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Objectives 

 
   To present the existing diagnostic tests in detecting Soil-Transmitted Helminths and 

                 To demonstrate the potential application of Transfer Learning using Inception v3 in   
detecting  Soil-Transmitted Helminths 

Current Detection Techniques  
 

1. Microscopy – remains the standard in the diagnosis of soil-helminthic diseases. It involves 
conventional diagnostic procedure such as Kato Katz (KK) or thick smear method for the 
detection of STH. As resources are inadequate, rural areas often lack laboratory equipment 
and trained personnel, new diagnostic techniques are needed. Low-cost, point-of-care 
imaging devices show potential in the diagnosis of these diseases. 2 

 
2. Flotac - is a cylindrical device with two 5 ml flotation chambers, which allows up to 1 g of stool to be 

prepared for microscopic analysis.3 Only FLOTAC had a higher sensitivity than the Kato–Katz method 
for hookworm diagnosis. FLOTAC had a significantly higher sensitivity than the Kato–Katz method for 
detecting hookworm infections (93.8% versus 81.3%; P = 0.006). FLOTAC had the highest sensitivity 
for hookworm detection compared with Kato–Katz thick smear (96.3% versus 89.6%).4 

 
3. Serological tests– antibody and antigen-based diagnostics, usually evaluate the levels of antibodies  

and antigens as markers . Readily available commercial tests are used for the determination of anti- 
A. lumbrocoides IgG and IgM. However, the test is susceptible to cross-reaction with other 
helminths.5  

4. Polymerase chain reaction or PCR - are highly specific and sensitive  in  detecting STH eggs by 

amplification of DNA from a single egg . It is reported that FLOTAC remains sensitive in detecting 

hookworm infection with PCR (88.8% versus 83.3%). Despite the high sensitivity  of this molecular 

technique, the high cost prevents  its application to the STH endemic areas. 6-7 

5. Digital microscopy or mobile microscopy - utilizing a smartphone photomicroscope image, 
researchers of the study selected the Nokia Lumia 1020 which was previously used for 
photomicroscopy combined with an additional objective lens, this photomicroscopy system 
provided sufficient resolution for single FOV EDF images of nematode ova accumulated by an 
AxM. However, the images of Ascaris ova lack the internal detail revealed by conventional 
optical microscopes and would benefit from improved optics yielding higher resolution. Use of 
mobile microscope  in proximity in detecting STH can pose serious threat as it can serve as an 
infectious material. 8 

Methodology 
 

Detection of STH images using Transfer learning was divided into two main parts: Pre-Analysis 
and Analysis phase. Pre- analysis starts by ensuring that the computer that will be used in image 
recognition meets the optimal specifications needed for computation such as a  computer with 
Graphics Processing Unit (GPU) compatible with CUDA® Deep Neural Network library (cuDNN) 
designed for Nvidia GPUs (Nvidia Corp., Santa Clara, CA)9. However, it is still possible to  perform 
Image classification although with a longer processing time. The researchers of this study used 
an Nvidia GeForce 940 MX, 4gb RAM and with an Intel 7th generation Core i7. Moreover, it is 
necessary to the preparation of image classification to acquire the required software and 
modules such as Python, Tensorflow, Github repository, OpenCV and Integrated development 
environment (IDE)/ python editor.  

 
The researchers prepared 480 images of STH eggs as a data set, 80% is allocated for Training, 

10% for validation and 10% for testing. This is in accordance with the suggested ratio given by 
Tensorflow.org to prevent overfitting—a process in which the model memorized the data instead 
of analyzing it, and also to determine the real performance of the training model. All sample 
images were carefully checked prior to analysis. Both training and testing images used are open-
accessed images, all the contents and copyright are owned by their respective owners.  

 
The default setting provided by Google Tensorflow was mostly used in this study, except for the 

number of training steps. The Analysis phase begins when  the 480 images undergo Training, the 
researchers used 15,000 steps as the optimal step.  The model goes through a series of training 
accuracy and training validation. Subsequently, to establish the accuracy and to evaluate the new 
training model, 54 STH images were subjected for Testing. Afterward, each image will appear 
with a corresponding confidence level that shows the probability of identifying the correct 
species of STH.  

                 Abstract 
 

 
The emergence of Artificial Intelligence (AI) and Machine Learning (ML) have opened a lot of opportunities not 
only in the field of Computer science but also in the fields of Academe, Agriculture, Business and Medicine. 
Currently, Medical researchers are trying to explore this advancement by developing ways to utilize AI and 
Machine Learning in Medicine. This paper discusses the existing methods of detecting Soil-Transmitted 
Helminths (STH) and the possible implications of the integration of AI and Machine Learning in STH detection 
and epidemiology. This research used Python—a simple yet powerful programming language, and TensorFlow, 
one of the several existing math libraries and machine learning frameworks applied in image recognition as the 
basis of the study. In addition, this research used a pre-trained model called Google Inception v3—one of the 
various architectures  of Convolutional Neural Network (CNN)  in predicting  and classifying the different types 
of STH. Three main species of STH that includes  Ascaris lumbrocoides, Trichuris trichiura, Necator americanus, 
and Ancylostoma duodenale images are used as the focus of analysis. The researchers found out that Transfer 
Learning using Google Inception v3 showed an accuracy of 100% in detecting A. lumbrocoides, 83.33%  in T. 
trichiura and 94.12% in classifying N. americanus/ A. duodenale. 

 

 

Background  

 
 

The need for a fast, appropriate, and standard determination for the presence of  an infection has been the challenge faced by scientists and diagnostic 

innovators for so many years. As the health sectors embark on new improvements and developments on various medical breakthrough, diagnostic procedures for 

the detection and monitoring of diseases arise as people battles with the unwavering technological changes. Artificial intelligence (AI) have been used on many 

accounts in various fields of work as it offers a simplified and faster diagnosis. The application of which is persistent over the years as it tries to supplement the 

conventional microscopic diagnostics which rely on the familiarity and proficiency of a microscopist.   Accuracy in decision making is crucial in life and death 

situations. It is essential in critical analysis before deciding or arriving for a final judgment. Knowledge and skills in carrying out important medical interventions 

are immediately displayed but may be shown inconsistently once besiege with compounding environmental demands thus making a person potential to errors 

and biases in communication.  

 

Soil-transmitted helminth infections are among the most common infections worldwide and affect the poorest and most deprived areas. They spread by eggs 

present in human feces which in turn contaminate soil in regions where sanitation is poor. The main species that infect people are the roundworm (Ascaris 

lumbricoides), the whipworm (Trichuris trichiura) and hookworms (Necator americanus and Ancylostoma duodenale). More than 1.5 billion people, or 24% of the 

world’s population, are infested with soil-transmitted helminth infections worldwide. Infections are widely distributed in tropical and subtropical areas, with the 

greatest numbers occurring in sub-Saharan Africa, the Americas, China and East Asia. Over 267 million preschool-age children and over 568 million school-age 

children live in areas where these organisms are intensively transferred and are in need of management and anticipatory interventions. The global target is to 

eliminate morbidity due to soil-transmitted helminthiases in children by 2020. This will be attained by regularly handling at least 75% of the children in endemic 

areas (an estimated 836 million in 2016).1 

Transfer Learning  
 

Transfer Learning a part of Deep Learning is the primary principle used in analyzing the STH images. 
With the use of Inception model v3, it shortens the time of analysis by using a predetermined model 
consisting of various parameters that distinguish depth, height, width, shapes, patterns, textures, edges 
and others. The process begins by replacing the last layer called bottleneck—a layer in which can be 
replaced and trained by the images we want to analyze, in this case, the eggs of Ascaris lumbrocoides, 
Necator americanus/ Ancylostoma duodenale, and Trichuris trichiura are used as samples. Image 
recognition without the utilization of transfer learning could take a lot of hours, and computer power. 
The integration of Transfer learning into detection and diagnosis of STH infections could establish more 
accurate and faster results with less human intervention. 9 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Results 
 

The result showed that using Transfer learning—Google Inception v3 architecture , tested images of 

Ascaris lumbrocoides  were correctly identified with an average accuracy of 100% (25 out of 25). 

Hookworms  eggs (N. americanus and A. duodenale) were identified with 94% (16/17) and lastly, T. 

trichiura were correctly identified at 83.3% (11/12). The training model has an average accuracy of 

91%. On the same hand, each analyzed image produced a unique confidence level that the system 

classified.  

 

 

 

 

 

    

 

                                               

Conclusion 

Using a pre-trained model designed to classify STH images, the researchers of this study believed that 
the use of the Transfer Learning technology will be additional help for medical practitioners and 
researchers in detecting and monitoring Soil- Transmitted Helminths in a short period of time. With  
no or minimal knowledge in programming, Transfer learning can play a huge role in  the development 
of different medical  image classification. Furthermore, this study shows the potential application and 
high accuracy of Machine Learning in correctly classifying  different species of Soil-Transmitted 
Helminths in endemic areas. Lastly, the accessibility of different architectures in image classification 
for free  is one of the advantages of  AI and Machine Learning and will continue to be developed in 
the field of Medicine.  

*Figure 1. Data of STH infection among age 1-14 years old 

      prevalence  are from World Health Organization  
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Figure 3. Process Flow of Image Detection from preparation to detection 

               Figure 5. Boxplot: Summary of the average Confidence level  per each species generated by the system                                                                                                  

 

Figure 4:  4(A) T. trichiura eggs ,  4(B) Ascaris lumbrocoides unfertilized egg,  4(C) N. americanus/A. ancylostoma egg 
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Figure 4.                                                                                    A.)   Trichuris trichiura  

 
the object appears to be a t egg, 84.64% confidence  

t egg (0.84636) 
n egg (0.14906) 
a egg (0.15364) 

--------------------------------------- 
B.) Ascaris lumbrocoides 

the object appears to be a egg  88.01% confidence  
a egg (0.88011) 
n egg (0.06039) 
t egg (0.05950) 

--------------------------------------- 
            C.) N.americanus/A. duodenale 

the object appears to be a n egg, 99.86% confidence  
n egg (0.99862) 
t egg (0.00083) 
a egg (0.00055) 

 
 

A.  B.  C.  

Figure  2: Transfer Learning  Pre-Trained Model  

T. Trichiura egg 84.64 % A. lumbrocoides egg 88.01% Hookworm egg 99.86 % 
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