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Abstract 

The prevalence of hookworm and Strongyloides stercoralis infections is serious public health concern globally. In rural 
southern Thailand, the prevalence of hookworm infection and strongyloidiasis was high and endemic area. In this study would 
show the infection rates, compared two diagnostic methods and analysis of climate change that has potential impact for 
reducing of prevalence of hookworm and Strongyloides stercoralis infections among school children in southern Thailand. We 
performed a cross-sectional study among 75 schoolchildren from one primary school at a rural village of Mokhalan sub 
district, Thasala, Nakhon Si Thammarat province in southern Thailand. In this study used two diagnostic methods: Kato Katz 
and Koga agar plate culture/KAP culture for diagnosing of hookworm and Strongyloides stercoralis infections.Hookworm, 
Trichuris trichiura and Strongyloides stercoralis infections were found in this study; 10.8, 5.3, and 2.7% respectively. The 
prevalence Strongyloides stercoralis in the study decreased when was compared with data prevalence in 2009 (28.5%) and 
2014 (28%). The prevalence of hookworm and Strongyloides stercoralis infections was reduced among schoolchildren even 
the facilitate sanitation and personal hygiene unchanged. This study showed potential impact of dry season reduced of 
Strongyloides stercoralis infection. The sensitivity of Koga agar plate culture/KAP culture (100%) is higher than Kato Katz 
technique (0%) on diagnosis of Strongyloides stercoralis infection. 
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Introduction 

The prevalence of hookworm infection and strongyloidiasis is of serious public health concern globally. Hookworm 
infection and strongyloidiasis are prevalent in poor rural communities tropical and subtropical areas in many developing 
country (Wardell et al. 2017). They are transmitted through in protected contact with soil are endemic in tropical and temperate 
regions. The prevalence of hookworm infection and strongyloidiasis was estimated in 2010 that 438.9 million people were 
infected with hookworm and 100 million with strongyloides. Almost 70% of these infections occur in Asia. (Pullan et al. 2014; 
WHO, 2011; Bethony et al. 2006). 

Hookworm infection and strongyloidiasis are transmitted through in protected contact with soil are endemic in tropical 
and temperate regions. Human acquire the hookworm infection and strongyloidiasis through direct skin contact with infective 
third stage larvae where the soil was contaminated by human feces penetrate the intact human skin and eventually reach small 
intestine (Forrer et al. 2016).  

Generally, hookworm infection and strongyloidiasis are found among poor people with poor environmental sanitation 
and where the climate is warm and humid (Bannon et al. 1995; Hall et al. 1994). Factors affecting difference in distribution of 
hookworm infection and strongyloidiasis may include good hygiene practices among population, availability of sewerage 
system and the length of rainy season. Environmental factors have contributed for transmission of diseases as well as growth 
and development of the worms (Anamnart et al. 2013; Prasit et al. 2016). 

Environmental factors especially long rainy season may affect the decrease in prevalence of strongyloidiasis but not for 
hookworm infection. Prevalence of strongyloidiasis in south Thailand is lower than other parts of the country, in contrast, 
prevalence of hookworm infection is still high in the south. It is possibly because the failure in the control of hookworm 
infection due to 10 months long rainy season in southern Thailand contrasted with 4 months long rainy season in other parts 
(Anamnart et al. 2015). The study in Cambodia reported the lower prevalence of strongyloidiasis in area with heavy rainfall 
than in low rainfall area. Moreover, high amount of soil organic carbon content affect to the lower prevalence of 
strongyloidiasis (Khieu et al. 2014). Epidemiology study of hookworm infection and strongyloidiasis in Southern Laos showed 
56.1 and 41% respectively where was heavy rainfall and poor sanitation. In this study Baerman and Kato-Katz techniques were 
used for detecting them (Vonghachack et al. 2015). 
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In rural southern Thailand, currently three years has climate changed, long rainy season is shorter than previously period. 
We perform a cross-sectional study on S. stercoralis in school children with compared prevalence in same primary school in 
2009 and 2014. 
 
Materials and methods 

Ethical consideration 
Official permission and ethical clearance for collection human fecal samples was obtained from head master and teacher. 

The study protocol was approved by the Ethical Clearance committee on human right related to research involving human 
subjects, walailak University HE: number WUEc-18-034-01. 

 
Study setting and population 
The study was carried out in primary school in Mokhalan sub district rural southern Thailand. 
This research is a school-based survey was conducted during rainy season January-February 2017. Participants was taken 

from 4-6 grads of students in Wat Mokhalan School Children. 
 

Field procedures 
For collecting stool samples, the first day were requested to head master of School children and teacher and then to 

students, second day in the morning would start to collect stool samples, were brought to parasitology laboratory Walailak 
University for diagnosis samples. Others day was done observation environmental condition houses surrounding school 
children. 

 
Laboratory procedures 
Stool samples were first subjected to a KAP culture, then Kato-Katz thick smear. First, KAP culture (Koga et al. 1991) 

was used for identifying S. stercoralis and possibly hookworm larvae. For the purpose, agar plate was prepared one per week 
and stored at 4°C in humid condition. A hazelnut-sized stool sample was placed in the middle of plate and closed petri dish 
was incubated in humid chamber for 48 hours at 28°C. Afterwards, the plates were rinsed with sodium acetic acid formalin 
[SAF] solution. The cluent was centrifuged and the sediment microscopically examined for the presence of S stercoralis and 
hookworm larvae. The two species were distinguished by characteristic morphology of the larvae [i.e, size of buccal cavity, 
presence genital primordium [L1], presence of forked tail-end [L3]]. 

Then, a single Kato-Katz thick smear (Katz et al. 1972) was prepared using the WHO standard template and examined 
under light microscope for the presence of helminth eggs. 
 

Data analysis 
The prevalence of hookworm infection and Strongyloidiasis was stratified according to sociodemographic data and 

reported by descriptive statistic. Directly, we observed facilitate sanitation and evaluated and compared duration of rainy 
season and dry season from 2009 to 2014. In this study compared the data of prevalence hookworm infection and 
strongyloidiasis from 2009-2014 with changed of climate between them.    
 
Results and discussion 

Study sample 
A total of 75 individuals participated in this study. The age ranged between 10 and 12 years. 

 
Parasitological findings 
The observed and estimated prevalence of three different soil transmitted helminth species found from stool sample 

diagnoses. In total schoolchildren 5.3% were infected with Trichuris trichiura, 10.8% were infected with hookworm and 2.7% 
were infected with S. stercoralis. Prevalence STH in previous data (2014) showed of four different: 3.7 were infected with A. 
lumbricoides, 17% were infected with T. trichiura, 44.4% were infected with hookworm and 8 were infected with S. 
stercoralis. Prevalence STH in previous data (2014) showed of four different: 5% were infected with A. lumbricoides, 19% 
were infected with T. trichiura, 52% were infected with hookworm and 28.5 were infected with S. stercoralis (Table 1). 
 
 
Table 1 Prevalence Soil Transmitted Helmints (STH) in school children Mokhalan. 
 

STH 
Prevalence STH (%) in year 

Notification 2017 2014 2009 
A. Lumbricoides 0 3.7 5 On 2009 after diagnoses of infected sth, children 

were brought drugs and 2014 to 2017 without 
drugs for sth infected children  

T. trichiura 5.3 17 19 
Hookworm 10.7 44.4 52 
S. stercoralis 2.7 8 28.5 
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Infection finding of hookworm infection and strongyloidiasis 
In total, 8 hookworm infected schoolchildren (10.7%) were found in this research, and 2 strongyloidiasis infected were 

found in this study out of 75 participants (Table 2). 
 
 
Table 2 Performance of the diagnostic methods. 
 

Soil transmitted helmint infection 
Infection finding with Diagnostic technique 

Direct wet smear Kato-Katz tick smear Koga agar plate culture 
A. Lumbricoides 0 0 - 
T. trichiura 2/2.7%  4/5.3% - 
Hookworm 2/2.7% 1/1.3% 8/10.7% 
S. stercoralis 0 0 2/2.7% 

KAP technique only was used for hookworm and S. stercoralis diagnosis 
 
 

Sensitivity of diagnostic method for hookworm infection and strongyloidiasis 
By KAP culture technique showed 8/100% of prevalence of hookworm infection and 2/100% of prevalence of 

strongyloidiasis, KAP culture method is highest of sensitivity than direct wet smear and Kato-Katz technique on diagnosis of 
hookworm infection and strongyloidiasis in schoolchildren diagnoses of soil transmitted helminth infection in Mokhalan 
school children rural southern Thailand (Table 3). 

 
 

Table 3 Sensitivity of diagnostic method for hookworm infection and strongyloidiasis. 
 

Soil transmitted helmint infection 
Diagnostic technique 

Direct wet smear Kato-Katz tick smear Koga agar plate culture 

Hookworm 25% 12.5% 100% 

S. stercoralis 0 0 100% 

 
 

Hookworm infection and strongyloidiasis are both of neglected tropical diseases (Anamnart et al. 2010). In poor 
countries with tropical climate, condition favorable for transmission of these parasites have higher the prevalence of hookworm 
infection and strongyloidiasis (Jongwutiwes et al. 1999). Furthermore, low socioeconomic status and low hygiene living 
conditions of the rural population are strongly associated with hookworm infection and strongyloidiasis. In Southeast Asia, a 
recent work in Cambodia reported a very high infection rate of Takeo Province (Khieu et al. 2014). In southern Thailand, there 
have been few studies on both of hookworm infection and strongyloidiasis. 

Prevalence of strongyloidiasis in south Thailand is lower than other parts of the country, in contrast, prevalence of 
hookworm infection is still high in the south. It is possibly because the failure in the control of hookworm infection due to 10 
months long rainy season in southern Thailand contrasted with 4 months long rainy season in other parts (Anamnart et al. 
2015). The study in Cambodia reported the lower prevalence of strongyloidiasis in area with heavy rainfall than in low rainfall 
area. Moreover, high amount of soil organic carbon content affect to the lower prevalence of strongyloidiasis (Khieu et al. 
2014). Epidemiology study of hookworm infection and strongyloidiasis in Southern Laos showed 56.1 and 41% respectively 
where was heavy rainfall and poor sanitation. In this study Baerman and Kato-Katz techniques were used for detecting of them 
(Vonghachack et al. 2015). 

As far as we know, the most sensitive method for S. stercoralis diagnosis is KAP culture (Peter et al. 2015). We used 
direct wet smear, Kato-Katz tick smear and KAP culture on single stool sample from each school children, in total found 
10.7% infected of hookworm infection and 2.7% infected of strongyloidiasis. KAP culture has sensitivity 100% both of 
diagnosis hookworm infection and strongyloidiasis on stool samples of schoolchildren Koga agar method has high sensitivity 
to diagnosis hookworm infection and strongyloidiasis. This technique can explain detail of growing up each step development 
of filariform larvae particularly for detecting of filariform larvae of S. stercoralis. Quoted by Steinmann et al. (2007), S. 
stercoralis was found only by Baermann technique and Koga agar plate method. In diagnosis S stercoralis larvae KAP culture 
is more sensitivity than Baermann technique that quoted by Anamnart et al. (2015) and Khieu et al. (2015).  

The prevalence of hookworm infection and strongyloidiasis in this study decreased when compared with previously data 
of hookworm infection and strongyloidiasis in 2014 were 44.4 and 8%, respectively. But the data before drugs program by 
government of Thailand in 2009 showed prevalence of hookworm infection and strongyloidiasis were 52 and 28.5%. Had been 
seen data in 2009 with 2014 that decreased of hookworm infection and strongyloidiasis maybe be caused by drugs program. 
But for decreasing prevalence of hookworm infection and strongyloidiasis in schoolchildren with data 2014 to 2017 may be 
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caused by climate change, have been changed of long duration rainy season and dry season in southern Thailand. The facilitate 
sanitation and behavior were not changed but naturally the prevalence hookworm and strongyloidiasis is reduced. 

 
Conclusions 

The prevalence of hookworm infection and S. stercoralis in endemic area in rural mokhalan subdistrict thasala Nakhon si 
thammarat southern Thailand was shown decreased may be was caused by climate change, but contribution improving 
sanitation and hygiene are important for continuing control program of hookworm infection and strongyloidiasis in rural 
southern Thailand. 
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