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Is possible to train health professionals in prevention of high-risk pathogens like the Ebola by using 

the mobile phone? 

 

 

1. Introduction 

Exposure to biological agents is the most common and most prevalent risk among health professionals 

during procedures involving direct contact with bodily fluids. The highest risk of contagion is presented for 

blood-borne pathogens, (Fukuda and Yamanaka, 2016), more than 30, which are mostly produced by cuts 

and punctures (Bergamini M, et al. 2009; Merino-de la Hoz, et al. 2010; European Parliament, 2016). 

Moreover, the recent movement of people and objects has provided a new possibility to spread virus and 

bacteria that were not originally from the area such as the emergency with the Ebola virus or the 

multiresistant bacteria (Mendes de Almeida, et al. 2015). In fact, the Ebola virus continues causing 

sporicidal active epidemics provoking numerous crisis around the world.  

After parenteral exposure with a contaminated object, such as a needle with Human Immunodeficiency 

Virus (HIV) or another pathogen, the risk of standard infection ranges from 0.3% to 1.8%; however, it can 

be up to 30% in susceptible individuals (Tatem, et al. 2006). 

Of the biological accidents produced, needle pricks are those that present more frequently, and many of 

them originate after the use of biosecurity devices or during their elimination. In the United States alone, 

an estimated 380,000 needle pricks are reported annually in hospitals, (Sagoe-Moses, et al. 2001; Kim, et 

al. 1999). According to the Centers for Disease Control and Prevention (CDC), it is estimated that 

approximately 600,000 to 10,000,000 occur annually; however, only one-third of these are reported, 

(Orozco, 2013).   

From previous published studies, it is observed that nursing professionals are particularly susceptible to 

needle pricks, with this being the group with the highest incidence of biological accidents, (Dulon, et al. 

2017).  

There are numerous factors that may contribute to the possibility of a biological accident, such as lack of 

experience, skills, or knowledge in handling materials; anxiety; inadequate working conditions, mental 

fatigue, or exhaustion; and lack of awareness towards oneself or other professionals, (Cheung, et al. 2012; 

Yao, et al. 2010; Petrucci, et al. 2009; Tarantola, et al. 2003; Souza-Bourges, et al. 2014; Cavalcante, et al. 

2013). According to Olivera and Paiva, in the face of emergencies, health professionals have a higher 

incidence of biological accidents and a higher prevalence in the absence of the use of standard precautionary 

measures. 

The cost of the effects of a biological accident is high; thus, it is necessary to incorporate an effective 

intervention to reduce the incidence of such accidents. This intervention, according to numerous studies, 

should focus on information and the training of professionals or future professionals on standard 

precautionary measures, (Fisman, et al. 2002; Barndi, et al. 1998; Whitby, et al. 2008; Van der Molen, 

2011). 

The great progress made by information and communication technologies (ICTs) in recent decades has 

enabled the growth of new avenues of research applied to training in the health field, (Talas, et al. 2009), 

with many focusing on various multimedia tools, such as games, simulations, and videos, (Boada, et al. 

2015; Strickland, et al. 2016). 
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Currently, the use of ICTs goes beyond the transmission of information, extending their possible uses to 

self-learning, human behavioural transformation, the exchange of information between different 

professionals, and even emotional support between similar groups (e-learning), (Murray, et al. 2005; Viera 

de Lima Galvao, et al. 2016). The research results, mainly developed in countries such as Canada and the 

United States, (Boada, et al. 2015), show a wide variety of pedagogical tools that are accessible from any 

electronic device such as computers, mobile phones, and tablets, (Schmucker, et al. 2014; Garret and 

Jackson, 2006). 

Learning based on e-learning and u-learning, being everywhere, allows easy access anywhere, (Strickland, 

et al. 2016); in addition, the design of games or simulations, included in web platforms, enables the teaching 

to be more dynamic while maintaining the constant attention of the users, (De-Marcos, et al. 2015). 

Many nursing professionals use personal mobile phones to obtain information and to communicate with 

the rest of the health team, (Roberts Batista and Lin, 2016) with this objective of performing their health 

work, that have a greater probability of improving their clinical skills, (Mobasheri, et al. 2015). 

Also, most web platforms or mobile apps are only focused on communication between health care 

professionals and patients with chronic diseases or groups of at-risk populations such as high-risk 

pregnancies, (Murray, et al. 2005; Viera de Limar, et al. 2016; Mobasheri, et al. 2015). Nevertheless, there 

has not been developed or implemented neither a mobile application nor a platform of any kind which 

purpose might be to provide information and guidance about biological risk to health professionals.   

Thus, a mobile web application was developed in this research to prepare health professionals facing 

different scenarios of immediate risk that can arise in health care. With this application it is expected to 

contribute to the appropriate decision-making in real time, without placing at risk the health of the people 

served or that of the professionals.   

2. Materials and methods 

2.1 Study structure 

The study has been divided into three phases: 

In the first phase, a cross-sectional study was conducted. It focuses on analysing the incidence of biological 

accidents in future nursing professionals (students in their final year), evaluating the variables that intervene 

in the prevalence of data such as the degree of knowledge of biosecurity measures and their compliance. 

Additionally, it attempts to determine all the factors that can cause the increase in accidents, to be able to 

control and to diminish them. 

The second phase focused on the design of the Mobile Web Application Health for information and the 

training of professionals in the health sector: “Immediate Information for health professionals” (PSAM) 

(http://www.uco.es/psam/rpsindice.php). The main purpose of developing and designing this web is to 

obtain a resourceful application that can provide any type of information to professionals deleting their 

doubts and providing information in several matters such as biological accidents or how to eliminate the 

biological waste.   

The third phase was a cross-sectional study focused on the evaluation of the technology developed by using 

the CIPP method, (the Context, Input, Process and Products method), oriented to objectives, testing, 

and experimental design. According to the CIPP method, the evaluation should consider four issues, namely 

context, input, process and product. It was used a survey to carry out a double study orientated to the 

professionals and students in formation. The evaluation has been based on the CIPP method to accomplish 

this task; several questionnaires based on a recent work have been used, following the methodology 

proposed by Stufflebeam in 2003. Before completing the survey, the different groups were given a short 

session on how to use the platform as a help tool. 

http://www.uco.es/psam/rpsindice.php
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2.2 Technology developed  

It has the characteristic of being freely and wherever accessible, which allows it to be used by any 

professional and anywhere. It is also available the English and Spanish version of the different themes 

depending on the user's language.   

This application includes several functionalities: 1. multi-platform mobile web application: PC, tablet, or 

phone; 2. functionality in any operating system such as Windows, Linux, Android, and iOS; 3. Being 

operative from any browser: Internet Explorer, Firefox, Chrome, Safari, etc.; 4. Being simple and easy to 

navigate; 5. fast data processing and error detection in data entry; 6. simplicity in the design of menus; and 

7. adaptive automatic resizing of the screen according to its size. 

The platform was implemented using the following development tools: as a programming language, PHP 

version 5.2.17 has been used; as text editor for coding, the Aptana Studio 3 software version 3.6.1; as 

fundamental technologies for the creation of HTML web pages for the base structure and CSS for style and 

design; as interpreted programming language, JavaScript, using JavaScript library to interact with HTML 

documents and jQuery version 1.7.1; for mobile devices, as an optimized framework, JQuery Mobile 

version 1.1.0 was used, for management of library files, XLSX, and PHPExcel version 1.8.0. 

The database server has MySQL version 5.0.77 installed, and the web server is Apache version 2.2.3. 

Additionally, it has been verified that the application runs correctly in all web browsers, i.e., Internet 

Explorer, Mozilla Firefox, and Google Chrome in Windows, and can be used on any electronic device, 

including all mobile devices that use Windows, Android, and iOS (Mac) operating systems. 

It has been designed with two levels of users, managers and user health professionals, respectively. 

 Manager. To keep the web permanently updated, it must be dynamic and easily managed 

(http://www.uco.es/psam/rpsgestion.php). To that end, it has been equipped with a management tool that 

allows continuous updating by the professional expert in charge and is accessed through a username and 

management password.  The manager level has four design applications associated and requires a restricted 

login: 

1. The design of questionnaires that includes the introduction of questions, multiple answers, and the 

inclusion of photographs and videos. 

2. Design of tutorials. This tutorial manager allows the introduction of written information, photos, 

and explanatory videos, with fast hyperlinked words (Figure 1). 

3. The creation of image galleries with subtitles, in which both methods and materials can be 

introduced to prevent and respond to situations of danger. 

User. This has two possible options with free access: 

1. "Thematic search" is a search engine that allows the localization of the topics contained in the 

search pattern word, allowing one to respond to "what I need to know right now"; this option is 

recommended in situations of danger or work. 

2. "Thematic index", which gives immediate responses to risk situations created in the work 

environment. This folder has quick access to tutorials that contain information (Figure 2), multimedia tools 

(Figure 3), videos, and images that make it possible to respond to "what information do I need or need to 

know".  

2.2 Data collection 

In the first phase, the study focused on students in their last year of the nursing programme at the University 

of Cordoba (N = 33), who voluntarily responded to the survey via Google after completing their degree (N 

= 23). 
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The independent variables of the study are: the degree of knowledge, practices performed, sex, age, and 

previous studies and practices performed; and the dependent variable is having suffered biological 

accidents. These variables were obtained through a questionnaire, without access to personal data, 

guaranteeing at all the times the compliance with the Data Protection Law. 

The study was implemented through a Google questionnaire of our own design, taking as reference the 

works of Merino-de la Hoz, et al. in 2010 and Orozco, et al. in 2013. 

The questionnaire is composed of 48 questions. The issues are grouped into five major blocks, which 

correspond to the following percentages: basic knowledge, 22.91% of the total (handwashing, use of 

personal protective equipment (PPE), etc.); specific knowledge, 8.33% (the value of seroconversion of 

hepatitis B and C and AIDS); actions during practices, 16.67% (adherence to practice protocols and 

standard protection measures); the incidence of biological accidents, 25% (frequency of biological 

accidents, speed during procedures, amount of work); and, finally, the degree of satisfaction and 

information of interest, 27%. 

In the third phase, the data was collected means of a questionnaire for expert professionals (N = 7), with 

more than 30 years of experience, or nursing specialists. Moreover, a study of the acceptability and opinion, 

(Schmucker, et al. 2014),  of future health technicians was conducted (N = 26).  

2.3 Samples Size Calculation 

The number of students was determined from an expected proportion of 98 %, a precision of 5 % and a 

confidence level of 95 %. 

The sample size for expert professionals and future health technicians was calculated from a standard 

deviation of 4, a precision of 3 % and a confidence level of 95 % 

2.4 Statistical Analysis  

The statistical analysis was conducted using the SPSS version 15 statistical package and represented 

graphically. The incidence of the biological accidents with respect to the degree of basic and specific 

knowledge was calculated, in addition to biosecurity measures and their compliance. The study of the 

relationship between the knowledge of standard protection measures and the degree of satisfaction of the 

quality of the received training was performed. The hypothesis test used was the chi-squared test. 

The results from the third phase were stored for statistical analysis in a datasheet. A descriptive study was 

conducted for the qualitative variables and the mean, the standard deviation, the standard error, and the 

coefficient of variation for the quantitative variables used to estimate the study variables. 

 

4. Results 

3.1. First phase 

The results are centred in a group of fourth-year nursing students with a mean age of 23 and half years. 

Most of these students had a previous technical degree (54.44%) related to health in its entirety, meanwhile 

the most of the rest of these students where from high school (40.91%) 

In addition, the prevalence of basic knowledge and specific prevention measures (Table 1) on biological 

accidents and biological agents was assessed. The results show that 79.55% answered correctly on the basic 

knowledge questions; however, for the specific knowledge questions, half of the sample (51.82%) answered 

correctly, with a confidence interval (CI) from 78.75% to 80.35%. 

The incidence of biological accidents at the end of the degree, prior to working in the National Health 

System, is 23%. In addition, questions on biological accidents are evaluated, such as how the accident 
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occurred, the body area where the accident occurred, whether the student used PPE when it occurred, 

possible causes of the accident, and the degree year in which the accident was produced (Figure 4). 

The results reflect the following: the most common accidents are pricks (60%); the body area where 

accidents occur are the fingers (80%); only 60% of students had used PPE when the accident occurred; the 

possible cause as assessed by students is the amount of work (40%); and, finally, the year in which there 

was a higher incidence of biological accidents was the third year. 

The chi-squared independence test concerns the two qualitative variables, "route to the nursing degree" and 

"have you ever had a biological accident during your clinical practice" (Table 2). The results of the test 

(Pearson's chi-squared 6.8157 and p-value 0.033; Fisher's test p-value 0.028) reflect that the proposed null 

hypothesis, that is, that there is no dependence of the two variables, is rejected and that the alternative 

hypothesis, that is, that there is a dependency between both variables, is accepted. 

3.3. Second phase 

The results obtained from the interviews with health experts and technical students in the health sciences 

on the PSAM platform have been divided into thematic search evaluation, general opinion of the 

application, information contained in the themes, the rules that are in the platform, the usability of the 

platform, and multimedia content. 

The results of the survey of the experts (Table 3) show that the overall evaluation of the platform was on 

average 4.0 out of 5, with this value being defined as good by the health experts, which implies that the 

platform developed has a great potential in order to inform and train the health professionals. However, 

when studying the remaining questions about the platform and the information that it contains, the averages 

obtained are lower on the information and content of the platform (3.93/5 in information, 3.62/5 in rules, 

and 3.98/5 in multimedia content), although usability and thematic search (4/5 and 4.25/5) are better valued. 

In relation to the evaluation of the PSAM platform performed by the students (Table 4), this shows how the 

overall opinion and thematic search (3.87/5 and 3.91/5) are lower than the results of the professional health 

experts, regarding it as being between "good" and "acceptable". Nevertheless, the results show that the 

information of the themes is valued, with a score of 4/5, in other words, good; however, the multimedia 

content (3.65/5) and the rules (3/5) are the worst evaluated. 

Finally, we asked the two samples of students and professionals what could be improved on the platform 

for their use (Figure 5). The professionals focused on improving the content of the platform, whereas the 

students focused on new technologies and social networks to improve communication. 

4. Discussion 

This study focused on mainly the creation of a mobile web app, in order to decrease the incidence of 

biological accidents by a rapid response to specific problems, and its double evaluation by professionals 

and future health technicians; and secondly, the analysis of the incidence of biological accidents and the 

different variables that influence it. 

The results obtained show that the average of the knowledge of the standard precautions of the respondents 

was 79.54%, higher than the average obtained in previous studies focused on students (Bergamini, et al. 

2009; Merino de la Hoz, et al. 2010). However, this average is lower than that obtained in previous 

international studies focused on nursing professionals from various services such as emergencies (83.2%), 

(Oliveira and Paiva, 2013; Sax, et al. 2005). 

The response to the incidence of biological accidents shows that 23% of the respondents have suffered 

some type of accident. This reflects a higher incidence of students regarding the incidence of biological 

accidents among emergency nursing professionals (20.6%) in countries such as Brazil, (Oliveira and Paiva, 

2013), even though this group of professionals must act with extreme speed. However, there are studies 

that demonstrate the variability of incidence of these accidents; thus, Oliveira and Paiva in 2013, and 
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Memish, et al. in 2002, show a frequency of accidents among health professionals ranging from 18.4% to 

100%, and the study by Costigliola, et al. in 2012, shows that, the incidence varies between European 

countries, from 15.4% in the UK to 55% in Greece. 

Regarding to the results of this study, these show that 60% of the respondents were using PPE at the time 

of the accident, which is lower than the results of previous studies that estimate that nursing professionals 

who had an accident and were using PPE varies between 61% and 68%, (Dulon, et al. 2017; Fisman, et al. 

2002). 

From the analysis of the frequency of final-year students on their perception of the cause of biological 

accidents, it is observed that 20% believe that they are due to a lack of knowledge, 40% because of the 

amount of work, 20% due to a lack of attention, 20% because of the use of measures that involve a risk 

factor, for example, encapsulation, and, finally, 20% due to other reasons, such as problems with or misuse 

of safety equipment, that is, practice error. These results compared to previous student-centred studies, are 

somewhat lower, (Bergamini, et al. 2009; Merino de la Hoz, et al. 2010), although compared to the results 

from professional-centred studies, a higher frequency is observed (Oliveira and Paiva, 2013). In addition, 

the results with respect to the lack of precaution show that only 20% of respondents consider that this was 

the cause of the accident, whereas in studies on professionals, it is considered that the lack of precaution is 

the major cause of accidents, between 49% and 66%, (Dulon, et al. 2017;  Öztürk Engin, et al. 2014). 

There is a significant correlation between previous knowledge and the incidence of biological accidents. 

Thus, students coming from a previous health technical degree programme who have greater knowledge of 

standard precautionary measures have a greater probability of suffering a biological accident than those 

coming from high school, perhaps due to a lack of caution or overconfidence, among other factors. This 

situation coincides with what is described by health professionals from different countries and professions, 

(Oliveira and Paiva, 2013). Accordingly, it follows that it is necessary to increase training through training 

sessions that must be performed during school hours, particularly in the first years of the degree programme, 

and to have a thorough impact on advanced courses and health professionals. 

The results show how the platform has been evaluated by students and experts at approximately 4 out of 5, 

defining it as "good". However, the results show how students value the content and platform worse, from 

3.0 to 4, whereas experts value it better, from 3.62 to 4.25. These values coincide with previous studies 

focused on patients' platforms, in which satisfactory results regarding the opinion of users were obtained, 

(Murray, et al. 2005; Viera de Lima, et al. 2016; Schmucker, et al. 2014). 

Finally, it is observed that the professionals focus on the content of the platform, that is, the available 

information, which, according to them, should be concise and complete. Students, on the other hand, focus 

on multimedia content and social networks, (Dulon, et al. 2017; Hayes, et al. 2015), attaching greater 

importance to peer communication. These results corroborate others previously obtained for patient-centred 

health tools, (Di Lucca and Fasolino, 2006; Holden and Karsh, 2010).  

5. Conclusions 

The importance of information and training on biological accidents and prevention measures has been 

demonstrated, in addition to the influence of psychosocial aspects on this incidence. 

The importance of this study resides in an upgradeable platform being used in everywhere and in any 

electronic device available on the market by any user and being the unique platform offered to provide 

knowledge of actions under biological risk. This application contributes to the appropriate decision-making 

in real time, without placing at risk the health of the people served or that of the professionals. In addition, 

this application can be updated at any time incorporating any type of current information on health. 

This platform has been valued as satisfactory by potential users, students and professionals, although areas 

for improvement have been observed for future research. 
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Future research should examine the association of the platform use with the decrease of biological accidents 

and improvement of prevention knowledge among health professionals.  

6. Limitations and Future research  

There are some limitations in this study, which offer suggestions and implications for future research.  

The website developed is a first simplistic and ubiquitous version focused on helping healthcare 

professionals in situations of immediate risk. In addition, in order to evaluate the application, a satisfaction 

survey was carried out to health sciences students and health professionals. It was asked to the participants 

to freely answer the survey about their opinion referring to the web and how they perceived information 

included in software. Although, the surveys provide some information about the different samples included, 

the sample obtained has not been significance to analyses further questions related with their opinion. 

Moreover, the software validation has focused on the videos and images related professional healthcare 

activities. 

In future research will be the inclusion of a multiple scenarios of possible expose to high-risk pathogens, 

level four and three, in a virtual reality using 3D technology. Additionally, it will be included the option of 

selecting avatars whose characteristics will be different and because of it will different routes to select the 

actions to take in order to avoid the exposure and the decisions post-contamination.  This reality will be 

developed to be used in a mobile phone because of the easy accessibility, instead of being supported by the 

computer and the virtual glasses that cannot be freely transported. 
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Tables 

 

 Prevalence CI 95% Prevalence 

Basic Knowledge 79.55 % 78.75 % - 80.35% 

Specific knowledge 51.82 % 50.84 % - 52.80 % 

 

Table 1: Prevalence of basic and specific knowledge 

 

 

 

 Have you ever had a biological accident during your practice? 

Route to nursing No Yes Total 

High school 40.9% 0.0% 40.9% 

Technical degree 36.4% 18.2% 54.5% 

Over 25 years of age 0.0% 4.5% 4.5% 

Total 77.3% 22.7% 100.0% 

Pearson's chi-squared test 

X-squared = 6.8157 df = 2 p-value = 0.03311 

Have you ever had a biological accident during your practice? 

 No Yes Total 

High school 0.0% 40.9% 40.9% 

Technical degree 18.2% 36.4% 54.5% 

Over 25 years of age 4.5% 0.0% 4.5% 

Total 22.7% 77.3% 100.0% 

Fisher's exact test for count data 

p-value = 0.02837 alternative hypothesis: two-sided 

 

Table 2: Chi-squared independence test 
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PSAM score (N = 7) Mean 
SE 

(Standard error of mean) 

CV 

(Coefficient of variation) 

General opinion of PSAM 4.00 0.20 0.10 

Thematic search 4.25 0.10 0.05 

Topic information 3.94 0.16 0.08 

Rules 3.63 0.24 0.13 

Usability 4.00 0.20 0.10 

Multimedia content 3.99 0.11 0.06 

Table 3: Assessment of the PSAM by health experts 

 

PSAM assessment of 

students (N = 26) 
Mean 

SE (Standard error 

of mean) 

CV 

(Coefficient of 

Variation) 

General opinion of PSAM 3.87 0.20 0.25 

Thematic search 3.91 0.23 0.28 

Topic information 4.00 0.17 0.20 

Rules 3.00 0.14 0.23 

Usability 3.83 0.17 0.22 

Multimedia content 3.65 0.21 0.27 

 

Table 4: Assessment of the PSAM by technical students in the health sciences 
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Figures Caption  

Figure 1: Theme manager (a) Initial page to edition (b) Inside the page edition 

Figure 2:  Immediate information search 

Figure 3: Multimedia resource 

Figure 4: Qualitative variables related to biological accidents 

Figure 5: Aspects to be improved described by experts and students 
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Figure 5 

 

 

 

 

 

 

 

 

 

 

 

 

 


