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Abstract

In the early 20th century, the discovery of various antimicrobials solved the medical prob-

lem of death caused by infection with pathogenic microorganisms. With the large-scale

use of antimicrobials, hospitals have found that during the use of antimicrobials, some mi-

crobes gradually develop resistance, making the antimicrobials ineffective. Each year, the

number of resistant pathogenic microorganisms is increasing rapidly, but the number of

new antimicrobials is not enough. If unchecked, address and deal with the Antimicrobial

Resistance (AMR) problem, the annual number of deaths due to AMR will increase to

10 million by 2050. One of the most important causes of the AMR problem is the inap-

propriate and excessive use of antimicrobials by doctors and pharmacists. Therefore, this

project builds an AMR surveillance web page system that can interact with users. The

system provides doctors with clear and accurate AMR information and recommendations

based on the collection, processing, analysis, and visualization of recorded susceptibility

test data.

This project first cleaned and preprocessed the susceptibility test records down-

loaded from the Imperial College Healthcare NHS Trust. First, remove the data with

obvious errors or inconsistencies in the original data. Second, respectively to extract cor-

responding analysis data from microorganism and antimicrobial two aspects and get two

new processed CSV files. Third, Single Antimicrobial Resistance Index (SARI) and An-

timicrobial Spectrum of Activity Index (ASAI) are used to analyze and process the data.

At the same time, independent time intervals (ITI) and overlapping time intervals (OTI)

are used for visualization to obtain a series of clinical data and maps that can provide

reference. This project provides information for three levels: Pair Level, Antibiotic Level

and Overall Level. Pair Level contains the number of total records per interval for a
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pair, number of sensitive/resistant/intermediate records for a pair and multiple resistance

time-series for a pair. Antibiotic Level contains a lateral bar chart of ASAI. Overall Level

contains the overall Treemap.

In terms of designing and building the interactive AMR surveillance web system, the

development environment of this project is mainly composed of Python3.7 +MongoDB+

Node.js + EChart + HTML + CSS + Javascript + VUE. This project carries out data

cleaning, data validation and data analysis for susceptibility test record data from three

dimensions (pari level,antibiotic level, overall level) based on Python. Python pylot is

used to verify the visual results of selected data. Then mongodb non-relational database

is used for data storage and Node.js is used to build Node Server to provide restful API.

Finally, VUE + HTML + CSS +javascript is used to develop the website, and the analysis

results are displayed on the website using the Web visualization gallery Echart, and the

interactive user interface is provided.



5

Acknowledgment

First of all, I would like to thank my family for their selfless love and great support.

Secondly, I would like to thank my supervisor Dr. B.A. Hernandez Perez For his

patient guidance and meticulous help.

Finally, I would like to thank all the teachers at Imperial for the learning environ-

ment and continued encouragement.

With the help of my family, my supervisor and teachers at Imperial College London,

I completed this project.



6



7

Contents

Abstract 3

Acknowledgment 5

Contents 7

List of Figures 11

List of Tables 13

Abbreviations 15

Chapter 1. Introduction 17

1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

1.2 Purpose and significance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

1.3 Status of international research . . . . . . . . . . . . . . . . . . . . . . . . . 19

1.4 Main work of the project . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

1.5 Overall structure of the report . . . . . . . . . . . . . . . . . . . . . . . . . 22

Chapter 2. Related technology and theoretical basis 23

2.1 Basic theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.1.1 Data collection, cleaning and preprocessing . . . . . . . . . . . . . . 23

2.1.2 AMR data definition and data processing . . . . . . . . . . . . . . . 24

2.1.3 AMR data analysis and visualization . . . . . . . . . . . . . . . . . . 27

2.2 Related technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.2.1 Python data development and data processing . . . . . . . . . . . . 28

2.2.2 Plotly visualization framework . . . . . . . . . . . . . . . . . . . . . 28

2.2.3 MongoDB database development tool . . . . . . . . . . . . . . . . . 29

2.2.4 Nodejs-Based Web Server Development . . . . . . . . . . . . . . . . 29

2.2.5 ECharts Visualization Framework . . . . . . . . . . . . . . . . . . . 29

2.2.6 AdminLTE website template . . . . . . . . . . . . . . . . . . . . . . 30



8 Contents

Chapter 3. System requirement analysis 31

3.1 Data requirement analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.1.1 Data Indicator Requirement Analysis . . . . . . . . . . . . . . . . . 31

3.1.2 Data visualization requirement analysis . . . . . . . . . . . . . . . . 31

3.2 The website requirement analysis . . . . . . . . . . . . . . . . . . . . . . . . 32

Chapter 4. System design 35

4.1 Design of system architecture . . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.2 Design of function modules . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

4.2.1 Design of data collection module . . . . . . . . . . . . . . . . . . . . 36

4.2.2 Design of data processing module . . . . . . . . . . . . . . . . . . . . 36

4.2.3 Design of data analysis module . . . . . . . . . . . . . . . . . . . . . 37

4.2.4 Design of data visualization module . . . . . . . . . . . . . . . . . . 38

4.2.5 Design of the website . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.3 Introduction to the Development Environment. . . . . . . . . . . . . . . . . 43

Chapter 5. System implementation 45

5.1 Overall system implementation scheme . . . . . . . . . . . . . . . . . . . . . 45

5.2 Data processing module implementation . . . . . . . . . . . . . . . . . . . . 46

5.3 Data analysis module implementation . . . . . . . . . . . . . . . . . . . . . 47

5.3.1 Pair Level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

5.3.2 Antibiotic Level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

5.3.3 Overall Leve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

5.4 Data visualization module implementation . . . . . . . . . . . . . . . . . . . 48

5.4.1 Data visualization based on Python Plot . . . . . . . . . . . . . . . . 48

5.4.2 Data visualization based on Echarts Visualization . . . . . . . . . . 50

5.5 The website Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

5.5.1 Database implementation and table design . . . . . . . . . . . . . . 52

5.5.2 Back-end service implementation . . . . . . . . . . . . . . . . . . . . 54

5.5.3 Front-end implementation . . . . . . . . . . . . . . . . . . . . . . . . 59

Chapter 6. System test 63

6.1 Logging in to a module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

6.1.1 Test Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

6.1.2 Experimental Environment and Configuration . . . . . . . . . . . . . 63

6.1.3 Test Procedure and Result . . . . . . . . . . . . . . . . . . . . . . . 63

6.2 Pair Level function test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

6.2.1 Test Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

6.2.2 Experimental Environment and Configuration . . . . . . . . . . . . . 65



Contents 9

6.2.3 Test results and analysis . . . . . . . . . . . . . . . . . . . . . . . . . 65

6.3 Antibiotic Level function test . . . . . . . . . . . . . . . . . . . . . . . . . . 67

6.3.1 Test Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

6.3.2 Experimental Environment and Configuration . . . . . . . . . . . . . 67

6.3.3 Test results and analysis . . . . . . . . . . . . . . . . . . . . . . . . . 67

6.4 Overall Level functional test . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6.4.1 Test Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6.4.2 Experimental Environment and Configuration . . . . . . . . . . . . . 68

6.4.3 Test results and analysis . . . . . . . . . . . . . . . . . . . . . . . . . 68

Chapter 7. Discussion and conclusions 71

7.1 Disscusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

7.2 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Bibliography 73



10 Contents



11

List of Figures

4.1 System architecture design . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.2 Code structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

4.3 Dataframe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

4.4 SARI ITI time-series for a pair . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.5 SARI OTI time-series for a pair . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.6 Multiple SARI OTI and ITI time-series for a pair . . . . . . . . . . . . . . . 39

4.7 ASAI for a specimen type . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.8 Overall Treemap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.9 Examples of figures in Echarts . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.10 Product Requirement Document for pair level . . . . . . . . . . . . . . . . . 41

4.11 Product Requirement Document for antibiotic level . . . . . . . . . . . . . . 42

4.12 Product Requirement Document for overall level . . . . . . . . . . . . . . . 42

5.1 Three layers of the overall system implementation . . . . . . . . . . . . . . 45

5.2 The mapping relationship in the file . . . . . . . . . . . . . . . . . . . . . . 46

5.3 The visualization code in python plot . . . . . . . . . . . . . . . . . . . . . 49

5.4 The visualization of SARI time-series in a pair . . . . . . . . . . . . . . . . 50

5.5 Examples of graphs in Echarts . . . . . . . . . . . . . . . . . . . . . . . . . 50

5.6 The specific visualization code in Echarts . . . . . . . . . . . . . . . . . . . 51

5.7 The visualization of Echarts example . . . . . . . . . . . . . . . . . . . . . . 51

5.8 The table structure in MongDB . . . . . . . . . . . . . . . . . . . . . . . . . 52

5.9 Initialize the NodeJS project package . . . . . . . . . . . . . . . . . . . . . . 55

5.10 Specify the HttpServer listening port and API route . . . . . . . . . . . . . 55

5.11 Run NPM run start-server to start the service . . . . . . . . . . . . . . . . . 56

5.12 ‘Hello World’ Test result . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

5.13 Query the result in MongoDB . . . . . . . . . . . . . . . . . . . . . . . . . . 57

5.14 Search for the rows that match the conditions in the data susceptibility table 58

5.15 Test result . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

5.16 Webpage for pair level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60



12 List of Figures

5.17 Webpage for antibiotic level . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

5.18 Webpage for overall level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

5.19 Login page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

5.20 User profile page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

6.1 Test for incorrect user name . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

6.2 Test for incorrect user name . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

6.3 Test for correct name and password and successfully login . . . . . . . . . . 65

6.4 Three drop-down lists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

6.5 Test for pair level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

6.6 Test for antibiotic level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

6.7 Test for overall level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6.8 Test for hover display floating box . . . . . . . . . . . . . . . . . . . . . . . 69



13

List of Tables



14 List of Tables



15

Abbreviations

AMR: Antimicrobial Resistance

SARI: Single Antimicrobial Resistance Index

ASAI: Antimicrobial Spectrum of Activity Index

ITI: Independent Time Intervals

OTI: Overlapping Time Intervals



16 List of Tables



17

Chapter 1

Introduction

1.1 Background

In the late 19th century, patients were often killed by infections caused by pathogenic

microorganisms. Infection by pathogenic microorganisms is one of the leading causes

of death worldwide. From the beginning of the 20th century to the middle of the 20th

century, with the discovery, development and large-scale use of antimicrobials, the problem

of death caused by pathogenic microorganisms infection was largely solved.

However, with the large-scale use of antimicrobials and the development of med-

ical technology, hospitals have found that in the process of using antimicrobials, some

microorganisms will gradually develop resistance, which makes antimicrobials ineffective.

This can greatly reduce the effectiveness of the treatment. What’s more, the resistant

organism can also be passed from patient to patient. Every year, the number of resistant

pathogenic microorganisms increases rapidly, but the number of new antimicrobials is not

enough [1]. After the golden age of the rapid development of antimicrobials has passed,

with the enhancement of the resistance of pathogenic microorganisms, common injuries,

pathogenic microbial infection and transmission may again become large medical problems

to be overcome by human beings [2].

According to the World Health Organization (WHO), nearly half a million new

MDR-TB patients are detected each year alone. Among these, about 34.1% of patients
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died. Across the full range of AMR data, about 700, 000 people die each year from

antimicrobial resistance. If the problem of AMR is not controlled, solved and dealt with,

the annual number of deaths due to AMR will increase to 10 million in 2050 [3]. Due

to the rapid development of the AMR problem and the major threat to global human

health, hospitals need to establish a suitable AMR monitoring system. By means of data

collection, processing, analysis and visualization, hospitals can deal with the increasingly

serious problem of AMR, inhibit the spread of resistant pathogenic microorganisms and

save more patients’ lives.

1.2 Purpose and significance

One of the most important causes of the AMR problem is the inappropriate and exces-

sive use of antimicrobials by doctors and pharmacists. Among them, over-the-counter

antimicrobials are overused in many countries, especially in underdeveloped and develop-

ing countries [4]. Due to the lack of sufficient clinical data, information and knowledge,

doctors are often unable to quickly and correctly choose the most appropriate antimi-

crobials. Instead, they choose antimicrobials that are broadly applicable and can treat

more pathogenic microorganisms. This further leads to the emergence and proliferation

of AMR problems. In fact, with enough clinical data and information, it is difficult for

doctors to quickly find out the trend of antimicrobial resistance, the range of use, the

characteristics of antimicrobials, the recommended dosage of antimicrobials and other key

information. This requires further analysis and processing of these clinical data, such as

data mining and visualization, so that doctors can quickly get the comprehensive and

accurate information and guidance and suggestions they need.

Common data provided in the sensitivity test record are sample date, laboratory

number, sample type, antimicrobial name, microorganism name, and sensitivity test re-

sults (sensitive/intermediate/resistant). By processing, analyzing and visualizing these

data and information, doctors can find information such as number of total records per

interval for a pair, the resistance time-series for a pair, the application scope and charac-

teristics of antimicrobials, and the overall treemap. If more kinds of experimental data are
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collected, such as the patient’s previous underlying disease, the current regional incidence,

and so on, through the processing of some AMR data indicators, statistical analysis meth-

ods and data mining, doctors can even find out the biological reasons for the occurrence of

AMR, the incidence of the local population and the transmission route of AMR [5]. With

more comprehensive, accurate and real-time information, and analysis using appropriate

data-mining methods, doctors can quickly and accurately find the right antimicrobials and

even get the right dosage recommendation. All of these AMR data, information and vi-

sualizations, provide doctors with recommendations and references for clinical treatment.

Doctors can refer to the specific local situation and the specific situation of the patient,

rather than enforcing the systematic recommended treatment [6]. In the developed moni-

toring system and web page, it is also very necessary to update the sensitivity test record

data and information in time [7].

The purpose of this project research is to contribute to solving susceptibility data

analysis and visualization for surveillance in Antimicrobial Resistance. To solve this prob-

lem, it is necessary to process, analyze and visualize the sensitivity test record data. At

the same time, in order to facilitate doctors to quickly access and get the information and

guidance that they need at the moment, it is also necessary to build an interactive web

page containing the recorded data of various sensitivity tests. In this web page, doctors

can get SARI, ASAI, overall treemap and other information and advice to help doctors

make rational decisions.

It is of great significance to collect and analyze the sensitivity test record data for

improving the treatment of patients in time, saving the lives of patients and reducing the

transmission of resistant microorganisms.

1.3 Status of international research

Based on the increasingly serious problem of AMR and its serious consequences, coun-

tries and localities are trying to find new ways to solve the problem and establish new

systems to solve the problem. WHO, Europe and the United States respectively have
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established AMR monitoring methods and systems. For example, WHO established the

Global Antimicrobial Resistance Surveillance System (GLASS). Among them, the United

States attaches great importance to the research of AMR, and has invested huge national

resources to study the reasons for the emergence and rapid development of AMR, and to

curb and solve the problem of AMR. In recent years, the United States has been focusing

on the analysis, design and creation of new AMR monitoring methods and systems [8].

There are two common approaches in data and information collection. The first

is to export directly from the medical system and then use an offline approach for data

mining and subsequent processing. The second method is to integrate the data collection

module directly into the AMR monitoring system. Real-time collection of experimental

data through the whole system, such as equipment information, sample type, death risk,

complication information, etc. After that, data processing and visual analysis are carried

out directly in the system in the form of online and real-time upload.

In the process of data mining and processing, the simplest is to apply simple sta-

tistical methods. The information and data obtained by simple statistical methods are

very limited, and it is difficult for doctors to get effective guidance and suggestions [9].

Therefore, in recent years, more methods have been adopted to carry out data mining

and knowledge discovery, such as machine learning and expert systems, which are ap-

plied to different analysis perspectives. For example, clustering is usually used to identify

abnormal records in sensitivity test record data [10].

In the process of analyzing and visualizing the recorded data of sensitivity tests,

the most commonly used method in the world is heat map [11] [12]. In the design and

establishment of the AMR monitoring system, different scholars have designed a variety

of dashboards to meet the actual needs of different regions and doctors. For example,

Stedtfeld designed a dashboard [8]. It can analyze the data of sensitivity test records

from the perspective of microbiological factors, analyze the genes of microorganisms that

produce resistance, and get some possible factors and prevention methods that lead to the

resistance of microorganisms in clinical practice.
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1.4 Main work of the project

On the basis of sufficient demand analysis and in-depth research, the main work of this

project is to design and implement an AMR monitoring web page system that can interact

with users. Based on the collection, processing, analysis, and visualization of sensitivity

test records, the system provides doctors with the clear and accurate AMR critical infor-

mation and clinical recommendations they need.

The specific approach is to use Python to clean, process and analyze the sensitivity

test record data. Then, according to doctors’ requirements, use Plotly to visualize key

data such as time series bar chart, line chart, overall treemap, etc. Finally, through

Python3.7 +mongodb+ Node.js + Echart + HTML + CSS + Javascript + VUE to

build a web page system that allows doctors to conduct interactive operations. The

webpage system contains three levels of visualization, pair level, antibiotic level and overall

level. Pair Level contains the number of total records per interval for a pair, number of

sensitive/resistant/intermediate records for a pair and multiple resistance time-series for

a pair. Antibiotic Level contains a lateral bar chart of ASAI. Overall Level contains

the overall Treemap.Doctors can interact, select, and manipulate on demand, getting

information that helps them make quick judgments and treatment decisions.

The main research contents include:

1) Study the current international mainstream solutions to the AMR problem. Study the

current calculation methods and shortcomings of common AMR indicators.

2) Study the collection, processing, analysis and visualization of current AMR common

data.

3) Study the current development technology and platform of the AMR monitoring sys-

tem. Determine the development technology, the development environment and the main

functions of the system that will ultimately be used in the project.

4) Design the system interface, define functions and study the technical framework.

5) Develop the system and realize the function.

6) Test, repair and maintain the system.
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1.5 Overall structure of the report

This paper is divided into 7 chapters, the overall structure of the paper is as follows:

1) Chapter One Introduction. This chapter mainly introduces the background, purpose

and significance of the paper, and the research status of AMR monitoring. At the end

of this chapter, the main research content of this project and the overall structure of the

paper are explained.

2) Chapter Two Related technology and theoretical basis. This chapter first introduces

some basic theoretical knowledge about AMR. Then it introduces the techniques used in

the development of the AMR monitoring system, such as Python, MongoDB, Node.js,

ECharts, etc.

3) Chapter three System requirement analysis. This chapter carries on the detailed re-

quirement analysis to the thesis research system, including the data requirement analysis

and the website requirement analysis.

4) Chapter four System design. This chapter introduces the design of the system and

explains the development environment of the system. And the system architecture design

to the system of each module function design are elaborated in detail.

5) Chapter five System implementation. This chapter has carried on the detailed elabo-

ration to the system of each function module and the website final realization.

6) Chapter Six System test. In this chapter, the functional test of the system is explained

in detail, and the visual results of system data analysis are partially displayed.

7) Chapter Seven Discussion and conclusions. This chapter first discusses and summarizes

the content of the paper, and then explains the problems existing in the current system

and the future improvement of the system.
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Chapter 2

Related technology and theoretical

basis

2.1 Basic theory

2.1.1 Data collection, cleaning and preprocessing

Susceptibility test record data susceptibility-2020. csv in this project is downloaded from

the Imperial College Healthcare NHS Trust. Data actually contains mainly sample date,

laboratory number, specimen code, specimen name, specimen description, microorganism

code, microorganism name, antimicrobial code, antimicrobial name, sensitivity outcome

and other information. The widely accepted method in clinical practice is to first classify

the samples according to their specimen type. After that, according to the requirements of

different data indicators, a microorganism and an antimicrobial are classified as a group.

Data processing mainly includes data cleaning and data preprocessing. Data clean-

ing is to remove the obvious errors or inconsistent data in the original data, so as to provide

more accurate data for subsequent data processing. For example, the field is missing (date

received is missing, specimen is missing). The data preprocessing for this project is based

on the source file susceptibility-2020. CSV. Through dimension calculation, this article

respectively originates from two dimensions (antimicrobial and microorganism) to extract

the corresponding analysis data and get two processed CSV files. The two new processed
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files are microorganism.csv and antimicrobial.csv.

2.1.2 AMR data definition and data processing

In order to quantify the study of antimicrobial resistance, some AMR data indicators have

been defined in both clinical and theoretical studies. These indicators include, but are not

limited to, Single Antimicrobial Resistance Index (SARI), Single Antimicrobial Resistance

Trend (SART), antibiotic spectrum index (ASI), Antimicrobial Spectrum of Activity Index

(ASAI) [13], Multiple Antimicrobial Resistance Index (MARI) [1], Drug Resistance Index

(DRI). Among them, SARI, SART and MARI are commonly used and widely accepted

indicators. In order to visually and clearly show the situation of antimicrobial resistance

to doctors, SARI and ASAI are selected as two indicators in this project.

The definition of SARI

Sari is the degree of resistance of a particular microorganism to a particular antimicrobial

in the same sample type. In the sensitivity test record, each set of data is given a result,

sensitive, intermediate or resistant. In actual data processing, Sari is calculated as Equa-

tion 2.2. The value of SARI may vary slightly between reports, depending on whether I

is taken into account. In the following formula, S stands for sensitive, I for intermediate,

and R for resistance.

SARI =
R+ I

R+ I + S
(2.1)

With SARI, doctors can know exactly in a particular sample type, how resistant a

particular pair of microorganism and antimicrobial is. Thus, the follow-up treatment plan

can be adjusted accordingly.

The definition of ITI and OTI

To help doctors better analyze AMR data, this project plotted the change of Sari value

over time. In the traditional method, the time sequence diagram is usually drawn at inde-



2.1 Basic theory 25

pendent time intervals. This is a way to compute data in periods that do not overlap each

other. For example, a time sequence diagram is drawn in the unit of each month, that is,

SARI is calculated with the sample data of each month. This method has obvious limi-

tations, and two concepts of accuracy and granularity [14] are introduced here. Accuracy

refers to how accurate Sari is. The more samples the system uses to calculate Sari, the

more accurate Siri’s numbers will be. The more times the Sari value is computed over the

same length of time, the greater the granularity. If the time unit is monthly, the accuracy

is lower. Because the number of samples in a month is limited. Taking year as the time

unit, the granularity is lower. Because Sari is only calculated once a year.

To solve this problem, this project introduced overlapping time intervals [15]. There

are two parameters in the overlapping time interval. First, specify a frequency of calcu-

lating Sari values using sensitive data records, like a month. Second, specify a compute

period longer than the test frequency period, such as 3 months. It is equivalent to calcu-

lating the common susceptibility data of the current month and the previous two months

once a month. In this way, the SARI calculated for each month contains three months

of sensitivity data records and SARI has a high accuracy. At the same time, SARI is

calculated 12 times in a year, which also has a large granularity. This project uses the

following notation to indicate the different time intervals. This project uses the following

notation 30D1, 30D1, D90D,30D180D to indicate the different time intervals.

30D1 is the independent time interval.

30D means frequency is 30 days, that is, SARI is calculated once a month.

The lower case 1 means that the sample calculated each month is from the previous month.

90D1 is also an independent interval.

90D represents the frequency of 90 days, that is, SARI is calculated every three months.

The lower case 1 means that the sample calculated each 3 month is from the previous 3 months.

30D90D is the overlapping time interval.

30D means frequency is 30 days, that is, SARI is calculated once a month.

The lower case 90D means the sample calculated each month is from the previous 3 months.

30D180D is the overlapping time interval.
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30D means frequency is 30 days, that is, SARI is calculated once a month.

The lower case 180D means the sample calculated each month is from the previous 6 months.

With the OTI calculation method, physicians can obtain high accuracy and granu-

larity at the same time, and have the flexibility to observe different SARI values according

to the requirements.

The definition of ASAI

In 2017, ASI [16] was defined as a new indicator of AMR. ASI shows different antimi-

crobials are effective on which range of microorganisms, but only includes some specific

microorganisms. In order to include a wider range of microorganisms and calculate more

accurate values, a new improved index, ASAI [15], was adopted in this project. ASAI

shows different antimicrobials are effective on which The range of microorganisms.

Antibiotics are a class of antimicrobials that act only on bacteria. In this project

we are talking about the activity spectrum of antibiotics. Bacteria can be divided into

Gram-negative bacteria and Gram-positive bacteria, which can be quickly distinguished

by 3% potassium hydroxide solution [17]. In the biological classification, biology can be

generally divided into domain, phylum, class, order, family,genus and species. SARI is

an indicator in the species dimension, while ASAI is an indicator in the genus dimension.

The specific calculation is shown Equation 2.2 ,

Among them, Ngn represents the total number of genus in microorganisms, wgn

represents the weight of the genus, Ngn
sp represents the total number of microorganisms’

species in a certain genus, wgn represents the weight of species under a certain genus, and

SARIgnsp represents the SARI value of microorganisms of a certain species under a certain

genus, th represents the threshold of SARI.

ASAIth =
1

Ngn

∑
∀gn

wgn ·

 1

Ngn
sp

∑
∀sppgn

wsp
gn · effective th

(
SARIgnsp

) (2.2)
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where

∑
∀gn

wgn = 1
∑
∀sp

wsp
gn = 1 effective th(SARI) =


1 if SARI ≤ th

0 otherwise

ASAI was calculated under the dimension of genus, using SARI weighted values

of species dimension. In the case of Gram-negative bacteria, to calculate ASAI, firstly

select samples of the same type. Secondly, the calculation method of the ASAI value of

a certain antibiotic is the weighted average of the sari of all microorganisms in all genus

dimensions under a certain antibiotic. Among them, the calculation method of the sari

value of microorganisms in a genus dimension, is the weighted average (weighted by the

number of samples) of the effective sari of microorganisms in all species dimensions in

this genus. When the SARI value is less than the specified value, it is considered that

the antibiotic has a therapeutic effect on the bacteria, that is, the effective SARI value

mentioned above. The antibacterial spectrum helps clearly find the characteristics of each

antimicrobial doctor.

2.1.3 AMR data analysis and visualization

This project will visualize the obtained index data according to the different needs of

clinicians. In general, the intuitive information required by the clinician is the SARI value,

number of total records per interval for a pair, number of sensitive/resistant/intermediate

records for a pair, the resistance time-series for a pair, etc. Visualization can be expressed

by pie charts, line charts, bar charts and other geometric figures. It can also be expressed

through color difference, relative position, area size and other information [18]. After

weighing and comparing the needs of the physician and the pros and cons of various

visualization methods, this project included three levels of data visualization: Pair Level,

antibiotic level and Overall level.

1) Pair Level. After selecting the sample type, antimicrobial and microorganism,

Pair Level can display number of total records per interval for a pair, number of sensi-

tive/resistant/intermediate records for a pair, the resistance time-series for a pair, and the
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time series line chart of ITI and OTI.

2) antibiotic level. If a specimen type was chosen, the antibiotic showed horizontal bars

of ASAI against Gram-negative and Gram-positive bacteria, respectively.

3) Overall level. Overall Level Displays the overall Treemap image. The doctor can get the

following information by means of hovering, antimicrobial code, the number of samplesmi-

croorganism code specimen code microorganism name, antimicrobial name, sari hard, sari

medium and sari soft.

2.2 Related technologies

2.2.1 Python data development and data processing

Python is not only a high-level programming language, but also a high-level scripting

language that combines interpretation, compilation, interactivity and object-oriented pro-

gramming, so Python also includes all the features of scripting languages. At the same

time, it is also a mature and stable computer general-purpose development language.

Compared with low-level languages, the design has strong readability and clear

syntax structure. It takes less time to write Python programs, the program is shorter,

and it is easier to ensure the correctness of the program. Therefore, it is also called

executable pseudocode. As a high-level language, Python is easy to learn, easy to read,

easy to maintain, extensible, embeddable, and portable. The same program can run on

different types of systems without modification. Running on the system, you can also

embed Python programs into C/C++ programs.

2.2.2 Plotly visualization framework

Plotly is an open source tool for writing, editing and sharing interactive data visualizations.

It presents information by constructing interactive charts in web form based on browser

display. Plotly can create up to dozens of different charts and maps such as bar, scatter,

pie, histogram, and more. And Plotly supports online editing. It is a drawing system that

integrates multiple drawing methods of online drawing through menu operation and offline
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drawing through code. It is also very easy to import and export data, you can directly

upload CSV files or connect to SQL databases to create charts, and it has multiple API

interfaces, such as matlab, R, and Excel. find a figure later

2.2.3 MongoDB database development tool

MongoDB is a popular NoSQL database product. It is an open source free, easy to expand,

free table structure (schema free), high-performance and document-oriented non-relational

database. The MongoDB database was developed by the 10gen team in October 2007. It

was developed and first released in February 2009, and the MongoDB database developed

rapidly. The MongoDB database structure is that the database contains collections, the

collections contain documents, and the documents contain one or more key-value pairs.

Compared with the traditional relational database, the collection in MongoDB is similar

to the table in the relational database. The difference is that the collection does not have

a fixed header. The document in the MongoDB collection is similar to a row of data in

the relational database. The difference is that the document is not fixed. model. The

specific differences are shown in the table.

2.2.4 Nodejs-Based Web Server Development

Node.js is a JavaScript runtime environment based on Google browser’s V8 engine, which

can be used to build high-speed, scalable network programs. The Node.js framework

enables JavaScript to be developed in the same way as Java, Python, PHP and other

development languages, that is, the server side. Simply put, Node.js is JavaScript that

runs on the server. So using Node.js, you can use the JavaScript language to develop all

the code on the server side and all the code on the client side at the same time, which is

convenient and fast.

2.2.5 ECharts Visualization Framework

The full name of ECharts is Enterprise Charts. It is a data visualization tool under Baidu.

It is an open source, web-based cross-platform framework. It is not only compatible with
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many different types of browsers, but also supports the rapid construction of interactive

visual charts. ECharts not only has a high-performance graphics renderer, but also the

core based on the declarative visual design language makes it possible to define built-in

chart types by itself, and has high scalability .

As a Javascript chart library, ECharts not only has many corresponding templates,

but also various types of graphs and charts, such as area charts, bubble charts, column

charts, pie charts, scatter charts, maps, candlestick charts, event river charts and funnels

Figure etc. At the same time, ECharts also has a rich API, with seven different interactive

components, and supports a variety of charts for mashup display, with very good visual

effects. And ECharts can also use Ajax technology and its own event mechanism to link

the data theme graphical interface in the foreground with the data in the background.

When the data changes or new data is imported, the dynamic display effect of the data

will change accordingly. On the basis of enhancing the user experience, the ability to

integrate and mine data has been improved.

2.2.6 AdminLTE website template

AdminLTE is a front-end framework, it is an open source template theme tool based on

Bootstrap3 and JQuery, and based on Bootstrap3, it designs background management

panels and dashboard templates suitable for its own style. AdminLTE can not only use

most styles of Bootstrap3, but also provides a very practical style package and a series of

responsive components, and has built-in multiple template pages, such as login template,

registration template, personal template, 404 template, 500 template and Blank templates,

etc., these can be viewed in the Examples menu after downloading. There are not only

some EasyUI components, but also some custom CSS styles. The box style is the most

basic and most commonly used among the custom CSS styles. In addition to Bootstrap’s

own modal window, navigation, and drop-down menu, the JS plugins in it integrate some

well-known third-party plugins, such as Select2, CK Editor, ICheck, DataTables, and so

on.



31

Chapter 3

System requirement analysis

3.1 Data requirement analysis

3.1.1 Data Indicator Requirement Analysis

In this project, the project mainly calculated two kinds of AMR data indicators – SARI

and ASAI through a series of steps such as data cleaning, preprocessing, processing and

analysis. SARI is an indicator often used in clinical practice, which allows doctors to

clearly know the resistance degree of a specific microorganism to a specific antimicrobial

in a specific sample type in a specific period of time. ASAI shows marketers antimicro-

bials are effective on which range of microorganisms, in different types of samples. The

antimicrobial spectrum of activity helps doctors clearly find the characteristics of each

antimicrobial. In clinical treatment, according to SARI and ASAI, doctors can choose the

appropriate treatment plan more accurately and quickly.

3.1.2 Data visualization requirement analysis

After obtaining specific data indicators, in order to facilitate doctors to understand the

required AMR information more clearly and quickly, the project will visualize the data

according to different needs.

1) The resistance time-series for a pair.

This project requires visualization of SARI values over time. The time series map of SARI
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is displayed in the form of broken line charts. Doctors can quickly view the SARI value,

number of total records per interval for a pair, number of sensitive/resistant/intermediate

records for a pair, the resistance time-series for a pair by selecting the sample type, mi-

croorganism and antimicrobial, clicking different parts of the broken line and other the

projectb interactive ways. Among them, SARI is calculated by independant time interval

and overlapping time interval respectively.

2) The spectrum of activity of antimicrobials

In this project, the project discuss the activity spectrum of antibiotics, and it is necessary

to perform aggregation analysis on ASAI to obtain the horizontal bar chart. ASAI shows

different antibiotics are effective on which range of Gram-negative and Granger-positive

bacteria, in different sample types. As a result, doctors can choose antibiotics that meet a

patient’s needs, rather than a broad-spectrum antibiotic that works against more bacteria.

3) Treemap

In order to give the doctor a better overall view of the sensitivity test record data, key

information such as antimicrobial name, microbe name, number of samples, and SARI

value can be seen on a single graph. This project also visualizes the Treemap of the over-

all information. By clicking on different parts of the Treemap on the the projectb page,

the doctor can quickly view the SARI value, the total number of samples, the name of the

microorganism, the name of the antimicrobials, and other information.

Therefore, the data visualization requirements of this project are mainly to show

number of total records per interval for a pair, number of sensitive/resistant/intermediate

records for a pair, ITI and OTI multiple resistance time-series for a pair, Treemap word

cloud charts and horizontal bar charts of ASAI.

3.2 The website requirement analysis

Based on the above data requirement analysis, the final requirement of this AMR surveil-

lance system is to display the Python data results of the single pair that have been verified

locally to users through the projectb data visualization. Build relevant the projectbsites,

display the visual results (such as line chart, bar chart, word tree chart) on the the pro-
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jectbsite, and provide a friendly user interaction interface, to realize the user such as

pull-down selection of different pair level, hover view different dimensions of the distribu-

tion of interaction.
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System design

4.1 Design of system architecture

The current architecture design diagram is shown in the Fig. 4.1:

Figure 4.1: System architecture design

Architecture design diagram, is a multi-layer structure The fifth layer is data col-

lection and data preprocessing, providing three CSV files to the upper layer. The fourth

layer is the data analysis layer. Through three CSV files, based on Python Pyamr library,

the feasibility of various index data is analyzed file by file, and the data singleton test
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and data visualization test are carried out. The third layer is the database layer, which

stores the data and business data of the above two layers in the MongoDB database. The

second layer is the server layer: it calls the database data of the third layer and provides

restful api for the upper layer The first layer is the user interaction layer: according to the

selection of user interaction, the API of the server layer is called, and the data returned by

the API and data visualization components Echarts are used to provide users with visual

views.

4.2 Design of function modules

4.2.1 Design of data collection module

Susceptibility test record data susceptibility-2020. CSV for this project is downloaded

from the Imperial College Healthcare NHS Trust. The data mainly contains specimen

Name, specimen Name, Antimicrobial Name, sensitivity outcome and other information.

4.2.2 Design of data processing module

The data processing module is mainly based on source files to produce the actual data

needed by subsequent modules (such as data analysis and data visualization). The data

processing module mainly includes data cleaning and data preprocessing, which are as

follows:

1) Data cleaning: Read the source file and remove the dirty data points that do not

meet the requirements of this project, including but not limited to missing fields (such as

missing date received, missing specimen), obvious abnormal data index, expired data (too

old), etc. The final result is relatively clean data. This is beneficial to provide subsequent

data analysis accuracy.

2) Data preprocessing: Based on the source file susceptibility-2020. CSV, through di-

mension calculation, from the two dimensions of microorganism and antimicrobial, re-

spectively, to extract the corresponding analysis data. Through the two scripts cre-

ate db microorganism.py and create db antimicrobial.py, data preprocessing is realized,
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and two processed csv files, microorganism.csv and antimicrobial.csv, are obtained. The

details of the three files are shown in the Fig 4.2 and Fig. 4.3,

Figure 4.2: Code structure

Figure 4.3: Dataframe

4.2.3 Design of data analysis module

Through the data processing module, the project will get 3 data files, susceptibily.csv,

microorganism.csv and antimicrobial.csv. After importing the three files into the data

path of the data module, the project can run the script for data analysis. The data

analysis module mainly has the following two functions:

1) By calling various calculation methods in PyAMR’s core method, the corresponding

SARI/ASAI data indicators are calculated and the output data after data processing is
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verified to be correct or not.

2) Verify that if the current visualization needs can be met by calling Python’s visualization

tools.

For this purpose, this module has two main parts.

1) The first part is by calling pyamr.core.asai, pyamr.core.sari, pyamr.core.freq. After

importing data through pyamr.datasets.load, calculate ASAI, SARI, freq and other indi-

cators respectively.

2) The second part is to verify the feasibility of data visualization by calling the PyPlot

Python library.

4.2.4 Design of data visualization module

The data visualization module has two main parts:

1) The first part is the data visualization part based on Python Pylot library, which mainly

displays the corresponding data analysis results from the perspective of Timeline, Barline,

Bargraph, Treemap and other visualizations. The specific visualization results are as Fig

4.4, Fig 4.5, Fig 4.6, Fig 4.7 and Fig 4.8.

Figure 4.4: SARI ITI time-series for a pair
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Figure 4.5: SARI OTI time-series for a pair

Figure 4.6: Multiple SARI OTI and ITI time-series for a pair

2) The second part is based on the web Echarts visual component library, which

is mainly implemented from Timeline, Bargraph, Treemap and other perspectives as Fig

4.9.
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Figure 4.7: ASAI for a specimen type

Figure 4.8: Overall Treemap

4.2.5 Design of the website

According to the demand analysis, based on the above data analysis and data visualization

requirements, the overall design of the the website is as Fig 4.10, Fig 4.11 and Fig 4.12:
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Figure 4.9: Examples of figures in Echarts

Figure 4.10: Product Requirement Document for pair level

The the website pages include:
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Figure 4.11: Product Requirement Document for antibiotic level

Figure 4.12: Product Requirement Document for overall level

1) Provide users with 3 dimensions of data page and menu, respectively are pair

Level Page, antibiotic level page and overall page

2) Pair Level Page: Allows the user to drop down to select microorganism, antimicrobial

and specimen type to view the data visualization content under the certain selections.

The contents include number of total records per interval for a pair, number of sensi-

tive/resistant/intermediate records for a pair and the resistance time-series for a pair.

3) antibiotic level page: Shows the distribution of all antibiotics under a species for the

user

4) Overall Level Page: Show the user the overall distribution of all specimens at different

levels from an overall perspective.
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4.3 Introduction to the Development Environment.

Based on the demand analysis in Chapter 3, the following technology stack is currently

used for technology research and development:

1) Python 3.7:It mainly uses the data processing ability of Python to clean and preprocess

the data of the source file CSV. And on the premise of completing the first two steps, call

Pyamr. Core library to carry on the data analysis of core indicators.

2) MongoDB: database development tool, data processing and analysis results are stored

in the database for the convenience of server invocation.

3) Node server: It provides restful api based on Node.js and Egg.js framework and mainly

provides interfaces for querying indicators of different pairs (for example, querying the

Sari timeline sequence diagram of a certain microorganism, a certain antimicrobial and a

certain specimen).

4) Echart: Based on the ECHART data visualization component library, the data is

transformed into corresponding charts, such as line chart, bar chart, pie chart, word cloud

chart, etc.

5) HTML + CSS +javascript VUE: Based on the the web development framework VUE,

using modern the website technology HTML5 + CSS3 +javascript ES6, the project can

quickly build the website pages to interact with users, and show the above data situation

and data visualization charts.

Therefore, the development environment of this project is mainly composed of

Python3.7 +MongoDB+ Node.js + Echart + HTML + CSS + Javascript + VUE.
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System implementation

5.1 Overall system implementation scheme

The overall implementation scheme of the system is shown in Fig 5.1 below, which is

divided into 3 layers and 6 parts:

Figure 5.1: Three layers of the overall system implementation

1) The third layer is the data module, mainly including data loading, cleaning and

data analysis. It is implemented based on Python, this module will output data analysis

results. CSV to the upper layer.
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2) The second layer is the back-end server module, mainly including data storage and data

API implementation. The data storage part is implemented by MongoDB, which accepts

the CSV produced by the data module and converts it into the database table storage.

The API implementation is based on Node.js Express, which will read the corresponding

data of MongoDB database according to the API request parameter generated by users

and return JSON data to the front-end.

3) The first layer is the front-end interaction layer, which is also the browser business

layer. It mainly includes user interface and interactive routing, as the well as a separate

the web data visualization module. After the user selects an interaction on the interface,

restful API is called to obtain the returned result. Through web visualization Echarts, the

result is assembled into corresponding visual components (such as line charts, bar charts,

and tree charts) to display to the user.

5.2 Data processing module implementation

The data processing module is mainly composed of data cleaning and meta data genera-

tion, which are implemented by Python as follows:

1) Import the source file. CSV using pd.read csv

2) Then, the CLWSQL008 method is used to clean the data and find the fields where all

fields are normal

3) Then, dTYPE is used to map the fields. The mapping relationship is as Fig 5.2,

Figure 5.2: The mapping relationship in the file
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4) Remove duplicate data

5) Finally, clean analysis data can be obtained

5.3 Data analysis module implementation

5.3.1 Pair Level

Sari is the degree of resistance of a particular microorganism to a particular antimicrobial

in the same sample type. Typically, SARI is equal to the total number of resistant and

intermediate divided by the total number of resistant, intermediate and sensitive.

In order to help doctors better analyze AMR data, this project plotted the line chart

of Sari value over time under ITI and OTI respectively. In the calculation methods of ITI

and OTI, it is necessary to define the test frequency and the period to which the samples

used in the calculation of SARI belong. Where, under the ITI method, frequencies are

equal to time periods, that is, they do not overlap. In the OTI method, the set frequency

should be less than the time period. With different frequencies and time periods set,

different SARI timings can be plotted and compared.

5.3.2 Antibiotic Level

ASAI shows different antimicrobials are effective on which range of microorganisms. ASAI

was calculated under the dimension of genus, using SARI the projectighted values of species

dimension. To calculate ASAI, firstly select samples of the same type. Secondly, the

calculation method of the ASAI value of a certain antibiotic is the the projectighted average

of the sari of all microorganisms in all genus dimensions under a certain antibiotic. Among

them, the calculation method of the sari value of microorganisms in a genus dimension, is

the the projectighted average (the projectighted by the number of samples) of the effective

sari of microorganisms in all species dimensions in this genus. When the SARI value is

less than the specified value, it is considered that the antibiotic has a therapeutic effect

on the bacteria, that is, the effective SARI value mentioned above.
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5.3.3 Overall Leve

Overall Level Displays the overall Treemap image. The doctor can get the following

information by hovering over the mouse, antimicrobial code, the number of samplesmi-

croorganism code specimen code microorganism name, antimicrobial name, asri hard, sari

medium and sari soft.

5.4 Data visualization module implementation

From 5.3, the project can get data indicators of different levels. Through assembly and

stitching, the project can analyze their time ductility and cohesion.

Specifically, according to the transformation of different indicators in a period of

time, the trend can be analyzed through time series chart and line chart. The Gram-

positive and Gram-negative of different specimens in various dimensions can be analyzed

through aggregation analysis and horizontal bar chart. The overall distribution can be

obtained through Treemap word cloud chart.

Based on this, the project’s data visualization module mainly focuses on line chart,

bar chart, pie chart, word cloud chart. In terms of technology selection, this project

realizes data visualization of two languages, namely data visualization based on Python

plot library and data visualization based on Echarts js library.

5.4.1 Data visualization based on Python Plot

Taking Time Series Line Graph as an example, the realization of data frame data visual-

ization based on Python plot is divided into the following steps:

1) Install and reference the plot and SNS libraries in Python files

2) Set the seaborn style using the sns.setStyle method

3) Create an instance of Figure and axie with the plot.sub plot method

4) Set graph-related parameters, using sns.line plot to set the line chart style (width, title,

bar scale under the line chart, transparency, etc.)

5) Import the data into the Figure instance
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6) The plot.tight layout method is called to implement the drawing. The specific code is

as Fig 5.2.

Figure 5.3: The visualization code in python plot

The effect is as Fig 5.4.
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Figure 5.4: The visualization of SARI time-series in a pair

5.4.2 Data visualization based on Echarts Visualization

Echarts is an open source JavaScript visualization library that provides rich open source

components for data-driven visualization, as shown in the following Fig 5.5.

Figure 5.5: Examples of graphs in Echarts

Next, the bar graph is taken as an example to introduce the realization of data

visualization based on ECHART, which is divided into the following steps:

1) To install and introduce the EcHART library, the project can install Echarts via NPM

install – Save Echarts, and through

import * as echarts from ’echarts’
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Of course, the compiled EChart.js can be directly referenced by script in HTML Head

through the CDN.

2) Define an instance of EcHart in javascript code and register it to a DOM node with the

init method, such as

echarts.init(document.getelementById (’main’));

3) Set the graphical visualization option of the instance, and set the title/tooltip/type/data

by configuring JSON to render the specific instance on the the web side.

The implementation code is as Fig 5.6:

Figure 5.6: The specific visualization code in Echarts

The effect is as Fig 5.7:

Figure 5.7: The visualization of Echarts example
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5.5 The website Implementation

5.5.1 Database implementation and table design

The database uses MongoDB non-relational database to realize the related database logic.

The database name is AMR analysis and contains 5 tables. The table structure is shown

in Fig 5.8:

Figure 5.8: The table structure in MongDB

The data table contains the following 5 tables, and the design and implementation

are introduced separately in the following section.

1. Data susceptibility: the original data table that stores all effective data after

data cleaning. The susceptibility field information is as follows

Date received: indicates the data acquisition time, which is used as the X-axis analysis in

subsequent time series analysis

Date outcome: data production time, used as backup data only

Laboratory number: laboratory number, used as backup data only

Specimen code: sample code, unique identifier for representative samples, the follow-up

in multiple dimensions will include specimen analysis
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Specimen name: the name of the sample meta information, as a specimen of the display

information

Specimen description: sample description meta information, as a specimen of the display

information

Microorganism code: microorganism code, which represents this only identifier, and actu-

ally includes this in multiple analysis dimensions

Microorganism name: microorganism name of this meta information, and this is actually

just a showcase message

Antimicrobial code: antimicrobial code, used to represent the unique identifier of antimi-

crobial, the follow-up in multiple dimensions will include antimicrobial analysis

Antimicrobial name: the name of the meta information antimicrobial, as antimicrobial

display information

Sensitivity: the sensitivity of the record (i.e., the pair)

Mic: The MIC of the line record (that is, a pair)

Reported: whether bank records have been reported

After importing the data, the table has 47,133 rows of data.

2. Meta antimicrobial: an antimicrobial data information table contains the fol-

lowing fields:

Name: name of antimicrobial

Category: antimicrobial meta information, indicating the domain

Acronym: abbreviation

Exists in registry: Whether it is registered

Antimicrobial code: the unique identifier of the antimicrobial

After importing the data, the table has 61 rows of data

3. Meta microorganism: Data information sheet, will just be the following field

information:

Name: name of microorganism

Category: this is actually just microorganism meta information, indicating the user field

Acronym: abbreviation
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Exists in registry: whether it is registered

Microorganism code: the unique identifier of the microorganism

After importing the data, the table has 61 rows of data

4. Visualization sari timeline: line chart data information table, the field informa-

tion is as follows:

Id: the id

Specimen code: sample code, unique identifier for representative sample

Microorganism code: actually this is just the code, which represents just a unique identi-

fier

Antimicrobial code: antimicrobial code, used to represent antimicrobial unique identifier

Date received: indicates the data acquisition time, which is used as the X-axis analysis in

subsequent time series analysis

Freq: how often this line records (i.e. a pair)

Sari: this row records the SARI value of a pair

5. User profile: user information table for simple processing of user logins and user

information

Id: the id

Username: indicates the username

Email: indicates the user email address

Password: indicates the user password

Role: indicates the user role. The default value is admin

5.5.2 Back-end service implementation

Implementation of the Back-end HTTP Server

The back-end Httpserver is mainly based on the NodeJS Express library to build the

HTTP server.

Express is an NPM Node package designed to quickly build Node.js the web Servers

and provide apis. The implementation method is as follows:
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1. First, define the the webServer folder and run NPM init to initialize the Node.js

project package, as shown in the Fig 5.9.

Figure 5.9: Initialize the NodeJS project package

2. Install the Express package and save the dependencies by using NPM install –

Save Express

3. Create server.js, reference the Express package, and specify the HttpServer

listening port and API route as Fig. 5.10,

Figure 5.10: Specify the HttpServer listening port and API route
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4. Modify the package.json script in the root directory and add the start command

”start-server”: ”node./server.js mode=Debug”

5. Enter the APP, install all the dependency packages of API-Server, and run NPM

run start-server to start the service. As shown in Fig 5.11, the service is started.

Figure 5.11: Run NPM run start-server to start the service

In this case, the project can use the configured port 3000 and test API route to

test whether the service is normal as Fig 5.2.

Figure 5.12: ‘Hello World’ Test result

Connecting to the MongoDB Database

The back-end service needs to query the MongoDB database, which is mainly achieved

through the NPM MongoDB package. The implementation method is as follows: 1. In-

stall and reference the MongoDB package by NPM install –save MongoDB and by re-

quire(’MongoDB)
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2.Define MongoDB config URL and create connection using Mongoclient.connect

3. After the connection is successful, use the dbo.collection(”site”).find (where-

Str).toarray () method to query the result and convert it into an array as Fig 5.13.

Figure 5.13: Query the result in MongoDB

Restful api implementation

This article focuses on the Timeline query interface, which consists of two interfaces:

QueryTotalCount the project can query the total number of indicators in a pair Query-

TimelineData is used to query the SARI value of a pair within a specified period of time.

The following uses /queryTimelineData as an example to illustrate the API imple-

mentation.

1. Define the request body parameters, according to the requirements of user demand

from microorganism/antimicrobial/specimen drop-down box to choose to call interface,

therefore the request body parameters are defined as follows:

{

specimen code: ”,

microorganism code: ”,

antimicrobial code: ”

}

2. Define the route, express. Post (’/queryTimelineData’, function(req,res) ) to define the
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route, and define the apiHandler method of the route

3. Define process routing apiHandler, get into the pair of parameter values, the inside is

specimen code respectively, microorganism code, antimicrobial code

4. Connect to MongoDB, search for the rows that match the conditions in the

data susceptibility table, and return the result as Fig 5.14.

Figure 5.14: Search for the rows that match the conditions in the data susceptibility
table

5. Use Postman to test whether the interface returns normally as Fig 5.15.

Figure 5.15: Test result
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5.5.3 Front-end implementation

Front-End MVVM Framework Integration

MVVM is short for Model-View-ViewModel. Model stands for data Model, where the

project can also define the business logic for data modification and manipulation. The

View represents the UI component, which is responsible for translating the data model

into the UI and presenting it. The ViewModel listens for changes in Model data and con-

trols View behavior, handles user interaction, and is simply understood as an object that

synchronizes View and Model, connecting Model and View. Under the MVVM architec-

ture, the View and Model are not directly related, but interact through the ViewModel.

The interaction betthe projecten Model and ViewModel is two-way, so the changes of

View data will be synchronized to the Model. Changes in Model data are immediately

reflected in the View. The ViewModel connects the View layer to the Model layer through

bidirectional data binding, and the synchronization betthe projecten the View and Model

is completely automatic and hands-free, so developers only need to focus on the busi-

ness logic, do not need to manually manipulate the DOM, do not need to focus on data

state synchronization issues, Complex data state maintenance is completely managed by

MVVM.

Front-end Template AdminLTE

Adminlte is an open source front-end component library, can be based on his fast build

data management platform, he provides commonly used components such as the web-

site login component, left menu component, LOGO component, form component, drop-

down component, table component, and support the extension of visual component library

EChart.js. This project mainly uses the login component, menu component, drop-down

selection component, and extended support for ECHART data visualization component.
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Implementation and effect diagram of each front-end module

1. Pair level module

The user of Pair Level is a data administrator. It selects different pairs based on user

requirements and displays the visual data in a pair. The functions of pair Level include:

Drop-down choice specimen, the drop-down choose antimicrobial, drop-down selection

microorganisms, shows number of total records per interval for a pair, number of sensi-

tive/resistant/intermediate records for a pair and the resistance time-series for a pair Its

implementation effect diagram is as Fig 5.16:

Figure 5.16: Webpage for pair level

2. Antibiotic level module

The user of antibiotic level is the data administrator, its function is mainly according to

the needs of the user, choosing different specimens. Thus display the spectrum of activity

of antimicrobials bar graph of different specimens under Gram-negative and Gram-positive

bacteria. Its implementation effect diagram is as Fig 5.17:
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Figure 5.17: Webpage for antibiotic level

3. Overall level module

The user of Overall Level is the data manager, whose role is mainly from the overall

perspective to view the overall situation of the three dimensions, as the well as the distri-

bution of its layer by layer dimension. The visualization part uses the way of Treemap,

and can view the distribution of different dimensions through Hover. Its implementation

effect diagram is as Fig 5.218:

Figure 5.18: Webpage for overall level

4. Other User Modules In addition to the data visualization module, the article
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also implements a simple user login and user information page. The user information

page uses el-form to submit the login form in the front end. After verifying the user’s

account and password is correct, the user can enter the background system. On the user

information page, the project can use cookies to authenticate the user and call getInfo to

obtain and display the profile information of the user. Its implementation effect diagram

is as Fig 5.19 and Fig 5.20:

Figure 5.19: Login page

Figure 5.20: User profile page
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System test

6.1 Logging in to a module

6.1.1 Test Purpose

The purpose of this experiment is to test whether the functions of the login interface of

the platform meet expectations under different circumstances for customers with different

roles.

6.1.2 Experimental Environment and Configuration

Network environment: Windows 10 Software and hardware environment: Chrome

27.0.1453.110m

6.1.3 Test Procedure and Result

1. [The user name and password are incorrect] test Test input: Enter an incorrect user

name Expect the output: Please enter the correct user name The actual output: Please

enter the correct user name, as shown in Fig 6.1.

Test results: As expected



64 Chapter 6

Figure 6.1: Test for incorrect user name

2. [Username and password mismatch] test Test input: Enter an incorrect user

name or password Expected output: Password not matched Actual output: Password not

matched, as shown in Fig 6.2.

Figure 6.2: Test for incorrect user name

Test results: As expected

3. [The user name and password match successfully] Test Test input: Enter the

correct user name or password The message Successfully login is displayed Actual output:
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Successfully login is displayed, as shown in Fig 6.3.

Figure 6.3: Test for correct name and password and successfully login

Test results: As expected

6.2 Pair Level function test

6.2.1 Test Purpose

The purpose of this experiment is to test whether the platform can obtain the corre-

sponding total figure and line figure after the pull-down selection operation for the user’s

operation behavior at Pair Level.

6.2.2 Experimental Environment and Configuration

Network environment: Windows 10 Software and hardware environment: Chrome

27.0.1453.110m

6.2.3 Test results and analysis

1. [Dropdown selection] test Test input: user mouse focus in 3 drop-down boxes Expect

output: the project see a list of options with three drop-down selection boxes
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Actual output: the project see a list of options with three drop-down selection

boxes, as Fig 6.4.

Figure 6.4: Three drop-down lists

2. [Visual chart] Test After good test inputs: the user to select a set pair (speci-

men/antimicrobial/organism) Expected output: Total number of items/line chart Actual

output: Total number of items/line chart, as Fig 6.5.

Figure 6.5: Test for pair level



6.3 Antibiotic Level function test 67

6.3 Antibiotic Level function test

6.3.1 Test Purpose

The purpose of this experiment is to test if the platform can obtain the corresponding

horizontal bar chart for the user’s operation behavior in Timlel, after using dropdown

selection.

6.3.2 Experimental Environment and Configuration

Network environment: Windows 10 Software and hardware environment: Chrome

27.0.1453.110m

6.3.3 Test results and analysis

1. [Visual chart] Test Test input: user selects good specimen Expected output: Horizontal

bar chart Actual output: Horizontal bar graph, as Fig 6.6.

Figure 6.6: Test for antibiotic level
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6.4 Overall Level functional test

6.4.1 Test Purpose

The purpose of this experiment is to test whether the platform can obtain the corre-

sponding Treemap and its floating box after the hover operation, according to the user’s

operation behavior at Overall Level.

6.4.2 Experimental Environment and Configuration

Network environment: Windows 10 Software and hardware environment: Chrome

27.0.1453.110m

6.4.3 Test results and analysis

1. Visual chart Test Test input: None Expected output: The overall Treemap diagram

Actual output: The overall Treemap diagram, as Fig 6.7.

Figure 6.7: Test for overall level



6.4 Overall Level functional test 69

2. [Hover display floating box] test Test input: The user hover on Treemap Expected

output: Float box showing details of different pairs Actual output: Float boxes showing

details of different pairs are displayed, as Fig 6.8.

Figure 6.8: Test for hover display floating box
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Discussion and conclusions

7.1 Disscusion

The problem of AMR is one of the difficult problems faced by human medicine today,

and various countries and organizations are seeking solutions. One of the most important

causes of the AMR problem is the inappropriate and excessive use of antimicrobials by

clinicians and pharmacists. This project builds an AMR monitoring web page system

that can interact with users to provide doctors with required data, charts and reference

suggestions.

It is of great significance to collect sensitivity test data to help quantify the

AMR indicators and give doctors accurate information of the AMR situation in the

area. This project uses SARI and ASAI to carry out the the processing and analysis

of the data, providing three level information, pair level, cleaver level and overall level.

Pair Level contains the number of total records per interval for a pair, number of sensi-

tive/resistant/intermediate records for a pair and multiple ITI and OTI resistance time-

series for a pair. Antibiotic Level contains a lateral bar chart of ASAI. Overall Level

contains the overall treemap. Among them, the time series of SARI is visualized with ITI

and OTI, which solves the problem of granularity and accuracy. Especially when the data

is insufficient, more practical AMR information can still be obtained through OTI. When

designing and building the interactive AMR monitoring web page system, this project
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designed a three-layer and six-part structure. First, process the original data and store

all the data in MongoDB. Then, Nodejs is used to build Node Server and provide restful

api. Finally, the analysis results are displayed on the website using the Web visualization

gallery Echart.

This project also has some limitations.

1. Support for real-time external databases. This project only uses data of suscep-

tibility from 2020-01 to 2020-12. Later from the perspective of practicality, the project

can expand the support of custom data in a wider range of time dimensions, and also con-

sider accessing a real-time external database to realize real-time data analysis and data

visualization of susceptibility data.

2. Add more dimensions of data analysis and data visualization to explore more data

value. From the perspective of data analysis, data types and indicators can be added,

such as patients’ underlying diseases, feedback on subsequent treatment effects, etc. The

data visualization perspective can add more visual legends, such as pie charts, heat maps,

and other graphs.

7.2 Conclusions

The processing, analysis and visualization of sensitivity test records is an effective solution

used by countries to mitigate the AMR problem. Based on the collection, processing

and visualization of sensitivity test records, this project provides ITI and OTI multiple

resistance time-series for a pair, a lateral bar chart of ASAI and the overall treemap. This

paper mainly designs and implements a three-layer and six-part AMRmonitoring web page

system which can interact with users. The system uses Python to process and analyze data,

MongoDB to store data, Node.js to build Node Server and Echart visualization gallery

to show the above AMR information on the website. This system can provide doctors

with clear and accurate AMR key information and clinical recommendations, which can

alleviate the rapidly developing AMR problem to a certain extent.
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