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Strongyloides stercoralis is the most common intestinal nematode in humans, and it 

infects millions of people worldwide. This infection results in asymptomatic chronic 

disease that may remain undetectable. Its unique ability to proliferate within the host can 

cause a hyperinfection syndrome and dissemination of infective larvae in individuals 

with impaired cell-mediated immunity, thus increasing the mortality rate up to 87%. The 

diagnosis of hyperinfection syndrome is difficult to establish and entails a high level of 

suspicion. The main objective of the current study was to identify specific protein 

biomarkers from the excretory/secretory (ES) products of the infective filariform larva 

and from the serum proteins of infected Wistar rats that can be used as diagnostic 

indicators for early hyperinfection syndrome in strongyloidiasis. In this study, S. ratti, 

which is an animal parasite similar to S. stercoralis and commonly used in research 

related to S. stercoralis, was used as a model. Seventy wild rats, Rattus norvegicus, were 

trapped from different locations in the Serdang areas and were brought back to the 

Animal Experimental Unit and Medical Parasitology and Entomology Lab in UPM for 

further examination. S. ratti was detected in 34.2% of the trapped wild rats by using 

different conventional parasitological techniques and this was then reconfirmed by using 

Polymerase chain reaction (PCR) methods. A PCR method targeting the rRNA gene of 

the species of Strongyloides was conducted based on the published universal primers for 

the detection of S. ratti in faecal samples of wild rats. Strongyloides ratti was then 

isolated from the wild rats and new colonies were established and maintained in 

laboratory bred Wistar rats for the continuous supply of S. ratti. Faecal pellets from 

infected Wistar rats were collected and cultured using Modified Faecal Filtration Culture 

technique (MFFC) for the harvesting of high quality and quantity of infective filariform 

larvae (L3) used for this research. An experimental study was performed to induce 

hyperinfection syndrome and dissemination of L3 larvae of S. ratti in experimentally 

immunosuppressed Wistar rats using prednisolone, a corticosteroid immunosuppressive 

drug to validate that the pathological changes that occurred were similar between the 

Wistar rat and human strongyloidiasis. Infected Wistar rats were sacrificed and tissue 

samples were collected for histopathology study. Prednisolone treatment resulted in a 

dramatic increase in the infection intensities as proved by the increased in eggs and 

larval output, and adult recovery that exceeded the inoculated doses. The results of the 

histopathology study showed dissemination of infective filariform larvae mainly in the 

tissues of the lungs and liver because of an increased parasite burden during 
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hyperinfection and disseminated strongyloidiasis. These observations were similar to 

human strongyloidiasis under immunosuppressive or anti-inflammatory regimens, 

including corticosteroid therapies. In this study, the Wistar rats were divided into two 

main groups, the first group was infected with S. ratti but without giving prednisolone 

(non-treated group) and the second group was infected with S. ratti and treated with 

prednisolone (treated group). Excretory/secretory (ES) products from the filariform 

larvae and blood serum from the non-treated Wistar rats and the Wistar rats treated with 

4.5 mg/kg prednisolone were analysed in one-dimensional and two-dimensional gel 

electrophoresis (1D, 2D), LC-MS/MS and MALDI-TOF/TOF MS. A total of 10 protein 

biomarkers were detected as overexpressed from a treated ES product with molecular 

weights ranging from 30-90 kDa and isoelectric points ranging from 3-11, as well as 8 

overexpressed protein biomarkers which were detected from treated Wistar rat sera. 

Relative semi-quantitative real-time PCR (qPCR) with SYBR Green was performed 

using a Mastercycler Realplex to compare the expression level of the detected 

biokmaker’s genes between treated and non-treated groups. These genes were selected 

based on proteomics results and are representing respective protein that have identified 

earlier, in order to validate the related expressed protein biomarkers. Nine related genes 

were identified which showed significantly higher expression levels to the related 

identified biomarkers, whereas one gene (Arg) recorded down regulation in its 

expression. The study concluded that, 18 protein biomarkers were successfully identified 

and could be used as diagnostic biomarkers during early hyperinfection syndrome in 

strongyloidiasis. 
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Strongyloides stercoralis adalah merupakan nematod usus yang biasa terdapat dalam 

manusia, dan ia menjangkiti berjuta-juta manusia di seluruh dunia. Jangkitan ini 

menghasilkan penyakit kronik yang asimptomatik serta sukar untuk dikesan. Keupayaan 

unik parasit ini untuk berkembang dengan sendirinya di dalam perumah boleh 

menyebabkan sindrom jangkitan-hiper dan jangkitan-penyebaran oleh larva infektif pada 

individu yang keimuniti sel-perantara terjejas, justeru itu akan meningkatkan kadar 

kematian sehingga 87%. Diagnosis terhadap jangkitan-hiper sukar dilakukan dan boleh 

menyebabkan diagnosis yang kurang tepat. Objektif utama kajian ini adalah untuk 

mengenal pasti biomarker protein yang spesifik dari produk rembesan/perkumuhan (ES) 

dari larva infektif dan serum tikus Wistar yang boleh digunakan sebagai petanda 

diagnostik untuk mengesan peringkat awal jangkitan-hiper dalam strongiloidiasis. 

Dalam kajian ini, S. ratti yang merupakan parasit dalam haiwan dan hampir sama 

dengan S. stercoralis serta sering digunakan di dalam kajian S. stercoralis telah 

digunakan sebagai model. Tujuh puluh ekor tikus liar, Rattus norvegicus, telah berjaya 

diperangkap dari lokasi berbeza di sekitar Serdang dan dibawa ke Unit Ujikaji Haiwan 

dan Makmal Parasitologi dan Entomologi Perubatan untuk kajian selanjutnya. Sejumlah 

34.2% S. ratti telah dikesan daripada jumlah keseluruhan tikus liar yang telah 

diperangkap menggunakan teknik parasitologi konvensional yang berbeza dan telah 

disahkan dengan menggunakan Reaksi rantai polimerase (PCR). Satu kaedah PCR 

mensasarkan subunit kecil gen rRNA bagi sepsis Strongyloides telah dioptimumkan 

dengan menggunakan primer yang telah diterbitkan untuk mengesan S. ratti di dalam 

tinja tikus liar. Strongyloides ratti kemudiannya diasingkan dari tikus liar dan koloni 

baru telah diwujudkan dan diternak di dalam tikus Wistar untuk mendapatkan bekalan 

berterusan larva infektif S. ratti. Pelet tinja dari tikus Wistar yang telah dijangkiti akan 

dikutip dan dikultur dengan menggunakan teknik Kultur Penapisan Tinja Terubah 

(MFFC) untuk bekalan berkualiti dan berkuantiti tinggi larva infektif filarifom yang 

digunakan dalam kajian ini. Satu kajian telah dilakukan untuk merangsang jangkitan-

hiper dan jangkitan-penyebaran oleh larva L3 S. ratti di dalam tikus Wistar imun-

tertindas melalui penggunaan prednisolone, yang merupakan sejenis ubat perangsang 

imun-tertindas kortikosteroid untuk mengesahkan perubahan patologi yang serupa 

memang berlaku diantara tikus Wistar dan strongiliodiasis pada manusia. Tikus Wistar 

yang dijangkiti telah dikorbankan dan sampel-sampel tisu telah diambil untuk kajian 

histopatologi. Rawatan Prednisolone menyebabkan peningkatan jangkitan yang dramatik 
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melalui pembuktian peningkatan bilangan telur dan penghasilan larva, dan pembentukan 

cacing dewasa yang didapati melebihi dos-dos disuntik asal. Keputusan kajian 

histopatologi menunjukkan penyebaran larva infektif filariform lebih tertumpu dalam 

tisu paru-paru dan hati akibat beban parasit yang meningkat semasa jangkitan-hiper dan 

jangkitan-penyebaran dalam strongiloidiasi.  Pemerhatian ini adalah sama seperti yang 

berlaku di dalam manusia akibat strongiloidiasis akibat penggunaan ubat perangsang 

imun-tertindas, termasuk terapi kortikosteroid. Dalam kajian ini, tikus Wistar telah 

dibahagikan kepada dua kumpulan utama, kumpulan pertama adalah kumpulan yang 

telah dijangkiti dengan S. ratti tetapi tanpa Prednisolone (kumpulan tanpa-rawatan) dan 

kumpulan kedua juga dijangkiti dengan S. ratti termasuk pemberian Prednisolone 

(kumpulan rawatan). Produk rembesan/ perkumuhan (ES) dan serum darah dari tikus 

tanpa-dirawat dan tikus telah dirawat dengan 4.5mg/kg Prednisolone dianalisis 

menggunakan elektroforesis gel dua-dimensi (1D, 2D), LC-MS/MS dan MALDI-

TOF/TOF MS. Sejumlah 10 biomarker protein yang dirembeskan secara berlebihan 

telah dikenal pasti daripada produk ES yang mempunyai berat molekul antara 30-90kDa 

dan titik isoelektrik di antara 3-11, manakala 8 biomarker protein yang dirembeskan 

secara berlebihan telah dikenal pasti dari serum tikus Wistar yang telah dirawat. Relatif-

kuantitatif masa nyata PCR (qPCR) dengan SYBR hijau telah dilakukan menggunakan 

alat Mastercycler Realplex (Eppendorf) untuk membandingkan tahap ekspresi protein 

biomarker yang telah dikenal pasti daripada gen biomarker di antara sampel yang 

dirawat dan tanpa-rawat. Sembilan gen telah dikenal pasti menunjukkan tahap ekspresi 

yang tertinggi, manakala satu gen (Arg) mencatatkan nilai ekspresi yang terendah. 

Kesimpulan hasil kajian menunjukan, 18 biormarker protein telah berjaya dikenal pasti 

dan mungkin dapat digunakan sebagai petanda diagnostik semasa mengesan jangkitan-

hiper pada peringkat awal dalam strongiloidiasis. 
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CHAPTER 1 

  

 

GENERAL INTRODUCTION 

 

 

Nematodes are successful, widely distributed parasites, many of which evolved a 

parasitic life cycle as pathogens of human and animals. Hundred millions of persons 

are currently infected in the world (Kramme et al., 2011). The vast majority among 

the poorest world countries and 3.5 million are exposed to these parasites mostly due 

to gastrointestinal nematodes (Hotez, 2008). 

 

The genus Strongyloides consist of more than 40 species of helminth parasites of 

human, birds, amphibians and reptile hosts, whereas the majority are parasites of 

domesticated mammals, include dogs, cats and livestock (Dorris et al., 2002). 

Human infections with the nematode S. stercoralis are frequent in poor hygienic 

areas and in humid and warm environment. It is widespread in tropical and 

subtropical areas. However, it may present in temperate countries with favourable 

conditions. S. stercoralis infection can be also identified in non-endemic countries 

due to the migration and travel. The infection is more common in migrants than in 

travellers (Bethony et al., 2006). Strongyloides stercoralis infection belongs to the 

heterogeneous group of under-researched neglected tropical diseases (NTDs) 

(Feasey et al., 2010; Vanderelst & Speybroeck, 2010) with no available burden 

estimation (Utzinger et al., 2009) mainly due to the lack of accurate diagnostic tools 

which obviously explains the often unsatisfactory epidemiological mapping of 

strongyloidiasis (Bergquist et al., 2009; Johansen et al., 2010).  

 

An estimatimation of  30-100 million infection with S. stercoralis worldwide. 

However, little information is available about emerging consequences in endemic 

areas and the epidemiological data are scarce in tropical countries. The higher 

suspicion index of S. stercoralis infection is potentially improves the early diagnosis 

and effective treatment (Becker et al., 2011; Knopp et al., 2009). 

 

 

Life cycle 

 

Strongyloides stercoralis has a complicated life cycle, adult parasitic females are the 

parasitic phase which live embedded inside the small intestine mucosa. The eggs 

produced and released by these parasitic females are passed out of the host body 

with the excreted stools. In the external environment, the eggs can be developed in 

two ways: homogonic (direct or parasitic) and heterogonic (indirect life cycles or 

free-living generation). In homogonic cycle, rhabditiform larvae moult twice into 

infective filariform larvae (iL3s), which able to infect a new host through skin 

penetration. The filariform larvae are developmentally arrested stage and no further 

development occurs until they encounter a new host. In heterogonic cycle on the 

other hand, rhabditiform larvae (L2) of the second-stage moult through four larval 

stages and develop into free-living L3 and L4 stages to mature as free-living adult 

females and males. Free-living females and males mate and reproduce sexually in 

the environment to produce eggs which will develop into the infective L3 as occurs 

in the homogonic cycle. These larvae from both cycles may infect a new host, and 
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during migration through the host's body, they moult twice to L4 stage and adult 

parasitic females dwell in the gut. They start producing eggs, which pass to stool, 

and the direct and indirect cycle will repeat again (Santos & Merlini, 2010; Viney, 

1999) (Figure 1.1).  

 

 

 
Figure 1.1: Strongyloides stercoralis life cycle (CDC,  http://www.cdc.gov). 

 

 

Symptoms 

 

The most common signs of symptomatic strongyloidiasis include lower abdominal 

pain, vomiting, intermittent or persistent diarrhoea, fever, indigestion, rash, anal 

pruritus, malabsorption, cramping constipation, weight loss, gastrointestinal 

ulceration, perforation, or obstruction, and haematemesis. Some patients may suffer 

from asthma-like cough and wheezing. Peripheral eosinophilia may often be the first 

sign of this parasitic infection (Koczka et al., 2012). A recent information through 

questionnaires and evaluations of stool samples indicated that the persons infected 

with strongyloidiasis were more likely to complain of stomach aches (Becker et al., 

2011). Based on the evaluations of the gastrointestinal tract pathogenesis, there is a 

lack of lesions in the mucosa in most infections, which usually becomes apparent in 

severe cases. These changes represent an inflammatory response which includes 

congestive catarrhal enteritis to edematous and ulcerative enteritis. A bothersome 

symptom and nonspecific urticaria were a very frequent finding (Krolewiecki et al., 

2013).  
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Immunity 

 

Parasitic infections represent a competition between the parasites and their hosts. 

The important difference between parasites of vertebrates and free-living organisms 

is that the parasites dwell inside their hosts and therefore must survive in the face of 

a complicated immnity directed against them (Wakelin, 1996). The most important 

test for the parasites is how to invade their host challenges and to successfully 

migrate to their final destination. This process usually requires passing through host 

tissues, basement membranes, extracellular matrices, and blood or lymph vessel 

walls. Parasites often produce an array of substances that can interfere with the 

host´s immune system (Nagaraj et al., 2008). The ability of helminths to modulate 

the defence system supports their longevity in their host (Yazdanbakhsh et al., 

2002). This modulation mechanism is most likely caused by releasing of soluble 

mediator molecules which degrade, ligate or interact with certain cells of host 

immune system (Hewitson et al., 2009). The main expressed and secreted substances 

from nematodes are proteases, protease inhibitors, antioxidants and orthologs of host 

cytokines and their receptor molecules which modulate host immune responses 

(Bungiro & Cappello, 2005; Younis, 2011). 

 

During innate and adaptive immune response, eosinophils and antibodies play 

important role in the immune system against S. stercoralis larvae (Mir et al., 2006; 

Satoh et al., 2004). S. stercoralis antigens activate eosinophils; induce the expression 

of major histocompatibility complex (MHC II) and T-cell co stimulatory molecules. 

T cells can be stimulated by these eosinophils for antigen-specific immune response. 

Eosinophils are also believed to play a role as antigen presenting cells (APCs) for the 

induction of the primary and secondary T-helper 2 (Th2) immune responses to S. 

stercoralis (Padigel et al., 2006) which represents a link between innate and adaptive 

immune responses. Both neutrophils and eosinophils were reported to have an 

essential role in protective innate immunity. However, only neutrophils are essential 

to produce a protective adaptive immune response against the larvae of S. stercoralis 

(Galioto et al., 2006). In severe strongyloidiasis individuals, eosinophils levels were 

reported to be lower than that of asymptomatic individuals. Thus, eosinophils may 

play a key role in preventing S. stercoralis infection (Iriemenam et al., 2010). 

 

Acquired immunity has been found to develop in patients against S. stercoralis 

infection, related to the development of antibody responses to the infection 

(Iriemenam et al., 2010). Furthermore, this acquired protective immunity against the 

infection has been widely described in laboratory animal models (Bonne-Année et 

al., 2011). However, the nematode longevity in humans argues that the parasite 

burden could be limited by the host immune response, but it is not a sufficient 

response to eliminate parasitic infection. 

 

Experimental studies have demonstrated that eosinophils have an essential role in 

protective mechanism against S. stercoralis along with the cellular and humoral 

immunity, but the mechanism regulating eosinophils are still not known (Mir et al., 

2006).  

 

The immune response against S. stercoralis is necessary for control of infection and 

the prevention of hyperinfection (Iriemenam et al., 2010). High level of protective 

antibody dependent immunity was the result of immunisation of experimental mice 
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with live larvae of S. stercoralis (Kerepesi et al., 2004). Furthermore, immunised 

mice with soluble proteins extracted from the S. stercoralis larval stage also 

produced antibody-dependent protective immune response. Using antibodies from 

these protected mice, protective S. stercoralis antigens were isolated by affinity 

purification. These antigens, were then pooled and used to induce a significant 

protective immunity, with 83% reduction of the challenged larvae. Antibodies from 

humans with S. stercoralis chronic infection were also capable of killing S. 

stercoralis larvae.  

 

Mice immunised with recognised antigens by a protective human IgG showed a 76% 

reduction in larval survival. The IgG pool was then used to test specific vaccine 

candidates. Three of which (Ss-EAT-6, and Ss-LEC-5 and SsTMY-1) could be 

characterised at a molecular level. One of them (Ss-EAT-6) induced a 35% larval 

survival reduction when tested in DNA-based immunisation protocols. Serum 

samples from immunised mice with the DNA encoding Ss-EAT-6 was effective to 

transfer this partial immunity (Kerepesi et al., 2005). 

 

 

Hyperinfection and Dissemination 

 

Strongyloidiasis autoinfection is an essential characteristic feature of S. stercoralis 

life cycle. Instead of shedding in the human faeces, the first stage rhabditiform larvae 

(L1) molt twice inside the host and become filariform larvae which can penetrate the 

human intestine or perianal skin and disseminate to different organs of the host body, 

causing hyperinfection syndrome, dissemination infection which involves other 

organs (Vadlamudi et al., 2006).  

 

Human T cell lymphotropic virus 1 (HTLV-1) represents an important risk factor for 

the accelerating of hyperinfection syndrome or disseminated strongyloidiasis. High 

rates of strongyloidiasis hyperinfection were documented in HTLV-1 patients (Mejia 

& Nutman, 2012). Those Patients are especially susceptible to hyperinfection and 

disseminated cases and are likely to experience failure of standard therapy (Roxby et 

al., 2009). The long-lasting vitamin B deficiency was also proposed to be the 

predisposing factor for hyperinfection in some cases (Marathe & Date, 2008). 

 

Surprisingly, hyperinfection syndrome is not common in HIV positive patients 

(Keiser & Nutman, 2004). One of the hypotheses suggesting that HIV- associated 

immunodeficiency suppresses larval form development in the gut, preventing 

autoinfection (Viney et al., 2004). Nevertheless, HIV infected patients remain at risk 

of hyperinfection, as they could receive corticosteroids for a variety of conditions 

such as Pneumocystis jiroveci pneumonia, extrapulmonary tuberculosis, and 

thrombocytopenia and furthermore, HIV patients can be coinfected with HTLV type 

I which increases the risk of having the hyperinfection syndrome (Karp & 

Auwaerter, 2007). 

 

Massive infections with S. stercoralis may cause life-threatening risks with intestinal 

obstruction, meningitis, pneumonia and septicaemia. The mortality rate of 

disseminated strongyloidiasis has been recorded to be as high as 87% and 50% 

mortality despite therapy, with poor outcome in patients with hyperinfection (Al 

Maslamani et al., 2009). Disseminated strongyloidiasis is usually associated with 
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opportunistic bacterial infections. Penetration of tissues by large numbers of larvae 

often associated with microbial sepsis as these larvae carry organisms during their 

transmural migration across the intestinal wall reaching to the bloodstream (Mejia & 

Nutman, 2012). Bacterial infections of gastrointestinal S. stercoralis are rarely 

reported in the absence of dissemination (Al-Hasan et al., 2007). Some 

microorganisms were reported to be the causative agents of sepsis in these patients, 

which include group Streptococci, Candida; Streptococcus bovis, Klebsiella 

pneumonia, Escherichia coli, Pseudomonas sp., Proteus mirabilis, Enterococcus 

faecalis, S. pneumonia and coagulase-negative staphylococci. The risk of microbial 

sepsis is increased when the patient is under immunosuppressive therapy (Mejia & 

Nutman, 2012).  

 

 

Diagnosis 

 

Diagnosis of S.stercoralis relies on detection and identification of the eggs and 

rhabditiform larvae in the stool using number of conventional techniques including 

faecal direct smear stained with Lugol iodine, Harada-Mori filter paper culture, 

Baermann concentration, and agar plate cultures. However, in most light cases of 

strongyloidiasis, the intestinal parasite load is very low and the emerging of the eggs 

and rhabditiform larvae is minimal; therefore, many uncomplicated and chronic 

infections are missed. The majority of the difficulties posed in the evaluation of 

infections and consequences S. stercoralis result from the challenging aspects of the 

diagnosis. Kato Katz technique and McMaster slide are both methods to quantitate 

eggs in the faeces, but could not detect rhabditiform larvae. A new development 

FLOTAC, an improvement of the McMaster technique, focused only on egg 

detection and failed to identify the presence of rhabditiform larvae in stool samples 

(Glinz et al., 2010). The most commonly used diagnostic techniques are currently 

the Harada Mori methods and Baermann funnels. However, their sensitivity is not 

optimal.  The agar plate culture (APC) method is more accurate, but also more 

expensive, time consuming and laborious (Siddiqui & Berk, 2001). 

 

Low burden of larval stages in faecal samples in chronic strongyloidiasis negatively 

affects the performance of standard techniques. In more than 65% of cases, there 

were ≤25 rhabditiform larvae per gram (LPG) of faecal samples. It has been 

demonstrated that a single stool examination insufficient to identify larvae in 

approximately two-third of the cases studied. Repeating of stool specimen 

examinations increases the probability of parasite detecting. Diagnostic sensitivity 

can approach 50% and 100% rising if 3 and 7 serial stool samples are examined 

respectively (Montes et al., 2010; Nielsen & Mojon, 1987; Pelletier 1984). 

 

The count peripheral blood eosinophils are not an accurate indicator of parasitic 

infection. Eosinophilia is a common finding in the chronic stage of S. stercoralis 

patients, but in the immunocompromised individuals (patients receiving 

immunosuppressant therapy or with hyperinfection syndrome), the eosinophils count 

are unreliable (Al-Hasan et al., 2007); because they usually show a suppressed 

eosinophils count (Keiser & Nutman, 2004), Nevertheless; individuals who have a 

high level of peripheral eosinophilia during hyperinfection seem to have a better 

prognosis (Marathe & Date, 2008).  
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Serological diagnostic assays can simplify and overcome the poor sensitivity of S. 

stercoralis detection when single stool sample is examined. These assays performed 

for diagnosis of individual infections as well as  for defining the disease prevalence 

at the community level (Ramanathan & Nutman, 2008). The enzyme-linked 

immunosorbent assay (ELISA) uses crude somatic antigen extract of Strongyloides 

to measures IgG responses in the patient‘s serum. The disadvantage of this technique 

is the time required to mount an immune response (4-6 weeks) and can also show 

false negative results in acute infections (Krolewiecki et al., 2010). The test may 

continue to be positive for extended periods of time after the case treatment. 

Furthermore, cross-reactivity was reported in patients with active filarial infections 

(Ramanathan & Nutman, 2008). 

 

Recombinant antigen-based assays introduced as an attractive alternative to the use 

of Strongyloides crude antigen which requires the maintenance of the nematode in 

the laboratory animals such as dogs and gerbils with chronic infections or stool 

collections from infected persons for antigen preparation. This  recent technique can 

produce specific antigens in large quantities. Evaluation of NIE recombinant antigen 

(31kDa) revealed high specifity of strongyloidiasis detection and no cross-reactivity 

with other Soil-transmitted helminths (STH) was reported. The technique  

demonstrated an improvement in the test sensitivity compared to stool evaluations 

based on a single stool examination (Krolewiecki et al., 2010). 

 

 

Treatment 

 

Drugs include albendazole, mebendazole, pyrantel/oxantel levamisole, and 

benzimidazoles are recommended for use in large scale interventions to treat and 

control STH infections. However, they are not effective against S. stercoralis 

infection, at least in single doses as recommended for preventive chemotherapy 

interventions (Albonico et al., 2008). The unique life cycle of S. stercoralis due to  

the ability of the worm  to reproduce inside a human host, leads to treatment failure 

with these common drugs (Krolewiecki et al., 2013). Drug such as albendazole with 

approximately 40% of cure rates with single-dose regimens for STH is unsatisfactory 

option for strongyloidiasis (Keiser & Utzinger, 2008).  

 

Ivermectin, the standard drug for strongyloidiasis treatment, showed superior 

efficacy in comparison to thiabendazole (Bisoffi et al., 2011). This drug has a well 

determined safety profile during widespread use in lymphatic filariasis and 

onchocerciasis control programs . It is however limited in paediatric populations, 

restricting its use according to different criteria of weight, age, and/or height. The 

reason behind this is related to the potential toxicity of the central nervous system 

seen in some patients. Ivermectin also is not recommended in pregnancy period and 

the first week postpartum. Emerging data suggest that this drug could be a 

component of a combination regimen with albendazole or mebendazole in the 

treatment of T. trichiura (Knopp et al., 2010). Despite the widespread use of 

ivermectin in many countries endemic for onchocerciasis, lymphatic filariasis and 

other STH, very few studies have focused on the impact of those interventions on S. 

stercoralis in co-endemic infection areas (Knopp et al., 2009).  
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The response to anti-helminthic drugs depends on a competent immune system and 

no response has been reported using multiple courses of commonly used drugs 

(Thiabendazole and ivermectin) in immunosuppressed hosts (Amornvipas et al., 

2010).  

 

The difficulty of strongyloidiasis treatment is that the truly effective drug must 

completely eradicate this disease by killing every autoinfective L3 larvae which  

only removes the threat of potentially serious disease. These larvae are often 

resistant to most chemical agents in contrary to the common helminth infections. The 

treatment is considered sufficient if a nematode burden is below the level at which 

clinical disease develops. In S. stercoralis, however, the poor sensitivity of the 

diagnostic stool examination makes it more difficult to detect the treatment efficacy, 

because the positive findings of a follow-up stool examination must be the basis of 

the successful cure (Siddiqui & Berk, 2001). 

 

 

Control 

 

Parasitic diseases can be widely controlled in the developed countries by effective 

public sanitation and primary health care programs. However, in these countries, 

some parasitic diseases including human strongyloidiasis are still widespread and 

chemotherapy treatment does not protect and control the rapid reinfection (Tazir, 

2009). The basis for the control of strongyloidiasis is the information available on 

the impact of this disease on the quality of life impaired in endemic areas instead of 

only in travellers (Becker et al., 2011). The distribution map of strongyloidiasis in 

population based on the epidemiologic studies showed similar distribution as 

hookworms in adolescents, remaining stable in adults. Some studies have 

demonstrated that there is no gender difference. However, others have demonstrated 

it more prevalent in males, possibly due to differential exposure (Krolewiecki et al., 

2011).  

 

 

Strongyloides ratti 

 

Strongyloides stercoralis can successfully be maintained in gerbils (Nolan et al., 

1999) and dogs (Lok, 2007), but does not develop beyond the filariform larvae in 

mice (Hartmann et al., 2012). The use of gerbils and dogs  is costly and represents an 

ethical concern. The rat nematode S. ratti is an ideal parasite to work with in the 

laboratory in comparison to S. stercoralis. The experimental infections with this 

nematode have been used to model the complete life cycle in mice. Strongyloides 

ratti, has direct and indirect life cycle, and in indirect phase there is no insect vector 

required to complete the cycle. The absence of an insect vector allows study the 

nematode genes and their protein products by comparing the life cycle stages at the 

molecular level which is necessary in the processing the nematode infection or in its 

survival within the host (Grove, 1989) .  

 

Strongyloides stercoralis does not mature to the adult stage in small laboratory 

animals such as the Wistar rat and therefore several researchers suggested that S. 

ratti, a natural parasite of rats can be used as a model for human strongyloidiasis in 

most experimental investigations due to its similarity in morphology and life cycle 
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(Abadie, 1963) and antigenic composition (Li et al., 2006) with S. stercoralis. 

However, it was uncertain as to whether hyperinfective or disseminated 

strongyloidiasis occur in murine infection of S. ratti. Furthermore, there was no 

indication of naturally occurring hyperinfection or dissemination in the published 

studies, and all the reported cases only deal with human strongyloidiasis. 

 

The presence of both direct and indirect developments in S. ratti life cycle provides a 

powerful tool to explore the genetic variations associated with the evolution of 

helminth parasitism (Mello et al., 2009). 

 

 

Aim of study 

 

Alteration the fatal course of S. stercoralis infection can be achieved by early 

detection of hyperinfection strongyloidiasis (Agrawal et al., 2009); thus, there is 

rising need to develop sensitive and specific diagnostic test for early diagnosis of this 

stage of S. stercoralis infection even in patients with no clinical symptoms of 

immunosuppression, to avoid long suffering and the peril of serious, life-threatening 

hyperinfection. 

 

 

Objectives 

 

 

General objective 

 

To identify biomarkers associated with the early hyperinfection syndrome of 

strongyloidiasis in animal models.  

 

 

Specific objectives 

 

1: To isolate and identify S. ratti from wild rat using conventional and molecular 

methods. 

 

2: To induce the hyperinfection syndrome of strongyloidiasis in animal models. 

 

3: To identify specific protein biomarkers secreted by the filariform larva during 

hyperinfection syndrome in 1D and 2D gel electrophoresis. 

 

4: To analyse and validate the gene expressions of the identified biomarkers at 

transcriptomic level using quantitative real time PCR. 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

105 

 
  

REFERENCES 

 

 

Abadie, S. H. (1963). The life cycle of Strongyloides ratti. The Journal of 

Parasitology, 241-248. 

 

Abdelrahman, M., Zeehaida, M., Rahmah, N., Norsyahida, A., Madihah, B., Azlan, 

H., & Nazlee, W. (2012). Fatal septicemic shock associated with 

Strongyloides stercoralis infection in a patient with angioimmunoblastic 

T-cell lymphoma: a case report and literature review. Parasitology 

International, 61(3), 508-511. 

 

Abraham, D., Hess, J. A., Mejia, R., Nolan, T. J., Lok, J. B., Lustigman, S., & 

Nutman, T. B. (2011). Immunization with the recombinant antigen Ss-IR 

induces protective immunity to infection with Strongyloides stercoralis in 

mice. Vaccine, 29(45), 8134-8140. 

 

Adjei, A., Lartey, M., Adiku, T., Rodrigues, O., Renner, L., Sifah, E., Mensah, J., 

Akanmori, B., Otchere, J., & Bentum, B. (2004). Cryptosporidium oocysts 

in Ghanaian AIDS patients with diarrhoea. East African Medical Journal, 

80(7), 369-372. 

 

Aebersold, R., & Mann, M. (2003). Mass spectrometry-based proteomics. Nature, 

422(6928), 198-207. 

 

Agostino, M. (2012). Introduction to the BLAST Suite and BLASTN. Practical 

Bioinformatics, 47-72. 

 

Agrawal, V., Agarwal, T., & Ghoshal, U. C. (2009). Intestinal strongyloidiasis: a 

diagnosis frequently missed in the tropics. Transactions of the Royal 

Society of Tropical Medicine and Hygiene, 103(3), 242-246. 

 

Ahmad, A. F., Hadip, F., Ngui, R., Lim, Y. A., & Mahmud, R. (2013). Serological 

and molecular detection of Strongyloides stercoralis infection among an 

Orang Asli community in Malaysia. Parasitology Research, 112(8), 2811-

2816. 

 

Ahmed, A., Al-Mekhlafi, H. M., Choy, S. H., Ithoi, I., Al-Adhroey, A. H., 

Abdulsalam, A. M., & Surin, J. (2011). The burden of moderate-to-heavy 

soil-transmitted helminth infections among rural malaysian aborigines: an 

urgent need for an integrated control programme. Parasit Vectors, 4, 242. 

 

Aini, U. N., Al-Mekhlafi, M. H., Azlin, M., Shaik, A., Sa'Iah, A., Fatmah, M., 

Ismail, M., Firdaus, M. A., Aisah, M., & Rozlida, A. (2007). Serum iron 

status in Orang Asli children living in endemic areas of soil-transmitted 

helminths. Asia Pacific Journal of Clinical Nutrition, 16(4), 724-730. 

 

Al-Delaimy, A. K., Al-Mekhlafi, H. M., Nasr, N. A., Sady, H., Atroosh, W. M., 

Nashiry, M., Anuar, T. S., Moktar, N., Lim, Y. A., & Mahmud, R. (2014). 

Epidemiology of intestinal polyparasitism among Orang Asli school 



© C
OPYRIG

HT U
PM

106 

 
  

children in rural Malaysia. PLoS Neglected Tropical Diseases, 8(8), 

e3074.  

 

Al-Hasan, M. N., McCormick, M., & Ribes, J. A. (2007). Invasive enteric infections 

in hospitalized patients with underlying strongyloidiasis. American 

Journal of Clinical Pathology, 128(4), 622-627. 

 

Al-Mekhlafi, M., Atiya, A., Lim, Y., Mahdy, A., Ariffin, W., Abdullah, H. C., & 

Surin, J. (2007a). An unceasing problem: soil-transmitted helminthiases in 

rural Malaysian communities. Southeast Asian Journal of Tropical 

Medicine and Public Health, 38(6), 998-1007. 

 

Al-Mekhlafi, M., Azlin, M., Nor Aini, U., Shaikh, A., Sa'iah, A., Fatmah, M., Ismail,  

M., Firdaus, M., Aisah, M., & Rozlida, A. (2006). Prevalence and 

distribution of soil-transmitted helminthiases among Orang Asli children 

living in peripheral Selangor, Malaysia. Southeast Asian Journal Tropical 

Medical Public Health,37(1), 40-47. 

 

Al-Mekhlafi, M. H., Azlin, M., Aini, U. N., Shaik, A., Sa‘iah, A., & Norhayati, M. 

(2007b). Prevalence and predictors of low serum retinol and 

hypoalbuminaemia among children in rural Peninsular Malaysia. 

Transactions of the Royal Society of Tropical Medicine and Hygiene, 

101(12), 1233-1240. 

 

Al-Mekhlafi, M. H., Surin, J., Atiya, A., Ariffin, W., Mahdy, A. M., & Abdullah, H. 

C. (2008). Pattern and predictors of soil-transmitted helminth reinfection 

among aboriginal schoolchildren in rural Peninsular Malaysia. Acta 

Tropica, 107(2), 200-204. 

 

Al Maslamani, M. A., Al Soub, H. A., Al Khal, A. L. M., Al Bozom, I. A., Khattab, 

M. J. A., & Chacko, K. C. (2009). Strongyloides stercoralis hyperinfection 

after corticosteroid therapy: a report of two cases. Annals of Saudi 

Medicine, 29(5), 397. 

 

Albonico, M., Allen, H., Chitsulo, L., Engels, D., Gabrielli, A.-F., & Savioli, L. 

(2008). Controlling soil-transmitted helminthiasis in pre-school-age 

children through preventive chemotherapy. PLoS Negled Tropical 

Diseases, 2(3), e126. 

 

Allen, J. E., & Maizels, R. M. (2011). Diversity and dialogue in immunity to 

helminths. Nature Reviews Immunology, 11(6), 375-388. 

 

Alver, O., Ozakin, C., Yilmaz, E., Akçağlar, S., & Töre, O. (2004). Evaluation of the 

distribution of intestinal parasites in the Uludag University Medical 

Faculty during a period of eight years.. Turkiye parazitolojii 

dergisi/Turkiye Parazitoloji Dernegi Acta parasitologica Turcica/Turkish 

Society for Parasitology, 29(3), 193-199. 

 

http://www.ncbi.nlm.nih.gov/pubmed/16771211
http://www.ncbi.nlm.nih.gov/pubmed/16771211
http://www.ncbi.nlm.nih.gov/pubmed/16771211
http://www.ncbi.nlm.nih.gov/pubmed/16771211


© C
OPYRIG

HT U
PM

107 

 
  

Amornvipas, P., Nattee, P., Chongsrisawat, V., Pongpunlert, W., Wisedopas, N., & 

Poovorawan, Y. (2010). Overwhelming strongyloidiasis. Asian 

Biomedicine, 3(5), 531-536. 

 

Anderson, N. L. (2010). The clinical plasma proteome: a survey of clinical assays for 

proteins in plasma and serum. Clinical Chemistry, 56(2), 177-185. 

 

Anderson, N. W., Klein, D. M., Dornink, S. M., Jespersen, D. J., Kubofcik, J., 

Nutman, T. B., Merrigan, S. D., Couturier, M. R., & Theel, E. S. (2014). 

Comparison of three immunoassays for detection of antibodies to 

Strongyloides stercoralis. Clinical and Vaccine Immunology, 21(5), 732-

736. 

 

Aoyama, H., Hirata, T., Sakugawa, H., Watanabe, T., Miyagi, S., Maeshiro, T., 

Chinen, T., Kawane, M., Zaha, O., & Nakayoshi, T. (2007). An inverse 

relationship between autoimmune liver diseases and Strongyloides 

stercoralis infection. The American Journal of Tropical Medicine and 

Hygiene, 76(5), 972-976. 

 

Arakaki, T. (1988). A new method to detect Strongyloides stercoralis from human 

stool. Japanese Journal Tropical Medical Hygiene, 16, 87-90. 

 

Arata, Y., Akimoto, Y., Hirabayashi, J., Kasai, K.-I., & Hirano, H. (1996). An 

immunohistochemical study of the 32-kDa galectin (β-galactoside-binding 

lectin) in the nematode Caenorhabditis elegans. The Histochemical 

Journal, 28(3), 201-207.  

Ardic, N. (2009). An overview of Strongyloides stercoralis and its infections. 

Mikrobiyoloji Bulteni, 43(1), 169-177. 

 

Arenas-Pinto, A., Certad, G., Ferrara, G., Castro, J., Bello, M., & Nunez, L. (2003). 

Association between parasitic intestinal infections and acute or chronic 

diarrhoea in HIV-infected patients in Caracas, Venezuela. International 

Journal of STD & AIDS, 14 (7), 487-492. 

 

Armstrong, P. B., & Quigley, J. P. (1999). α 2-macroglobulin: an evolutionarily 

conserved arm of the innate immune system. Developmental & 

Comparative Immunology, 23(4), 375-390. 

 

Asma, I., Johari, S., Benedict, L., Sim, L., & Lim, Y. (2011). How common is 

intestinal parasitidm in HIV-infected patients in Malaysia? Tropical 

Biomedicine, 28 (2), 400-410. 

 

Assefa, S., Erko, B., Medhin, G., Assefa, Z., & Shimelis, T. (2009). Intestinal 

parasitic infections in relation to HIV/AIDS status, diarrhea and CD4 T-

cell count. BMC Infectious Diseases, 9(1), 155. 

 

Atkins, N., Conway, D., Lindo, J., Bailey, J., & Bundy, D. (1999). L3 antigen-

specific antibody isotype responses in human strongyloidiasis: correlations 

with larval output. Parasite Immunology, 21 (10), 517. 

 



© C
OPYRIG

HT U
PM

108 

 
  

Azira, N., MZ, A. R., & Zeehaida, M. (2013). Review of patients with Strongyloides 

stercoralis infestation in a tertiary teaching hospital, Kelantan. The 

Malaysian Journal of Pathology, 35(1), 71-76. 

 

Azira, N., & Zeehaida, M. (2010). Strongyloides stercoralis hyperinfection in a 

diabetic patient: case report. Tropical Biomedicine, 27(1), 115-119. 

 

Baaten, G., Sonder, G., Zaaijer, H. L., van Gool, T., Kint, J. A., & van den Hoek, A. 

(2011). Travel-related dengue virus infection, the Netherlands, 2006-2007. 

Emerging Infectious Diseases, 17(5), 821-828.  

 

Baermann, G. (1917). Eine einfache methode zur auffindung von ankylostomum 

(Nematoden) larven in erdproben. Geneeskunding Tijdschrift voor 

Nederlandsch-Indië, 57, 131-137. 

 

Balagopal, A., Mills, L., Shah, A., & Subramanian, A. (2009). Detection and 

treatment of Strongyloides hyperinfection syndrome following lung 

transplantation. Transplant Infectious Disease, 11(2), 149-154. 

 

Balan, V., Nangia-Makker, P., & Raz, A. (2010). Galectins as cancer biomarkers. 

Cancers, 2(2), 592-610. 

 

Bamias, G., Toskas, A., Psychogiou, M., Delladetsima, I., Siakavellas, S. I., 

Dimarogona, K., & Daikos, G. L. (2010). Strongyloides hyperinfection 

syndrome presenting as enterococcal meningitis in a low-endemicity area. 

Virulence, 1(5), 468-470. 

 

Banerjee, D., Deb, R., Dar, L., Mirdha, B. R., Pati, S. K., Thareja, S., Falodia, S., & 

Ahuja, V. (2009). High frequency of parasitic and viral stool pathogens in 

patients with active ulcerative colitis: report from a tropical country. 

Scandinavian Journal of Gastroenterology, 44(3), 325-331. 

 

Banks, R., Evans, S., Van Leuven, F., Alexander, D., McMahon, M., & Whicher, J. 

(1990). Measurement of the ‗fast‘or complexed form of α 2 macroglobulin 

in biological fluids using a sandwich enzyme immunoassay. Journal of 

Immunological Methods, 126(1), 13-20. 

 

Barker, E., Mackewicz, C. E., & Levy, J. A. (1995). Effects of TH1 and TH2 

cytokines on CD8+ cell response against human immunodeficiency virus: 

implications for long-term survival. Proceedings of the National Academy 

of Sciences, 92(24), 11135-11139. 

 

Barrett, A. J., & Starkey, P. M. (1973). The interaction of alpha 2-macroglobulin 

with proteinases. Characteristics and specificity of the reaction, and a 

hypothesis concerning its molecular mechanism. Biochemistry Journal, 

133, 709-724. 

 

Barrionuevo, P., Beigier-Bompadre, M., Ilarregui, J. M., Toscano, M. A., Bianco, G. 

A., Isturiz, M. A., & Rabinovich, G. A. (2007). A novel function for 

galectin-1 at the crossroad of innate and adaptive immunity: galectin-1 



© C
OPYRIG

HT U
PM

109 

 
  

regulates monocyte/macrophage physiology through a nonapoptotic ERK-

dependent pathway. The Journal of Immunology, 178(1), 436-445. 

 

Basuni, M., Mohamed, Z., Ahmad, M., Zakaria, N., & Noordin, R. (2012). Detection 

of selected intestinal helminths and protozoa at Hospital Universiti Sains 

Malaysia using multiplex real-time PCR. Tropical Biomedicine, 29(3), 

434-442. 

 

Basuni, M., Muhi, J., Othman, N., Verweij, J. J., Ahmad, M., Miswan, N., 

Rahumatullah, A., Aziz, F. A., Zainudin, N. S., & Noordin, R. (2011). A 

pentaplex real-time polymerase chain reaction assay for detection of four 

species of soil-transmitted helminths. The American Journal of Tropical 

Medicine and Hygiene, 84(2), 338-343.  

 

Baudin, B. (2012). Two-Dimensional Gel Electrophoresis (2-DE): INTECH Open 

Access Publisher. 

 

Becker, S. L., Sieto, B., Silué, K. D., Adjossan, L., Koné, S., Hatz, C., Kern, W. V., 

N‘Goran, E. K., & Utzinger, J. (2011). Diagnosis, clinical features, and 

self-reported morbidity of Strongyloides stercoralis and hookworm 

infection in a co-endemic setting. PLoS Neglected Tropical Diseases, 5(8), 

e1292. 

 

Béla, S. R., Silva, D. A. O., Cunha-Júnior, J. P., Pirovani, C. P., Chaves-Borges, F. 

A., de Carvalho, F. R., de Oliveira, T. C., & Mineo, J. R. (2008). Use of 

SAG2A recombinant Toxoplasma gondii surface antigen as a diagnostic 

marker for human acute toxoplasmosis: analysis of titers and avidity of 

IgG and IgG1 antibodies. Diagnostic Microbiology and Infectious 

Disease, 62(3), 245-254. 

 

Bellafiore, S., Shen, Z., Rosso, M.-N., Abad, P., Shih, P., & Briggs, S. P. (2008). 

Direct identification of the Meloidogyne incognita secretome reveals 

proteins with host cell reprogramming potential. PLoS Pathogens, 4(10), 

e1000192. 

 

Ben-Youssef, R., Baron, P., Edson, F., Raghavan, R., & Okechukwu, O. (2005). 

Stronglyoides stercoralis infection from pancreas allograft: case report. 

Transplantation, 80(7), 997-998. 

 

Bennuru, S., Semnani, R., Meng, Z., Ribeiro, J., Veenstra, T. D., & Nutman, T. B. 

(2009). Brugia malayi excreted/secreted proteins at the host/parasite 

interface: stage-and gender-specific proteomic profiling. PLoS Neglected 

Tropical Diseases, 3(4), e410. 

 

Bergquist, R., Johansen, M. V., & Utzinger, J. (2009). Diagnostic dilemmas in 

helminthology: what tools to use and when? Trends in parasitology, 25(4), 

151-156.  

 



© C
OPYRIG

HT U
PM

110 

 
  

Bethony, J., Brooker, S., Albonico, M., Geiger, S. M., Loukas, A., Diemert, D., & 

Hotez, P. J. (2006). Soil-transmitted helminth infections: ascariasis, 

trichuriasis, and hookworm. The Lancet, 367(9521), 1521-1532. 

 

Van Bezooijen, J. (2006). Methods and techniques for nematology: Wageningen 

University Wageningen. 

 

Biggs, B.-A., Caruana, S., Mihrshahi, S., Jolley, D., Leydon, J., Chea, L., & Nuon, S. 

(2009). Management of chronic strongyloidiasis in immigrants and 

refugees: is serologic testing useful? The American Journal of Tropical 

Medicine and Hygiene, 80(5), 788-791. 

 

Biroccio, A., Del Boccio, P., Panella, M., Bernardini, S., Di Ilio, C., Gambi, D., 

Stanzione, P., Sacchetta, P., Bernardi, G., & Martorana, A. (2006). 

Differential post‐translational modifications of transthyretin in 

Alzheimer's disease: a study of the cerebral spinal fluid. Proteomics, 6(7), 

2305-2313. 

 

Bisoffi, Z., Buonfrate, D., Angheben, A., Boscolo, M., Anselmi, M., Marocco, S., 

Monteiro, G., Gobbo, M., Bisoffi, G., & Gobbi, F. (2011). Randomized 

clinical trial on ivermectin versus thiabendazole for the treatment of 

strongyloidiasis. PLoS Neglected Tropical Diseases, 5(7), e1254.  

 

Bisoffi, Z., Buonfrate, D., Sequi, M., Mejia, R., Cimino, R. O., Krolewiecki, A. J., 

Albonico, M., Gobbo, M., Bonafini, S., & Angheben, A. (2014). 

Diagnostic accuracy of five serologic tests for Strongyloides stercoralis 

infection. PLoS Neglected Tropical Diseases, 8(1), e2640. 

 

Blaser, C., Kaufmann, M., Muller, C., Zimmermann, C., Wells, V., Mallucci, L., & 

Pircher, H. (1998). -Galactoside-binding protein secreted by activated T 

cells inhibits antigen-induced proliferation of T cells. European Journal of 

Immunology, 28(8), 2311-2319. 

 

Bonacci, G. R., Cáceres, L. C., Sánchez, M. C., & Chiabrando, G. A. (2007). 

Activated α 2-macroglobulin induces cell proliferation and mitogen-

activated protein kinase activation by LRP-1 in the J774 macrophage-

derived cell line. Archives of Biochemistry and Biophysics, 460(1), 100-

106. 

 

Bonne-Année, S., Hess, J. A., & Abraham, D. (2011). Innate and adaptive immunity 

to the nematode Strongyloides stercoralis in a mouse model. Immunologic 

Research, 51(2-3), 205-214. 

 

Bordier, C. (1981). Phase separation of integral membrane proteins in Triton X-114 

solution. Journal of Biological Chemistry, 256(4), 1604-1607. 

 

Boscolo, M., Gobbo, M., Mantovani, W., Degani, M., Anselmi, M., Monteiro, G. B., 

Marocco, S., Angheben, A., Mistretta, M., & Santacatterina, M. (2007). 

Evaluation of an indirect immunofluorescence assay for strongyloidiasis 



© C
OPYRIG

HT U
PM

111 

 
  

as a tool for diagnosis and follow-up. Clinical and Vaccine Immunology, 

14(2), 129-133.  

 

Botero, J. H., Castaño, A., Montoya, M. N., Ocampo, N. E., Hurtado, M. I., & 

Lopera, M. M. (2003). A preliminary study of the prevalence of intestinal 

parasites in immunocompromised patients with and without 

gastrointestinal manifestations. Revista do Instituto de Medicina Tropical 

de São Paulo, 45(4), 197-200. 

 

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of 

microgram quantities of protein utilizing the principle of protein-dye 

binding. Analytical Biochemistry, 72(1-2), 248-254. 

 

Bragg, J., Rajkovic, A., Anderson, C., Curtis, R., Van Houten, J., Begres, B., Naples, 

C., Snider, M., Fraga, D., & Singer, M. (2012). Identification and 

characterization of a putative arginine kinase homolog from Myxococcus 

xanthus required for fruiting body formation and cell differentiation. 

Journal of Bacteriology, 194(10), 2668-2676.  

 

Bresalier, R. S., Byrd, J. C., Tessler, D., Lebel, J., Koomen, J., Hawke, D., Half, E., 

Liu, K.-F., Mazurek, N., & Clinical, T. G. L.-N. E. (2004). A circulating 

ligand for galectin-3 is a haptoglobin-related glycoprotein elevated in 

individuals with colon cancer. Gastroenterology, 127(3), 741-748. 

 

Brindley, P. J., Gam, A. A., Pearce, E. J., Poindexter, R. W., & Neva, F. A. (1988). 

Antigens from the surface and excretions/secretions of the filariform larva 

of Strongyloides stercoralis. Molecular and Biochemical Parasitology, 

28(3), 171-180.  

Brown, A. C., Harrison, L. M., Kapulkin, W., Jones, B. F., Sinha, A., Savage, A., 

Villalon, N., & Cappello, M. (2007). Molecular cloning and 

characterization of a C-type lectin from Ancylostoma ceylanicum: 

evidence for a role in hookworm reproductive physiology. Molecular and 

Biochemical Parasitology, 151(2), 141-147. 

 

Brown, M., Cartledge, J., & Miller, R. (2006). Dissemination of Strongyloides 

stercoralis as an immune restoration phenomenon in an HIV-1-infected 

man on antiretroviral therapy. International Journal of STD & AIDS, 

17(8), 560-561. 

 

Bubner, B., & Baldwin, I. T. (2004). Use of real-time PCR for determining copy 

number and zygosity in transgenic plants. Plant Cell Reports, 23(5), 263-

271. 

 

Bungiro, R. D., & Cappello, M. (2005). Detection of excretory/secretory 

coproantigens in experimental hookworm infection. The American Journal 

of Tropical Medicine and Hygiene, 73(5), 915-920. 

 

Burbelo, P. D., Goldman, R., & Mattson, T. L. (2005). A simplified 

immunoprecipitation method for quantitatively measuring antibody 



© C
OPYRIG

HT U
PM

112 

 
  

responses in clinical sera samples by using mammalian-produced Renilla 

luciferase-antigen fusion proteins. BMC Biotechnology, 5(1), 22. 

 

Burbelo, P. D., Leahy, H. P., Iadarola, M. J., & Nutman, T. B. (2009). A four-

antigen mixture for rapid assessment of Onchocerca volvulus infection. 

PLoS Neglected Tropical Diseases, 3(5), e438. 

 

Burden, D. W. (2012). Guide to the disruption of biological samples-2012. Random 

Primers, 12(1). 

 

Burpo, F. J. (2001). A critical review of PCR primer design algorithms and 

crosshybridization case study. Biochemistry, 218, 1-12. 

 

Bustin, S. (2002). Quantification of mRNA using real-time reverse transcription 

PCR (RT-PCR): trends and problems. Journal of Molecular 

Endocrinology, 29(1), 23-39. 

 

Bustin, S. A. (2000). Absolute quantification of mRNA using real-time reverse 

transcription polymerase chain reaction assays. Journal of Molecular 

Endocrinology, 25(2), 169-193. 

 

Bustin, S. A., Benes, V., Garson, J. A., Hellemans, J., Huggett, J., Kubista, M., 

Mueller, R., Nolan, T., Pfaffl, M. W., & Shipley, G. L. (2009). The MIQE 

guidelines: minimum information for publication of quantitative real-time 

PCR experiments. Clinical Chemistry, 55(4), 611-622. 

 

Carvalho, E., & Da Fonseca Porto, A. (2004). Epidemiological and clinical 

interaction between HTLV‐1 and Strongyloides stercoralis. Parasite 

Immunology, 26(11‐12), 487-497. 

 

Carvalho, E. M., Bacellar, O., Porto, A. F., Braga, S., Galvão-Castro, B., & Neva, F. 

(2001). Cytokine profile and immunomodulation in asymptomatic human 

T-lymphotropic virus type 1-infected blood donors. JAIDS Journal of 

Acquired Immune Deficiency Syndromes, 27(1), 1-6. 

 

Chamuleau, M., Ossenkoppele, G., & Van De Loosdrecht, A. (2006). MHC class II 

molecules in tumour immunology: prognostic marker and target for 

immune modulation. Immunobiology, 211(6), 619-625. 

 

Chasteen, N. D. (1977). Human serotransferrin: structure and function. Coordination 

Chemistry Reviews, 22(1), 1-36. 

 

Chen, Y. Y., Lin, S. Y., Yeh, Y. Y., Hsiao, H. H., Wu, C. Y., Chen, S. T., & Wang, 

A. H. J. (2005). A modified protein precipitation procedure for efficient 

removal of albumin from serum. Electrophoresis, 26(11), 2117-2127. 

 

Cheng, H. S., & Shieh, Y. H. (2000). Investigation on subclinical aspects related to 

intestinal parasitic infections among Thai laborers in Taipei. Journal of 

Travel Medicine, 7(6), 319-324. 

 



© C
OPYRIG

HT U
PM

113 

 
  

Chhakda, T., Muth, S., Socheat, D., & Odermatt, P. (2006). Intestinal parasites in 

school-aged children in villages bordering Tonle Sap Lake, Cambodia. 

Southeast Asian Journal of Tropical Medicine and Public Health, 

37(5):859-864. 

 

Cid, M. C., Grant, D. S., Hoffman, G. S., Auerbach, R., Fauci, A. S., & Kleinman, 

H. K. (1993). Identification of haptoglobin as an angiogenic factor in sera 

from patients with systemic vasculitis. Journal of Clinical Investigation, 

91(3), 977. 

 

Cimerman, S., Cimerman, B., & Lewi, D. S. (1999). Prevalence of intestinal 

parasitic infections in patients with acquired immunodeficiency syndrome 

in Brazil. International Journal of Infectious Diseases, 3(4), 203-206. 

 

Cockerill, G. W., Gamble, J. R., & Vadas, M. A. (1995). Angiogenesis: models and 

modulators. International Review of Cytology, 159, 113-160. 

 

Concha, R., Harrington Jr, W., & Rogers, A. I. (2005). Intestinal strongyloidiasis: 

recognition, management, and determinants of outcome. Journal of 

Clinical Gastroenterology, 39(3), 203-211. 

 

Coombes, K. R., Morris, J. S., Hu, J., Edmonson, S. R., & Baggerly, K. A. (2005). 

Serum proteomics profiling—a young technology begins to mature. 

Nature Biotechnology, 23(3), 291-292. 

 

Copelovitch, L., Ol, O. S., Taraquinio, S., & Chanpheaktra, N. (2010). Childhood 

nephrotic syndrome in Cambodia: an association with gastrointestinal 

parasites. The Journal of Pediatrics, 156(1), 76-81.  

 

Costa-Cruz, J. M., Bullamah, C. B., Gonçalves -Pires, M. d. R. F., Campos, D. M. 

B., & Vieira, M. A. (1997). Cryo-microtome sections of coproculture 

larvae of Strongyloides stercoralis and Strongyloides ratti as antigen 

sources for the immunodiagnosis of human strongyloidiasis. Revista do 

Instituto de Medicina Tropical de São Paulo, 39(6), 313-318. 

 

Costa, I., Sopelete, M., Gonçalves-Pires, M., & Costa-Cruz, J. (2003). IgA and IgG 

antibodies in paired serum and saliva samples in human strongyloidiasis. 

Acta Parasitologica, 48(4), 306-311. 

 

Craig, H., Wastling, J., & Knox, D. (2006). A preliminary proteomic survey of the in 

vitro excretory/secretory products of fourth-stage larval and adult 

Teladorsagia circumcincta. Parasitology, 132(04), 535-543. 

 

Cringoli, G. (2006). FLOTAC, a novel apparatus for a multivalent faecal egg count 

technique. Parassitologia, 48(3), 381-384. 

 

Croker, C., Reporter, R., Redelings, M., & Mascola, L. (2010). Strongyloidiasis-

related deaths in the United States, 1991–2006. The American Journal of 

Tropical Medicine and Hygiene, 83(2), 422-426. 

 

http://www.ncbi.nlm.nih.gov/pubmed/16771211


© C
OPYRIG

HT U
PM

114 

 
  

Cruz, T., Reboucas, G., & Rocha, H. (1966). Fatal strongyloidiasis in patients 

receiving corticosteroids. New England Journal of Medicine, 275(20), 

1093-1096.  

 

Culha, G. (2005). [The distribution of patients with intestinal parasites presenting at 

the parasitology laboratory of the Mustafa Kemal University medical 

faculty]. Turkiye parazitolojii dergisi/Turkiye Parazitoloji Dernegi= Acta 

parasitologica Turcica/Turkish Society for Parasitology, 30(4), 302-304. 

 

Culshaw, R. J., Bancroft, G. J., & McDonald, V. (1997). Gut intraepithelial 

lymphocytes induce immunity against Cryptosporidium infection through 

a mechanism involving gamma interferon production. Infection and 

Immunity, 65(8), 3074-3079. 

 

Cvirn, G., Gallistl, S., Koestenberger, M., Kutschera, J., Leschnik, B., & Muntean, 

W. (2002). Alpha 2-macroglobulin enhances prothrombin activation and 

thrombin potential by inhibiting the anticoagulant protein C/protein S 

system in cord and adult plasma. Thrombosis Research, 105(5), 433-439.  

 

Dada-Adegbola, H., Oluwatoba, O., & Bakare, R. (2010). Strongyloidiasis: 

prevalence, risk factors, clinical and laboratory features among diarrhea 

patients in Ibadan Nigeria. African Journal of Medicine and Medical 

Sciences, 39(4), 285-292. 

 

Dawkins, H., Carroll, S., & Grove, D. (1982). Humoral and cell-mediated immune 

responses in murine strongyloidiasis. Australian Journal of Experimental 

and Biological Medical Sciences, 60(6), 717-729. 

 

Dawkins, H., & Grove, D. (1982). Attempts to establish infections with 

Strongyloides stercoralis in mice and other laboratory animals. Journal of 

Helminthology, 56(01), 23-26.  

 

de Paula, F. M., Castro-Borges, W., Júnior, O. S. P., de Souza Gomes, M., Ueta, M. 

T., & Rodrigues, V. (2009). The ubiquitin–proteasome system in 

Strongyloididae. Biochemical evidence for developmentally regulated 

proteolysis in Strongyloides venezuelensis. Parasitology Research, 105(2), 

567-576. 

 

De Souza, E., Meuser-Batista, M., Batista, D., Duarte, B., Araújo-Jorge, T., & 

Soeiro, M. (2008). Trypanosoma cruzi: alpha-2-macroglobulin regulates 

host cell apoptosis induced by the parasite infection in vitro. Experimental 

Parasitology, 118(3), 331-337. 

 

Diamandis, E. P. (2004). Mass spectrometry as a diagnostic and a cancer biomarker 

discovery tool opportunities and potential limitations. Molecular & 

Cellular Proteomics, 3(4), 367-378. 

 

Díaz, J., Igual, R., Alonso, M., & Moreno, M. (2002). Intestinal parasitological study 

in immigrants in the region of Safor (Comunidad Valeciana), Spain. 

Medicina Clínica, 119(1), 36. 



© C
OPYRIG

HT U
PM

115 

 
  

 

Dorris, M., & Blaxter, M. (2000). The small subunit ribosomal RNA sequence of 

Strongyloides stercoralis. International Journal for Parasitology, 30(8), 

939-941. 

 

Dorris, M., Viney, M. E., & Blaxter, M. L. (2002). Molecular phylogenetic analysis 

of the genus Strongyloides and related nematodes. International Journal 

for Parasitology, 32(12), 1507-1517. 

 

Dunn, F. L., Lim, B., & Yap, L. (1968). Endoparasite patterns in mammals of the 

Malayan rain forest. Ecology, 1179-1184. 

 

Dziemian, E., Żarnowska, H., Kolodziej‐Sobocinska, M., & Machnicka, B. (2008). 

Determination of the relative avidity of the specific IgG antibodies in 

human toxocariasis. Parasite Immunology, 30(3), 187-190. 

 

Dzik, J. M. (2006). Molecules released by helminth parasites involved in host 

colonization. Acta Biochimica Polonica, 53(1), 33-64. 

 

Eckersall, P. D. (2008). Proteins, proteomics, and the dysproteinemias. Clinical 

Biochemistry of Domestic Animals, 6, 114-155. 

 

Einsiedel, L., & Fernandes, L. (2008). Strongyloides stercoralis: a cause of 

morbidity and mortality for indigenous people in Central Australia. 

Internal Medicine Journal, 38(9), 697-703. 

 

El-Badry, A. (2009). ELISA-based coproantigen in human strongyloidiaisis: a 

diagnostic method correlating with worm burden. Journal of the Egyptian 

Society of Parasitology, 39(3), 757-768. 

 

El-Shazly, A., El-Nahas, H., Soliman, M., Sultan, D., Abedl, T. A., & Morsy, T. 

(2006). The reflection of control programs of parasitic diseases upon 

gastrointestinal helminthiasis in Dakahlia Governorate, Egypt. Journal of 

the Egyptian Society of Parasitology, 36(2), 467-480.  

 

El-Sherbini, G., Aboul, N. M., & Hegazi, M. (2008). Parasitiosis in handicapped 

children in an Egyptian blind asylum. Journal of the Egyptian Society of 

Parasitology, 38(1), 319-326. 

 

El Masry, H. Z., & O‘Donnell, J. (2005). Fatal Stongyloides hyperinfection in heart 

transplantation. The Journal of Heart and Lung Transplantation, 24(11), 

1980-1983. 

 

Elling, A. A., Mitreva, M., Recknor, J., Gai, X., Martin, J., Maier, T. R., McDermott, 

J. P., Hewezi, T., Bird, D. M., & Davis, E. L. (2007). Divergent evolution 

of arrested development in the dauer stage of Caenorhabditis elegans and 

the infective stage of Heterodera glycines. Genome Biol, 8(10), R211. 

 

Espy, M., Uhl, J., Sloan, L., Buckwalter, S., Jones, M., Vetter, E., Yao, J., 

Wengenack, N., Rosenblatt, J., & Cockerill, F. (2006). Real-time PCR in 



© C
OPYRIG

HT U
PM

116 

 
  

clinical microbiology: applications for routine laboratory testing. Clinical 

Microbiology Reviews, 19(1), 165-256. 

 

Fardet, L., Genereau, T., Cabane, J., & Kettaneh, A. (2006). Severe strongyloidiasis 

in corticosteroid‐treated patients. Clinical Microbiology and Infection, 

12(10), 945-947. 

 

Feasey, N., Wansbrough-Jones, M., Mabey, D. C., & Solomon, A. W. (2010). 

Neglected tropical diseases. British Medical Bulletin, 93(1), 179-200. 

 

Feliciano, N. D., Gonzaga, H. T., Gonçalves-Pires, M. d. R. F., Gonçalves, A. L. R., 

Rodrigues, R. M., Ueta, M. T., & Costa-Cruz, J. M. (2010). Hydrophobic 

fractions from Strongyloides venezuelensis for use in the human 

immunodiagnosis of strongyloidiasis. Diagnostic Microbiology and 

Infectious Disease, 67(2), 153-161. 

 

Fic, E., Kedracka-Krok, S., Jankowska, U., Pirog, A., & Dziedzicka-Wasylewska, 

M. (2010). Comparison of protein precipitation methods for various rat 

brain structures prior to proteomic analysis. Electrophoresis, 31(21), 

3573-3579. 

 

Firkin, F., & Rush, B. (1997). Interpretation of biochemical tests for iron deficiency: 

diagnostic difficulties related to limitations of individual tests. Australian 

Prescriber, 20(3), 74-76. 

 

Fleige, S., & Pfaffl, M. W. (2006). RNA integrity and the effect on the real-time 

qRT-PCR performance. Molecular Aspects of Medicine, 27(2), 126-139. 

 

Foreman, E. B., Abraham, P. J., & Garland, J. L. (2006). Not your typical 

Strongyloides infection: a literature review and case study. Southern 

Medical Journal, 99(8), 847-852. 

 

Fox, J. L., & Klass, M. (1989). Antigens produced by recombinant DNA technology. 

Clinical Chemistry, 35(9), 1838-1842. 

 

Furtado, M. d. S. B. S., Andrade, R. G., Romanelli, L. C. F., Ribeiro, M. A., Ribas, J. 

G., Torres, E. B., Barbosa‐Stancioli, E. F., Proietti, A. B. d. F. C., & 

Martins, M. L. (2012). Monitoring the HTLV‐1 proviral load in the 

peripheral blood of asymptomatic carriers and patients with HTLV‐
associated myelopathy/tropical spastic paraparesis from a Brazilian 

cohort: ROC curve analysis to establish the threshold for risk disease. 

Journal of Medical Virology, 84(4), 664-671. 

 

Galioto, A. M., Hess, J. A., Nolan, T. J., Schad, G. A., Lee, J. J., & Abraham, D. 

(2006). Role of eosinophils and neutrophils in innate and adaptive 

protective immunity to larval Strongyloides stercoralis in mice. Infection 

and Immunity, 74(10), 5730-5738. 

 

Gallego, S. G., Loukas, A., Slade, R. W., Neva, F. A., Varatharajalu, R., Nutman, T. 

B., & Brindley, P. J. (2005). Identification of an astacin-like metallo-



© C
OPYRIG

HT U
PM

117 

 
  

proteinase transcript from the infective larvae of Strongyloides stercoralis. 

Parasitology International, 54(2), 123-133. 

 

Gao, J., Garulacan, L.-A., Storm, S. M., Opiteck, G. J., Dubaquie, Y., Hefta, S. A., 

Dambach, D. M., & Dongre, A. R. (2005). Biomarker discovery in 

biological fluids. Methods, 35(3), 291-302. 

 

Garg, P. K., Perry, S., Dorn, M., Hardcastle, L., & Parsonnet, J. (2005). Risk of 

intestinal helminth and protozoan infection in a refugee population. The 

American Journal of Tropical Medicine and Hygiene, 73(2), 386-391. 

 

Gasser, R. B., & Newton, S. E. (2000). Genomic and genetic research on bursate 

nematodes: significance, implications and prospects. International Journal 

for Parasitology, 30(4), 509-534. 

 

Gehring, M., Shiels, B., Northemann, W., De Bruijn, M., Kan, C. C., Chain, A., 

Noonan, D., & Fey, G. (1987). Sequence of rat liver alpha 2-

macroglobulin and acute phase control of its messenger RNA. Journal of 

Biological Chemistry, 262(1), 446-454. 

 

Genta, R. M. (1989). Global prevalence of strongyloidiasis: critical review with 

epidemiologic insights into the prevention of disseminated disease. Review 

of Infectious Diseases, 11(5), 755-767. 

 

Genta, R. M. (1992). Dysregulation of strongyloidiasis: a new hypothesis. Clinical 

Microbiology Reviews, 5(4), 345-355. 

 

Genta, R. M., Frei, D. F., & Linke, M. J. (1987). Demonstration and partial 

characterization of parasite-specific immunoglobulin A responses in 

human strongyloidiasis. Journal of Clinical Microbiology, 25(8), 1505-

1510. 

 

Getaneh, A., Medhin, G., & Shimelis, T. (2010). Cryptosporidium and Strongyloides 

stercoralis infections among people with and without HIV infection and 

efficiency of diagnostic methods for Strongyloides in Yirgalem Hospital, 

southern Ethiopia. BMC Research Notes, 3(1), 90.  

 

Ghosh, K., & Ghosh, K. (2007). Strongyloides stercoralis septicaemia following 

steroid therapy for eosinophilia: report of three cases. Transactions of the 

Royal Society of Tropical Medicine and Hygiene, 101(11), 1163-1165. 

 

Ghoshal, U. C., Alexender, G., Ghoshal, U., Tripathi, S., & Krishnani, N. (2006). 

Strongyloides stercoralis infestation in a patient with severe ulcerative 

colitis. Indian Journal of Medical Sciences, 60(3), 106. 

 

Gill, G., Welch, E., Bailey, J., Bell, D., & Beeching, N. (2004). Chronic 

Strongyloides stercoralis infection in former British Far East prisoners of 

war. Qjm, 97(12), 789-795. 

 



© C
OPYRIG

HT U
PM

118 

 
  

Glinz, D., Silué, K. D., Knopp, S., Lohourignon, L. K., Yao, K. P., Steinmann, P., 

Rinaldi, L., Cringoli, G., N‘Goran, E. K., & Utzinger, J. (2010). 

Comparing diagnostic accuracy of Kato-Katz, Koga agar plate, ether-

concentration, and FLOTAC for Schistosoma mansoni and soil-

transmitted helminths. PLoS Neglected Tropical Diseases, 4(7), e754. 

 

Gonçalves, A. L. R., Rocha, C. A., Gonzaga, H. T., de Fátima Gonçalves, M. d. R., 

Ueta, M. T., & Costa-Cruz, J. M. (2012). Specific IgG and IgA to larvae, 

parthenogenetic females, and eggs of Strongyloides venezuelensis in the 

immunodiagnosis of human strongyloidiasis. Diagnostic Microbiology 

and Infectious Disease, 72(1), 79-84. 

 

Gonzaga, H., Vila-Verde, C., Nunes, D., Ribeiro, V., Cunha-Júnior, J., & Costa-

Cruz, J. (2013). Ion-exchange protocol to obtain antigenic fractions with 

potential for serodiagnosis of strongyloidiasis. Parasitology, 140(01), 69-

75. 

 

Gonzaga, H. T., Ribeiro, V. S., Feliciano, N. D., Manhani, M. N., Silva, D. A., Ueta, 

M. T., & Costa-Cruz, J. M. (2011). IgG avidity in differential 

serodiagnosis of human strongyloidiasis active infection. Immunology 

Letters, 139(1), 87-92. 

 

Good, D. M., Thongboonkerd, V., Novak, J., Bascands, J.-L., Schanstra, J. P., Coon, 

J. J., Dominiczak, A., & Mischak, H. (2007). Body fluid proteomics for 

biomarker discovery: lessons from the past hold the key to success in the 

future. Journal of Proteome Research, 6(12), 4549-4555. 

 

Gordon, S., & Martinez, F. O. (2010). Alternative activation of macrophages: 

mechanism and functions. Immunity, 32(5), 593-604. 

 

Gotuzzo, E., Arango, C., de Queiroz-Campos, A., & Istúriz, R. E. (2000). Human T-

cell lymphotropic virus-I in Latin America. Infectious Disease Clinics of 

North América, 14(1), 211-239. 

 

Gotuzzo, E., Terashima, A., Alvarez, H., Tello, R., Infante, R., Watts, D. M., & 

Freedman, D. O. (1999). Strongyloides stercoralis hyperinfection 

associated with human T cell lymphotropic virus type-1 infection in Peru. 

The American Journal of Tropical Medicine and Hygiene, 60(1), 146-149.  

 

Graczyk, T. K., Shiff, C. K., Tamang, L., Munsaka, F., Beitin, A. M., & Moss, W. J. 

(2005). The association of Blastocystis hominis and Endolimax nana with 

diarrheal stools in Zambian school-age children. Parasitology Research, 

98(1), 38-43. 

 

Grassadonia, A., Tinari, N., Iurisci, I., Piccolo, E., Cumashi, A., Innominato, P., 

D'egidio, M., Natoli, C., Piantelli, M., & Iacobelli, S. (2002). 90K (Mac-2 

BP) and galectins in tumor progression and metastasis. Glycoconjugate 

Journal, 19(7-9), 551-556. 

 



© C
OPYRIG

HT U
PM

119 

 
  

Greenbaum, D., Medzihradszky, K. F., Burlingame, A., & Bogyo, M. (2000). 

Epoxide electrophiles as activity-dependent cysteine protease profiling 

and discovery tools. Chemistry & Biology, 7(8), 569-581. 

 

Grein, J. D., Mathisen, G. E., Donovan, S., & Fleckenstein, L. (2010). Serum 

ivermectin levels after enteral and subcutaneous administration for 

Strongyloides hyperinfection: a case report. Scandinavian Journal of 

Infectious Diseases, 42(3), 234-236. 

 

Grove, D., & Dawkins, H. (1981). Effects of prednisolone on murine 

strongyloidiasis. Parasitology, 83(02), 401-409. 

 

Grove, D. I. (1989). Strongyloidiasis: a major roundworm infection of man: Taylor 

and Francis Ltd. 

 

Grove, D. I. (1995). Human strongyloidiasis. Advances in Parasitology, 38, 251-309. 

 

Grove, D. I., & Blair, A. J. (1981). Diagnosis of human strongyloidiasis by 

immunofluorescence, using Strongyloides ratti and S. stercoralis larvae. 

The American Journal of Tropical Medicine and Hygiene, 30(2), 344-349. 

 

Gualdieri, L., Rinaldi, L., Petrullo, L., Morgoglione, M., Maurelli, M., Musella, V., 

Piemonte, M., Caravano, L., Coppola, M., & Cringoli, G. (2011). 

Intestinal parasites in immigrants in the city of Naples (southern Italy). 

Acta Tropica, 117(3), 196-201. 

 

Hakim, S. L., Gan, C., Malkit, K., Azian, M. N., Chong, C., Shaari, N., Zainuddin, 

W., Chin, C., Sara, Y., & Lye, M. (2007). Parasitic infections among 

Orang Asli (aborigine) in the Cameron Highlands, Malaysia. Southeast 

Asian J Trop Med Public Health,38(3):415-9. 

 

Hall, M. C. (1916). Nematode Parasites of Mammals of the Orders Rodentia, 

Lagomorpha, and Hyraciodea (Vol. 50): George Washington University 

 

Han, X., Aslanian, A., & Yates, J. R. (2008). Mass spectrometry for proteomics. 

Current Opinion in Chemical biology, 12(5), 483-490. 

 

Harada, Y., & Mori, O. (1955). A new method for culturing hookworm. Yonago 

Acta Med, 1(3), 177-179. 

 

Harcus, Y., Nicoll, G., Murray, J., Filbey, K., Gomez-Escobar, N., & Maizels, R. M. 

(2009). C-type lectins from the nematode parasites Heligmosomoides 

polygyrus and Nippostrongylus brasiliensis. Parasitology International, 

58(4), 461-470. 

 

Harnett, W., Goodridge, H., & Harnett, M. (2005). Subversion of immune cell signal 

transduction pathways by the secreted filarial nematode product, ES-62. 

Parasitology, 130(S1), S63-S68. 

 

http://www.ncbi.nlm.nih.gov/pubmed/17877212
http://www.ncbi.nlm.nih.gov/pubmed/17877212


© C
OPYRIG

HT U
PM

120 

 
  

Hartmann, S., Sereda, M. J., Sollwedel, A., Kalinna, B., & Lucius, R. (2006). A 

nematode allergen elicits protection against challenge infection under 

specific conditions. Vaccine, 24(17), 3581-3590. 

 

Hartmann, W., Eschbach, M.-L., & Breloer, M. (2012). Strongyloides ratti infection 

modulates B and T cell responses to third party antigens. Experimental 

Parasitology, 132(1), 69-75. 

 

Heid, C. A., Stevens, J., Livak, K. J., & Williams, P. M. (1996). Real time 

quantitative PCR. Genome Research, 6(10), 986-994. 

 

Hewitson, J. P., Grainger, J. R., & Maizels, R. M. (2009). Helminth 

immunoregulation: the role of parasite secreted proteins in modulating 

host immunity. Molecular and Biochemical Parasitology, 167(1), 1-11. 

 

Hewitson, J. P., Harcus, Y. M., Curwen, R. S., Dowle, A. A., Atmadja, A. K., 

Ashton, P. D., Wilson, A., & Maizels, R. M. (2008). The secretome of the 

filarial parasite, Brugia malayi: proteomic profile of adult excretory–

secretory products. Molecular and Biochemical Parasitology, 160(1), 8-

21. 

 

Higuchi, R., Fockler, C., Dollinger, G., & Watson, R. (1993). Kinetic PCR analysis: 

real-time monitoring of DNA amplification reactions. Biotechnology, 11, 

1026-1030. 

 

Hira, P., Al-Ali, F., Shweiki, H., Abdella, N., Johny, M., Francis, I., Iqbal, J., 

Thompson, R., & Nevar, F. (2004). Strongyloidiasis: challenges in 

diagnosis and management in non-endemic Kuwait. Annals of Tropical 

Medicine and Parasitology, 98(3), 261-270. 

 

Hirabayashi, J., & Kasai, K.-i. (1993). The family of metazoan metal-independent β-

galactoside-binding lectins: structure, function and molecular evolution. 

Glycobiology, 3(4), 297-304.  

 

Hirabayashi, J., Satoh, M., & Kasai, K.-i. (1992). Evidence that Caenorhabditis 

elegans 32-kDa beta-galactoside-binding protein is homologous to 

vertebrate beta-galactoside-binding lectins. cDNA cloning and deduced 

amino acid sequence. Journal of Biological Chemistry, 267(22), 15485-

15490.  

 

Hirata, T., Nakamura, H., Kinjo, N., Hokama, A., Kinjo, F., Yamane, N., & Fujita, J. 

(2007). Increased detection rate of Strongyloides stercoralis by repeated 

stool examinations using the agar plate culture method. The American 

Journal of Tropical Medicine and Hygiene, 77(4), 683-684. 

 

Hirata, T., Uchima, N., Kishimoto, K., Zaha, O., Kinjo, N., Hokama, A., Sakugawa, 

H., Kinjo, F., & Fujita, J. (2006). Impairment of host immune response 

against Strongyloides stercoralis by human T cell lymphotropic virus type 

1 infection. The American Journal of Tropical Medicine and Hygiene, 

74(2), 246-249. 



© C
OPYRIG

HT U
PM

121 

 
  

 

Hong, I. S., Zaidi, S. Y., McEvoy, P., & Neafie, R. C. (2004). Diagnosis of 

Strongyloides stercoralis in a Peritoneal Effusion from an HIV-

Seropositive Man. Acta Cytologica, 48(2), 211-214. 

 

Hortin, G. L., Sviridov, D., & Anderson, N. L. (2008). High-abundance polypeptides 

of the human plasma proteome comprising the top 4 logs of polypeptide 

abundance. Clinical Chemistry, 54(10), 1608-1616. 

 

Hotez, P. J. (2008). Neglected infections of poverty in the United States of America. 

PLoS Neglected Tropical Diseases, 2(6), e256.  

 

Hoy, W. E., Roberts, N. J., Bryson, M. F., Bowles, C., Lee, J. C., Rivero, A. J., & 

Ritterson, A. L. (1981). Transmission of strongyloidiasis by kidney 

transplant?: Disseminated strongyloidiasis in both recipients of kidney 

allografts from a single cadaver donor. The Journal of American Medical 

Association, 246(17), 1937-1939. 

 

Hsia, C. C., Johnson, R. L., & Shah, D. (1999). Red cell distribution and the 

recruitment of pulmonary diffusing capacity. Journal of Applied 

Physiology, 86(5), 1460-1467. 

 

Huggett, J., Dheda, K., Bustin, S., & Zumla, A. (2005). Real-time RT-PCR 

normalisation; strategies and considerations. Genes and Immunity, 6(4), 

279-284. 

 

Hunter, G., Bagshawe, A., Baboo, K., Luke, R., & Prociv, P. (1992). Intestinal 

parasites in Zambian patients with AIDS. Transactions of the Royal 

Society of Tropical Medicine and Hygiene, 86(5), 543-545. 

 

Huntoon, K. M., Russell, L., Tracy, E., Barbour, K. W., Li, Q., Shrikant, P. A., 

Berger, F. G., Garrett-Sinha, L. A., & Baumann, H. (2013). A unique form 

of haptoglobin produced by murine hematopoietic cells supports B-cell 

survival, differentiation and immune response. Molecular Immunology, 

55(3), 345-354. 

 

Huruy, K., Kassu, A., Mulu, A., Worku, N., Fetene, T., Gebretsadik, S., Biadglegne, 

F., Belyhun, Y., Muche, A., & Gelaw, A. (2011). Intestinal parasitosis and 

shigellosis among diarrheal patients in Gondar teaching hospital, 

northwest Ethiopia. BMC Research Notes, 4(1), 472. 

 

Iff, J. (2007). Differential proteomic analysis of STAT6 knock-out mice reveals new 

regulatory function in glucose and lipid homeostasis. PhD thesis, Univ. 

Genève, 192 P. 

 

Ikeh, E., Obadofin, M., Brindeiro, B., Baugherb, C., Frost, F., Vanderjagt, D., & 

Glew, R. (2007). Intestinal parasitism in Magama Gumau rural village and 

Jos township in north central Nigeria. The Nigerian Postgraduate Medical 

Journal, 14(4), 290-295.  

 



© C
OPYRIG

HT U
PM

122 

 
  

Imbeaud, S., Graudens, E., Boulanger, V., Barlet, X., Zaborski, P., Eveno, E., 

Mueller, O., Schroeder, A., & Auffray, C. (2005). Towards 

standardization of RNA quality assessment using user-independent 

classifiers of microcapillary electrophoresis traces. Nucleic Acids 

Research, 33(6), e56-e56. 

 

Inês, E., Silva, M. L. S., Souza, J. N., Teixeira, M. C. A., & Soares, N. M. (2013). 

The role of glycosylated epitopes in the serodiagnosis of Strongyloides 

stercoralis infection. Diagnostic microbiology and infectious disease, 

76(1), 31-35. 

 

Inês, E. d. J., Souza, J. N., Santos, R. C., Souza, E. S., Santos, F. L., Silva, M. L., 

Silva, M. P., Teixeira, M. C., & Soares, N. M. (2011). Efficacy of 

parasitological methods for the diagnosis of Strongyloides stercoralis and 

hookworm in faecal specimens. Acta Tropica, 120(3), 206-210. 

 

Iriemenam, N. C., Sanyaolu, A. O., Oyibo, W. A., & Fagbenro-Beyioku, A. F. 

(2010). Strongyloides stercoralis and the immune response. Parasitology 

International, 59(1), 9-14. 

 

Ismail, O. A., Zaki, W. M., & Abaza, S. M. (2010). Identification of antigenic 

epitopes of Strongyloides stercoralis filariform larval antigen for 

immunodiagnosis of strongyloidiasis using western blot. Parasitologists 

United Journal, 3(1&2), 65-74. 

 

Izquierdo, I., Briones, J., Lluch, R., Arqueros, C., & Martino, R. (2013). Fatal 

Strongyloides hyperinfection complicating a gram-negative sepsis after 

allogeneic stem cell transplantation: a case report and review of the 

literature. Case Reports in Hematology, 2013. 

 

Jamaiah, I., & Rohela, M. (2005). Prevalence of intestinal parasites among members 

of the public in Kuala Lumpur, Malaysia. Southeast Asian J Trop Med 

Public Health, 36(1):68-71. 

 

Janwan, P., Intapan, P. M., Thanchomnang, T., Lulitanond, V., Anamnart, W., & 

Maleewong, W. (2011). Rapid detection of Opisthorchis viverrini and 

Strongyloides stercoralis in human fecal samples using a duplex real-time 

PCR and melting curve analysis. Parasitology Research, 109(6), 1593-

1601. 

 

Jenkins, R. E., Taylor, M. J., Gilvary, N. J., & Bianco, A. E. (1998). Tropomyosin 

implicated in host protective responses to microfilariae in onchocerciasis. 

Proceedings of the National Academy of Sciences, 95(13), 7550-7555. 

 

Jenkins, S., & Wakelin, D. (1983). Functional antigens of Trichuris muris released 

during in vitro maintenance: their immunogenicity and partial purification. 

Parasitology, 86(01), 73-82. 

 

http://www.ncbi.nlm.nih.gov/pubmed/15906644
http://www.ncbi.nlm.nih.gov/pubmed/15906644


© C
OPYRIG

HT U
PM

123 

 
  

Johansen, M. V., Sithithaworn, P., Bergquist, R., & Utzinger, J. (2010). Towards 

improved diagnosis of zoonotic trematode infections in Southeast Asia. 

Advances in Parasitology, 73, 171-195.  

 

Johnson, M., Behnke, J., & Coles, G. (1996). Detection of gastrointestinal 

nematodes by a coproantigen capture ELISA. Research in Veterinary 

Science, 60(1), 7-12. 

 

Jongwutiwes, S., Charoenkorn, M., Sitthichareonchai, P., Akaraborvorn, P., & 

Putaporntip, C. (1999). Increased sensitivity of routine laboratory 

detection of Strongyloides stercoralis and hookworm by agar-plate 

culture. Transactions of the Royal Society of Tropical Medicine and 

Hygiene, 93(4), 398-400. 

 

Kagira, J., Maina, N., Njenga, J., Karanja, S., Karori, S., & Ngotho, J. (2011). 

Prevalence and types of coinfections in sleeping sickness patients in 

Kenya (2000/2009). Journal of Tropical Medicine, 2011. 

doi:10.1155/2011/248914 

 

Kaminsky, R. G., Soto, R. J., Campa, A., & Baum, M. K. (2004). Intestinal parasitic 

infections and eosinophilia in an human immunedeficiency virus positive 

population in Honduras. Memórias do Instituto Oswaldo Cruz, 99(7), 773-

778.  

 

Kang, X., Xu, Y., Wu, X., Liang, Y., Wang, C., Guo, J., Wang, Y., Chen, M., Wu, 

D., & Wang, Y. (2005). Proteomic fingerprints for potential application to 

early diagnosis of severe acute respiratory syndrome. Clinical Chemistry, 

51(1), 56-64.  

 

Karp, C. L., & Auwaerter, P. G. (2007). Coinfection with HIV and tropical 

infectious diseases. II. Helminthic, fungal, bacterial, and viral pathogens. 

Clinical Infectious Diseases, 45(9), 1214-1220.  

 

Kaufmann, S. H., & Schaible, U. E. (2005). Antigen presentation and recognition in 

bacterial infections. Current Opinion in Immunology, 17(1), 79-87. 

 

Kaushal, N. A., Hussain, R., Nash, T., & Ottesen, E. (1982). Identification and 

characterization of excretory-secretory products of Brugia malayi, adult 

filarial parasites. The Journal of Immunology, 129(1), 338-343. 

 

Keiser, J., & Utzinger, J. (2008). Efficacy of current drugs against soil-transmitted 

helminth infections: systematic review and meta-analysis. Jama, 299(16), 

1937-1948. 

 

Keiser, P. B., & Nutman, T. B. (2004). Strongyloides stercoralis in the 

immunocompromised population. Clinical Microbiology Reviews, 17(1), 

208-217.  

 

Kennedy, S. (2011). PCR troubleshooting and optimization: the essential guide: 

Horizon Scientific Press. 



© C
OPYRIG

HT U
PM

124 

 
  

 

Kerepesi, L. A., Keiser, P. B., Nolan, T. J., Schad, G. A., Abraham, D., & Nutman, 

T. B. (2005). DNA immunization with Na+-K+ ATPase (Sseat-6) induces 

protective immunity to larval Strongyloides stercoralis in mice. Infection 

and Immunity, 73(4), 2298-2305. 

 

Kerepesi, L. A., Nolan, T. J., Schad, G. A., Lustigman, S., De'Broski, R. H., Keiser, 

P. B., Nutman, T. B., Krolewiecki, A. J., & Abraham, D. (2004). Human 

immunoglobulin G mediates protective immunity and identifies protective 

antigens against larval Strongyloides stercoralis in mice. Journal of 

Infectious Diseases, 189(7), 1282-1290. 

 

Khan, T. A., Shah, T., Prieto, D., Zhang, W., Price, J., Fowkes, G. R., Cooper, J., 

Talmud, P. J., Humphries, S. E., & Sundstrom, J. (2013). Apolipoprotein 

E genotype, cardiovascular biomarkers and risk of stroke: Systematic 

review and meta-analysis of 14 015 stroke cases and pooled analysis of 

primary biomarker data from up to 60 883 individuals. International 

Journal of Epidemiology, 42(2), 475-492. 

 

Khieu, V., Schär, F., Marti, H., Sayasone, S., Duong, S., Muth, S., & Odermatt, P. 

(2013a). Diagnosis, treatment and risk factors of Strongyloides stercoralis 

in schoolchildren in Cambodia. PLoS Neglected Tropical Diseases, 7(2), 

e2035. 

 

Khieu, V., Srey, S., Schär, F., Muth, S., Marti, H., & Odermatt, P. (2013b). 

Strongyloides stercoralis is a cause of abdominal pain, diarrhea and 

urticaria in rural Cambodia. BMC Research Notes, 6(1), 200. 

 

Khumpool, G. (2012). Adaptation of the PERL-chamber system as an in vitro model 

for the percutaneous migration of infective larvae of Strongyloides 

papillosus. University of Veterinary Medicine Hannover. 

 

Kiel, M., Josh, P., Jones, A., Windon, R., Hunt, P., & Kongsuwan, K. (2007). 

Identification of immuno-reactive proteins from a sheep gastrointestinal 

nematode, Trichostrongylus colubriformis, using two-dimensional 

electrophoresis and mass spectrometry. International Journal for 

Parasitology, 37(13), 1419-1429.  

 

Kim, T. D., & Craig, P. A. (2010). Introducing proteomics in the undergraduate 

curriculum: a simple 2D gel electrophoresis exercise with serum proteins. 

Biochemistry and Molecular Biology Education, 38(1), 29-34.  

 

Klion, A. D., & Donelson, J. E. (1994). OvGalBP, a filarial antigen with homology 

to vertebrate galactoside-binding proteins. Molecular and Biochemical 

Parasitology, 65(2), 305-315. 

 

Knopp, S., Mgeni, A. F., Khamis, I. S., Steinmann, P., Stothard, J. R., Rollinson, D., 

Marti, H., & Utzinger, J. (2008). Diagnosis of soil-transmitted helminths 

in the era of preventive chemotherapy: effect of multiple stool sampling 



© C
OPYRIG

HT U
PM

125 

 
  

and use of different diagnostic techniques. PLoS Neglected Tropical 

Diseases, 2(11), e331. 

 

Knopp, S., Mohammed, K. A., Rollinson, D., Stothard, J. R., Khamis, I. S., Utzinger, 

J., & Marti, H. (2009). Changing patterns of soil-transmitted helminthiases 

in Zanzibar in the context of national helminth control programs. The 

American Journal of Tropical Medicine and Hygiene, 81(6), 1071-1078. 

 

Knopp, S., Mohammed, K. A., Speich, B., Hattendorf, J., Khamis, I. S., Khamis, A. 

N., Stothard, J. R., Rollinson, D., Marti, H., & Utzinger, J. (2010). 

Albendazole and mebendazole administered alone or in combination with 

ivermectin against Trichuris trichiura: a randomized controlled trial. 

Clinical Infectious Diseases, 51(12), 1420-1428. 

 

Knox, D. P. (2000). Development of vaccines against gastrointestinal nematodes. 

Parasitology, 120(07), 43-61. 

 

Knudsen, G. M., Medzihradszky, K. F., Lim, K.-C., Hansell, E., & McKerrow, J. H. 

(2005). Proteomic analysis of Schistosoma mansoni cercarial secretions. 

Molecular & Cellular Proteomics, 4(12), 1862-1875. 

 

Koczka, C. P., Hindy, P., Goodman, A., & Gress, F. (2012). Strongyloidiasis: a 

diagnosis more common than we think. European Journal of 

Gastroenterology & Hepatology, 24(7), 860-862. 

 

Koga, K., Kasuya, S., Khamboonruang, C., Sukhavat, K., Ieda, M., Takatsuka, N., 

Kita, K., & Ohtomo, H. (1991). A modified agar plate method for 

detection of Strongyloides stercoralis. The American Journal of Tropical 

Medicine and Hygiene, 45(4), 518-521. 

 

Kramme, S., Nissen, N., Soblik, H., Erttmann, K., Tannich, E., Fleischer, B., 

Panning, M., & Brattig, N. (2011). Novel real-time PCR for the universal 

detection of Strongyloides species. Journal of Medical Microbiology, 

60(4), 454-458. 

 

Krishnamurthy, R., Dincer, H. E., & Whittemore, D. (2007). Strongyloides 

stercoralis hyperinfection in a patient with rheumatoid arthritis after anti-

TNF-α therapy. JCR: Journal of Clinical Rheumatology, 13(3), 150-152. 

 

Krolewiecki, A., Socías, E., Cajal, S., Juarez, M., Villalpando, C., Carlos, M., 

Davila, M., Cimino, R., Palacio, K., & Di Paolo, A. (2011). Mass drug 

administration for helminths with albendazole and ivermectin in an area 

endemic for Strongyloides stercoralis. American Journal of Tropical 

Medicine and Hygiene, 85(6 Suppl), 475. 

 

Krolewiecki, A. J., Lammie, P., Jacobson, J., Gabrielli, A.-F., Levecke, B., Socias, 

E., Arias, L. M., Sosa, N., Abraham, D., & Cimino, R. (2013). A public 

health response against Strongyloides stercoralis: time to look at soil-

transmitted helminthiasis in full. PLoS Neglected Tropical Diseases, 7(5): 

e2165.  



© C
OPYRIG

HT U
PM

126 

 
  

Krolewiecki, A. J., Ramanathan, R., Fink, V., McAuliffe, I., Cajal, S. P., Won, K., 

Juarez, M., Di Paolo, A., Tapia, L., & Acosta, N. (2010). Improved 

diagnosis of Strongyloides stercoralis using recombinant antigen-based 

serologies in a community-wide study in northern Argentina. Clinical and 

Vaccine Immunology, 17(10), 1624-1630. 

 

Kubista, M., Andrade, J. M., Bengtsson, M., Forootan, A., Jonák, J., Lind, K., 

Sindelka, R., Sjöback, R., Sjögreen, B., & Strömbom, L. (2006). The real-

time polymerase chain reaction. Molecular Aspects of Medicine, 27(2), 95-

125.  

 

Kullolli, M., Hancock, W. S., & Hincapie, M. (2008). Preparation of a high‐
performance multi‐lectin affinity chromatography (HP‐M‐LAC) adsorbent 

for the analysis of human plasma glycoproteins. Journal of Separation 

Science, 31(14), 2733-2739. 

 

Kumar, Y., Liang, C., Bo, Z., Rajapakse, J. C., Ooi, E. E., & Tannenbaum, S. R. 

(2012). Serum proteome and cytokine analysis in a longitudinal cohort of 

adults with primary dengue infection reveals predictive markers of DHF. 

PLoS Neglected Tropical Diseases, 6(11):e1887. 

 

Kwok, S. a., & Higuchi, R. (1989). Avoiding false positives with PCR. Nature, 339, 

237-238. 

 

Laemmli, U. (1970). Most commonly used discontinuous buffer system for SDS 

electrophoresis. Nature, 227, 680-685. 

 

Laín, A., Elguezabal, N., Amutio, E., Fernández de Larrinoa, I., Moragues, M. D., & 

Pontón, J. (2008). Use of recombinant antigens for the diagnosis of 

invasive candidiasis. Clinical and Developmental Immunology, 2008. 

 

Lam, C., Tong, M., Chan, K., & Siu, Y. (2006). Disseminated strongyloidiasis: a 

retrospective study of clinical course and outcome. European Journal of 

Clinical Microbiology and Infectious Diseases, 25(1), 14-18. 

 

Lamour, P., Bouree, P., Hennequin, C., Lombrail, P., Squinazi, F., Roussel, C., & 

Brodin, M. (1993). Blind treatment or treatment oriented to intestinal 

parasitoses in a Parisian health center for refugees. Sante (Montrouge, 

France), 4(1), 21-26. 

 

Leong, T. S., Lim, B. L., Yap, L., & Krishnasamy, M. (1979). Parasite fauna of the 

house rat Rattus rattus diardii in Kuala Lumpur and nearby villages. The 

Southeast Asian Journal of Tropical Medicine and Public Health, 10(1), 

122-126. 

 

Levenhagen, M. A., & Costa-Cruz, J. M. (2014). Update on immunologic and 

molecular diagnosis of human strongyloidiasis. Acta Tropica, 135, 33-43. 

 

Li, B.-W., Rush, A. C., Tan, J., & Weil, G. J. (2004). Quantitative analysis of 

gender-regulated transcripts in the filarial nematode Brugia malayi by 



© C
OPYRIG

HT U
PM

127 

 
  

real-time RT-PCR. Molecular and Biochemical Parasitology, 137(2), 329-

337. 

 

Li, X., Massey, H. C., Nolan, T. J., Schad, G. A., Kraus, K., Sundaram, M., & Lok, 

J. B. (2006). Successful transgenesis of the parasitic nematode 

Strongyloides stercoralis requires endogenous non-coding control 

elements. International Journal for Parasitology, 36(6), 671-679. 

 

Lichtenberger, P., Rosa‐Cunha, I., Morris, M., Nishida, S., Akpinar, E., Gaitan, J., 

Tzakis, A., & Doblecki‐Lewis, S. (2009). Hyperinfection strongyloidiasis 

in a liver transplant recipient treated with parenteral ivermectin. 

Transplant Infectious Disease, 11(2), 137-142. 

 

Lightowlers, M., & Rickard, M. (1988). Excretory–secretory products of helminth 

parasites: effects on host immune responses. Parasitology, 96(S1), S123-

S166. 

 

Lim, S., Katz, K., Krajden, S., Fuksa, M., Keystone, J. S., & Kain, K. C. (2004). 

Complicated and fatal Strongyloides infection in Canadians: risk factors, 

diagnosis and management. Canadian Medical Association Journal, 

171(5), 479-484. 

 

Lin, M., Sutherland, D. R., Horsfall, W., Totty, N., Yeo, E., Nayar, R., Wu, X.-F., & 

Schuh, A. C. (2002). Cell surface antigen CD109 is a novel member of the 

α2 macroglobulin/C3, C4, C5 family of thioester-containing proteins. 

Blood, 99(5), 1683-1691. 

 

Lindo, J. F., Conway, D. J., Atkins, N. S., Bianco, A. E., Robinson, R. D., & Bundy, 

D. (1994). Prospective evaluation of enzyme-linked immunosorbent assay 

and immunoblot methods for the diagnosis of endemic Strongyloides 

stercoralis infection. The American Journal of Tropical Medicine and 

Hygiene, 51(2), 175-179. 

 

Lindo, J. F., Dubon, J. M., Ager, A. L., de Gourville, E. M., Solo-Gabriele, H., 

Klaskala, W. I., Baum, M. K., & Palmer, C. J. (1998). Intestinal parasitic 

infections in human immunodeficiency virus (HIV)-positive and HIV-

negative individuals in San Pedro Sula, Honduras. The American Journal 

of Tropical Medicine and Hygiene, 58(4), 431-435. 

 

Link, K., & Orenstein, R. (1999). Bacterial complications of strongyloidiasis: 

Streptococcus bovis meningitis. Southern Medical Journal, 92(7), 728-

731. 

 

Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene expression data 

using real-time quantitative PCR and the 2− ΔΔCT method. Methods, 

25(4), 402-408. 

 

Lok, J. B. (2007). Strongyloides stercoralis: a model for translational research on 

parasitic nematode biology. WormBook: The Online Review of C. elegans 

biology, 1. 



© C
OPYRIG

HT U
PM

128 

 
  

 

Lonberg-Holm, K., Reed, D., Roberts, R., Hebert, R., Hillman, M., & Kutney, R. 

(1987). Three high molecular weight protease inhibitors of rat plasma. 

Isolation, characterization, and acute phase changes. Journal of Biological 

Chemistry, 262(1), 438-445. 

 

Lorenz, T. C. (2012). Polymerase chain reaction: basic protocol plus troubleshooting 

and optimization strategies. Journal of Visulized Experiments, 63, e3998. 

 

Lotan, R., Belloni, P. N., Tressler, R. J., Lotan, D., Xu, X.-C., & Nicolson, G. L. 

(1994). Expression of galectins on microvessel endothelial cells and their 

involvement in tumour cell adhesion. Glycoconjugate Journal, 11(5), 462-

468. 

 

Loukas, A., Brown, A. P., & Pritchard, D. I. (2002). Na-ctl-2, a cDNA encoding a C-

type lectin expressed exclusively in adult Necator americanus 

hookworms. Mitochondrial DNA, 13(1), 61-65. 

 

Loukas, A., & Maizels, R. (2000). Helminth C-type lectins and host–parasite 

interactions. Parasitology Today, 16(8), 333-339. 

 

Luzicova, E., & Efimova, O. (2009). Reaction of Bcl-2-positive splenic cells to 

glucocorticoids. Bulletin of Experimental Biology and Medicine, 147(2), 

257-261. 

 

Machado, E. R., Carlos, D., Sorgi, C. A., Ramos, S. G., Souza, D. I., Soares, E. G., 

Costa-Cruz, J. M., Ueta, M. T., Aronoff, D. M., & Faccioli, L. H. (2011). 

Dexamethasone effects in the Strongyloides venezuelensis infection in a 

murine model. The American Tournal of Tropical Medicine and Hygiene, 

84(6), 957-966. 

 

Machado, E. R., Faccioli, L. H., Costa-Cruz, J. M., Lourenço, E. V., Roque-Barreira, 

M. C., de Fátima Gonçalves, M. d. R., & Ueta, M. T. (2008). 

Strongyloides venezuelensis: the antigenic identity of eight strains for the 

immunodiagnosis of human strongyloidiasis. Experimental Parasitology, 

119(1), 7-14. 

 

Machado, E. R., Ueta, M. T., de Fátima Gonçalves, M. d. R., de Oliveira, J. B. A., 

Faccioli, L. H., & Costa-Cruz, J. M. (2001). Diagnosis of human 

strongyloidiasis using particulate antigen of two strains of Strongyloides 

venezuelensis in indirect immunofluorescence antibody test. Experimental 

Parasitology, 99(1), 52-55. 

 

Machado, E. R., Ueta, M. T., Lourenço, E. V., Anibal, F. F., Sorgi, C. A., Soares, E. 

G., Roque-Barreira, M. C., Medeiros, A. I., & Faccioli, L. H. (2005). 

Leukotrienes play a role in the control of parasite burden in murine 

strongyloidiasis. The Journal of Immunology, 175(6), 3892-3899. 

 

Mahdi, N., Setrak, S., & Shiwaish, S. (1993). Diagnostic methods for intestinal 

parasites in southern Iraq with reference to Strongyloides stercoralis. The 



© C
OPYRIG

HT U
PM

129 

 
  

Southeast Asian Journal of Tropical Medicine and Public Health, 24(4), 

685-691. 

 

Maizels, R., & Lawrence, R. (1991). Immunological tolerance: the key feature in 

human filariasis? Parasitology Today, 7(10), 271-276. 

 

Maizels, R., Philipp, M., & Ogilvie, B. M. (1982). Molecules on the surface of 

parasitic nematodes as probes of the immune response in infection. 

Immunological Reviews, 61(1), 109-136. 

 

Maizels, R., Selkirk, M., Englund, P., & Sher, A. (1988). Immunobiology of 

nematode antigens. The biology of Parasitism. A Molecular and 

Immunological Approach., 285-308. 

 

Maizels, R. M., Blaxter, M. L., & Scott, A. L. (2001). Immunological genomics of 

Brugia malayi: filarial genes implicated in immune evasion and protective 

immunity. Parasite Immunology, 23(7), 327-344. 

 

Makarov, A. (2000). Electrostatic axially harmonic orbital trapping: a high-

performance technique of mass analysis. Analytical Chemistry, 72(6), 

1156-1162. 

 

Mangali, A., Chaicumpa, W., Nontasut, P., Chantavanij, P., Tapchaisri, P., & 

Viravan, C. (1991). Enzyme-linked immunosorbent assay for diagnosis of 

human strongyloidiasis. Southeast Asian Journal Tropical Medicine and 

Public Health, 22(1), 88-92. 

 

Manhani, M. N., da Silva Ribeiro, V., Silva, D. A. O., & Costa-Cruz, J. M. (2009). 

Specific IgG avidity in active and inactive human neurocysticercosis. 

Diagnostic Microbiology and Infectious Disease, 65(2), 211-213. 

 

Manoury, B., Gregory, W. F., Maizels, R. M., & Watts, C. (2001). Bm-CPI-2, a 

cystatin homolog secreted by the filarial parasite Brugia malayi, inhibits 

class II MHC-restricted antigen processing. Current Biology, 11(6), 447-

451. 

 

Marathe, A., & Date, V. (2008). Strongyloides stercoralis hyperinfection in an 

immunocompetent patient with extreme eosinophilia. Journal of 

Parasitology, 94(3), 759-760. 

 

Marcilla, A., Sotillo, J., Perez-Garcia, A., Igual-Adell, R., Valero, M., Sánchez-Pino, 

M., Bernal, D., Munoz-Antoli, C., Trelis, M., & Toledo, R. (2010). 

Proteomic analysis of Strongyloides stercoralis L3 larvae. Parasitology, 

137(10), 1577-1583. 

 

Marcos, L. A., Terashima, A., Canales, M., & Gotuzzo, E. (2011). Update on 

strongyloidiasis in the immunocompromised host. Current Infectious 

Disease Reports, 13(1), 35-46. 

 



© C
OPYRIG

HT U
PM

130 

 
  

Marcos, L. A., Terashima, A., DuPont, H. L., & Gotuzzo, E. (2008). Strongyloides 

hyperinfection syndrome: an emerging global infectious disease. 

Transactions of the Royal Society of Tropical Medicine and Hygiene, 

102(4), 314-318. 

 

Marra, N. M., Chiuso-Minicucci, F., Machado, G. C., Zorzella-Pezavento, S. F. G., 

França, T. G. D., Ishikawa, L. L. W., Amarante, A. F., Sartori, A., & 

Amarante, M. R. (2010). Faecal examination and PCR to detect 

Strongyloides venezuelensis in experimentally infected Lewis rats. 

Memórias do Instituto Oswaldo Cruz, 105(1), 57-61. 

 

Martin, J. A., & Mak, D. B. (2006). Changing faces: a review of infectious disease 

screening of refugees by the Migrant Health Unit, Western Australia in 

2003 and 2004. Medical Journal of Australia, 185(11-12), 607-610. 

 

Maruyama, H., El-Malky, M., Kumagai, T., & Ohta, N. (2003). Secreted adhesion 

molecules of Strongyloides venezuelensis are produced by oesophageal 

glands and are components of the wall of tunnels constructed by adult 

worms in the host intestinal mucosa. Parasitology, 126(02), 165-171. 

 

Maruyama, H., Yabu, Y., Yoshida, A., Nawa, Y., & Ohta, N. (2000). A role of mast 

cell glycosaminoglycans for the immunological expulsion of intestinal 

nematode, Strongyloides venezuelensis. The Journal of Immunology, 

164(7), 3749-3754. 

 

 

Masucci, L., Graffeo, R., Bani, S., Bugli, F., Boccia, S., Nicolotti, N., Fiori, B., 

Fadda, G., & Spanu, T. (2011). Intestinal parasites isolated in a large 

teaching hospital, Italy, 1 May 2006 to 31 December 2008. 

EUROSURVEILLANCE, 16(24), pii: 19891-pii: 19891. 

 

Matsuda, K., Kim, B.-S., Whang, I.-S., Lim, C.-W., & Baek B.-K. (2003). Migration 

of Strongyloides venezuelensis in rats after oral inoculation of free-living 

infective larvae. Journal of Veterinary Medical Science, 65(9), 971-975. 

 

McGregor, I., Sato, Y., Takara, M., & Otsuru, M. (1985). Detection of antibodies in 

strongyloidiasis by enzyme-linked immunosorbent assay (ELISA). 

Transactions of the Royal Society of Tropical Medicine and Hygiene, 

79(1), 51-55. 

 

McKerrow, J. H., Brindley, P., Brown, M., Gam, A. A., Staunton, C., & Neva, F. A. 

(1990). Strongyloides stercoralis: identification of a protease that 

facilitates penetration of skin by the infective larvae. Experimental 

Parasitology, 70(2), 134-143. 

 

McSorley, H. J., Hewitson, J. P., & Maizels, R. M. (2013). Immunomodulation by 

helminth parasites: defining mechanisms and mediators. International 

Journal for Parasitology, 43(3), 301-310. 

 



© C
OPYRIG

HT U
PM

131 

 
  

Meamar, A., Rezaian, M., Mohraz, M., Hadighi, R., & Kia, E. (2007). Strongyloides 

stercoralis hyper-infection syndrome in HIV+/AIDS patients in Iran. 

Parasitology Research, 101(3), 663-665. 

 

Mejia, R., & Nutman, T. B. (2012). Screening, prevention, and treatment for 

hyperinfection syndrome and disseminated infections caused by 

Strongyloides stercoralis. Current Opinion in Infectious Diseases, 25(4), 

458. 

 

Mello, C. B., Ramos, L., Gimenes, A. D., de Moraes Andrade, T. R., Oliani, S. M., 

& Gil, C. D. (2015). Immunomodulatory Effects of Galectin-1 on an IgE-

Mediated Allergic Conjunctivitis Model. Investigative Ophthalmology & 

Visual Science, 56(2), 693-704. 

 

Mello, L. V., O'Meara, H., Rigden, D. J., & Paterson, S. (2009). Identification of 

novel aspartic proteases from Strongyloides ratti and characterisation of 

their evolutionary relationships, stage-specific expression and molecular 

structure. BMC Genomics, 10(1), 611. 

 

Mestecky, J., & Russell, M. W. (2009). Specific antibody activity, glycan 

heterogeneity and polyreactivity contribute to the protective activity of S-

IgA at mucosal surfaces. Immunology Letters, 124(2), 57-62. 

 

Miller, I., Friedlein, A., Tsangaris, G., Maris, A., Fountoulakis, M., & Gemeiner, M. 

(2004). The serum proteome of Equus caballus. Proteomics, 4(10), 3227-

3234. 

 

Miller, S. A., Rosario, C. L., Rojas, E., & Scorza, J. V. (2003). Intestinal parasitic 

infection and associated symptoms in children attending day care centres 

in Trujillo, Venezuela. Tropical Medicine & International Health, 8(4), 

342-347. 

Mimori, T., Tanaka, M., & Tada, I. (1987). Strongyloides ratti: Formation of 

protection in rats by excretory/secretory products of adult worms. 

Experimental Parasitology, 64(3), 342-346. 

 

Mir, A., Benahmed, D., Igual, R., Borras, R., O‘connor, J., Moreno, M., & Rull, S. 

(2006). Eosinophil‐selective mediators in human strongyloidiasis. Parasite 

Immunology, 28(8), 397-400. 

 

Mitreva, M., McCarter, J. P., Martin, J., Dante, M., Wylie, T., Chiapelli, B., Pape, 

D., Clifton, S. W., Nutman, T. B., & Waterston, R. H. (2004). 

Comparative genomics of gene expression in the parasitic and free-living 

nematodes Strongyloides stercoralis and Caenorhabditis elegans. Genome 

Research, 14(2), 209-220. 

 

Mizuno, S., Iida, T., Zendejas, I., Martin, T. D., Schain, D. C., Turner, B., & Fujita, 

S. (2009). Strongyloides hyperinfection syndrome following simultaneous 

heart and kidney transplantation. Transplant International, 22(2), 251-

253. 

 



© C
OPYRIG

HT U
PM

132 

 
  

Moghaddassani, H., Mirhendi, H., Hosseini, M., Rokni, M., Mowlavi, G., & Kia, E. 

(2011). Molecular diagnosis of Strongyloides stercoralis infection by PCR 

detection of specific DNA in human stool samples. Iranian Journal of 

Parasitology, 6(2), 23. 

 

Mohamad, N., Zueter, A., Noordin, R., Nasir, A., Ariffin, N., Basuni, M., & 

Mohamed, Z. (2012). Symptomatic chronic strongyloidiasis in children 

following treatment for solid organ malignancies: case reports and. 

Tropical Biomedicine, 29(3), 479-488. 

 

Molinier, S., Chaudier, B., Kraemer, P., Graffin, B., San, V., Imbert, P., Morillon, 

M., Touze, J., & Gras, C. (1997). [Diagnostic and treatment of 

hypereosinophilia upon return from the tropics: 102 patients]. Medecine 

tropicale: revue du Corps de sante colonial, 58(4 Suppl), 499-502. 

 

Montes, M., Sanchez, C., Verdonck, K., Lake, J. E., Gonzalez, E., Lopez, G., 

Terashima, A., Nolan, T., Lewis, D. E., & Gotuzzo, E. (2009). Regulatory 

T cell expansion in HTLV-1 and strongyloidiasis co-infection is 

associated with reduced IL-5 responses to Strongyloides stercoralis 

antigen. PLoS Negl Trop Dis, 3(6), e456.  

Montes, M., Sawhney, C., & Barros, N. (2010). Strongyloides stercoralis: there but 

not seen. Current opinion in infectious diseases, 23(5), 500. 

 

Moraes, R. (1948). Contribuição para o estudo do Strongyloides stercoralis e da 

estrongiloidíase no Brasil. Rev Serv Esp Saúde Pública, 1, 507-624. 

 

Moreno, Y. A. (2011). Characterization of Secretory Processes and the Secretome of 

Parasitic Nematodes: (PhD thesis), McGill University Libraries 

 

Mota-Ferreira, D. M., Maria do Rosário, F., Júnior, Á. F., Sopelete, M. C., Abdallah, 

V. O., & Costa-Cruz, J. M. (2009). Specific IgA and IgG antibodies in 

paired serum and breast milk samples in human strongyloidiasis. Acta 

Tropica, 109(2), 103-107.  

 

Moustafa, M. (1997). An evaluation of the modified agar plate method for diagnosis 

of Strongyloides stercoralis. Journal of the Egyptian Society of 

Parasitology, 27(2), 571-579. 

 

Mukhopadhyay, C., Wilson, G., Chawla, K., Binu, V., & Shivananda, P. (2008). A 6 

year Geohelminth infection profile of children at high altitude in Western 

Nepal. BMC Public Health, 8(1), 98. 

 

Mulcahy, G., O'Neill, S., Donnelly, S., & Dalton, J. (2004). Helminths at mucosal 

barriers—interaction with the immune system. Advanced Drug Delivery 

Reviews, 56(6), 853-868. 

 

Mulvenna, J., Hamilton, B., Nagaraj, S. H., Smyth, D., Loukas, A., & Gorman, J. J. 

(2009). Proteomics analysis of the excretory/secretory component of the 

blood-feeding stage of the hookworm, Ancylostoma caninum. Molecular 

& Cellular Proteomics, 8(1), 109-121. 



© C
OPYRIG

HT U
PM

133 

 
  

 

Nagaraj, S. H., Gasser, R. B., & Ranganathan, S. (2008). Needles in the EST 

haystack: large-scale identification and analysis of excretory-secretory 

(ES) proteins in parasitic nematodes using expressed sequence tags 

(ESTs). PLoS Neglected Tropical Diseases, 24;2(9):e301. 

 

Nagorsen, D. W., Branch, B., & Branch, T. E. (2002). An identification manual to 

the small mammals of British Columbia: British Columbia, Ministry of 

Sustainable Resource Management. 

 

Nakada, K., Kohakura, M., Komoda, H., & Hinuma, Y. (1984). High incidence of 

HTLV antibody in carriers of Strongyloides stercoralis. The Lancet, 

323(8377), 633. 

 

Nasiri, V., Esmailnia, K., Karim, G., Nasir, M., & Akhavan, O. (2009). Intestinal 

parasitic infections among inhabitants of Karaj City, Tehran province, Iran 

in 2006-2008. The Korean Journal of Parasitology, 47(3), 265-268. 

 

Nasr, N. A., Al-Mekhlafi, H. M., Ahmed, A., Roslan, M. A., & Bulgiba, A. (2013). 

Towards an effective control programme of soil-transmitted helminth 

infections among Orang Asli in rural Malaysia. Part 2: Knowledge, 

attitude, and practices. Parasit Vectors, 6, 28. 

 

Navitsky, R., Dreyfuss, M., Shrestha, J., Khatry, S., Stoltzfus, R., & Albonico. 

(1998). Ancylostoma duodenale is responsible for hookworm infections 

among pregnant women in the rural plains of Nepal. The Journal of 

Parasitology, 647-651. 

 

Nelson, F. K., Albert, P. S., & Riddle, D. L. (1983). Fine structure of the 

Caenorhabditis elegans secretory—excretory system. Journal of 

Ultrastructure Research, 82(2), 156-171. 

 

Nelson, F. K., & Riddle, D. L. (1984). Functional study of the Caenorhabditis 

elegans secretory‐excretory system using laser microsurgery. Journal of 

Experimental Zoology, 231(1), 45-56.  

 

Neva, F. A., Oliveira Filho, J., Gam, A. A., Thompson, R., Freitas, V., Melo, A., & 

Carvalho, E. M. (1998). Interferon-γ and interleukin-4 responses in 

relation to serum IgE levels in persons infected with human T 

lymphotropic virus type I and Strongyloides stercoralis. Journal of 

Infectious Diseases, 178(6), 1856-1859. 

 

Ngrenngarmlert, W., Lamom, C., Pasuralertsakul, S., Yaicharoen, R., 

Wongjindanon, N., Sripochang, S., Suwajeejarun, T., Sermsart, B.-O., & 

Kiatfuengfoo, R. (2007). Intestinal parasitic infections among school 

children in Thailand. Tropical Biomedicine, 24, 83-88. 

 

Ngui, R., Ishak, S., Chuen, C. S., Mahmud, R., & Lim, Y. A. (2011). Prevalence and 

risk factors of intestinal parasitism in rural and remote West Malaysia. 

PLoS Neglected Tropical Diseases, 1;5(3):e974. 

http://www.ncbi.nlm.nih.gov/pubmed/18820748
http://www.ncbi.nlm.nih.gov/pubmed/18820748


© C
OPYRIG

HT U
PM

134 

 
  

 

Ngui, R., Lim, Y. A., Traub, R., Mahmud, R., & Mistam, M. S. (2012). 

Epidemiological and genetic data supporting the transmission of 

Ancylostoma ceylanicum among human and domestic animals. PLoS 

Neglected Tropical Diseases, 6(2), e1522. 

 

Nielsen, P. B., & Mojon, M. (1987). Improved diagnosis of Strongyloides stercoralis 

by seven consecutive stool specimens. Zentralblatt für Bakteriologie, 

Mikrobiologie und Hygiene. Series A: Medical Microbiology, Infectious 

Diseases, Virology, Parasitology, 263(4), 616-618. 

 

Nilforoushan, M., Mirhendi, H., Rezaie, S., Rezaian, M., Meamar, A., & Kia, E. 

(2007). A DNA-Based Identification of Strongyloides stercoralis Isolates 

from Iran. Iranian Journal of Public Health, 36(3), 16-20. 

 

Nolan, T. J., Bhopale, V. M., & Schad, G. A. (1999). Hyperinfective 

strongyloidiasis: Strongyloides stercoralis undergoes an autoinfective 

burst in neonatal gerbils. The Journal of Parasitology, 286-289. 

 

Norsyahida, A., Riazi, M., Sadjjadi, S., Muhammad Hafiznur, Y., Low, H., 

Zeehaida, M., & Noordin, R. (2013). Laboratory detection of 

strongyloidiasis: IgG‐, IgG4‐and IgE‐ELISAs and cross‐reactivity with 

lymphatic filariasis. Parasite Immunology, 35(5-6), 174-179. 

 

Oleaga, A., Pérez-Sánchez, R., Pagés, E., Marcos-Atxutegi, C., & Simón, F. (2009). 

Identification of immunoreactive proteins from the dog heartworm 

(Dirofilaria immitis) differentially recognized by the sera from dogs with 

patent or occult infections. Molecular and Biochemical Parasitology, 

166(2), 134-141. 

 

Olsen, A., van Lieshout, L., Marti, H., Polderman, T., Polman, K., Steinmann, P., 

Stothard, R., Thybo, S., Verweij, J. J., & Magnussen, P. (2009). 

Strongyloidiasis–the most neglected of the neglected tropical diseases? 

Transactions of the Royal Society of Tropical Medicine and Hygiene, 

103(10), 967-972. 

 

Ordóñez, L. E., & Angulo, E. S. (2004). Efficacy of ivermectin in the treatment of 

children parasitized by Strongyloides stercoralis. Biomedica, 24(1), 33-41.  

 

Pabinger, S., Rödiger, S., Kriegner, A., Vierlinger, K., & Weinhäusel, A. (2014). A 

survey of tools for the analysis of quantitative PCR (qPCR) data. 

Biomolecular Detection and Quantification, 1(1), 23-33. 

 

Padigel, U. M., Lee, J. J., Nolan, T. J., Schad, G. A., & Abraham, D. (2006). 

Eosinophils can function as antigen-presenting cells to induce primary and 

secondary immune responses to Strongyloides stercoralis. Infection and 

Immunity, 74(6), 3232-3238. 

 

Page, W. A., Dempsey, K., & McCarthy, J. S. (2006). Utility of serological follow-

up of chronic strongyloidiasis after anthelminthic chemotherapy. 



© C
OPYRIG

HT U
PM

135 

 
  

Transactions of the Royal Society of Tropical Medicine and Hygiene, 

100(11), 1056-1062. 

 

Panaitescu, D., Căpraru, T., & Bugarin, V. (1994). Study of the incidence of 

intestinal and systemic parasitoses in a group of children with handicaps. 

Roumanian Archives of Microbiology and Immunology, 54(1-2), 65-74. 

 

Parasuraman, S., Raveendran, R., & Kesavan, R. (2010). Blood sample collection in 

small laboratory animals. Journal of Pharmacology and 

Pharmacotherapeutics, 1(2), 87. 

 

Panning, M., Kilwinski, J., Greiner-Fischer, S., Peters, M., Kramme, S., 

Frangoulidis, D., Meyer, H., Henning, K., & Drosten, C. (2008). High 

throughput detection of Coxiella burnetii by real-time PCR with internal 

control system and automated DNA preparation. BMC Microbiology, 8(1), 

77. 

 

Patel, G., Arvelakis, A., Sauter, B., Gondolesi, G., Caplivski, D., & Huprikar, S. 

(2008). Strongyloides hyperinfection syndrome after intestinal 

transplantation. Transplant Infectious Disease, 10(2), 137-141. 

 

Patel, P. K., & Khandekar, R. (2006). Intestinal parasitic infections among school 

children of the Dhahira Region of Oman. Saudi Medical Journal, 27(5), 

627-632. 

 

Paula, F., & Costa-Cruz, J. (2011). Epidemiological aspects of strongyloidiasis in 

Brazil. Parasitology, 138(11), 1331-1340. 

 

Pearson, W. R. (2013). An introduction to sequence similarity (―homology‖) 

searching. Current Protocols in Bioinformatics, 3.1. 1-3.1. 8. 

 

Pelletier , L. L. (1984). Chronic strongyloidiasis in World War II Far East ex-

prisoners of war. The American Journal of Tropical Medicine and 

Hygiene, 33(1), 55-61. 

 

Perally, S., LaCourse, E. J., Campbell, A. M., & Brophy, P. M. (2008). Heme 

transport and detoxification in nematodes: subproteomics evidence of 

differential role of glutathione transferases. Journal of Proteome 

Research, 7(10), 4557-4565. 

 

Pereira, C. A., Alonso, G. D., Paveto, M. C., Iribarren, A., Cabanas, M. L., Torres, 

H. N., & Flawiá, M. M. (2000). Trypanosoma cruzi Arginine Kinase 

Characterization and Cloning A Novel Energetic Pathway In Protozoan 

Parasites. Journal of Biological Chemistry, 275(2), 1495-1501. 

 

Petithory, J., & Derouin, F. (1987). AIDS and strongyloidiasis in Africa. The Lancet, 

329(8538), 921. 

 

Pfaffl, M. W. (2006). Relative quantification. Real-time PCR, 63, 63-82. 

 



© C
OPYRIG

HT U
PM

136 

 
  

 

Pfaffl, M. W., Horgan, G. W., & Dempfle, L. (2002). Relative expression software 

tool (REST©) for group-wise comparison and statistical analysis of 

relative expression results in real-time PCR. Nucleic Acids Research, 

30(9), e36-e36. 

 

Pfaffl, M. W., Tichopad, A., Prgomet, C., & Neuvians, T. P. (2004). Determination 

of stable housekeeping genes, differentially regulated target genes and 

sample integrity: BestKeeper–Excel-based tool using pair-wise 

correlations. Biotechnology Letters, 26(6), 509-515. 

 

Porto, A. F., Neva, F. A., Bittencourt, H., Lisboa, W., Thompson, R., Alcantara, L., 

& Carvalho, E. M. (2001). HTLV‐1 decreases Th2 type of immune 

response in patients with strongyloidiasis. Parasite Immunology, 23(9), 

503-507. 

 

Radonić, A., Thulke, S., Mackay, I. M., Landt, O., Siegert, W., & Nitsche, A. 

(2004). Guideline to reference gene selection for quantitative real-time 

PCR. Biochemical and Biophysical Research Communications, 313(4), 

856-862. 

 

Rajasekariah, G.R., Bose, S., Dhage, K.R., and Des, B.N.(1987). Simple faecal 

filtration culture (FFC) technique for Strongyloides ratti infective larvae. 

Transactions of the Royal Society of Tropical Medicine and Hygeine, 81, 

218. 

 

Ramachandran, S., Thompson, R. W., Gam, A. A., & Neva, F. A. (1998). 

Recombinant cDNA clones for immunodiagnosis of strongyloidiasis. 

Journal of Infectious Diseases, 177(1), 196-203. 

 

Ramanathan, R., Burbelo, P. D., Groot, S., Iadarola, M. J., Neva, F. A., & Nutman, 

T. B. (2008). A luciferase immunoprecipitation systems assay enhances 

the sensitivity and specificity of diagnosis of Strongyloides stercoralis 

infection. Journal of Infectious Diseases, 198(3), 444-451. 

 

Ramanathan, R., & Nutman, T. B. (2008). Strongyloides stercoralis infection in the 

immunocompromised host. Current Infectious Disease Reports, 10(2), 

105-110. 

 

Ranganathan, S., & Garg, G. (2009). Secretome: clues into pathogen infection and 

clinical applications. Genome Medicine, 1(11), 113. 

 

Ratner, L., Grant, C., Zimmerman, B., Fritz, J., Weil, G., Denes, A., Suresh, R., 

Campbell, N., Jacobson, S., & Lairmore, M. (2007). Effect of treatment of 

Strongyloides infection on HTLV-1 expression in a patient with adult T-

cell leukemia. American Journal of Hematology, 82(10), 929. 

 

Ravi, V., Ramachandran, S., Thompson, R. W., Andersen, J. F., & Neva, F. A. 

(2002). Characterization of a recombinant immunodiagnostic antigen 



© C
OPYRIG

HT U
PM

137 

 
  

(NIE) from Strongyloides stercoralis L3-stage larvae. Molecular and 

Biochemical Parasitology, 125(1), 73-81. 

 

Rebello, K. M., Barros, J. S., Mota, E. M., Carvalho, P. C., Perales, J., Lenzi, H. L., 

& Neves-Ferreira, A. G. (2011). Comprehensive proteomic profiling of 

adult Angiostrongylus costaricensis, a human parasitic nematode. Journal 

of Proteomics, 74(9), 1545-1559. 

 

Repetto, S., Soto, C. A., Cazorla, S., Tayeldin, M., Cuello, S., Lasala, M., Tekiel, V., 

& Cappa, S. G. (2013). An improved DNA isolation technique for PCR 

detection of Strongyloides stercoralis in stool samples. Acta Tropica, 

126(2), 110-114. 

 

Requena-Méndez, A., Chiodini, P., Bisoffi, Z., Buonfrate, D., Gotuzzo, E., & 

Muñoz, J. (2013). The laboratory diagnosis and follow up of 

strongyloidiasis: a systematic review. PLoS Neglected Tropical Diseases, 

7(1): e2002. 

 

Rhoads, M. L. (1981). Cholinesterase in the parasitic nematode, Stephanurus 

dentatus. Characterization and sex dependence of a secretory 

cholinesterase. Journal of Biological Chemistry, 256(17), 9316-9323. 

 

Ribeiro, V. S., Feliciano, N. D., Gonzaga, H. T., Costa, I. N., Gonçalves-Pires, M. 

R., Ueta, M. T., & Costa-Cruz, J. M. (2010). Detergent fraction of 

heterologous antigen to detect IgA and IgG in strongyloidiasis using saliva 

and serum paired samples. Immunology Letters, 134(1), 69-74.  

 

Rigo, C. R., Lescano, S. Z., Marchi, C. R. d., & Amato Neto, V. (2008). Avaliação 

da resposta imune humoral frente a antígenos de Strongyloides 

venezuelensis. Revista da Sociedade Brasileira de Medicina Tropical, 

41(6), 648-653. 

 

Rippe, B., & Haraldsson, B. (1994). Transport of macromolecules across 

microvascular walls: the two-pore theory. Physiological Reviews, 74(1), 

163-220. 

 

Ritchie, L. S. (1948). An ether sedimentation technique for routine stool 

examinations. Bulletin of the US Army Medical Department. United 

States. Army Medical Department, 8(4), 326. 

 

Robinson, M. W., Gare, D. C., & Connolly, B. (2005). Profiling excretory/secretory 

proteins of Trichinella spiralis muscle larvae by two-dimensional gel 

electrophoresis and mass spectrometry. Veterinary Parasitology, 132(1), 

37-41. 

 

Robinson, M. W., Menon, R., Donnelly, S. M., Dalton, J. P., & Ranganathan, S. 

(2009). An Integrated Transcriptomics and Proteomics Analysis of the 

Secretome of the Helminth Pathogen Fasciola hepatica Proteins 

associated with invasion and infection of the mammalian host. Molecular 

& Cellular Proteomics, 8(8), 1891-1907. 

http://www.ncbi.nlm.nih.gov/pubmed/18820748


© C
OPYRIG

HT U
PM

138 

 
  

 

Robinson, R. D., Lindo, J. F., Neva, F. A., Gam, A. A., Vogel, P., Terry, S. I., & 

Cooper, E. S. (1994). Immunoepidemiologic studies of Strongyloides 

stercoralis and human T lymphotropic virus type I infections in Jamaica. 

Journal of Infectious Diseases, 169(3), 692-696. 

 

Rodrigues, R. M., de Oliveira, M. C., Sopelete, M. C., Silva, D. A., Campos, D. M., 

Taketomi, E. A., & Costa-Cruz, J. M. (2007). IgG1, IgG4, and IgE 

antibody responses in human strongyloidiasis by ELISA using 

Strongyloides ratti saline extract as heterologous antigen. Parasitology 

Research, 101(5), 1209-1214. 

 

Rodrigues, R. M., Sopelete, M. C., Silva, D. A. d. O., Cunha-Júnior, J. P., Taketomi, 

E. A., & Costa-Cruz, J. M. (2004). Strongyloides ratti antigenic 

components recognized by IgE antibodies in immunoblotting as an 

additional tool for improving the immunodiagnosis in human 

strongyloidiasis. Memórias do Instituto Oswaldo Cruz, 99(1), 89-93.  

 

Roldán, W. H., Espinoza, Y. A., Huapaya, P. E., Huiza, A. F., Sevilla, C. R., & 

Jiménez, S. (2009). Frequency of human toxocariasis in a rural population 

from Cajamarca, Peru determined by DOT-ELISA test. Revista do 

Instituto de Medicina Tropical de São Paulo, 51(2), 67-71. 

 

Rossi, C. L., Takahashi, E. E. H., Teixeira, A., Barros-Mazon, S. d., & Trevisan, R. 

(1993). Avaliação de preparações antigênicas de Strongyloides stercoralis 

para o imunodiagnóstico da estrongiloidíase. Revista da Sociedade 

Brasileira de Medicina Tropical, 26(2), 83-87. 

 

Rothwell, T., & Merritt, G. (1974). Acetylcholinesterase secretion by parasitic 

nematodes—IV. Antibodies against the enzyme in Trichostrongylus 

colubriformis infected sheep. International Journal for Parasitology, 4(1), 

63-71. 

 

Roxby, A. C., Gottlieb, G. S., & Limaye, A. P. (2009). Strongyloidiasis in transplant 

patients. Clinical Infectious Diseases, 49(9), 1411-1423. 

 

Safdar, A., Malathum, K., Rodriguez, S. J., Husni, R., & Rolston, K. V. (2004). 

Strongyloidiasis in patients at a comprehensive cancer center in the United 

States. Cancer, 100(7), 1531-1536. 

 

Salazar, S. A., Gutierrez, C., & Berk, S. L. (1995). Value of the agar plate method 

for the diagnosis of intestinal strongyloidiasis. Diagnostic Microbiology 

and Infectious Disease, 23(4), 141-145. 

 

Sánchez, A. M., García, A. H., Fernández, M. G., Rodríguez, O. A., Cabrera, M. H., 

& Arellano, J. P. (2004). Intestinal parasitoses in the asymptomatic 

Subsaharian inmigrant population. Gran Canaria 2000, Revista Clinica 

Espanola, 204(1), 14-17.  

 



© C
OPYRIG

HT U
PM

139 

 
  

Santos, S. A. d., & Merlini, L. S. (2010). Prevalence of enteroparasitosis in the 

population of Maria Helena, Paraná State. Ciência & Saúde Coletiva, 

15(3), 899-905. 

 

Sato, Y., Inoue, F., Matsuyama, R., & Shiroma, Y. (1990). Immunoblot analysis of 

antibodies in human strongyloidiasis. Transactions of the Royal Society of 

Tropical Medicine and Hygiene, 84(3), 403-406. 

 

Sato, Y., Kobayashi, J., Toma, H., & Shiroma, Y. (1995). Efficacy of stool 

examination for detection of Strongyloides infection. The American 

Journal of Tropical Medicine and Hygiene, 53(3), 248-250. 

 

Satoh, M., Nakamura, M., Akatsu, T., Shimoda, Y., Segawa, I., & Hiramori, K. 

(2004). Toll-like receptor 4 is expressed with enteroviral replication in 

myocardium from patients with dilated cardiomyopathy. Laboratory 

Investigation, 84(2), 173-181. 

 

Satoh, M., Toma, H., Sato, Y., Takara, M., Shiroma, Y., Kiyuna, S., & Hirayama, K. 

(2002). Reduced efficacy of treatment of strongyloidiasis in HTLV‐I 
carriers related to enhanced expression of IFN‐γ and TGF‐β1. Clinical & 

Experimental Immunology, 127(2), 354-359. 

 

Saussez, S., Lorfevre, F., Lequeux, T., Laurent, G., Chantrain, G., Vertongen, F., 

Toubeau, G., Decaestecker, C., & Kiss, R. (2008). The determination of 

the levels of circulating galectin-1 and-3 in HNSCC patients could be used 

to monitor tumor progression and/or responses to therapy. Oral Oncology, 

44(1), 86-93. 

 

Schaeffer, M. W., Buell, J. F., Gupta, M., Conway, G. D., Akhter, S. A., & Wagoner, 

L. E. (2004). Strongyloides hyperinfection syndrome after heart 

transplantation: case report and review of the literature. The Journal of 

Heart and Lung Transplantation, 23(7), 905-911. 

 

Schär, F., Hattendorf, J., Khieu, V., Muth, S., Char, M., Marti, H., & Odermatt, P. 

(2014). Strongyloides stercoralis larvae excretion patterns before and after 

treatment. Parasitology, 141(07), 892-897. 

 

Schär, F., Odermatt, P., Khieu, V., Panning, M., Duong, S., Muth, S., Marti, H., & 

Kramme, S. (2013). Evaluation of real-time PCR for Strongyloides 

stercoralis and hookworm as diagnostic tool in asymptomatic 

schoolchildren in Cambodia. Acta Tropica, 126(2), 89-92.  

 

Segarra-Newnham, M. (2007). Manifestations, diagnosis, and treatment of 

Strongyloides stercoralis infection. Annals of Pharmacotherapy, 41(12), 

1992-2001.  

 

Siddiqui, A. A., & Berk, S. L. (2001). Diagnosis of Strongyloides stercoralis 

infection. Clinical Infectious Diseases, 33(7), 1040-1047. 

 



© C
OPYRIG

HT U
PM

140 

 
  

Siddiqui, A. A., Stanley, C. S., Berk, S. L., & Skelly, P. J. (2000). A cDNA encoding 

a nuclear hormone receptor of the steroid/thyroid hormone-receptor 

superfamily from the human parasitic nematode Strongyloides stercoralis. 

Parasitology Research, 86(1), 24-29. 

 

Siegel, M. O., & Simon, G. L. (2012). Is human immunodeficiency virus infection a 

risk factor for Strongyloides stercoralis hyperinfection and dissemination. 

PLoS Neglected Tropical Diseases, 6(7), e1581. 

 

Silva, L. P., Barcelos, I. S. d. C., Passos-Lima, A. B., Espindola, F. S., Campos, D. 

M. B., & Costa-Cruz, J. M. (2003). Western blotting using Strongyloides 

ratti antigen for the detection of IgG antibodies as confirmatory test in 

human strongyloidiasis. Memórias do Instituto Oswaldo Cruz, 98(5), 687-

691. 

 

Simao Ferreira, M. (2003). Strongyloidiasis and acquired immunodeficiency 

Syndrome. Enf Emergency, 5(1), 18-26. 

 

Sinniah, B., Sabaridah, I., Soe, M., Sabitha, P., Awang, I., Ong, G., & Hassan, A. 

(2012). Determining the prevalence of intestinal parasites in three Orang 

Asli (Aborigines) communities in Perak, Malaysia. Tropical Biomedicine, 

29(2), 200-206. 

 

Sinniah, B., Singh, M., & Anuar, K. (1979). Preliminary survey of Capillaria 

hepatica (Bancroft, 1893) in Malaysia. Journal of Helminthology, 53(02), 

147-152.  

Smith, A. B., Esko, J. D., & Hajduk, S. L. (1995). Killing of trypanosomes by the 

human haptoglobin-related protein. Science, 268(5208), 284-286. 

 

Soblik, H. (2009). Proteomic analysis of excretory/secretory proteins from parasitic 

and free-living stages of Strongyloides ratti. (PhD thesis) Hamburg, Univ., 

Diss., 2009. 

 

Soblik, H., Younis, A. E., Mitreva, M., Renard, B. Y., Kirchner, M., Geisinger, F., 

Steen, H., & Brattig, N. W. (2011). Life cycle stage-resolved proteomic 

analysis of the excretome/secretome from Strongyloides ratti-

identification of stage-specific proteases. Molecular & Cellular 

Proteomics, 10(12), M111. 010157. 

 

Ståhlberg, A., Håkansson, J., Xian, X., Semb, H., & Kubista, M. (2004). Properties 

of the reverse transcription reaction in mRNA quantification. Clinical 

Chemistry, 50(3), 509-515. 

 

Starkey, P. M., & Barrett, A. J. (1982). Evolution of alpha 2-macroglobulin. The 

demonstration in a variety of vertebrate species of a protein resembling 

human alpha 2-macroglobulin. Biochemistry Journal, 205, 91-95. 

 

Steinmann, P., Zhou, X.-N., Du, Z.-W., Jiang, J.-Y., Wang, L.-B., Wang, X.-Z., Li, 

L.-H., Marti, H., & Utzinger, J. (2007). Occurrence of Strongyloides 



© C
OPYRIG

HT U
PM

141 

 
  

stercoralis in Yunnan Province, China, and comparison of diagnostic 

methods. PLoS Neglected Tropical Diseases, 1(1), e75. 

 

Sterla, S., Sato, H., & Nieto, A. (1999). Echinococcus granulosus human infection 

stimulates low avidity anticarbohydrate IgG2 and high avidity antipeptide 

IgG4 antibodies. Parasite Immunology, 21(1), 27-34. 

 

Stewart, D. M., Ramanathan, R., Mahanty, S., Fedorko, D. P., Janik, J. E., & Morris, 

J. C. (2011). Disseminated Strongyloides stercoralis infection in HTLV-1-

associated adult T-cell leukemia/lymphoma. Acta Haematologica, 126(2), 

63-67. 

 

Strube, C., Buschbaum, S., Wolken, S., & Schnieder, T. (2008). Evaluation of 

reference genes for quantitative real-time PCR to investigate protein 

disulfide isomerase transcription pattern in the bovine lungworm 

Dictyocaulus viviparus. Gene, 425(1), 36-43. 

 

Stürzenbaum, S. R., & Kille, P. (2001). Control genes in quantitative molecular 

biological techniques: the variability of invariance. Comparative 

Biochemistry and Physiology Part B: Biochemistry and Molecular 

Biology, 130(3), 281-289. 

 

Sudarshi, S., Stümpfle, R., Armstrong, M., Ellman, T., Parton, S., Krishnan, P., 

Chiodini, P. L., & Whitty, C. J. (2003). Clinical presentation and 

diagnostic sensitivity of laboratory tests for Strongyloides stercoralis in 

travellers compared with immigrants in a non‐endemic country. Tropical 

Medicine & International Health, 8(8), 728-732. 

 

Sudré, A. P., Siqueira, R. C., Barreto, M. G., Peralta, R. H., Macedo, H. W., & 

Peralta, J. M. (2007). Identification of a 26-kDa protein fraction as an 

important antigen for application in the immunodiagnosis of 

strongyloidiasis. Parasitology Research, 101(4), 1117-1123. 

 

Sykes, A. M., & McCarthy, J. S. (2011). A coproantigen diagnostic test for 

Strongyloides infection. PLoS Neglected Tropical Diseases, 5(2), e955. 

 

Tanaka, M., Hirabayashi, Y., Gatanaga, H., Aizawa, S., Hachiya, A., Takahashi, Y., 

Tashiro, E., Kohsaka, T., Oyamada, M., & Ida, S. (1999). Reduction in 

interleukin-2-producing cells but not Th1 to Th2 shift in moderate and 

advanced stages of human immunodeficiency virus type-1-infection: 

direct analysis of intracellular cytokine concentrations in CD4+ CD8-T 

cells. Scandinavian Journal of Immunology, 50(5), 550-554. 

 

Tazir, Y. (2009). Strongyloides ratti: Identification, isolation and characterisation of 

Heat Shock Protein 10 and Heat Shock Protein 60. Universitätsbibliothek 

Giessen. 

 

Tefe-Silva, C., Beneli, C. T., Celes, M. R., Machado, E. R., Ueta, M. T., Sorgi, C. 

A., Floriano, E. M., Faccioli, L. H., & Ramos, S. G. (2012). 

Dexamethasone reduces bronchial wall remodeling during pulmonary 



© C
OPYRIG

HT U
PM

142 

 
  

migration of Strongyloides venezuelensis larvae in rats. Parasitology 

International, 61(3), 425-430. 

 

Tefé-Silva, C., Souza, D. I., Ueta, M. T., Floriano, E. M., Faccioli, L. H., & Ramos, 

S. G. (2008). Interference of dexamethasone in the pulmonary cycle of 

Strongyloides venezuelensis in rats. The American Journal of Tropical 

Medicine and Hygiene, 79(4), 571-578. 

 

Ten Hove, R., van Esbroeck, M., Vervoort, T., van den Ende, J., Van Lieshout, L., & 

Verweij, J. (2009). Molecular diagnostics of intestinal parasites in 

returning travellers. European Journal of Clinical Microbiology & 

Infectious Diseases, 28(9), 1045-1053. 

 

Terashima, A., Alvarez, H., Tello, R., Infante, R., Freedman, D. O., & Gotuzzo, E. 

(2002). Treatment failure in intestinal strongyloidiasis: an indicator of 

HTLV-I infection. International Journal of Infectious Diseases, 6(1), 28-

30. 

 

Thellin, O., Zorzi, W., Lakaye, B., De Borman, B., Coumans, B., Hennen, G., 

Grisar, T., Igout, A., & Heinen, E. (1999). Housekeeping genes as internal 

standards: use and limits. Journal of Biotechnology, 75(2), 291-295. 

 

Thijssen, V. L., Poirier, F., Baum, L. G., & Griffioen, A. W. (2007). Galectins in the 

tumor endothelium: opportunities for combined cancer therapy. Blood, 

110(8), 2819-2827. 

 

Tichopad, A., Dilger, M., Schwarz, G., & Pfaffl, M. W. (2003). Standardized 

determination of real‐time PCR efficiency from a single reaction set‐up. 

Nucleic Acids Research, 31(20), e122-e122. 

 

Tobata-Kudo, H., Kudo, H., & Tada, I. (2005). Strongyloides ratti: chemokinesis of 

glycolytic enzyme-and lectin-treated third-stage infective larvae in vitro. 

Parasitology International, 54(2), 147-152.  

 

Toma, A., Miyagi, I., Kamimura, K., Tokuyama, Y., Hasegawa, H., Selomo, M., 

Dahlan, D., Majid, I., Hasanuddi, I., & Ngatimin, R. (1999). Questionnaire 

survey and prevalence of intestinal helminthic infections in Barru, 

Sulawesi, Indonesia. Southeast Asian Journal of Tropical Medicine and 

Public Health,30(1):68-77. 

 

Tsuji, N., Ohta, M., & Fujisaki, K. (1996). Expression of a 70-kDa heat-shock-

related protein during transformation from free-living infective larvae to 

the parasitic stage in Strongyloides venezuelensis. Parasitology research, 

83(1), 99-102. 

 

Turner, D., Wildblood, L., Inglis, N., & Jones, D. (2008). Characterization of a 

galectin-like activity from the parasitic nematode, Haemonchus contortus, 

which modulates ovine eosinophil migration in vitro. Veterinary 

Immunology and Immunopathology, 122(1), 138-145. 

 

http://www.ncbi.nlm.nih.gov/pubmed/10695792
http://www.ncbi.nlm.nih.gov/pubmed/10695792


© C
OPYRIG

HT U
PM

143 

 
  

Upadhyay, R. K. (2015). Emerging Risk Biomarkers in Cardiovascular Diseases and 

Disorders. Journal of Lipids, 2015. 

 

Uparanukraw, P., Phongsri, S., & Morakote, N. (1999). Fluctuations of larval 

excretion in Strongyloides stercoralis infection. The American Journal of 

Tropical Medicine and Hygiene, 60(6), 967-973. 

 

Utzinger, J., Raso, G., Brooker, S., De Savigny, D., Tanner, M., Ørnbjerg, N., 

Singer, B., & N'goran, E. (2009). Schistosomiasis and neglected tropical 

diseases: towards integrated and sustainable control and a word of caution. 

Parasitology, 136(13), 1859-1874.  

Vadlamudi, R. S., Chi, D. S., & Krishnaswamy, G. (2006). Intestinal strongyloidiasis 

and hyperinfection syndrome. Clinical and Molecular Allergy, 4(1), 8. 

 

Vaiyavatjamai, P., Boitano, J. J., Techasintana, P., & Tungtrongchitr, A. (2008). 

Immunocompromised group differences in the presentation of intestinal 

strongyloidiasis. Japanese Journal of Infectious Diseases, 61(1), 5. 

 

Valdez, H., & Lederman, M. M. (1996). Cytokines and cytokine therapies in HIV 

infection. AIDS Clinical Review, 187-228.  

 

van Doorn, H. R., Koelewijn, R., Hofwegen, H., Gilis, H., Wetsteyn, J. C., Wismans, 

P. J., Sarfati, C., Vervoort, T., & van Gool, T. (2007). Use of enzyme-

linked immunosorbent assay and dipstick assay for detection of 

Strongyloides stercoralis infection in humans. Journal of Clinical 

Microbiology, 45(2), 438-442.  

 

Van Egmond, M., Damen, C. A., Van Spriel, A. B., Vidarsson, G., van Garderen, E., 

& van de Winkel, J. G. (2001). IgA and the IgA Fc receptor. Trends in 

Immunology, 22(4), 205-211. 

 

Van Zeveren, A., Visser, A., Hoorens, P., Vercruysse, J., Claerebout, E., & Geldhof, 

P. (2007). Evaluation of reference genes for quantitative real-time PCR in 

Ostertagia ostertagi by the coefficient of variation and geNorm approach. 

Molecular and Biochemical Parasitology, 153(2), 224-227. 

 

Vanderelst, D., & Speybroeck, N. (2010). Quantifying the lack of scientific interest 

in neglected tropical diseases. PLoS Neglected Tropical Diseases, 4(1), 

e576. 

 

VanGuilder, H. D., Vrana, K. E., & Freeman, W. M. (2008). Twenty-five years of 

quantitative PCR for gene expression analysis. Biotechniques, 44(5), 619. 

 

Varatharajalu, R., Parandaman, V., Ndao, M., Andersen, J. F., & Neva, F. A. (2011). 

Strongyloides stercoralis excretory/secretory protein strongylastacin 

specifically recognized by IgE antibodies in infected human sera. 

Microbiology and Immunology, 55(2), 115-122. 

 

Vasta, G. R. (2009). Roles of galectins in infection. Nature Reviews Microbiology, 

7(6), 424-438. 



© C
OPYRIG

HT U
PM

144 

 
  

 

Vermont, S. J. (2012). Proteomic and transcriptomic analysis of the Protozoan 

Parasite Neospora caninum. (PhD thesis) University of Liverpool. 

 

Verweij, J. J., Canales, M., Polman, K., Ziem, J., Brienen, E. A., Polderman, A. M., 

& van Lieshout, L. (2009). Molecular diagnosis of Strongyloides 

stercoralis in faecal samples using real-time PCR. Transactions of the 

Royal Society of Tropical Medicine and Hygiene, 103(4), 342-346.  

 

Vignesh, R., Balakrishnan, P., Shankar, E., Murugavel, K., Hanas, S., Cecelia, A., 

Thyagarajan, S., Solomon, S., & Kumarasamy, N. (2007). High proportion 

of isosporiasis among HIV-infected patients with diarrhea in southern 

India. The American Journal of Tropical Medicine and Hygiene, 77(5), 

823-824.  

 

Vilela, E., Clemente, W., Mira, R., Torres, H., Veloso, L., Fonseca, L., De Carvalho 

e Fonseca, L., Franca, M., & Lima, A. (2009). Strongyloides stercoralis 

hyperinfection syndrome after liver transplantation: case report and 

literature review. Transplant Infectious Disease, 11(2), 132-136. 

 

Viney, M. (1999). Exploiting the life cycle of Strongyloides ratti. Parasitology 

Today, 15(6), 231-235. 

 

Viney, M. E., Brown, M., Omoding, N. E., Bailey, J. W., Gardner, M. P., Roberts, 

E., Morgan, D., Elliott, A. M., & Whitworth, J. A. (2004). Why does HIV 

infection not lead to disseminated strongyloidiasis? Journal of Infectious 

Diseases, 190(12), 2175-2180. 

 

Viriyavejakul, P., Nintasen, R., Punsawad, C., Chaisri, U., Punpoowong, B., & 

Riganti, M. (2009). High prevalence of Microsporidium infection in HIV-

infected patients. Southeast Asian Journal of Tropical Medicine and 

Public Health, 40(2):223-228. 

 

Vukman, K. V. (2013). Immunomodulatory role of helminth-derived antigens and C-

type lectin receptors on inflammatory mast cells. Dublin City University. 

 

Wakelin, D. (1978). Immunity to intestinal parasites. Nature, 273(5664), 617-620. 

 

Wakelin, D. (1996). Immunity to parasites: how parasitic infections are controlled: 

Cambridge University Press. 

 

Wallen, N., Kita, H., Weiler, D., & Gleich, G. (1991). Glucocorticoids inhibit 

cytokine-mediated eosinophil survival. The Journal of Immunology, 

147(10), 3490-3495. 

 

Walson, J. L., Stewart, B. T., Sangaré, L., Mbogo, L. W., Otieno, P. A., Piper, B., 

Richardson, B. A., & John-Stewart, G. (2010). Prevalence and correlates 

of helminth co-infection in Kenyan HIV-1 infected adults. PLoS Neglected 

Tropical Diseases, 4(3), e644. 

 

http://www.ncbi.nlm.nih.gov/pubmed/10695792
http://www.ncbi.nlm.nih.gov/pubmed/10695792


© C
OPYRIG

HT U
PM

145 

 
  

Walther, T. C., & Mann, M. (2010). Mass spectrometry–based proteomics in cell 

biology. The Journal of Cell Biology, 190(4), 491-500. 

 

Wang, W., Wang, S., Zhang, H., Yuan, C., Yan, R., Song, X., Xu, L., & Li, X. 

(2014). Galectin Hco-gal-m from Haemonchus contortus modulates goat 

monocytes and T cell function in different patterns. Parasit Vectors, 7, 

342. 

 

Widjana, D. P., & Sutisna, P. (2000). Prevalence of soil-transmitted helminth 

infections in the rural population of Bali, Indonesia. Southeast Asian 

Journal of Tropical Medicine and Public Health, 31(3), 454-459. 

 

Wilckens, T., & De Rijk, R. (1997). Glucocorticoids and immune function: unknown 

dimensions and new frontiers. Immunology Today, 18(9), 418-424.  

 

Win, T., Sitiasma, H., & Zeehaida, M. (2011). Strongyloides stercoralis induced 

bilateral blood stained pleural effusion in patient with recurrent non-

Hodgkin lymphoma. Tropical Biomedicine, 28(1), 64-67. 

 

Wirk, B., & Wingard, J. (2009). Strongyloides stercoralis hyperinfection in 

hematopoietic stem cell transplantation. Transplant Infectious Disease, 

11(2), 143-148. 

 

Wongratanacheewin, S., Pumidonming, W., Sermswan, R., & Maleewong, W. 

(2001). Development of a PCR-based method for the detection of 

Opisthorchis viverrini in experimentally infected hamsters. Parasitology, 

122(02), 175-180. 

 

Wu, Z., Nagano, I., & Takahashi, Y. (2008). Candidate genes responsible for 

common and different pathology of infected muscle tissues between 

Trichinella spiralis and T. pseudospiralis infection. Parasitology 

International, 57(3), 368-378. 

 

Yanming, S., Ruofeng, Y., Muleke, C., Guangwei, Z., Lixin, X., & Xiangrui, L. 

(2007). Vaccination of goats with recombinant galectin antigen induces 

partial protection against Haemonchus contortus infection. Parasite 

Immunology, 29(6), 319-326.  

 

Yatsuda, A. P., Krijgsveld, J., Cornelissen, A. W., Heck, A. J., & de Vries, E. 

(2003). Comprehensive analysis of the secreted proteins of the parasite 

Haemonchus contortus reveals extensive sequence variation and 

differential immune recognition. Journal of Biological Chemistry, 

278(19), 16941-16951.  

 

Yazdanbakhsh, M., Kremsner, P. G., & van Ree, R. (2002). Allergy, parasites, and 

the hygiene hypothesis. Science, 296(5567), 490-494.  

 

Yelifari, L., Bloch, P., Magnussen, P., Van Lieshout, L., Dery, G., Anemana, S., 

Agongo, E., & Polderman, A. (2005). Distribution of human 

Oesophagostomum bifurcum, hookworm and Strongyloides stercoralis 



© C
OPYRIG

HT U
PM

146 

 
  

infections in northern Ghana. Transactions of the Royal Society of 

Tropical Medicine and Hygiene, 99(1), 32-38.  

 

Yigzaw, Y., Gielens, C., & Préaux, G. (2001). Isolation and characterization of an α-

macroglobulin from the gastropod mollusc Helix pomatia with tetrameric 

structure and preserved activity after methylamine treatment. Biochimica 

et Biophysica Acta (BBA)-Protein Structure and Molecular Enzymology, 

1545(1), 104-113.  

 

Yoo, E. M., & Morrison, S. L. (2005). IgA: an immune glycoprotein. Clinical 

Immunology, 116(1), 3-10.  

 

Yori, P. P., Kosek, M., Gilman, R. H., Cordova, J., Bern, C., Chavez, C. B., 

Olortegui, M. P., Montalvan, C., Sanchez, G. M., & Worthen, B. (2006). 

Seroepidemiology of strongyloidiasis in the Peruvian Amazon. The 

American Journal of Tropical Medicine and Hygiene, 74(1), 97-102.  

 

Yoshida, A., Nagayasu, E., Horii, Y., & Maruyama, H. (2012). A novel C-type lectin 

identified by EST analysis in tissue migratory larvae of Ascaris suum. 

Parasitology Research, 110(4), 1583-1586.  

 

Yoshimura, A., Gemma, A., Hosoya, Y., Komaki, E., Hosomi, Y., Okano, T., 

Takenaka, K., Matuda, K., Seike, M., & Uematsu, K. (2003). Increased 

expression of the LGALS3 (Galectin 3) gene in human non–small‐cell 

lung cancer. Genes, Chromosomes and Cancer, 37(2), 159-164. 

 

Young, A. R., & Meeusen, E. N. (2002). Galectins in parasite infection and allergic 

inflammation. Glycoconjugate Journal, 19(7-9), 601-606. 

 

Younis, A. E. (2011). Identification and characterization of secreted stage-related 

proteins from the nematode Strongyloides ratti with putative relevance for 

parasite-host relationship: small heat shock proteins 17 and a homologue 

of the macrophage migration inhibitory factor. (PhD thesis). University of 

Hamburg. 

 

Yu, F., Finley, R. L., Raz, A., & Kim, H.-R. C. (2002). Galectin-3 translocates to the 

perinuclear membranes and inhibits cytochrome c release from the 

mitochondria A role for synexin in galectin-3 translocation. Journal of 

Biological Chemistry, 277(18), 15819-15827. 

 

Yu, L.-G., Andrews, N., Zhao, Q., McKean, D., Williams, J. F., Connor, L. J., 

Gerasimenko, O. V., Hilkens, J., Hirabayashi, J., & Kasai, K. (2007). 

Galectin-3 interaction with Thomsen-Friedenreich disaccharide on cancer-

associated MUC1 causes increased cancer cell endothelial adhesion. 

Journal of Biological Chemistry, 282(1), 773-781. 

 

Yuan, C., Zhang, H., Wang, W., Li, Y., Yan, R., Xu, L., Song, X., & Li, X. (2015). 

Transmembrane protein 63A is a partner protein of Haemonchus contortus 

galectin in the regulation of goat peripheral blood mononuclear cells. 

Parasites & Vectors, 8(1), 211. 



© C
OPYRIG

HT U
PM

147 

 
  

 

Zaha, O., Hirata, T., Kinjo, F., & Saito, A. (2000). Strongyloidiasis-Progress in 

Diagnosis and Treatment. Internal Medicine, 39(9), 695-700. 

 

Zeehaida, M., Zairi, N., Rahmah, N., Maimunah, A., & Madihah, B. (2011). 

Research Note Strongyloides stercoralis in common vegetables and herbs 

in Kota Bharu, Kelantan, Malaysia. Tropical Biomedicine, 28(1), 188-193. 

 

Zonta, M., Oyhenart, E., & Navone, G. (2010). Nutritional status, body composition, 

and intestinal parasitism among the Mbyá‐Guaraní communities of 

Misiones, Argentina. American Journal of Human Biology, 22(2), 193-

200. 

 

Zueter, A. M., Mohamed, Z., Abdullah, A. D., Mohamad, N., Arifin, N., Othman, 

N., & Noordin, R. (2014). Detection of Strongyloides stercoralis infection 

among cancer patients in a major hospital in Kelantan, Malaysia. 

Singapore Medical Journal, 55(7), 367. 

 

Zulkifli, A., Anuar, A. K., Athiya, A., & Yano, A. (2000). The prevalence of 

malnutrition and geo-helminth infections among primary schoolchildren in 

rural Kelantan. Southeast Asian Journal of Tropical Medicine and Public 

Health, 31(2), 339-345.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

187 

 
  

LIST OF PUPLICATIONS 

 

 

Khalid Jameel Kadhim Al-Zihiry
 
,Mahmuda Aliyu,  Salman Sahab Atshan, Zasmy 

Unyah Zaid Osama Ibraheem,
 
,Roslaini Abdul Majid, Rukman Awang 

Hamat, Wan Omar Abdullah. (2015). Molecular detection of Strongyloides 

ratti in faecal samples from wild rats in Serdang area, Malaysia. Trop. J. 

Pharm. Res., 14(7): 1167-1173. 

 

 

Conferences 

 

Khalid Jameel Kadhim Al-Zihiry , Zasmy Unyah
 
, Roslaini Abdul Majid, Rukman 

Awang Hamat, Wan Omar Abdullah. Molecular detection of Strongyloides 

ratti in faecal samples from wild rats in Serdang area, Malaysia. 8
th

 National 

Infectious Diseases Seminar and Workshop (NIDSAW). National 

conference, Kuala Lumpur, 27-29 August 2013. 

 

Khalid Jameel Kadhim Al-Zihiry, Mahmuda Aliyu
  
Zasmy Unyah

 
, Roslaini Abdul 

Majid, Rukman Awang Hamat, Wan Omar Abdullah. Early diagnosis of 

strongyloidiasis hyperinfection syndrome using infective larval biomarkers. 

15
th
 Asia-Pacific Congress of Clinical Microbiology and Infections. 

International conference o Malaysian Society of Infectious Diseases and 

Chemotherapy. Kuala Lumpur, 26-29 November 2014. 

 

Khalid Jameel Kadhim Al-Zihiry
 
, Zasmy Unyah

 
, Roslaini Abdul Majid, Rukman 

Awang Hamat, Mahmuda Aliyu, Wan Omar Abdullah. Comparative Gene 

Expressions of Early Diagnostic Biomarkers of Strongyloidiasis 

Hyperinfection Syndrome. Infections 2015. International conference of 

Faculty of Medicine and Health Sciences, Kuala Lumpur, 7-8 April 2015. 

 

 

http://www.hindawi.com/73097413/


© C
OPYRIG

HT U
PM

 
 

UNIVERSITI PUTRA MALAYSIA 
 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 
 

ACADEMIC SESSION :  
 

 
TITLE OF THESIS / PROJECT REPORT : 
 

PROTEOMIC AND TRANSCRIPTOMIC ANALYSES OF PROTEIN BIOMARKERS  

DURING EARLY HYPERINFECTION IN STRONGYLOIDIASIS 

 

 
NAME OF STUDENT :  KHALID JAMEEL KADHIM AL-ZIHIRY 
 
I acknowledge that the copyright and other intellectual property in the thesis/project report 
belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be placed at 
the library under the following terms: 
 
1. This thesis/project report is the property of Universiti Putra Malaysia. 
 
2. The library of Universiti Putra Malaysia has the right to make copies for educational 

purposes only. 
 
3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic 

exchange. 
 
I declare that this thesis is classified as : 
 
*Please tick (√ ) 

 
CONFIDENTIAL (Contain confidential information under Official Secret  

Act 1972). 
 

RESTRICTED (Contains restricted information as specified by the  
organization/institution where research was done). 

 
OPEN ACCESS I agree that my thesis/project report to be published  

as hard copy or online open access. 
 
This thesis is submitted for : 
 

PATENT Embargo from_____________ until ______________  
(date) (date) 

 
Approved by: 

 
 
_____________________ _________________________________________  
(Signature of Student) (Signature of Chairman of Supervisory Committee)  
New IC No/ Passport No.: Name: 
 
Date : Date : 
 
[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from 
the organization/institution with period and reasons for confidentially or restricted. ] 


	PROTEOMIC AND TRANSCRIPTOMIC ANALYSES OF PROTEIN BIOMARKERS DURING EARLY HYPERINFECTION IN STRONGYLOIDIASIS
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	REFERENCES



