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Abstract

The mapping and identification of multi-drug resistant (MDR) bacteria in affluents and effluents requires
updated data on their reality and context. However, the process of analyzing these results is still slow and
sometimes ineffective due to the lack of adequate technological mechanisms. This article presents the
development of a mobile application as a tool for the information management system using geolocation
and dashboads to map collection points, as well as resources to analyze the results obtained. The M.I.T.
APP Inventor was used in the project along with PHP PDO and MySQL technology in the web server layer.
The preliminary results indicated an interesting alternative solution to the specialists' requirements to
contribute to management and decision-making, as well as a useful tool for interested health agents.
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1. INTRODUCTION

Currently, antimicrobial resistance (AMR) is considered a public health problem worldwide,
responsible for difficult-to-treat infections associated with high mortality rates and high health care costs|[1].
The increase in AMR in clinically important bacteria is associated with the extensive or inappropriate use
of antimicrobials in human and veterinary medicine, in agriculture and livestock. Although the
consequences are clinical, studies have proposed that the spread of AMR is not restricted to health facilities,

since antimicrobial resistant bacteria have been found in effluents and sewage treatment plants (STP) [2]
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[3] [4].

Effluents and STP have been proposed as important reservoirs of multi-drug resistant bacteria and
antimicrobial resistance genes (ARGs) are considered pollutants emerging from the environment. These
aquatic environments act as critical points for the horizontal transfer of ARGs, since their high bacterial
load and compounds that include antibiotics, heavy metals and biocides, which even in low concentrations,
exert selective pressure on the antimicrobial resistance, allow an even wider spread of ARGs between
environmental bacteria and human pathogens [2] [5] [6].

Hospital effluents, in particular, may have different ARGs profiles when compared to other aquatic
environments, due to different patterns of use and frequency of antimicrobials [5]. These effluents are made
up of human excrement and therefore reflect bacteria resistant to antimicrobials and the original ARGs
from clinical sources [7]. Bacteria and genes reach the effluents and the remnant of the processing in the
STP can contaminate rivers and lakes, constituting an AMR reservoir at constant risk to the health of
humans and animals [§].

The concept of "one health" or "a single health" gained notoriety due to the concern to combat
AMR in all affected environments and sectors, such as human and veterinary medicine, agriculture,
environment, economy, among others [6]. The most recent Global Action Plan on AMR developed by
World Health Organization (WHO) was published in 2015 and, based on the concept of One Health,
establishes five objectives for the control and prevention of AMR, among which we highlight: Increase
awareness of how AMR is developed in different environments through the characterization of new
resistance mechanisms; and to monitor the incidence and prevalence of the main microorganisms, in order
to establish surveillance and research programs and have greater support and investments from
governmental organizations, industries and health agencies [9]. Based on this objective, we seek to employ
Wastewater-Based Epidemiology, a new epidemiological tool with the potential to act as a complementary
approach to current infectious disease surveillance systems and as an early warning system for disease
outbreaks, that is, by going beyond the laboratory and hospital data [10].

Thus, the objective of the research is to propose a mobile application that supports the management
of information on the theme of antibiotic resistance of microorganisms found in treatment plants, rivers
and lakes. The application concatenates georeferenced data from the collection points with the quantitative
results of the microbiological tests of the collected samples and provides the information allowing the
monitoring and decision making based on reliable information and in real time. The study is been running
in the city of Londrina - Brazil in a partnership between the researchers and the Department of Pathology,
Clinical and Toxicological Analysis, Health Sciences Center, of Universidade Estadual de Londrina (UEL),
the local public university, which facilitated the implementation of the application and the collection of

samples in strategic points of the city.

2. INFORMATION MANAGEMENT

Information Management (GI) is characterized by [15] [16] [17] as a cycle of related processes
capable of transforming data into information that contribute to decision making and the creation of new

knowledge. The information management ecosystem can be defined as:
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) Identify information needs: Firstly, the need for information is recognized, it presupposes
a clear understanding of the area of operation of the organization and its main competitors
made through a mapping of the sources of information relevant to the context [17]

i) Acquisition of information: According to [18], information acquisition comes from
information needs. [17] explains that the acquisition of information must combine two
approaches, automated and human exploration.

iii) Organization and storage of information: [18] states that they are two main purposes:
to find sources of experience and to retrieve reports of previous work or similar problems.
For [15] classification and storage presuppose the determination of how users select and
access information from the chosen repository to store it

iv) Dissemination of information (Communication):The information is distributed
according to the needs indicated by each user. [19] believes that the better the
organizational communication, the more optimized the distribution of information to its
user. In the model proposed by [18], the distribution and sharing of information are
necessary conditions for perception and interpretation

V) Use of information: For [19], this is the most important stage of the entire Information
Management process. The use of information and its combinations allows the emergence
of new knowledge, which can feed the corporate information cycle, in a continuous process
of learning and growth. Presents three ways of using information: creating meaning,

building knowledge and making decisions [18].

Another aspect that is within the information management cycle is the area of information
visualization, which condenses aspects of computer graphics, human-computer interaction, cartography
and data mining, in order to combine them, transforming data into images or graphics [20]. It can be divided
into two main aspects: the structural modeling, which aims to detect, extract and simplify information
hidden in the data and the graphic representation of the structural modeling performed [21]. The techniques
related to the visualization of information seek to represent, through graphic elements, the information
contained in a determined domain of application, so that these elements can bring to the human being the

correct interpretation and understanding to deduce new knowledge [22].

3. MATERIALS AND METHOD

The nature of the research is applied, as it intends to generate knowledge for the solution of a
given problem, with a descriptive objective, as it allows the description of a certain phenomenon, in this
case, informational modeling for the monitoring of MDR bacteria at collection points of the city of
Londrina - Brazil.

The App Inventor tool was used to develop the application, maintained by the Massachusetts
Institute of Technology (MIT), which allows the creation of applications for smartphones and tablets using
the Android operating system. The database used to persist the collected data was MySQL and, in the
service layer, the PHP PDO language was used to persist the data through HTTP requests in the MySQL
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relational database.

To implement the geolocation functionality, OpenStreetMap, which provides the manipulation of
points on the map and the delimitation of regions. A meteorological system was also integrated through a
web service that, based on the current GPS coordinates, informs the region's temperature when collecting
samples.

The modeling of the application started with the delimitation of its scope, followed by the
definition of the users’ profile, so that the system modeling process was being adapted in relation to its
usability, so that the application could make the entire information management cycle available to facilitate

monitoring and decision making.

4. Results and Discussion

The application is simple and intuitive, a map is displayed on the front end to locate the markers
placed where the collection is carried out, and to allow data update and the visualization of the sample
collection points by geolocation. It is possible to define the date / time, the description of the collection and
the type of place where the water sample is being extracted (Affluents and Effluents). A second registration
step occurs later, the laboratory analysis of the samples. It is possible to record the genes detected in the
samples and the results of the isolates recovered, where the cultured bacteria are identified at the level of
gender and species and subjected to antimicrobial susceptibility tests (AST). New data can be entered by
multiple users at the same time, and the data is updated between them. Finally, there is the data visualization
route, which, through interactive panels, allows monitoring the data collected and analyzed in real time.

The application's functionalities are summarized in Table 1, with their respective descriptions:

Table 1 — Features and Description of Mobile Application

Feature Description

(1) Registration of the collection point by | Register user information at the sample (wastewater and suface water)
geolocation collection point. (Location via GPS, Date and Time of collection, Weather

at the time of collection, Brief description of collection)

(2) Registration of genes detected in the samples | When the sample is collected and analyzed in the laboratory, it is possible
to register the genes found in the wastewater and surface water. From the
mapped genes, it is possible to add which antibiotic the pool of bacteria in

the sample are resistant to, creating a catalog of antimicrobial resistance.

(3) Isolates Recovered data registration In addition to the quantification of antimicrobial resistance encoding genes
directly from wastewater and surface water (2), the collected samples are
seed in specific culture mediums. Cultivated bacteria are identified at the
level of genus and species and undergo AST. Resistance determinants are
detected and the isolates are subjected to molecular typing tests. With this,
it is possible to describe and map bacterial species, elucidate their
sensitivity profiles, their arsenal of antimicrobial resistance encoding

genes and the presence of clones, including epidemic clones called high-
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risk clones. We also seek to establish a possible route of dissemination
and/or contamination of important bacterial species in the hospital

environment to the environment.

(4) Data visualization

The system information is saved in a relational database (MySQL) and the
system allows selecting (SELECT) registered data in order to generate
interactive and dynamic graphs that can be manipulated in order to allow

the management of information, generating knowledge and contributing

decision making.

Source: Authors

The application is in prototyping and Figure 1 shows the navigation screens, being (a) points

registered via geolocation; (b) dashboard graphs generated after analyzing and registering the data of the

samples collected:
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Figure 1. application screens
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The information architecture is represented in Figure 2 by means of a diagram, which contemplates

the information management cycle and the steps that the application meets:

Collecting Data
Re-using Data Storing Data

W Mobile Aplication Processing Data

\\—// Analysing Data
Preserving Data

Figure 2. App information management cycle. Adapted and adjusted from McGee and Prusak (1993) and
Davenport (1998).

The life cycle of the application is summarized in eight stages, being the collection of wastewater
and surface water samples, the recording of data by geolocation at the time of collection. After the samples
are processed and analyzed in the laboratory, the data are preserved and indexed in order to allow those
interested in accessing the data, either for quantitative analysis or for internal consultations for correction
or changes in the results obtained.

Finally, the data is communicated and made available for viewing through an interactive
dashboard that generates consultation reports in real time. At the end of the life cycle, the data can be reused

or stored for future reference to support predictive and temporal mathematical models of the data.

5. Conclusion

Wastewater-Based Epidemiology (WBE) is a new surveillance technique that has potential to act as
a complementary approach for current infectious disease surveillance systems. The analysis of antmicrobial
resistance genes together with bacterial monitoring could give a more representative reflection of health of
a community, undestanding of disease and resistance circulating within a population. The ability to rapidly
monitor the spread of MDR bacteria and resistance encoding genes, in real time, based in the analysis of
wastewater and surface water, in well-defined geographical areas, could act as a key that providing
information for prevention, intervention and control of MDR infections outbreaks.

Through the prototyping of a mobile application, this article proposes an information management
model to support from the structured data collection, the organization, treatment and availability of data so
that it is possible to consolidate a database on MDR bacteria, resistance determinants and the their
dissemination routes in aquatic environments with potential hazards for a population.

The case study conducted in the city of Londrina in a partnership between researchers from UEL
and UFPR point out in preliminary results the satisfaction of users with the usability and the ecosystem in

which the data are transformed into information.
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Dashboards allow a broader analytical view and with the potential to expand with other data sources.
In general, it is expected that the mobile application can still be complemented with quantitative models
allowing the expansion of data sources and the amount of data collected, in order to expand the reach and

use of the application.
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