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Abstract 
The teaching of medical parasitology is facing important challenges including the need to reverse the 
current downward trend in the teaching status of this scientific discipline reported in developed 
countries, despite increasing food and water-borne parasitic outbreaks in these countries. Moreover, 
the teaching of parasitology should be adapted to the rapidly increasing biomedical and technological 
achievements in our societies, so we can meet future students’ interests and expectations as well as 
being able to supply future work placement needs. Thus, parasitologists from different European 
Universities [De Montfort University, DMU, UK; and the Spanish University of San Pablo CEU (USP-
CEU) and Miguel Hernández de Elche], are developing a complete on-line package for teaching and 
learning medical parasitology, named DMU e-Parasitology (http://parasitology.dmu.ac.uk). This novel 
package includes a virtual laboratory and microscope with a complete library of digitised 2D slides of 
parasites in clinical samples. Recently, we have been successful in using 3D super-resolution 
microscopy (3D Cell Explorer; Nanolive), to incorporate 3D microscopic images (multiple-viewpoint-
holographic images, 96 z-stacks) of important protozoan (e.g. http://parasitology.dmu.ac.uk 
/learn/3D_Parasitology/Acanthamoeba_ cyst_1.htm) and fungal human parasites fixed on slides. In 
contrast to images created from pre-stained clinical samples, in which structures of the parasites were 
indistinguishable from the background, an insight of the morphological structure of the infective forms 
of the parasites could be seen in the 3D z-stack images in each fixed culture sample provided. 
However, we believe that such images will have little applicability as a potential diagnostic tool, 
requiring further development. We have also created an e-learning unit on parasite cell culture 
(http://parasitology.dmu.ac.uk /learn/lab/parasite_cell_cultures/ story_flash.html), which show all the 
practices and procedures for working in a parasite culture unit in conjunction with detailed information 
and videos of parasitologists/technicians working in real conditions with parasite cultures. In order to 
validate this unit, we used a blended learning approach with final year BSc Biomedical Science and 
BMedSci Medical Science undergraduate students and postgraduate students enrolled in the MSc 
Advanced Biomedical Science at DMU, who voluntarily enrolled to receive formative training in these 
topics. This training consisted of two sessions, which were delivered in the first week of April 2019, 
when these volunteer students had completed the DMU e-Parasitology’s Parasite and Cell Culture 
Units. The first session, mostly theoretical, provided an overall description of how to work in a parasite 
culture unit in conjunction with explanatory mini-videos, in which students were able to observe 
different parasites in culture conditions and specific 2D (clinical samples) and 3D (fixed culture 
samples) slides. Thus, students could observe the morphological structures of the infectious forms of 
these pathogens in three formats: as culture (live and fixed) and in a human tissue sample. In the 
second session students used a class II biological safety cabinet to manage human cells and 
performed routine tasks such as growing, culturing and counting these cells. This paper provides an 
overall description of these novel resources for teaching/learning parasite culture and their 
effectiveness for teaching these important laboratory skills to future healthcare professionals. 
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1 INTRODUCTION 
Eukaryotic parasites represent serious human health threats that require health professionals with the 
necessary foundation in parasitology to prevent infections and minimise morbidity and mortality. 
However, Bruschi (2009) [1] has reported a significant decrease in the time dedicated to the study of 
this discipline and a reduction of the number of parasitology departments in European Higher 
Education Institutes (HEIs), despite the increasing number of food and water borne parasitic infections 
that are being reported in these countries [2].  
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De Montfort University (DMU, UK) is leading an international project for the development of a 
complete on-line package, named DMU e-Parasitology, to strengthen teaching and training of medical 
parasitology, in collaboration with parasitologists from different Spanish Universities, San Pablo CEU 
(USP-CEU) and Miguel Hernández de Elche, and biomedical scientists from the UK National Health 
Service. E-learning resources are increasingly relevant resources in higher education to tackle the 
challenges that human health courses in universities are currently facing such as larger student 
cohorts together with the limited number of academic staff, the delivery of cutting-edge topics and the 
progressive increase of medical knowledge that requires constant adaptation [3]. DMU e-Parasitology 
(http://parasitology.dmu.ac.uk/) will be completed by the end of 2019, and have four modules, which in 
turn will aid academics and/or HEIs to use this novel resource to create multidisciplinary and 
translational parasitology training, which have been carefully detailed in previous publications from our 
teaching innovation group [4-7]. 

1.1 Resources for teaching cell culture 
Human cell culture is critical for biomedical research as it is fundamental for the study of cell and 
molecular biology, disease processes and as a first stage in the development of therapies. Many of 
the practices of human cell culture are applicable to the culture of parasites. These techniques 
constitute a substantial segment of present-day study of parasites, especially of protozoa. In order to 
facilitate the teaching and learning of cell culture, we have created a complete e-learning unit in the 
virtual laboratory section of DMU e-Parasitology, which is accessible here: 
http://parasitology.dmu.ac.uk/ learn/lab/ cell_cultures/story_flash.html. A description of this relevant 
unit is described in Peña-Fernández et al. (2017) [8], but briefly the unit covers all the steps and 
processes for the appropriate culture of cells, including growing and counting, with a series of mini-
videos of academics performing all these techniques in real conditions. Moreover, our team has 
created a complete e-learning unit about how to use a Biological Safety Cabinet Class II, with 
explanatory and engaging photos and minivideos, which is accessible here: 
http://parasitology.dmu.ac.uk/learn/lab/Biological%20Safety%20Cabinet/story_ flash.html  

1.2 Resources for teaching parasitology: detection 
In order to provide the user of the DMU e-Parasitology with a holistic learning experience in medical 
parasitology, we have created a complete virtual library of digitised 2D slides of parasites in clinical 
and animal samples. The virtual library will not only provide the user with potential diagnostic skills but 
also with tools to identify sources of error. Moreover, academics could use this unique resource to 
enhance teaching and learning of medical parasitology through interactive and engaging exercises for 
learning the morphological features of different important parasites for detection and diagnosis [6]. 

Recently, we have successfully used a 3D super-resolution microscope (3D Cell Explorer; Nanolive), 
to incorporate 3D microscopic images (multiple-viewpoint-holographic images, 96 z-stacks) of 
important protozoan (Acanthamoeba spp. and Leishmania infantum) and fungal human parasites 
cultures (microsporidia). Small drops of the following parasites cultures were prepared in well-slides 
and fixed in methanol by Sergio Llorens at the Cell Culture Laboratory at USP-CEU, at follows (Fig. 1):  

a) Slides were prepared from two types of cultures of Acanthamoeba spp. to show trophozoites 
and cysts of this amoeba. To facilitate their encystment, trophozoites of Acanthamoeba spp. 
were cultured in non-nutritive Neff medium with inactivated Escherichia coli. Slides were 
prepared to contain about 10,000 trophozoites and/or cysts per well.  

b) Slides were prepared from culture of promastigotes of Leishmania infantum, about 10,000/well. 
c) Additionally, slides from culture of purified spores of Encephalitozoon cuniculi were carefully 

prepared to contain about 100,000/well. Some slides were also prepared from this culture after 
adding 0.5% of hydrogen peroxide solution, to facilitate the extrusion of the spores, so the polar 
filament could be observed. 
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Figure 1. Overview of the DMU e-Parasitology’s Virtual Microscope module displaying the 3D slide sub-

section (Image courtesy of DMU, Peña-Fernández A.; slides of the different parasite cultures 
 were kindly provided by Cell Culture Laboratory, USP-CEU, Spain)  

3D slides for each of these parasites were provided as animation and as a photo, so the user could 
use all the capabilities of a common microscope, i.e. zoom in and out and move around the sample, to 
explore the morphology of these parasites (Fig. 1). 

In contrast to images created from pre-stained clinical samples, in which structures of the parasites 
were indistinguishable from the background, an insight of the morphological structure of the infective 
forms of the parasites could be seen in the 3D z-stack images in each fixed culture sample provided. 
However, we believe that such images will have little applicability as a potential diagnostic tool, 
requiring further development. 

1.3 Resources for teaching parasitology: culture 
A complete e-learning unit for the teaching and learning of parasite cell culture has also been 
prepared and is accessible here: http://parasitology.dmu.ac.uk 
/learn/lab/parasite_cell_cultures/story_flash.html. This specialised unit has been built using the same 
methods and scaffolding as for the cell culture unit and shows all the practices and procedures 
needed to work in a parasite culture unit in conjunction with detailed information and videos of 
parasitologists working in real conditions with parasite cultures. 

 
Figure 2. Overview of the DMU e-Parasitology’s Parasite Cell Culture unit (Image courtesy of DMU; Peña-

Fernández A.). http://parasitology.dmu.ac.uk/learn/lab/parasite_cell_cultures/story_flash.html  
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2 METHODOLOGY 
In order to validate these novel resources for the teaching and learning of parasite culture, we used a 
blended learning approach (combination of online digital media with traditional classroom methods) 
with final year BSc Biomedical Science and BMedSci Medical Science undergraduate students and 
postgraduate students enrolled in the MSc Advanced Biomedical Science at DMU, who voluntarily 
enrolled to receive formative training in these topics. The training consisted of two sessions, which 
were delivered in the first week of April 2019; volunteer students were asked to complete the DMU e-
Parasitology’s Parasite and Cell Culture Units (which contain formative assessments for enhancing 
the self-learning) prior to attending the two timetabled sessions.  

The first session, mostly theoretical, provided an overall description of how to work in a parasite 
culture unit in conjunction with explanatory mini-videos, in which students were able to observe 
different parasites in culture conditions and specific 2D (clinical samples) and 3D (fixed culture 
samples) slides. Thus, students could observe the morphological structures of the infectious forms of 
these pathogens in three formats: as culture (live and fixed) and in a human tissue sample. This 
session was also delivered to first year BMS students enrolled in the Basic Microbiology module, 
however this cohort of students was not offered attendance at the second or practical session due to 
limitations in time and resources. 

 
Figure 3. Photos of the cell and parasite culture training provided as part of Erasmus+ mobility grant  

awarded to Sergio Llorens. 

In the second session, students used a class II biological safety cabinet to sub-culture a human 
cancer cell line (A2780; derived from a patient with ovarian endometroid carcinoma, obtained directly 
from the European Collection of Authenticated Cell Cultures, ECACC) and perform routine tasks such 
as growing, culturing and counting these cells. Briefly, 2-hour training sessions were delivered, in 
which students working in pairs were trained how to culture adherent human cancer cells, including 
counting viable vs. dead cells. Prior to attending the laboratory session, participants were asked to 
view the human cell culture unit from DMU e-Parasitology.  

At the end of the practical session, students were offered the possibility of providing feedback on the 
novel resources here described. We used a specific feedback-questionnaire created for validating the 
DMU e-Parasitology, students were requested to complete only the sections/questions related to the 
virtual laboratory and e-learning units. Ethical approval was provided by the Research Ethics 
Committee at DMU (Ref. 1851). 

3 RESULTS 
Twenty-two students from these three degree programmes at DMU attended these sessions, however 
only 9 (8 BMS, 1 BMedSci) appropriately completed the feedback-questionnaire. 88.9% reported that 
the e-learning units (22.2% agreed, 66.7% strongly agreed) and the virtual microscopic slides (55.6% 
agreed, 33.3% strongly agreed) facilitated their learning. Only one student (11%) indicated that the 
units were difficult to understand. Most students (55.6% agreed, 33.3% strongly agreed) indicated that 
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they learnt basic skills to perform cell/parasite culture. Some students demanded more time to perform 
the practical, or to deliver it in the first term when they have just started the course.  

4 CONCLUSIONS 
Although preliminary, our results indicate that the methods and resources detailed here could help 
with the teaching/learning of cell and parasite culture, important practical topics for any future health 
scientist, technician or student. Thus, the created novel resources in DMU e-Parasitology have been 
shown to facilitate students acquiring an understanding of the different steps and techniques for 
working with cells and parasites. These resources are also equipped with 2D and 3D virtual slides of 
parasites in clinical and culture samples, which provide a unique relevance to the website package 
and could enhance the overall user experience and facilitate academics and health care professionals 
to develop courses, quizzes or training.    
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