyzed the effect of MDA on parasitic infections. 

Each study clearly outlined the methods used to identify the population, defined 
key variables and concepts, gave a description of the techniques used for 
measuring infection and infectivity, and provided a description of the data 
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analysis process. Where confounding factors may have influenced the data, this 
was mentioned. For example, when the use of insecticide treated bed nets in the 
wider community caused a decrease in the prevalence of LF in nearby rural 
areas, which were not a part of the study, producing reductions in indices similar 
to the study area, this was noted [61]. Another example is when a drought-
induced reduction in vector density resulted in the intensity of transmission being 
decreased even though the proportion of mosquitoes carrying infected larvae 
was not reduced in a high endemicity area [51]. 

 

Transferability of findings to remote Aboriginal communities 
and strongyloidiasis  
 
Of the 13 studies included in this review none included reducing the prevalence 
of strongyloidiasis. Strongyloidiasis was conspicuous by its absence from the 
research literature. 

The findings of each of the studies indicate that repeated MDA is an effective 
approach to reduce the prevalence of STHs and other parasitic infections. The 
number of MDAs required to reduce prevalence and eradicate disease however, 
varied depending on the characteristics of the population and the disease. Poor 
choice of the therapeutic agent used as part of MDA is likely to reduce the 
benefit of taking a MDA approach. In the contexts in which the studies were 
completed, reduced prevalence due to MDA has been successful however, 
elimination and eradication is likely to be difficult to sustain without 
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improvements in socio-economic, living and environmental conditions in the 
medium term. 

No studies conducted in remote Indigenous Australian communities for 
strongyloidiasis were identified however many of the features described had 
similarities to this setting including: 

a) The studies were conducted in developing countries where socio-
economic disadvantage and poor living and environmental health 
conditions prevail. This context is not dissimilar to many remote 
communities in northern Australia where living and environmental health 
conditions are poor and open defaecation and poor hygiene, especially 
among young children, are an ongoing problem [52, 53, 54] The 
Australian Bureau of Statistics (ABS) report that in 2008, 25% of 
Indigenous adults were living in over-crowded houses, and that more 
than 25% were living in houses with major structural problems [52]. At the 
same time drinking water quality in many small remote Indigenous 
communities has not met Australian drinking water quality guidelines [53] 
and inadequate sanitation continues to be an ongoing problem [54]. 
These are significant risk factors for the transmission of strongyloidiasis 
[3, 4].  

b) There are huge disparities in health between developed and developing 
countries, not dissimilar to the disparity between Indigenous and non-
Indigenous Australians. Indigenous Australians make up 3.0% of 
Australia’s population [55] and carry an unfair burden of disease, and 
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social disadvantage with lower life expectancies than non-Indigenous 
Australians. This health gap has been well documented [56, 57]. 
Queensland University’s report on the burden of disease and injury in 
Aboriginal and Torres Strait Islander people [57] state that “If Indigenous 
Australians had the same level of mortality and disability as the total 
Australian population, the total burden of disease would have been 59% 
lower” [57 page 2].  

c) Ivermectin and albendazole used in the studies included in the review are 
both readily available in Australia.   
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iii) Strongyloides: a nested, matched, case-control 
study 

 
The purpose of this nested, matched, case-control study was to determine the 
burden of morbidity that strongyloidiasis had on individuals and the PHC service.  

 
Primary aim 
 

1. To compare PHC presentations of participants with positive Strongyloides 
results (cases) with those who were negative for Strongyloides (controls) 
for symptoms of strongyloidiasis before and after MDA.  

 

Secondary aims 
 

1. To report the difference in proportion of symptomatic and asymptomatic 
PHC presentations in the 12 months prior to the strongyloidiasis 
diagnosis. 

2. To determine if there was a difference in PHC presentations (well person, 
infection, injury, other) between cases and controls before and after mass 
drug administration (MDA). 
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Methods  
 
Study design  
 
A nested matched case-control study was conducted using data collected from 
352 participants (cases n=176, controls n=176). The participants were enrolled 
in the “Beating scabies and strongyloidiasis project” that was an NHMRC funded 
(605804) ivermectin mass drug administration project that commenced in 2010 
to reduce the prevalence of scabies and strongyloidiasis [23].  

 

Case/ Control selection process 
 
Participants with strongyloidiasis diagnosed from serology or faecal microscopy 
and/or culture in 2010 were selected as cases. Controls were participants with a 
negative Strongyloides result that were matched to the cases by age, gender 
and month seen. 

 

Rationale  
 
A nested matched case-control design was used to analyse data collected from 
a cohort of participants in 2010 using strongyloidiasis as the outcome. This 
design allowed us to simultaneously look at multiple factors, e.g. the presence of 
symptoms and attendance at the PHC services. 
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Cases and controls were able to be consistently identified using faecal and 
serology results. Controls were matched by age, gender and month seen to 
reduce confounding. 

 

Data collection  
 
The name, date of birth (DOB) and health record number (HRN) of cases and 
their matched controls were extracted from the scabies and strongyloidiasis 
Access database into an excel spreadsheet. The spreadsheet was used as a 
source document to identify participants in Communicare, the electronic health 
record system used by the PHC service. The DOB and name were used as the 
initial identifiers, if these did not match, or if they brought up several matches 
with the same name, the HRN was used to verify the correct participant.  

The information extracted from Communicare to a hard copy data collection 
form (Appendix C) included: 

- clinical information on PHC presentations that occurred 12 months prior to the 
date of the 2010 Strongyloides result (pre MDA) and 12 months after the result 
date (post MDA) (to be referred to as the two year study period)  

 

‘Progress Notes’ were accessed to retrieve clinical information on the PHC 
presentation to determine the presence of symptoms of strongyloidiasis. The 
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following symptoms were looked for, including alternative words or phrases 
which reasonably fit the description of the symptom. 

 Diarrhoea (watery diarrhoea, watery stools) 
 Abdominal pain (sore stomach, stomach cramps, epigastric pain, 

stomach pain) 
 Urticaria (itchy skin, itchy rash, itchy sores)   
 Cough  
 Impaired absorption/ malnutrition/ wasting (failure to thrive, weight below 

3rd percentile)  

 

Presentation classification 

A derived variable was created in Excel 2010 to categorize presentations into 
well person, infectious, or unwell/ injured/ non-infectious. This categorization 
was done manually by reviewing each individual presentation. 

 

Well person presentations included men’s health checks, women’s health 
checks, child health checks, ATSI health checks, chronic condition reviews, 
antenatal checks and other presentations.  

Men’s health check: included those visits titled as such.  
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Women’s health check: included those visits titled as such, follow up for results 
from PAP smears and pathology results if there was client contact and postnatal 
checks. 

Child health checks: included those visits titled as such or opportunistic weight 
checks. Immunisations given as part of a child health check were not counted 
separately as immunisations should be regarded as a routine part of a child 
health check if administered according to the NT Child Immunisation Schedule 
current at that time.  

ATSI health check: included visits titled as such, regardless of other health 
checks conducted during the same presentation. Immunisations given to adults, 
administered in accordance to the NT Adult Immunisation Schedule, were not 
recorded separately as they should be considered a routine part of an ATSI 
health check.  

Chronic condition reviews: included entries titled as such by the practitioner, and 
also included less formal reviews such as BP check while picking up 
antihypertensive medication or random blood sugar level of diabetic clients who 
presented for ‘a check-up’. Entries recording clients picking up their regular 
medications where no other information was recorded were not included as a 
presentation. Mental health clients who required regular pathology collection 
were recorded as having a chronic condition review as these were necessary for 
the safe management of their condition. 
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Antenatal check: any presentation for pregnancy care was recorded as an 
antenatal check. 

Other presentations: other well person presentations which fell outside these 
categories, were also recorded. For example, those participants with a diagnosis 
of rheumatic heart disease and requiring monthly Bicillian LA injections were 
included under ‘other’. If, however, a review of their health was conducted at the 
same time, the presentation was recorded as a chronic condition review. Any 
interaction with a dentist, oral hygienist, dental nurse, was classified as ‘other’ 

Infectious presentations included all visits where it was identified that the 
participant had an infection or if no diagnosis was made symptoms and 
treatment given was used to determine type of presentation (Table 2). 

Skin infections were recorded for all presentations for boils, scabies, tinea, skin 
sores and superficial infected wounds where the cause of the wound was not 
specified.  

Urogenital infections were recorded for all presentations for urinary tract 
infections, PID and sexually transmitted infections. 

Respiratory and ear infections were recorded for all presentations where a 
respiratory or ear infection was diagnosed or treated. If a diagnosis of infection 
was made, regardless of whether it was bacterial or viral and the treatment 
offered, the presentation was classified as an infectious presentation. If no 
diagnosis was made but the presenting symptoms, clinician findings and 
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treatment offered were consistent with an infection, the presentation was 
classified as infectious (Table 2).  

Presentations for ongoing treatment of chronic ear infections were also 
classified as infectious presentations. If symptoms were non-specific, and there 
was not enough other information provided to assume a diagnosis of infection, 
the presentation was classified as non-infectious, e.g. the participant presenting 
with productive cough, is afebrile, has a history of smoking and is given smoking 
cessation advice, classified as making a non-infectious presentation. 

GIT infections were recorded for presentations with vomiting and diarrhoea, 
acute episodes of diarrhoea, and for episodes of vomiting not related to another 
cause (e.g. pregnancy).  

Other infections not fitting into the above categories that were also recorded 
include dental infections and infections of the bone. Once again, these variables 
were identified after scrutinizing the excel spreadsheets for presentations which 
fell outside the parameters on the database used for data collection.  

 

Unwell/ injured/ non-infectious presentations comprised all other 
presentations where the client presented because they were in some way 
unwell, but not deemed to be infectious. These include presentations for injury 
or pain, acute mental health issues, times when a participant was simply ‘feeling 
unwell’, and other presentations that don’t fit into the well person or infectious 
categories. 
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Injury presentations: All types of injuries were recorded on the data collection 
form however, in the database these presentations were only recorded as 
‘injury’ unless they became infected at a later date. In those cases, the initial 
presentation was recorded as an injury, with the type of injury specified, and the 
proceeding presentations were recorded as follow up to the injury and classified 
as an infectious presentation. If tetanus immunisation was given as a result of 
the injury, the administration was not recorded as a separate event as it should 
be considered necessary treatment in the event of a possible tetanus exposure 
in much the same way as antibiotics may be given as treatment for an infection. 

Mental health clients who had acute episodes and required home visits were 
recorded as having a mental health presentation.  

If the presentation was for a toothache and dental caries were noted but no 
signs of infection were recorded and antibiotics were not commenced, the 
presentation was recorded as ‘non-infectious’ – toothache.  
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Table 2. Classification of infections 
Reason for 

presentation 
Signs Symptoms Treatment Type of 

presentation 
Sore ears 
Sore ears 

 
Redness  
Redness  

Afebrile  
Afebrile  

No antibiotics Non-infectious  
Commenced 
antibiotics 

Infectious  
Sore ears 
Sore ears 

No description  
No description 

Afebrile  
Afebrile  

No antibiotics Non-Infectious  
Commenced 
antibiotics 

Infectious  
Sore ears Pus  Afebrile  Commenced 

antibiotics  
Infectious  

Sore ears Pus and/or 
redness or no 
description 

Febrile  Commenced 
antibiotics 

Infectious  

Productive 
cough 

- Febrile Not specified Infectious  
Productive 

cough 
No description Afebrile No antibiotics Non-infectious  

Productive 
cough 

- - Commenced 
antibiotics 

Infectious  
Dry cough - Febrile  Not specified Infectious  
Dry cough No description Afebrile  No antibiotics Non-infectious  
Dry cough - - Commenced 

antibiotics 
Infectious  

Short of breath - Febrile  Not specified Infectious  
Short of breath No description Afebrile  No antibiotics Non-infectious  
Short of breath - - Commenced 

antibiotics 
Infectious  

Sore throat - Febrile  Not specified Infectious  
Sore throat No description Afebrile  No antibiotics Non-infectious  
Sore throat - - Commenced 

antibiotics 
Infectious  
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Quality assurance 
 
Ten percent of data extracted onto hard copy files from the electronic health 
records were analyzed by more than one researcher to ensure accuracy of data 
extracted. After the data was extracted from Communicare and re-entered into 
the access database, 5% of all participants’ data was rechecked by the 
researcher to ensure accuracy of data entry into the access database. Results 
were independently reviewed by a statistician not involved with the study. Hard 
copies of all information extracted from participant’s electronic health records 
have been stored securely in a locked room.  

 

Analytical methods 
 
Data from the hardcopy data collection forms was entered into an Access 
database. The data was extracted as worksheets and imported into Excel. 
Participants were considered to have symptoms if they presented with one or 
more of the five most commonly reported symptoms. 

Matched odds ratios (OR) were calculated for each symptom of strongyloidiasis 
and type of presentation to compare between cases and controls pre and post 
MDA.  

Where matched odds ratios were required, the following 2 x 2 table was created 
for each exposure. In this study, “exposure” refers to the presence of a 
symptom, chronic condition or presentation.  
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 Control exposed Control unexposed 
Case exposed w x 

Case unexposed y z 
 

W = both case and control exposed 
X = case exposed but control unexposed 
Y = case unexposed but control exposed 
Z = both case and control unexposed 
 
W and Z are referred to as concordant pairs because the exposure status is the 
same in both cases and controls. X and Y are referred to as discordant pairs, 
because the exposure status is different between cases and controls.  

Matched odds ratios (OR) were calculated using the following formula. 

Matched OR = X/Y 

95% confidence intervals were calculated, using Excel functions, in the following 
way. 

Log OR = ln (OR) 

Note: Ln is used to find the natural logarithm of a number. 
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Standard error = + ( ) 

Lower bound = ln (OR) – (1.96 x standard error) 

   = Exp lower bound 

Upper bound = ln (OR) + (1.96 x standard error) 

   = Exp upper bound 

Exp x, also referred to as the exponential function, is the inverse function of the 
natural logarithm. 

The median and interquartile range (IQR) was calculated to determine the 
difference in PHC presentations between cases and controls before and after 
MDA. 

P value was calculated to identify significant differences in proportions of 
presentations with symptoms of strongyloidiasis and types of presentations.  

 
Ethical considerations 
 
To protect the confidentiality of participants a laptop with the Communicare 
database was sent to me via registered post. This laptop was password 
protected, with the password known only to me and others involved in the 
project within which this study was nested. When not in use the laptop was 
turned off and stored in its case in my office. The password was committed to 
memory rather than being written down.  
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The personal details of all participants were kept confidential during the auditing 
phase when hand written notes were made by storing them in unmarked files, 
which were only accessible by me. After the auditing phase was complete, the 
handwritten notes were stored in a locked facility and returned to the University 
via registered post at the conclusion of the study. Information transcribed from 
handwritten notes into the access database was sent between researchers via a 
password protected file. 
All supervisors were registered with the university to be supervisors. Ethics 
approval for the before and after study within which this study was nested has 
been granted and kept up to date. 
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iv) Results 
 
There were 176 participants with strongyloidiasis (cases) in 2010 that were 
matched by age, gender and month seen with participants who did not have 
strongyloidiasis (controls). Of the 176 strongyloidiasis cases, 172 PHC records 
were reviewed; four PHC records unable to be located for review; two were 
females aged 25 and 75 years and two were males aged 45 and 46 years. All 
176 PHC records for the control participants were reviewed but only 172 that 
matched were included in the analysis. The median age of participants was 20 
years (IQR 12 – 29) with a significantly higher proportion of males (n=100) 
diagnosed with strongyloidiasis than females (n=76) (28% v’s 22%, p=0.01).  

After excluding unmatched controls there were 3032 presentations to the PHC 
service for both cases (n=1262, 42%) and controls (n= 1770, 58%) during the 
two year study period (Table 3). More controls presented to the PHC than cases 
pre MDA (n=152 v’s n=143 respectively) and post MDA (n=142 v’s n=129 
respectively) with controls having significantly more presentations at both time 
points (p<0.05). Cases presented to the clinic a median of two times (IQR 1-5) 
pre and post MDA. Controls median presentation increased from three pre-MDA 
to four post-MDA however, the difference was not significant. 
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Table 3. Total presentations pre and post MDA for 172 cases and their matched controls 
 Cases Controls 
Total 
presentations 

 no. cases (%*) 
 no. 

presentations 
(%) 

 
Median (IQR) 

 
 

 no. controls (%*) 
no. presentations 

(%) 

 
Median 
(IQR) 

 
 

 
Pre MDA 
 
 

143 (83) 
637 (50) 

 
2 (1-5) 

 
 

152 (88) 
949 (54) 

 
3 (2-7) 

 
 

 

 
Post MDA 
 
 

129 (75) 
625 (50) 

 

 
2 (1-5) 

 
 
 
 

 
142 (83) 
821 (46) 

 
4 (1-7) 

 
 

 

Total no. 
presentations 
 

1262   
 

1770   
 

 
Symptoms of strongyloidiasis 
During the two year study period, the odds of cases presenting with or without 
symptoms, or having no presentations, was not significantly different to that of 
the controls (Table 4). Controls however, had a significantly higher proportion of 
presentations with symptoms of strongyloidiasis (16% v’s 12%, p<0.05) than 
cases pre MDA but not post MDA.  

When comparing cases pre and post MDA there was no difference in the odds 
of having presentations with symptoms or no symptoms however, the odds of 
cases having no PHC presentation was significantly less pre MDA than post 
MDA (OR 0.53, 95% CI 0.29, 0.98). For controls the odds of presenting to the 
PHC centre was 2.33 (95% CI 1.07, 5.09) times greater pre MDA than post 
MDA. 

For the five symptoms most commonly associated with strongyloidiasis the odds 
of having diarrhoea was the only symptom that was greater for cases than 
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controls pre MDA  however, the result was not significant (Table 5). There were 
seven cases and controls with malnutrition however the higher proportion of 
presentations pre MDA for controls (41% v’s 17% for cases) was the result of 
one participant having 37 presentations. 

Post MDA the odds of cases having abdominal pain was significantly less than 
controls (OR 0.26, 95% CI 0.11, 0.64) but not significantly different for cases 
when abdominal pain was compared pre and post MDA. When comparing 
controls pre and post MDA the odds of abdominal pain was significantly less pre 
MDA than post MDA (OR 0.28, 95% CI 0.10, 0.75), as was the proportion of 
PHC presentations (p<0.05).  

Cases had a significantly lower proportion of presentations for cough pre MDA 
(53%) than post MDA (66%, p<0.05), while controls had a significantly lower 
proportion of presentations for abdominal pain pre MDA (17%) than post MDA 
(27%, p<0.05).  

The only combination of symptoms where there were discordant pairs was 
abdominal pain and diarrhoea; and cough and malnutrition. The numbers of 
discordant pairs were very small and the differences did not reach statistical 
significance for any of the combinations pre or post MDA.  
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Table 4. Symptomatic presentations pre and post MDA for cases and controls. 

Sympt. 
pres.1 

Pre MDA Post MDA #Cases OR (95% CI) 
Pres. p value 

*Cont. OR (95% CI) 
Pres. p value Cases (%) 

Pres. (%) 
Cont.4 (%) 
Pres. (%) 

no. disc.5 
pairs 

Mat.6 OR (95% CI) 
Pres. p value 

Cases (%) 
Pres. (%) 

Cont. (%) 
Pres. (%) 

no. disc. 
pairs 

Mat. OR (95% CI) 
Pres. p value 

With 
sympt.2 44 (26) 

77 (12) 
 

56 (33) 
151 (16) 

 
70 

 
 

0.71 (0.44, 1.14) 
p<0.05 

 
48 (28) 
96 (15) 

 
64 (37) 
138 (17) 

 
74 
 
 

0.64 (0.40, 1.28) 
p>0.05 

 
0.98 (0.51, 1.47) 

p>0.05 
 

0.73 (0.42, 1.27) 
p>0.05 

 Without sympt. 99 (58) 560 (88) 
 

96 (56) 798 (84) 
 

52  
 

0.69 (0.39, 1.18) p<0.05 
 

81 (47) 529 (85) 
 

78 (45) 683 (83) 
 

55  
 

0.72 (0.42, 1.23) p>0.05 
 

1.61 (0.89, 2.9) p>0.05 
 

2.33 (1.07, 5.09) p>0.05 
 No 

pres.3 29 (17) 
 
 

20 (12) 45 
 
 

1.5 (0.83, 2.72) 
 
 

43 (25) 30 (17) 58 
 
 

1.5 (0.9, 2.58) 
 
 

0.53 (0.29, 0.98) 
 
 

0.95 (0.5, 1.81) 
 
 

Sympt. pres.1=Symptomatic presentations, sympt.2=symptoms, pres.3=presentations, Cont.4=Controls, disc.5=discordant, Mat.6=Matched # OR for cases pre MDA compared to post MDA * OR for controls pre MDA compared to post MDA  
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Table 5. Symptoms of strongyloidiasis pre and post MDA for cases and controls. 

Sympt.1 
Pre MDA Post MDA #Cases 

OR (95% CI) 
Pres. p value 

*Cont. 
OR (95% CI) 
Pres. p value Cases (%) 

Pres.6 (%) 
Cont.7 (%) 
Pres. (%) 

No. 
disc.8 
pairs 

Mat.9 OR (95% CI) 
Pres. p value 

Cases (%) 
Pres. (%) 

Cont. (%) 
Pres. (%) 

No. 
disc. 
pairs 

Mat. OR (95% CI) 
Pres. p value 

Diarrh.2 6 (3) 9 (12) 
 

5 (3) 6 (4) 9  1.25 (0.34, 4.66) p>0.05 6 (3) 7 (7) 7 (4) 12 (9) 11 0.83 (0.25, 2.73) p>0.05 1 (0.25, 4.0) p>0.05 
 

0.6 (0.14, 2.51) p>0.05 
 Abdo.3 8 (5) 

17 (22) 
 

11 (6) 
26 (17) 

17  0.7 (0.27, 1.84) 
p>0.05 

7 (4) 
13 (14) 

24 (14) 
37 (27) 

29 0.26 (0.11, 0.64) 
p<0.05 

1.2 (0.37, 3.93) 
p>0.05 

 
0.28 (0.10, 0.75) 

p<0.05 
 Urticar.4 4 (2) 4 (5) 

 
6 (3) 7 (5) 10  0.67 (0.19, 2.36) p>0.05 5 (3) 5 (5) 2 (1) 2 (1) 7 2.5 (0.49, 12.89) p>0.05 0.8 (0.21, 2.98) p>0.05 

 
5 (0.58, 42.8) p>0.05 

 Cough  28 (16) 
41 (53) 

 
40 (23) 
80 (53) 

54  0.64 (0.37, 1.10) 
p>0.05 

39 (23) 
63 (66) 

47 (27) 
83 (60) 

58 0.76 (0.45, 1.27) 
p>0.05 

0.65 (0.37, 1.13) 
p<0.05 

 
0.76 (0.44, 1.3) 

p>0.05 
 Malnut.5  7 (4) 

13 (17) 
 

7 (4) 
62 (41) 

10  1 (-) 
p<0.05 

6 (3) 
13 (14) 

3 (2) 
24 (17) 

5 4 (0.45, 35.79) 
p>0.05 

1.3 (0.3, 5.96) 
p>0.05 

 
9 (0.48, 170.2) 

p<0.05 
 @Total 

Pres.6 77 (12) 
 

151 (16) 
 

 p<0.05 96 (15) 138 (17)  p<0.05 p>0.05 p<0.05 
Sympt.1= Symptoms, Diarrh.2=Diarrhoea, Abdo.3=Abdominal pain, Urticar.4=Urticaria, Malnut.5=Malnutrition/wasting, Pres.6=Presentations, Cont.7=Controls, 
disc.8=discordant, Mat.9=Matched. # OR for cases pre MDA compared to post MDA * OR for controls pre MDA compared to post MDA  @ Participants may have had more than one symptom of strongyloidiasis recorded in the one presentation, making the total number of presentations less than the sum 
total for each symptom. 
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PHC Presentations 
PHC presentations were categorized into well person, infectious and unwell/ 
injured/ non-infectious and were more frequent for controls than cases both pre 
and post MDA (Table 6). The odds of a case having a well person presentation 
(OR 0.47, 95% CI 0.29, 0.76) or an unwell/ injured/ non-infectious presentation 
(OR 0.46, 95% CI 0.29, 0.72) pre MDA was significantly lower than controls 
(Table 6). Post MDA the odds of any type of presentation for controls was 
greater compared to cases, but not significantly so. As a percentage of 
presentations, cases had a significantly higher proportion of infectious 
presentations when compared to controls pre MDA (26% v’s 21% respectively, 
p<0.5), whereas controls had a significantly higher proportion of unwell/ injured/ 
non-infectious presentations pre MDA when compared to cases (29% v’s 19% 
respectively, p<0.5).  

When comparing cases pre and post MDA the odds of cases presenting with an 
unwell/ injured/ non-infectious presentation was 50% less pre MDA than post 
MDA (OR 0.5, 95% CI 0.30, 0.82). Whilst the proportion of presentations for an 
unwell/ injured/ non-infectious condition increased significantly post MDA (19% 
v’s 31%, p<0.05) the proportion of well person visits reduced (59% v’s 51% 
respectively, p<0.5).   

When comparing controls pre and post MDA, controls had twice the odds of 
having a well person presentation pre MDA than post MDA (OR 2.06, 95% CI 
1.17, 3.61) however there were no other significant changes pre to post MDA.  
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The odds of cases having a chronic condition review, a type of well person 
presentation, were significantly lower both pre (OR 0.26, 95% CI 0.11, 0.64) and 
post MDA (OR 0.19, 95% CI 0.07, 0.50) than controls (Table 7), and the odds of 
cases having an antenatal check, another type of well person presentation, were 
eight times that of controls pre MDA. The difference was significant but the CI 
was very wide (OR 8.0, 95% CI 1.0, 63.96).  

There were no significant differences in the odds of cases or controls having 
different types of infectious presentations pre MDA (Table 8). Post MDA, 
however, the odds of cases presenting with a skin infection were significantly 
lower than controls (OR 0.57, 95% CI 0.33, 0.97).  

The odds of cases presenting with pain, a type of unwell/ injured/ non-infectious 
presentation, were significantly lower than controls pre MDA (OR 0.25, 95% CI 
0.11, 0.54) (Table 9). Post MDA the odds of cases or controls presenting for any 
unwell/ injured/ non-infectious cause were not significantly different. Post MDA 
the odds of any type of presentation for controls was greater compared to cases, 
but not significantly so. Post MDA there were no significant differences in the 
proportion of types of presentations when comparing cases and controls. 
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Table 6. Types of presentations pre and post MDA for cases and controls. 
Type of pres.1 

Pre MDA Post MDA #Cases 
OR (95% CI) Pres. p value 

*Cont. 
OR (95% CI) Pres. p value Cases (%) Pres.4 (%) Cont.5 (%) Pres. (%) 

No. 
disc.6 pairs 

Mat.7 OR (95% CI) Pres. p value Cases (%) Pres. (%) Cont. (%) Pres. (%) 
No. 

disc. pairs 
Mat. OR (95% CI) Pres. p value 

Well 
person 
 

86 (50) 
379 (59) 

114 (66) 
528 (56) 

78 
 
 

0.47 (0.29-0.76) 
p>0.05 

 
89 (52) 
316 (51) 

95 (55) 
433 (53) 

78 
 
 

0.86 (0.55-1.34) 
p>0.05 

 
0.90 (0.54, 1.51) 

p<0.05 
 

2.06 (1.17, 3.61) 
p>0.05 

 Infect.2 
 
 

87 (51) 
167 (26) 

83 (48) 
202 (21) 

78 
  

1.11 (0.71-1.73) 
p<0.05  

81 (47) 
179 (29) 

93 (54) 
200 (24) 

80 
  

0.74 (0.47-1.15) 
p>0.05  

1.18 (0.74, 1.88) 
p>0.05  

0.74 (0.45, 1.20) 
p>0.05  Unwell3 

 
 

57 (33) 
122 (19) 

89 (52) 
272 (29) 

86 
 
 

0.46 (0.29-0.72) 
p<0.05 

 
80 (47) 
192 (31) 

87 (51) 
263 (32) 

83 
 
 

0.84 (0.55-1.30) 
p>0.05 

 
0.5 (0.30, 0.82) 

p<0.05 
 

1.07 (0.65, 1.76) 
p>0.05 

 
Total@  143 (86) 

637 
152 (88) 

949 
65 0.55 (0.33, 0.91) 129 (75) 

625 
142 (83) 

821 
61 0.61 (0.36, 1.01) 1.0 (0.57, 1.76) 1.33 (0.63, 2.82) 

pres.1=presentation, Infect.2=Infectious, Unwell3=Unwell/ injured/ non-infectious, Pres.4=Presentations, Cont.5=Controls, disc.6=discordant, Mat.7=Matched # OR for cases pre and post MDA * OR for controls pre and post MDA @ Participants may have had more than one type of presentation per actual presentation to the PHC, making the total number of participants and presentations less 
than the sum total for each type of presentation.  
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Table 7. Well person presentations 

 Pre MDA Post MDA 
 Cases (%) 

Pres.7 (%*) 
Cont.8 (%) 
Pres. (%*) 

Disc.9 
pairs Mat.10 OR (95% CI) Cases (%) 

Pres. (%*) 
Cont. (%) 
Pres. (%*) 

Disc. 
 pairs Mat OR (95% CI) 

Men1 
 
 

2 (1) 
2 (0.5) 

 
0 (0) 
0 (0) 

 
2 
 
 

- 
 

0 
0 
 

0 
0 
 

0 
 
 

- 
 

Wom2 
 
 
 

11 (6) 14 (3) 
 
 

10 (6) 11 (2) 
 
 

17  
 
 

1.12 (0.43,2.92)  
 
 

14 (8) 18 (6) 
 
 

10 (6) 12 (3) 
 
 

18  
 
 

1.57 (0.61-4.05)  
 

Child3 
 
 

45 (26) 
102 (27) 

 
37 (22) 
82 (16) 

 
38 

 
 

1.53 (0.80, 2.94) 
 
 

31 (18) 
62 (20) 

 
27 (16) 
60 (14) 

 
30 

 
 

1.31 (0.64-2.69) 
 
 ATSI4  

 
 

41 (24) 
67 (18) 

 
47 (27) 
78 (15) 

 
66 

 
 

0.83 (0.51,1.35) 
 
 

41 (24) 
65 (21) 

 
54 (31) 
88 (28) 

 
57 

 
 

0.63 (0.37-1.07) 
 
 CCR5 

 
 

12 (7) 
32 (8) 

 
29 (17) 
159 (30) 

 
29 

 
 

0.26 (0.11,0.64) 
 
 

14 (8) 
41 (13) 

 
35 (20) 
102 (32) 

 
31 

 
 

0.19 (0.07-0.50) 
 
 ANC6 

 
 

8 (5) 
45 (12) 

 
1 (0.6) 
12 (2) 

 
9 
 
 

8 (1.0,63.96) 
 
 

4 (2) 
20 (6) 

 
4 (2) 
9 (3) 

 
8 
 
 

1 (0.25-4.00) 
 
 

Median 
(IQR) 
 

0.5 
(0-3) 

 
2 

(0-4) 
 

  
1 

(0-2) 
 

1 
(0-3.25) 

 
  

Men1=Men’s health check, Wom2=Women’s health check, Child3=Child health check, ATSI4=Aboriginal and Torres Strait Islander check, CCR5=Chronic condition review, ANC6=Antenatal check, Pres.7=Presentations, Cont.8=Controls, Disc.9=Discordant, Mat.10=Matched  
*Percentage of well person presentations. 
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Table 8. Infectious presentations 
 Pre MDA Post MDA 
 Cases (%) 

Pres.3 (%*) 
Cont.4 (%) 
Pres. (%*) 

Disc.5 
 pairs Mat.6 OR (95% CI) Cases (%) 

Pres. (%*) 
 Cont. (%) 

Pres. (%*) 
Disc.  
pairs Mat. OR (95% CI) 

Skin  
 
 

42 (24) 
70 (42) 

 
39 (23) 
63(31) 

 
55 
 
 

1.11 (0.66–1.89) 
 
 

25 (15) 
36 (20) 

 
41 (24) 
68 (34) 

 
58 

 
 

0.57 (0.33-0.97) 
 
 Uro.1  

 
15 (9) 24 (14) 

 
10 (6) 19 (9) 

 
25  
 

1.5 (0.67-3.34)  
 

13 (8) 19 (11) 
 

13 (8) 19 (10) 
 

22  
 

1 (0.43-2.31)  
 Resp.  

 
 

26 (15) 
35 (21) 

 
40 (23) 
74 (37) 

 
56 
 
 

0.6 (0.35-1.03) 
 
 

43 (25) 
64 (36) 

 
49 (28) 
78 (39) 

 
62 

 
 

0.82 (0.50-1.36) 
 
 Ear   

 
20 (12) 24 (14) 

 
22 (13) 31 (16) 

 
38  
 

0.9 (0.48-1.70)  
 

25 (15) 32 (18) 
 

17 (10) 26 (13) 
 

30  
 

1.73 (0.82-3.63)  
 GIT2  

 
 

3 (2) 
5 (3) 

 
3 (2) 
3 (1) 

 
4 
 
 

1 (0.14-7.1) 
 
 

4 (2) 
6 (3) 

 
2 (1) 
3 (2) 

 
6 
 
 

2 (0.37-10.92) 
 
 

Median 
(IQR)  

1 
(0-1)  

0 
(0-2)    

0 
(0-2)  

1 
(0-2)    

Uro.1=Urogenital, GIT2=Gastrointestinal tract, Pres.3=Presentations, Cont.4=Controls, Disc.5=Discordant, Mat.6=Matched 
*Percentage of infectious presentations.  
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Table 9. Unwell/ injured/ non-infectious presentations 
 Pre MDA Post MDA 
 Cases (%) 

Pres.3 (%*) 
Cont.4 (%) 
Pres. (%*) 

Disc.5  
pairs Mat.6 OR (95% CI) Cases (%) 

Pres. (%*) 
Cont. (%) 
Pres. (%*) 

Disc.  
pairs Mat. OR (95% CI) 

Injury  
 
 

41 (24) 
63 (51) 

 
51 (30) 
79 (29) 

 
58 
 
 

0.71 (0.42-1.19) 
 
 

46 (27) 
97 (51) 

 
48 (28) 
82 (31) 

 
68 

 
 

0.94 (0.59-1.52) 
 
 Pain  

 
 

17 (10) 
29 (24) 

 
41 (24) 
74 (27) 

 
40 
 
 

0.25 (0.11-0.54) 
 
 

22 (13) 
31 (16) 

 
33 (19) 
66 (25) 

 
49 

 
 

0.63 (0.36-1.12) 
 
 Exac1 3 (2) 

4 (3) 
 

4 (2) 
24 (9) 

 
7 
 
 

0.75 (0.17-3.35) 
 
 

2 (1) 
5 (3) 

 
3 (2) 
11 (4) 

 
5 
 
 

0.67 (0.11-3.99) 
 
 Mental2 

 
 

2 (1) 
7 (6) 

 
7 (4) 

62 (23) 
 

9 
 
 

0.29 (0.06-1.38) 
 
 

5 (3) 
18 (9) 

 
10 (6) 
58 (22) 

 
15 

 
 

0.5 (0.17-1.46) 
 
 Unwell  

 
 

4 (2) 
5 (4) 

 
3 (2) 
4 (1) 

 
7 
 
 

1.33 (0.30-5.96) 
 
 

9 (5) 
11 (6) 

 
7 (4) 
8 (3) 

 
16 

 
 

1.29 (0.48-3.45) 
 
 Other  

 
 

12 (7) 
15 (12) 

 
18 (10) 
30 (11) 

 
26 
 
 

0.63 (0.28-1.38) 
 
 

21 (12) 
30 (16) 

 
23 (13) 
38 (14) 

 
40 

 
 

0.90 (0.49-1.68) 
 
 

Median 
(IQR) 
 

0 
(0-1) 

 
1 

(0-2) 
 

  
0 

(0-2) 
 

0 
(0-2) 

 
  

Exac1=Exacerbation of chronic condition, Mental2=Mental health, Pres.3=Presentations, Cont.4=Controls, Disc.5=Discordant, Mat.6=Matched *Percentage of unwell/ injured/ non-infectious presentations. 
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v) Discussion and recommendations 
 

Key findings 
 

1. There was no difference in the odds between cases and controls 
presenting to the PHC with any of the five symptoms commonly 
associated with strongyloidiasis pre MDA.  

2. Controls had a greater proportion of symptomatic presentations to the 
PHC than cases pre MDA.  

3. The odds of cases having a well or unwell PHC presentation was 
significantly less than controls pre MDA but not post MDA.  

 

Discussion  
 
Primary aim:  

1. To compare the primary health care (PHC) presentations of 
participants with positive Strongyloides results (cases) with 
those who were negative for Strongyloides (controls) for 
symptoms of strongyloidiasis before and after MDA.  

This study found that pre-MDA there was no difference in the odds of cases 
and controls presenting to the PHC service with any of the five symptoms 
(diarrhoea, abdominal pain, urticaria, cough and malnutrition/ wasting) 
commonly associated with strongyloidiasis. This is not an unexpected finding 
as the majority of participants were adults (60% > 15yrs) and strongyloidiasis 
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in adults is generally asymptomatic [10]. Young children experience severe 
and more easily recognizable symptoms of strongyloidiasis [2] but no 
participants under five years of age were included in the study.  

These results are supported by the self-reported symptoms from the 2010 
MDA which indicated that participants identified to have strongyloidiasis had 
similar rates of diarrhoea and abdominal pain as those with a negative result. 
Furthermore, the strongyloidiasis positive participants reported lower rates of 
coughing than those with a negative result.  

Participants with a positive Strongyloides result did, however, report slightly 
higher rates of skin rash than those with negative results in the self-reported 
survey. This comparison at the time of MDA was from a simple analysis 
comparing positives with negatives and in the case of skin rashes there was 
only a one percentage point difference.  

The literature review (Appendix B) described earlier, however, found that the 
five most commonly reported symptoms of strongyloidiasis were: diarrhea, 
abdominal pain, urticaria, cough, and impaired 
absorption/malnutrition/wasting. The results from this study do not 
demonstrate a significant difference between the two groups in relation to 
these symptoms.  
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Secondary Aim 1 

To report the difference in proportion of symptomatic and 
asymptomatic PHC presentations in the 12 months prior to the 
strongyloidiasis diagnosis. 

In the 12 months prior to the MDA there was a significantly greater proportion 
of asymptomatic (58%) infections compared to symptomatic (26%) infections 
for participants with strongyloidiasis (p<0.05). This remained relatively 
unchanged post MDA.  

The most common symptom reported for 28 (16%) cases was cough (53% of 
presentations) followed by abdominal pain in eight (5%) cases with 17 (22%) 
presentations. This finding was inconsistent with that of the literature review 
reported on earlier, which showed that diarrhoea is the most commonly 
reported symptom, followed by abdominal pain, then urticaria, before cough 
and malnutrition/ wasting [5, 6, 8, 9, 10, 21, 47, 58, 59, 60, 61, 62]. 

For malnutrition/ wasting there were seven cases and seven controls pre-
MDA of whom 13 were children aged ≤10 years. One person aged 37 years 
with chronic condition reviews belonging to the control group was responsible 
for 37(60%) (n=62) of the pre-MDA malnutrition/wasting presentations. The 
number of cases with malnutrition/wasting post-MDA varied little. Of the 
seven controls (ages 5.2, 5.9, 6, 7, 12, 13, 37) with malnutrition/wasting pre-
MDA only three (ages 5.9, 6, 37) were malnourished/wasted post-MDA. 
Although no direct causal link can be proved it would appear that the MDA 
may have played a role in treating other parasitic infections associated with 
malnutrition/wasting. The improvement in malnutrition/wasting is a likely 
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explanation for the reduced number of presentations to the PHC service 
post-MDA. 

Controls had a greater proportion of presentations with abdominal pain post 
MDA. This finding is consistent with the earlier finding of increased odds of 
controls presenting with abdominal pain post-MDA compared to cases. 
Controls had an increased number of complaints of abdominal pain post-
MDA than pre-MDA and overall more complaints of abdominal pain than 
cases. The reasons for this finding can only be speculated but the complaint 
could be attributed to endemic infections such as Giardia Lamblia or transient 
infections associated with ingesting contaminated foods as food handling and 
storage practices are generally known to be poor in remote communities [52]. 

Secondary Aim 2 

To determine if there was a difference in PHC presentations (well 
person, infection, injury, other) between cases and controls before and 
after mass drug administration (MDA). 

Controls had more well person and unwell presentations pre-MDA than 
cases. This finding is not unexpected as among the control group more 
individuals had chronic disease reviews which may be interpreted as controls 
having more chronic conditions than cases. There is emerging research 
which suggests that person’s infected with strongyloidiasis are less likely to 
develop certain chronic conditions, such as type 2 diabetes [63] than those 
who are not infected. This research would support those findings if the 
chronic condition reviews are indicative of controls having more chronic 
conditions than cases. 
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Cases, had a greater proportion of infectious presentations than controls with 
fifty percent (n=87) of cases presenting to the clinic with an infection pre 
MDA. Of these presentations the greatest number was for skin infections (42 
cases) with only a very small number of presentations for gastrointestinal 
illness (three cases). Post MDA there was little difference between case and 
control presentations. One possible explanation is that the MDA drug 
ivermectin, which is used to treat both strongyloidiasis and scabies [23], 
reduced the prevalence of skin infections as a result of its effect on the 
scabies parasite. 

Strength and limitations of this study 
 
Strengths of this study include the nested, matched, case-control design and 
the evidence based development of the audit tool used (Appendix C). The 
broad inclusion criteria and the limited exclusion criteria produced a study 
design which was representative of the target population, allowing the results 
to be more easily generalizable.  

It had been previously demonstrated that MDA with ivermectin and 
albendazole was successful at reducing the prevalence of strongyloidiasis in 
this community when using laboratory tests as the measure of morbidity [23]. 
What was not known, however, was the impact of the disease on the health 
system. This study built on the results gained from the cohort study, adding 
to the body of knowledge. 

Furthermore, being retrospective allowed the study to be relatively cost-
effective. 
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One limitation of this study was the relatively small number of participants. 
This is evident by the wide confidence intervals seen when analyzing 
infrequently occurring variables. It was sometimes difficult to distinguish 
between what might have been a true difference and a chance finding.  

The analysis of matched pairs should have reduced confounding 
considerably.  

 

 
Implications for policy and practice/research translation 
 
There is no question over the effectiveness of MDA with ivermectin in 
reducing the prevalence of strongyloidiasis in this community however, it 
would seem that the symptoms associated with the disease, as per literature 
review, were also from other infections.  

From this study, based on the data collected using the audit tool, there is no 
evidence to suggest a benefit to this community of further MDA with 
ivermectin for the treatment or prevention of strongyloidiasis if using the 
presence of symptoms and presentations to PHC as measures of morbidity.   

However, the recommendation remains to actively screen and treat 
strongyloidiasis prior to treatment with corticosteroids or other treatments 
which cause immunosuppression.  
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Conclusion 
 

Strongyloidiasis in adults is for the most part, an asymptomatic infection that 
does not burden the PHC service with increased PHC presentations. In this 
study individuals with strongyloidiasis had less PHC presentations and were 
less of a burden to the PHC service than participants not infected. Continuing 
with best practice guidelines of screening and treating symptomatic 
individuals would appear to be the most appropriate public health response 
for this infection.  
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Appendix A – Summary of articles for literature review on effect of MDA on morbidity 
 
Table 11. Overview of 22 studies eligible for inclusion in Mass Drug Administration literature review 

Study 
Ref No Author Year 

Published 
Study  
Design Population 

Infection/ Treatment/ 
Rounds/ 
Length of Study 

Results Conclusion 

28 
Bockarie, 
M, Tisch, D 
et al 

2002 Longitudinal 
14 villages in 
Dreikikir district of 
Papua New 
Guinea 

 LF1  MDA2 with DEC3 
+/- IV4   Annual  4 years 

Reduction in reservoir of Mf5. 
Transmission potential of 
mosquitoes decreased. 
Mean antigen levels reduced. 
Frequency of hydrocele and 
lymphoedema reduced 

Infection and the 
burden of disease due 
to bancroftian filariasis 
can be reduced 
substantially with as 
few as four annual 
mass treatments that 
include single doses of 
DEC. 

65 
Ramaiah, K, 
Vanamail, P 
et al 

2002 Randomised 
Control Trial 

15 endemic 
villages in 
Villupurim district, 
Tamil Nadu state, 
India 

 LF  MDA with 
placebo, DEC or 
IV  Annual  6 years 

After 6 cycles of treatment, the 
Mf prevalence was reduced by 
86% in the DEC arm, 72 % in 
the IV4 arm, and 37% in the 
placebo arm. Low levels of 
transmission of infection 
continued in some of the 
villages despite a zero Mf  
prevalence. 

DEC is as effective or 
slightly better than IV 
against Mf.  

35 
Sesay, S, 
Page, J et 
al 

2014 Cross 
sectional 

Primary school 
children in six 
districts in the 
northeast of Sierra 

 S mansoni6  MDA with PZQ7  Annual  3 years 

Overall prevalence of S 
mansoni dropped 67.2% from 
baseline to 16.3%. Mean 
intensity dropped by 85.9% 

Three rounds of MDA 
led to a significant 
reduction in S mansoni 
infection in Sierra 
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Study 
Ref No Author Year 

Published 
Study  
Design Population 

Infection/ Treatment/ 
Rounds/ 
Length of Study 

Results Conclusion 

Leone from baseline to 18.98 epg. 
The number of moderately and 
heavily infected children was 
significantly reduced. 

Leone 

36 
Supali, T, 
Djuardi, Y et 
al 

2013 Cross 
sectional 

Sentinel village on 
Alor Island, 
Indonesia 

 LF and STH9  MDA with DEC and ALB8  LF – 6 rounds  STH – 5 rounds  10 years 

Mf prevalence decreased from 
26% to 0.17% after 6 rounds of 
MDA. 
Filarial-specific IgG4 antibody 
rates dropped from 80% to 
6.4% in that same time.  
Prevalence of Ascaris, 
hookworm and Trichuris were 
also reduced after 5 rounds of 
MDA. These STH rates 
rebounded after cessation of 
MDA. 

MDA with DEC and 
ALB has a major 
impact on Mf and 
antibody rates. Also 
provided mass de-
worming for as long as 
the treatment 
continued. 

37 
Mwakitalu, 
M,  
Malecela, M 
et al 

2013 Cross 
sectional 

Two urban and 
one peri-urban 
ward within the city 
of Tanga, 
Tanzania 

 LF  MDA IV or 
albendazole  Annual  7 years 

Significant and considerable 
reduction in infection and 
transmission as determined by 
Mf, antibodies, circulating 
filarial antigens (CFA), and 
chronic manifestations. 

LF infection and 
transmission can be 
decreased, but more 
than seven rounds of 
MDA are required to 
reduce levels 
adequate enough to 
cease MDA. 
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Study 
Ref No Author Year 

Published 
Study  
Design Population 

Infection/ Treatment/ 
Rounds/ 
Length of Study 

Results Conclusion 

38 
Koroma, J, 
Sesay, S et 
al 

2013 Cross 
sectional 

12 endemic health 
districts in Sierra 
Leone 

 LF  MDA albendazole and DEC/ IV  Annual  3 years 

88.5% decrease in overall Mf 
prevalence from 2.6% to 0.3%. 
Four districts had a 0.0% 
prevalence post MDA, and 7 
districts showed a reduction of 
between 70% and 95%. Only 
one district still had Mf 
prevalence > 1.0%. 

3 rounds of MDA were 
effective at reducing 
Mf prevalence to < 
1.0% in 11 out of 12 
health districts.  

29 
Tisch, D, 
Alexander, 
N et al 

2011 Longitudinal 
Dreikikir district of 
East Sepik 
Province, Papua 
New Guinea 

 LF  MDA with DEC or DEC and IV  Annual  4 years 

Incidence of acute morbidity 
events overall decreased from 
0.39 per person-year to 0.31, 
0.15, 0.19 and 0.20 after each 
annual MDA. Residents of 
communities with high pre-
treatment transmission 
intensities experienced a 
greater reduction in acute 
morbidity.  

MDA of antifilarial 
drugs results in 
decreased morbidity 
as determined by 
acute attacks of leg 
and arm swelling in 
people with pre-
existing infection.   

30 
Weil, G, 
Kastens, W 
et al 

2008 Longitudinal 
Rural villages near 
Madang, Papua 
New Guinea 

 LF  MDA with DEC 
and ALB  Annual  3 years 

Mf rates decreased from 
18.6% pre MDA to 1.3% after 
third MDA.  
Mf clearance rates in infected 
persons were 71%, 90.7% and 
98.1% after 1,2 and 3 rounds 
of MDA. Filarial antigenaemia 
rates decreased by 64%. 

MDA had dramatic 
effects on all filariasis 
parameters in the 
study area. LF 
elimination should be 
feasible in PNG if MDA 
can be effectively 
delivered to endemic 
areas. 
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Study 
Ref No Author Year 

Published 
Study  
Design Population 

Infection/ Treatment/ 
Rounds/ 
Length of Study 

Results Conclusion 

Filarial antibody rate (IgG4) 
decreased by 54.6%. 
Filarial DNA rates in 
Anopheles punctulatus 
mosquitoes that had recently 
taken a blood meal reduced by 
92.3%. 

51 
Katabarwa, 
M, Eyamba, 
A et al 

2008 Cross 
sectional 

10 hyper-endemic 
sentinel 
communities  in 
Cameroon, and 20 
hyper-endemic 
sentinel 
communities in 
Uganda 

 Onchocerciasis  MDA with IV  Annual   10 years 

Prevalence of Mf carriers in 
Cameroon communities 
dropped from 70.1% to 7.04%. 
Prevalence of nodule carriers 
dropped from 58% to 9.55%. 
In Uganda, Mf prevalence 
carriers fell from 71.9% to 
7.49% and nodule carriers 
from 53.21% to 9.66%. 81.4% 
of male worms excised from 
nodules in Uganda remained 
alive, 64% of female worms 
remained alive, with more than 
1/3 of these being 
inseminated. 

10 years of MDA has 
reduced 
Onchocerciasis to 
hypo-endemicity, but 
transmission persists 

39 Liang,J,  
King, J et al 2008 Cross 

Sectional 
Sentinel villages in 
American Samoa. 

 LF  MDA with DEC 
and ALB  Annual  5 years 

After 2 years of MDA, CFA 
prevalence was unchanged. 
Improvements were made to 
the social mobilization of the 
drug and 3 years later CFA 

MDA can be effective 
when combined with 
appropriate social 
mobilization and drug 
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Study 
Ref No Author Year 

Published 
Study  
Design Population 

Infection/ Treatment/ 
Rounds/ 
Length of Study 

Results Conclusion 

dropped from 11.5% to 0.95% 
after a total of 5 years of MDA, 
including 3 years of improved 
drug distribution. 

distribution. 

40 Opara, K & 
Fagbemi, B 2008 Cross 

Sectional 
3 endemic villages 
in the Lower Cross 
River Basin, 
Nigeria 

 Onchocerciasis  MDA with IV  Annual  6 years 

Prevalence of skin Mf reduced 
from 69.3% pre-treatment to 
39.3% post. Community 
microfilarial load (CMFL) fell 
from 7.11 to 2.31 Mf per skin 
snip. 

MDA was successful 
as reducing 
prevalence, but 
transmission could still 
be ongoing. 

41 Yuvaraj, J, 
Pani, S et al 2008 Cross 

sectional 
Villupurim district 
of Tamil Nadu 
state, South India 

 LF  MDA with DEC or IV  Annual  7 years 

Hydrocele prevalence declined 
from 20.5% to 5.1% in the 
DEC arm, 23.9% to 10.4% in 
the IV arm and from 20.4% to 
10.9% in the placebo arm. 
After 7 rounds of MDA there 
were no cases of hydrocele in 
the 0 -20 age group in the 
DEC arm. 

Repeated DEC 
administration has the 
potential to prevent 
new incidence of 
hydrocele, and may 
resolve manifestation 
in a proportion of 
affected people. MDA 
reduced the burden of 
hydrocele in treated 
communities. 

31 
Mani, T, 
Rajendran, 
R et al 

2004 Longitudinal 
Two revenue 
blocks in southern 
India 

 STH  MDA with DEC or 
DEC and ALB  Annual  2 years 

DEC with ALB resulted in a 
reduction in prevalence (RIP) 
of 51 – 77% and an egg 
reduction rate (ERR) of 92 – 
98%.  

Mass drug co-
administration of DEC 
and ALB, even though 
aimed at LF control, 
has a sustainable 
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Study 
Ref No Author Year 

Published 
Study  
Design Population 

Infection/ Treatment/ 
Rounds/ 
Length of Study 

Results Conclusion 

Treatment with DEC alone was 
less effective with RIP of 12 – 
15% and an EER of 58 – 62%.  

effect against STH.  

32 
Emukah, E, 
Osuoha, E 
et al 

2004 Longitudinal Eight villages in 
Imo State, Nigeria 

 Onchocerciasis  MDA with IV  Annual  8 years 

Gross visual impairment 
decreased from 16% to 1%. 
Nodule prevalence decreased 
from 59% to 18%. 
Papular dermatitis was 
reduced from 15% to 2%. 
No change was seen in 
leopard skin rates. 

Repeated MDA 
decreases prevalence 
of clinical 
manifestations of 
Onchocerciasis 

51 
Simonsen, 
P,  
Meyrowitsc
h, D et al 

2004 Cross 
sectional 

Masaika village in 
the Pangani 
District of 
Tanzania, and 
Kingwede village in 
the Kwale District 
of Kenya 

 LF  Half yearly MDA with DEC  5 rounds  1 year 

Treatments resulted in a 
progressive decrease in Mf 
and CFA in both communities, 
with relative reductions being 
considerably higher for Mf than 
for CFA.  
Amongst pre-treatment Mf 
positive participants, more 
than 60% were Mf negative at 
the end of treatment, but their 
CFA was only moderately 
reduced. 

Repeated MDA can 
reduce the Mf 
prevalence, but 
transmission rates 
may not change. 
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Study 
Ref No Author Year 

Published 
Study  
Design Population 

Infection/ Treatment/ 
Rounds/ 
Length of Study 

Results Conclusion 

43 
Moustafa, 
M, Thabet, 
H et al 

2013 Cross 
sectional 

1321 primary 
school children 
aged 6 – 7 years in 
3 sentinel villages 
5 years after 
stopping MDA in 
Menoufiya 
Governate, Egypt 

 LF  MDA with DEC 
and ALB  Annual  5 years 

In the villages with low 
infection rates, the prevalence 
rates of Mf and CFA fell from 
3.1% to 0% and 13.6% to 
3.1% respectively. In the 
villages with high infection 
rates, the prevalence fell from 
11.5% to 1.2% and 19% to 
4.8% respectively. Likewise, 
mosquito infection rates fell 
from 4.37% to 0% in the low 
infection villages and from 
3.07% to 0.19% in the high 
infection villages. 

MDA is effective at 
reducing the 
prevalence of LF. 

44 
Rarnzy,R, 
Setouhy, M 
et al 

2006 Cross 
sectional 

1877 residents 
from 4 sentinel 
villages pre MDA 
and 1700 – 1900 
residents after 
each of 5 annual 
MDAs. Two study 
areas were 
selected, one with 
low infection rates 
(2 villages) and 
one with high 
infection rates (2 

 LF  MDA with DEC and ALB  Annual  5 years 

In the villages with low 
infection rates, the prevalence 
rates of Mf and CFA fell from 
3.1% to 0% and 13.6% to 
3.1% respectively. In the 
villages with high infection 
rates, the prevalences fell from 
11.5% to 1.2% and 19% to 
4.8% respectively. Likewise, 
mosquito infection rates fell 
from 4.37% to 0% in the low 
infection villages and from 
3.07% to 0.19% in the high 

MDA is effective at 
reducing the 
prevalence of LF. 
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Study 
Ref No Author Year 

Published 
Study  
Design Population 

Infection/ Treatment/ 
Rounds/ 
Length of Study 

Results Conclusion 

villages). Egypt. infection villages. 

48 
Sunish, P, 
Munirathina
m, A et al 

2014 Randomised 
Control Trial 

Two revenue 
blocks in South 
India 

 LF  MDA with DEC or 
DEC and ALB  Annual  6 years 

After each MDA a gradual 
decline in filarial infection was 
observed. After six rounds of 
MDA an overall Mf prevalence 
reduction of 84.67% and 
57.97% was seen in DEC + 
ALB arm and the DEC alone 
arm respectively. Even after 6 
rounds of MDA, evidence of 
infection was still seen, albeit 
in significantly reduced 
numbers (0.32% DEC + ALB 
arm; 0.75% in DEC alone 
arm). 

MDA is very effective 
at reducing prevalence 
of LF. MDA with DEC 
in combination with 
ALB is more effective 
at reducing prevalence 
of LF than MDA with 
DEC alone. The need 
for supplementary 
control strategies is 
needed to achieve the 
goal of LF elimination. 

49 
Gutman, J, 
Emukah, E 
et al 

2010 Case control 

1031 school aged 
children and 211 
pre-school aged 
children from 20 
MDA treated 
villages and 20 
non-MDA treated 
villages. Imo State, 
Nigeria. 

 STHs Ascaris, Hookworm and 
Trichuris.  MDA with IV  Annual  13 years 

The prevalence of Ascaris and 
Trichuris in treated villages 
was significantly less amongst 
both age groups than in the 
untreated villages. The 
prevalence of hookworm was 
similar in all age groups in all 
villages, regardless of 
treatment status. 

MDA with IV has an 
ongoing effect on the 
prevalence and 
transmission potential 
of Ascaris and 
Trichuris infections. 
The benefit, however, 
is limited by the choice 
of drug. An integrated 
approach is needed for 
progress to continue 
towards elimination of 
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Study 
Ref No Author Year 

Published 
Study  
Design Population 

Infection/ Treatment/ 
Rounds/ 
Length of Study 

Results Conclusion 

STH, including the use 
of additional drugs to 
target all STH 
prevalent in a 
population. 

50 
Mohammad
, K, Deb, R 
et al 

2012 
Historical 
before and 
after 

5 randomly 
selected primary 
health care units 
(PHCUs) from 
each of the 10 
districts of 
Zanzibar 

 STH  MDA with ALB or 
Mebendazole  Annual  5 years 

Over a period of five years 
there was a clear decline in the 
number of STH (89.63% - 
98.17% reduction) and scabies 
(68.46% - 98.72% reduction) 
cases presenting to the PHCU. 

Efficacy of MDA can, 
in some 
circumstances, be 
assessed by clinic 
presentations with 
signs and symptoms of 
infection with STH 
and/ or scabies. 

33 
Kabatereine
, N,  
Brooker , S 
et al 

2007 Longitudinal 
120 students from 
each of 37 schools 
in 8 districts in 
Uganda. 

 STH  MDA with PZQ 
and ALB  Annual  2 years 

MDA with praziquantel and 
ALB led to a significant 
decrease in the intensity of 
Schistosoma mansoni, 70 % 
after 1 year and 82% after 2 
years of treatment. Intensity of 
hookworm infection also 
decreased. There was an 
increase in haemoglobin 
concentration after one year, 
with a further increase after 2 
years of treatment. There was 
also a decrease in signs of 
early morbidity. Improvements 

Antihelminthic 
treatment delivered as 
part of a national 
helminth control 
programme (using 
MDA) can decrease 
infection and morbidity 
among school children 
and improve Hb 
concentration. 
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Study 
Ref No Author Year 

Published 
Study  
Design Population 

Infection/ Treatment/ 
Rounds/ 
Length of Study 

Results Conclusion 

in Hb were greatest amongst 
those who were most anaemic 
or harbouring the heaviest 
infections at baseline. 

27 
Speare, R, 
Latasi, F et 
al 

2006 Cross 
sectional 

206 residents 
(35.2% of 
population) of all 
ages from 
Nukufetau, a 
remote Pacific 
island in Tuvalu. 

 STH  MDA2 with DEC 
and ALB  Annual  3 years 

The overall prevalence of STH 
following 3 annual MDA was 
69.9%. There was a small 
decline in prevalence of whip 
worm (from 84% to 75%) 
amongst school aged children; 
but a dramatic decline in 
prevalence of hook worm in 
these same children (34.4 % to 
1.6%) was seen. 

MDA can be effective 
against STH however 
an integrated 
approach is needed to 
prevent re-infection. 

1LF=Lymphatic filiariasis; 2MDA=Mass Drug Administration; 3DEC=Diethylcarbamazine; 4IV= Ivermectin; 5Mf= microfilarae; 6S mansoni = Schistosoma 
mansoni; 7PZQ   =praziquantel; 8ALB= Albendazole; 9STH=Soil transmitted helminth; 10 
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Appendix B – Summary of results from literature 
review for symptoms suggestive of strongyloidiasis 
 

Literature Review  
 
To determine the most commonly reported symptoms from published studies 
a review of the literature was conducted to provide an evidence base for data 
collection.  

 

Search strategy 
 
Electronic databases and texts including Medline, Cinahl and PubMed were 
searched using the words “Strongyloides” and “strongyloidiasis.” The search 
was limited to full text available, English language, human subjects, 
academic journals, published from 2003 – 2014.  

 

Study selection 
 
There were 517 results (Figure 6). From these 517 results those that were 
systematic reviews, case studies and case reports, longitudinal studies, cross 
sectional studies, and retrospective cohort studies, determined by the 
wording of the title, were selected for review of abstract, excluding 478 titles, 
leaving 39 titles for review of abstract. Those reporting signs and symptoms 
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of infection with Strongyloides in the title or the abstract were selected for full 
reading, of which 12 were included in the final selection (Appendix B).  

 
Figure 6. Flow diagram for study selection 
 
 
 
 
 
 
 
 
 

517 records identified through database search

39 titles selected for review of abstract

12 articles included in 
review

27 articles excluded (did not mention signs 
and symptoms of strongyloidiasis in title or 

abstract)

478 titles excluded (not identified as systematic 
review, case study, case report, longitudinal study, 
cross-sectional study or retrospective cohort study 

from title) 
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Table 12. Summary of results for literature review

Article number  
Symptom 47 62 58 21 20 6 59 9 60 61 8 5 Total  
Diarrhoea  # # #  # # # # # # # 10/12 
Abdominal 
pain 

 # # #  # # # # # #  9/12 

Urticaria  # # #    # #   # # 7/12 
Cough  # # #    #  # #  6/12 
Impaired 
absorption/ 
malnutrition/ 
wasting 

 #    #    # # # 5/12 

Shortness of 
breath 

  #  #     #  # 4/12 

Wheezing/ 
bronchospas
m 

 # #       #  # 4/12 

Vomiting/ 
nausea 

  #   #    #  # 4/12 

Larvae 
currens 

   #      # #  3/12 

Fever          # #  # 3/12 
Anorexia      #  #    # 3/12 
Pleural 
effusion  

  #      #    2/12 

Abdominal 
distension/ 
bloating 

     #      # 2/12 

Constipation    #         1/12 
Epigastric 
pain 

     #       1/12 

Sepsis/ 
septicaemia 

           # 1/12 

Renal failure     #        1/12 
arthralgia           #  1/12 
Tiredness         #     1/12 
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Appendix C – Example of data collection sheet 
 
Matched Case Control Data Collection Form for Strongyloidiasis 

                 
DOB __________________________________ Date of MDA #1 ____________________________   
        
Name _________________________________ Screen_Num ________________________________   
        
Main Summary Tab for Chronic Conditions   Please Tick  √      
        
Does this participant have a chronic condition?  ⃝ Y    ⃝ N    
        
Date Describe as written in Commuicare      
             
             
             
             
             
             
Medication Tab then Medication History Tab for Albendazole and/or Ivermectin Please Tick  √      
        
Has this participant had albendabole and/or ivermectin at any time?  ⃝ Y    ⃝ N    
        
Date                                        Please Tick  √ Date                                        Please Tick  √  
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
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   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
             
       
       Ix Result Tab     Please Tick  √      
        
Does this participant have laboratory results for FBC , Strongyloidiasis or Faecal specimens or Septicaemia? ⃝ Y    ⃝ N    
             
Full Blood Examination (FBC-0) results during 1 year study period          
Date Collected  

Date Collected     
  Hb___________g/L  Eosin_______%   ____________   Hb___________g/L  Eosin_______%   ____________ 
  Hb___________g/L  Eosin_______%   ____________   Hb___________g/L  Eosin_______%   ____________ 
  Hb___________g/L  Eosin_______%   ____________   Hb___________g/L  Eosin_______%   ____________ 
  Hb___________g/L  Eosin_______%   ____________   Hb___________g/L  Eosin_______%   ____________ 
             
Referred Test Results (RTR-0) for strongyloidiasis results from any time prior to MDA #1          
Date Collected IgG EIA (S. ratti) result  Date Collected  

IgG EIA (S. ratti) result  
   ____________      ____________  
   ____________      ____________  
   ____________      ____________  
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   ____________      ____________  
   ____________      ____________  
             
Faeces Micro (FM-0) or Rotavirus Detection (ROT-0)  from any time prior to MDA #1           
Date Collected Please Tick  √ Date Collected Please Tick  √    
  Micro -  ⃝ NAD or  ⃝ _______________________________   Micro -  ⃝ NAD or  ⃝ ___________________________ 
  Culture -  ⃝ NAD or   ⃝ ______________________________   Culture -  ⃝ NAD or   ⃝ _________________________ 
  Rotavirus -         ⃝ Detected            ⃝  Not detected   Rotavirus -         ⃝ Detected            ⃝  Not detected 
        
Date Collected Please Tick  √ Date Collected Please Tick  √    
  Micro -  ⃝ NAD or  ⃝ _______________________________   Micro -  ⃝ NAD or  ⃝ ___________________________ 
  Culture -  ⃝ NAD or   ⃝ ______________________________   Culture -  ⃝ NAD or   ⃝ _________________________ 
  Rotavirus -         ⃝ Detected            ⃝  Not detected   Rotavirus -         ⃝ Detected            ⃝  Not detected 
Blood cultures            
Date Collected  

Date Collected     
   ⃝ gram nega ve bacilli   ⃝ other _________________________   ⃝ gram nega ve bacilli   ⃝ other ________________ 
             
       Procedure Tab          
Date  Please Tick  √ Date   

Please Tick  √   
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
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   ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg    ⃝ Alb 200mg   ⃝ Alb 400mg    ⃝ IV________mg 
Progress Notes Tab          
Date Presentation for (could be more than one condition)      
   ⃝ Men's health check ⃝ Women's health check   ⃝ child health check  ⃝ ATSI health check  ⃝  Chronic condi on review ⃝ Antenatal check 
   ⃝ Infec ous cond on -   ⃝ skin    ⃝ urogenital   ⃝ respiratory  ⃝ ears   ⃝ GIT   ⃝ cardiovascular    
   ⃝ Injury _________________________________      
   ⃝ Other _________________________________      
  Symptoms associated with strongyloidiasis      
  ⃝ cough  ⃝ abdo pain (sore stomach, stomach cramps, epigastric pain, stomach pain) ⃝ diarrhoea (watery diarrhoea, watery stools)  sores)  
  ⃝ ur caria (itchy skin, itchy rash, itchy ⃝ larva currens  ⃝ impaired absorp on/ malnutri on/ was ng (failure to thrive, weight below 3rd percentile)  
Date Presentation for (could be more than one condition)          
   ⃝ Men's health check ⃝ Women's health check   ⃝ child health check  ⃝ ATSI health check  ⃝  Chronic condi on review ⃝ Antenatal check 
   ⃝ Infec ous condtion -   ⃝ skin    ⃝ urogenital   ⃝ respiratory  ⃝ ears   ⃝ GIT   ⃝ cardiovascular    
   ⃝ Injury _________________________________      
   ⃝ Other _________________________________      
  Symptoms associated with strongyloidiasis      
  ⃝ cough  ⃝ abdo pain (sore stomach, stomach cramps, epigastric pain, stomach pain) ⃝ diarrhoea (watery diarrhoea, watery stools)  sores)  
  ⃝ ur caria (itchy skin, itchy rash, itchy ⃝ larva currens  ⃝ impaired absorp on/ malnutri on/ was ng (failure to thrive, weight below 3rd percentile)  
Date Presentation for (could be more than one condition)          
   ⃝ Men's health check ⃝ Women's health check   ⃝ child health check  ⃝ ATSI health check  ⃝  Chronic condi on review ⃝ Antenatal check 
   ⃝ Infec ous cond on -   ⃝ skin    ⃝ urogenital   ⃝ respiratory  ⃝ ears   ⃝ GIT   ⃝ cardiovascular    
   ⃝ Injury _________________________________      
   ⃝ Other _________________________________      
  Symptoms associated with strongyloidiasis      
  ⃝ cough  ⃝ abdo pain (sore stomach, stomach cramps, epigastric pain, stomach pain) ⃝ diarrhoea (watery diarrhoea, watery stools)  sores)  
  ⃝ ur caria (itchy skin, itchy rash, itchy ⃝ larva currens  ⃝ impaired absorp on/ malnutri on/ was ng (failure to thrive, weight below 3rd percentile)  
Progress Notes Tab 

     Date Presentation for (could be more than one condition)          
   ⃝ Men's health check ⃝ Women's health check   ⃝ child health check  ⃝ ATSI health check  ⃝  Chronic condi on review ⃝ Antenatal check 
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   ⃝ Infec ous cond on -   ⃝ skin    ⃝ urogenital   ⃝ respiratory  ⃝ ears   ⃝ GIT   ⃝ cardiovascular    
   ⃝ Injury _________________________________      
   ⃝ Other _________________________________      
  Symptoms associated with strongyloidiasis      
  ⃝ cough  ⃝ abdo pain (sore stomach, stomach cramps, epigastric pain, stomach pain) ⃝ diarrhoea (watery diarrhoea, watery stools)  sores)  
  ⃝ ur caria (itchy skin, itchy rash, itchy ⃝ larva currens  ⃝ impaired absorp on/ malnutri on/ was ng (failure to thrive, weight below 3rd percentile)  
Date Presentation for (could be more than one condition)      
   ⃝ Men's health check ⃝ Women's health check   ⃝ child health check  ⃝ ATSI health check  ⃝  Chronic condi on review ⃝ Antenatal check 
   ⃝ Infec ous condtion -   ⃝ skin    ⃝ urogenital   ⃝ respiratory  ⃝ ears   ⃝ GIT   ⃝ cardiovascular    
   ⃝ Injury _________________________________      
   ⃝ Other _________________________________      
  Symptoms associated with strongyloidiasis      
  ⃝ cough  ⃝ abdo pain (sore stomach, stomach cramps, epigastric pain, stomach pain) ⃝ diarrhoea (watery diarrhoea, watery stools)  sores)  
  ⃝ ur caria (itchy skin, itchy rash, itchy ⃝ larva currens  ⃝ impaired absorp on/ malnutri on/ was ng (failure to thrive, weight below 3rd percentile)  
Date Presentation for (could be more than one condition)          
   ⃝ Men's health check ⃝ Women's health check   ⃝ child health check  ⃝ ATSI health check  ⃝  Chronic condi on review ⃝ Antenatal check 
   ⃝ Infec ous cond on -   ⃝ skin    ⃝ urogenital   ⃝ respiratory  ⃝ ears   ⃝ GIT   ⃝ cardiovascular    
   ⃝ Injury _________________________________      
   ⃝ Other _________________________________      
  Symptoms associated with strongyloidiasis      
  ⃝ cough  ⃝ abdo pain (sore stomach, stomach cramps, epigastric pain, stomach pain) ⃝ diarrhoea (watery diarrhoea, watery stools)  sores)  
  ⃝ ur caria (itchy skin, itchy rash, itchy ⃝ larva currens  ⃝ impaired absorp on/ malnutri on/ was ng (failure to thrive, weight below 3rd percentile)  
       



89 
 

 
 

 
 


