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Abstract 

Objective: To support the End TB strategy with an informatics system that integrates genomic data and 
the geographic information system (GIS) of Mycobacterium tuberculosis (MTB) clinical isolates. We aim 
to develop a system prototype for implementing genomic data to support multiple drug-resistant 
tuberculosis (MDR-TB) control. 

Methods: A 12-step data value chain was applied to describe the information flow within the system. 
A prototyping-oriented system development method was utilized to test the feasibility of certain 
technical aspects of a system, and as specification tools to determine user requirements. A simulated 
dataset was entered as input for initial system testing. 

Results: System prototype, namely Integrated MOL Outbreak detection and Joint investigation (iMoji), 
was established. The data entry modules consisted of (1) patient registration, (2) sample registration, 
(3) laboratory data entry and data analysis, and (4) verification and approval of the analyzed data. The 
initial system test demonstrated connectivity among modules without error. The system was able to 
report integrated genomic data and GIS information of MDR-TB for clustering analysis. 

Conclusion: iMoji provides an interactive model for determining molecular epidemiological links of 
MDR-TB and corresponding spatial information to guide public health interventions for tuberculosis 
control. 
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Introduction 

Spatiotemporal information and genomics data have been shown to have high utility for guiding 

the public health interventions to control tuberculosis (TB) outbreaks [1]. A transmission network 

for an epidemic strain of multidrug-resistant tuberculosis (MDR-TB) is difficult to identify in areas 

of Thailand with a high MDR-TB burden [2,3]. Molecular epidemiology data of MDR-TB are of 

public health importance as they can be used to track the geographic distribution and spread of 

drug-resistant Mycobacterium tuberculosis (MTB) clones. It is vital to identify the MDR-TB 

transmission events so that appropriate interventions can be carried out for its control. This project 

focuses on the rapid detection of MDR-TB and on outbreak investigation utilizing spatiotemporal 

epidemiology coupled with classification of transmission events by molecular methods. 

MTB genotyping is routinely performed in countries with a low incidence of TB. Genotyping is 

usually an extension of the national TB control program. In 2010, the US Centers for Disease 

control and Prevention (CDC) established a TB Genotyping Information Management System 

(TB-GIMS), which links surveillance, MTB genetics, and informatics data to control tuberculosis. 

The TB-GIMS enables the early detection of TB outbreaks in the United States [4]. The Health 

Protection Agency at Public Health England demonstrated that whole genome sequencing (WGS) 

combined with epidemiological information is a useful approach to prioritize public health 

resources towards tracking and responding to TB outbreaks [5]. Outbreak identification and 

investigation along with genotyping of M. tuberculosis are considered an important means of 

understanding the TB transmission network [6]. Despite the readiness of lab infrastructure and the 

availability of human resources for genotyping services, M. tuberculosis is not routinely genotyped 

in Thailand. Furthermore, currently there is no information system in place to collect 

spatiotemporal data for analyzing the TB molecular cluster in Thailand. 

In order to develop an information system, a data value chain has been reviewed for processing 

data into a usable and desired format. The data value chain consists of four major stages: collection, 

publication, uptake, and impact [7]. To develop such an information system, a prototype is first 

used to collect user requirements for refined output. The prototyping aims to establish a link 

between user needs, designer’s ideas, and the final system requirements [8]. There are three main 

prototyping approaches: exploratory, experimental, and evolutionary [8-11]. 
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In this study, we aim to develop system for integrating genomic data and the GIS of MDR-TB 

using a prototyping-oriented system development method. The system development involved in 

three major steps: system requirements analysis, system design and system testing [12]. 

Methods 

Data value chain analysis 

System planning was performed to define the proposal and design concepts. The proposal 

established explicit terms for the objectives of the system. The design defined representations of 

the system [13]. 

Data value chain was applied for system planning. The data value chain has four main stages: 

collection, publication, uptake, and impact. These main stages are further divided into the 

following twelve steps: identify, collect, process, analyze, release, disseminate, connect, 

incentivize, influence, use, change, and reuse [7]. System modules were built on the basis of 

information derived from the value chain analysis. Role-based access control (RBAC) was adopted 

for module access control. 

Prototyping-oriented system development 

The prototyping-oriented methodology described an iterative paradigm of system development. 

The first step in system development was requirements analysis. An exploratory approach was 

used to clarify system requirements and potential solutions, which can be supported by information 

technology. System requirements included input, output, process, and data handled. Architecture 

and component design were the next step to define system architecture and module specifications. 

System prototype was produced to meet the system architecture [14]. Finally, system testing was 

performed to ensure that the simulated data entered exactly matches data source and the data 

processed successfully without error. 

Seventy MDR-TB cases occurring between 2013 and 2017 were simple randomly selected from 

Tuberculosis Case Management database (TBCM) [15] for generating a simulated dataset 

including patient information, location of TB cases, drug resistance profile and genomic data. 

The system prototype was developed under a collaborative project between the Department of 

Medical Sciences, Ministry of Public Health, Thailand, the CDC and the Thailand MOPH–US 

CDC Collaboration (TUC). 

Initial system testing 

The simulated data were entered manually into the system protype for testing module connectivity. 

Patient addresses were added for processing data to provide GIS information. Genomic 

information inputs were sent to Linux system for clustering analysis. 
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Results 

System requirements analysis 

System planning through literature analysis showed that currently, there is no information system 

in place that combines epidemiological data and MTB genetic information to support the detection 

of MDR-TB outbreaks and the investigation of drug-resistant tuberculosis in Thailand. Therefore, 

we developed the iMoji system to efficiently collect both TB case information and MTB 

genotyping data in order to provide evidence of MDR-TB clustering. A design concept with a web-

based system was used to collect essential data, including case-centric GIS obtained from patient 

registration in health facilities and MTB genotypes from laboratories. 

The system prototyping scheme was built on a 12-step data value chain (Figure 1). As described 

above, cases of MDR-TB and genetic information of MTB were the essential inputs provided by 

health facilities, TB control program, and the Mycobacterium genetic laboratory. Considering data 

privacy, a TB registration number (TB no.) was used as the primary key for processing data related 

to MDR-TB cases, and a laboratory number (laboratory no.) was generated as an identifier for 

processing MTB genetics information. The first three steps of the collection phase provided inputs 

into the publication phase. Analysis of MTB sequencing data and the MDR-TB case location (XY 

coordinates) released MTB genotype and geospatial data. Data were disseminated in an easy-to-

understand format as an MTB genotyping profile and a cluster map of MDR-TB cases. The uptake 

phase was the next step in system prototyping. A web-based system was used to connect four data 

sources to iMoji. Role-based access control (RBAC) was used to ensure data security. To increase 

the data value, geospatial and MTB genotype data were integrated to identify potential hotspots of 

MDR-TB transmission. It is expected that the iMoji system would facilitate case-area targeted 

interventions in response to MDR-TB outbreaks. However, the impact depends on how effectively 

the system could deliver this hotspot and MTB molecular linkage information to authorities in the 

TB control program. 
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Figure 1: iMoji system prototyping scheme aligned with the 12-step data value chain. 

System architecture and user flow diagram 

Users were categorized on the basis of their usage of the four user interface modules: 

• Patient registration module – User: Health facilities staff, e.g., TB clinic and the 

Office of Disease Prevention and Control (ODPC) 

• Sample registration module – User: Sample inventory staff 

• Laboratory data entry and data analysis module – User: MTB genetics laboratory 

analyst 

• Verify and approve analysis data – User: Data reviewer 

Concerning data privacy and security, RBAC was used to manage permissions. Each user group 

had its own set of access rights to a particular module and could view and edit only data accessible 

in that module (Figure 2). Visualization of the summary results from the data analysis is the only 

information shared across modules. 

In this design, to protect patient privacy, the patient address was automatically transformed into 

XY coordinates at the sub-district level. This coordinate data was then integrated with MTB 

genotype data for clustering analysis. 
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Figure 2: iMoji process model mapped to four application modules (patient registration, 

sample registration, laboratory data entry and analysis, verification and approval of 

analyzed data). 

The iMoji system was designed according to the above prototyping scheme. Four distinguished 

information sources were linked to iMoji via the web-based system as show in Figure 3. 

Initial system testing 

Simulated TB cases information were entered into patient registration module as shown in Figure 

4. The inputs were applied for generating XY coordinates and new sample record correctly as 

shown in Figure 5. These results demonstrated that an intramodular connectivity functioned 

properly without error. 
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Figure 3: High-level iMoji system architecture. 

 

 

Figure 4: Patient registration module 
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Figure 5: Data table with generated data from patient information module. 

The sample records were sent to a sample registration module which facilitated communication 

between modules using sample ID and DMSc sample ID (Figure 6). Genomic data were entered 

into a laboratory data entry and data analysis module to integrate with Geographic Information 

System (GIS) data from the sample module for clustering analysis. These results indicated that 

intermodular connectivity was established successfully without error. 

Figure 6: Data table with information links between modules. 
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Discussion 

Establishing information systems to support the control of MDR-TB outbreaks is the cornerstone 

of public health practice. The iMoji system prototype was developed to meet the needs of diverse 

users related to molecular epidemiology and surveillance program in Thailand. Due to social 

stigma, person with TB disease always conscious about their privacy [16]. The system 

requirements analysis suggested that the use of TB no. and laboratory no. was applicable to 

personal data protection. In addition, RBAC was applied to restricting module access to authorized 

users. 

The initial system testing results demonstrated that the iMoji prototype actually performed without 

error. However, the prototype system has limitations of data querying and visualization of the data 

in an easy-to-understand format for communication with the TB control program. Visualization of 

the information is an important issue that should be addressed to improve usability of the system 

[17]. 

The iMoji system prototype accomplished the first seven steps of 12-step data value chain. To 

achieve the last five steps, further system development is needed. For example, online and mobile 

devices for data collection are important tools for scale-up phase in TB outbreak control, involving 

forecasting using patient-level data scenario simulations for response planning. Furthermore, 

mandatory features such as response monitoring dashboards, statistical modeling of the 

intervention strategies, and risk assessment of the surrounding areas are required for TB 

surveillance [18]. Understanding and interpreting molecular cluster information of MDR-TB cases 

are crucial to leverage usability of the iMoji system prototype. Finally, TB control program’s 

recognition of usefulness is a significant measure of effective application of the developed system. 

Conclusion 

In this study, we described “iMoji”, an information system, that was capable of integrating 

genomic data and GIS data to detect MDR-TB cluster on molecular level. Testing the system on 

the simulated dataset provided a proof of concept for determining molecular epidemiological links 

of MDR-TB and corresponding spatial information to guide public health interventions for 

tuberculosis control. 
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