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Background: Reporting cumulative antimicrobial susceptibility testing dataon aregular basisis crucial to inform antimicrobial
resistance (AMR) action plans at local, national, and global levels. However, analyzing data and generating a report are time
consuming and often require trained personnel.

Objective: This study aimed to develop and test an application that can support alocal hospital to analyze routinely collected
electronic data independently and generate AMR surveillance reports rapidly.

Methods: An offline application to generate standardized AMR surveillance reports from routinely available microbiology and
hospital data files was written in the R programming language (R Project for Statistical Computing). The application can be run
by double clicking on the application file without any further user input. The data analysis procedure and report content were
devel oped based on the recommendations of the World Health Organization Global Antimicrobial Resistance Surveillance System
(WHO GLASS). The application was tested on Microsoft Windows 10 and 7 using open access example data sets. We then
independently tested the application in seven hospitals in Cambodia, Lao People’'s Democratic Republic, Myanmar, Nepal,
Thailand, the United Kingdom, and Vietnam.

Results. We developed the AutoMated tool for Antimicrobial resistance Surveillance System (AMASS), which can support
clinical microbiology laboratories to analyze their microbiology and hospital data files (in CSV or Excel format) onsite and
promptly generate AMR surveillance reports (in PDF and CSV formats). The data files could be those exported from WHONET
or other laboratory information systems. The automatically generated reports contain only summary datawithout patient identifiers.
The AMASS application is downloadable from https://www.amass.website/. The participating hospitals tested the application

and deposited their AMR surveillance reports in an open access data repository.
Conclusions: The AMASSisauseful tool to support the generation and sharing of AMR surveillance reports.

(J Med Internet Res 2020;22(10):€19762) doi: 10.2196/19762

KEYWORDS

antimicrobial resistance; surveillance; report; data analysis; application

Introduction

Generating and sharing antimicrobial resistance (AMR)
surveillance reports are fundamental elements of actions against
AMR infections at local, national, and international levels.
Information on patterns of antimicrobial susceptibility is
important to guide empiric choice of therapy, monitor resistance
trends, and detect outbreaks of AMR infectionsat thelocal level
[1-3]. Combining dataand reports at the national level provides
evidenceto inform theimplementation of national action plans,
decide on resource all ocation for interventions, and monitor the
impact of those interventions [3-5]. The Review on AMR
chaired by Jim O’Neill estimated that 700,000 global deaths
areattributableto AMR infections each year (including bacterial
infections and tuberculosis) [1,6], and they have an enormous
global impact [7,8]. Whilethisrepresentsavery rough estimate
subject to well-documented limitations [1,9,10], the report
importantly highlighted the need for improved AMR
surveillance.

Methodsto analyze dataand generate AMR surveillance reports
aregradually being standardized worldwide[3,11-15]. Recently,
the World Health Organization (WHO) launched the Global
Antimicrobial Resistance Surveillance System (GLASS) with
a defined protocol for AMR surveillance data collection for
certain high-priority pathogens and resistance phenotypes
[2,11,16]. In generdl, it isrecommended that (1) repeat isolates
of a given bacterial species from individual patients should be
removed from the calculations and (2) data should be stratified
by origin of infection (community or hospital) whenever
possible [11,15]. A simple deduplication process is to include
only thefirst isolate of a species per patient per specimen type
per survey period in the report [3,11]. The origin of infection

https://www.jmir.org/2020/10/€19762

is defined by using specimen collection date, location type
(inpatient or outpatient setting), and hospital admission date for
inpatient isolates as a proxy to define where the infection was
likely contracted (community or hospital) [3,11].

Eveninareaswhere AMR surveillance dataare available, there
are many barriersto utilizing such data[17]. Many hospitalsin
low and middle-income countries (LMICs) lack the time and
resources heeded to analyze the data (particularly to deduplicate
and validate the accuracy of the summary data), write reports,
and release the data or reports [17]. There are open-access
laboratory information systems (LI1Ss) [18] and microbiology
laboratory database software, including WHONET [19], that
are useful for recording and analyzing the data, and generating
figures to support the generation of AMR surveillance reports
for hospitals in LMICs. Most of these systems have limited
ability to generate summary reports for immediate use and be
operated by nontechnical staff. In addition, to generate AMR
surveillance reports stratified by the origin of infection,
additional data on hospital admission are frequently needed
[20-23]. This is because hospita admission dates are not
generally collected in microbiology laboratory data files. In
many hospital settings, microbiology and hospital admission
data are held in separate computers or systems with restricted
access. Even in high-income countries, many hospitals lack
well-trained clinical microbiologists, epidemiologists, or data
experts with adequate skills in statistical software (such as R,
SAS, SPSS, and STATA) to merge and deduplicate data in the
separated databases and generate reports stratified by the origin
of infection.

Here, we devel oped an application termed the AutoMated tool
for Antimicrobial resistance Surveillance System (AMASS),
which can support a local hospital to independently analyze
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routinely collected electronic data and rapidly generate AMR
surveillance reports. We tested the AMASS in seven hospitals
in Cambodia, Lao People’'s Democratic Republic, Myanmar,
Nepal, Thailand, the United Kingdom, and Vietnam, and
deposited the report from each hospital in an open-access
platform.

Methods

Design of the Application

Thetool operates by reading and processing the raw datafiles
to automatically produce AMR surveillance reports. The
application was designed to be open access, user friendly, and
highly compatible with readily available data sets at local
hospitals, and have high data security. To ensurethetool isfully
open access and can run in a standalone inexpensive computer
even without internet access, we built the application in R
(version 3.6.2; R Project for Statistical Computing), whichisa

Limeta

free software environment. We then gave the application a
user-friendly interface, which only requires double clicking on
the application file to run the automation without the need to
understand the R program. We decided to include both R
portable (version 3.4.3; R Project for Statistical Computing)
and RStudio (version 1.1.423; RStudio, Inc) within the
downloadable package so that the application can run without
the need to install R or any program prior to running the
application. We designed the application so that it reads raw
data filesin either CSV or Excel format as many hospitals in
LMICs can export their data in one of these formats [17].
Hospitals that store microbiology data and hospital data in
software, such as WHONET [19], can export datain CSV or
Excel format. During the devel opment process, we revised the
R codesrepeatedly to ensure that the application would produce
easy-to-use and easy-to-share outputs. Table 1 documents the
features that we focused on when designing the application
[24,25].

Table 1. Features of the AutoMated tool for Antimicrobial resistance Surveillance System (AMASS).

Feature Description

Open access The AutoMated tool for Antimicrobial resistance Surveillance System (AMASS) is open access and can

be downloaded [24,25].

The AMASS was developed using R, which is a free software. In the download package for the AMASS
(AMASS.zip), there isafolder that contains R-portable and RStudio, which support data processing and
analysis to generate the antimicrobial resistance (AMR) surveillance report automatically.

The AMASS isunder CC-BY 4.0 license. Users can share (copy and redistribute the material in any
medium or format) and modify the R codes of the AMASS under the terms and conditions of the Creative
Commons license.

User friendly The AMASS can be run by double clicking on the application icon. Data analysis and AMR surveillance

report generation are automated by the AMASS application.

Data cleaning, deduplication, and analysis are performed rapidly (it takes about 1-3 minutes to automati-
caly produce an AMR surveillance report using example data sets provided in the AMASS package).

No additional program or software is needed. All the essential software is stored in the AMASS package
and will operate automatically after double clicking the application file (AMASS.bat).

Users do not need to understand R program or write any codes to run the AMASS application.

Highly compatible The AMASS works with raw datafilesin either CSV or Excel format, which can be commonly exported
from WHONET and other software, programs, or data management systems used for microbiology data

and hospital admission data.

The AMASS uses data dictionary files (in Excel format) to accommodate data exported from different
software, programs, or systems that may have different ways to name data variables and data values.

The AMASS dictionary files can be reused by users in the future (eg, monthly, quarterly, and yearly) if
the structures of the new raw microbiology data file and hospital admission data file remain unchanged.

The AMASS uses atier-based approach based on availability of raw datafiles to generate reports. Users
with limited data availability (eg, microbiology datawith only culture positive results) can till utilize the
deduplication and report generation functions of the AMASS. Userswith additional data (eg, microbiology
data with culture negative results and hospital admission date data) will receive additional reports (eg,
sample-based surveillance reports with stratification by infection origin).

High data security The AMASS does not require the internet for operation. Users do not have to transfer raw individual data
(which may contain identifiable information) to any institution outside of the hospital to analyze the data
and generate the reports. The AMASS can be run on a standal one computer within the local hospital under
local data security. Hence, the AMASS does not increase any risks of breaching individual patient data

confidentiality.

Easy-to-use outputs The automatically generated AMR surveillance report isin PDF format, which is easy to print, read, and

share within and outside the hospital .

Easy-to-share outputs The report (in PDF format) and aggregated summary datafiles (in CSV format) contain no individual-

level patient data and can be readily shared with national and international organizations.
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A schematic overview of input data, data processing, statistical
analysis, and output is shown in Multimedia Appendix 1. In
brief, input data are microbiology data files (in CSV or Excel
format) with or without hospital data files, which can be
exported from WHONET or a LIS with data export capacity.
The data processing and analysis algorithms, including data
deduplication, were developed based on the WHO GLASS
recommendations [2,11]. The reports were designed to have a
format similar to that of the WHO GLASS 2018 report [14].

The application deduplicates the data by including only thefirst
isolate per sampletype per pathogen per survey period for each
patient [11]. The application currently includes only blood
specimens and the following eight pathogens: Acinetobacter
spp., Escherichia coli, Enterococcus spp., Klebsiela
pneumoniae, Salmonella spp., Staphylococcus aureus,
Sreptococcus pneumoniae, and Pseudomonas aeruginosa. Both
Enterococcus spp. and P. aeruginosa were added on top of the
six priority pathogens described by the WHO GLASS for
bacteremia[2,26] because both pathogens are common causes
of bacteremia [15,20], and were included in the 2015 global
priority list of AMR bacteria[26]. Thelist of pathogen-antibiotic
combinationswas modified fromthe WHO GLASS (Multimedia
Appendix 2). Infections are stratified into community-origin or
hospital-origin infections using hospital admission dates and
specimen collection dates, when available [2,11]. Patients with
the first specimen culture positive for the pathogen taken in the
outpatient setting or on thefirst or second day of hospitalization
are classified as having community-origin infection [2,11].
Patientswith thefirst specimen culture positive for the pathogen
taken on hospital day three or later are classified as having
hospital-origin infection [2,11]. Alternatively, in cases where
users have data on the origin of infection assigned by the
attending physician or infection control team of the hospital,
the AMASS caninstead use those categorizationsto stratify the
infection into community-origin or hospital-origin infection.
Prevalence and incidence rates are estimated based on the
recommendations of the WHO GLASS (Multimedia Appendix
3) [2,11]. An additional report on mortality involving AMR and
non-AMR infections is generated when mortality data are
availablein the hospital admission datafile. Theterm “mortality
involving AMR and antimicrobial-susceptible infections’ is
used because the mortality reported in the hospital admission
data represents mortality from any cause, not necessarily
attributable to AMR [1]. This measure of mortality includes
deaths caused or contributed by other underlying and
intermediate causes. Therefore, the term “involving AMR
infections” isused, in accordance with the term used by the UK
Office for National Statistics [27,28]. The AMASS used the
Wilson method to estimate the confidence intervals for
proportions.

Example Data Sets

Two example data sets are provided in the downloadable
package of the AMASS application. The first example data set
isthe open-access demonstration file from WHONET [19]. The
second example data set isasynthetic data set generated for the
AMASS. The second exampl e data set was created to represent
a large data set from a 1000-bed hospital, containing both
microbiology and hospital admission data. A detailed description

https://www.jmir.org/2020/10/€19762
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on how the second example data set was generated is provided
in Multimedia Appendix 4. In brief, two synthetic data files
(microbiology_data.xls and hospital_admission_data.x|s files)
were generated based on the summary data in the AMR
surveillance report from 2015 of Sunpasitthiprasong Hospital,
Ubon Ratchathani, Thailand. Variablesin the microbiology data
fileinclude hospital number, specimen type, specimen collection
date, culture result, and antibiotic susceptibility testing result,
and each row containsinformation for each specimen. Variables
inthe hospital admission datafileinclude hospital number, age,
sex, admission date, discharge date, and in-hospital discharge
outcome. All datawere randomly generated using STATA 15.1
(StataCorp).

Testing the AMASS Using Hospital Data

Thefollowing seven hospital s participated in the study: Angkor
Hospital for Children in Cambodia, Mahosot Hospital in Lao
People’'s Democratic Republic, North Okkalapa General and
Teaching Hospital in Myanmar, Patan Hospital in Nepal,
Sunpasitthiprasong Hospital in Thailand, St Thomas' Hospital
in the United Kingdom, and Hospital for Tropical Diseasesin
Vietnam. The hospitals were selected because microbiology
data are collected routinely, and they have prior experience in
data quality controls. Moreover, the hospitals varied inthe LIS
used for data storage and are good exampl es to demonstrate the
practicality and usability of the AMASS in different settings,
to a wider audience. The study was approved by the Oxford
Tropical Research Ethics Committee, University of Oxford,
and local Ethics Committees. CL corresponded with the
participating hospitals and demonstrated how the application
operates using the example data files. The local hospital staff
operated the application using their local data by themselves.
All microbiology and hospital data were stored independently
within their hospital computersunder their local data protection
standards. Automatically generated reports and anonymous
summary data from each hospital are publicly available and
deposited in data repositories with permission from each
hospital.

Results

Overview of the AMASS

The AMASS application has been devel oped to support clinical
microbiology laboratories to automatically analyze hospital
local data files (in CSV or Excel format) and generate AMR
surveillance reports (in PDF and CSV formats) promptly. Six
steps are followed to generate the AMR surveillance reports
(Figure 1 and Multimedia Appendix 5). First, download the
AMASS package from the website [24]. Second, obtain the
routinely collected raw microbiology datafileand, if available,
hospital admission datafile, and then, save the datafilesin the
folder of the AMASS application. Third, configure data
dictionaries. Two datadictionaries are provided to accommodate
different ways of naming variables (eg, sex and gender) and
datavalues (eg, M and F, or male and female). The functioning
of the data dictionaries is described in more detail in the
“Illustration on How to Use the AMASS’ section. Fourth,
doubleclick onthe AMASS.bat fileto run the application. Fifth,
review and validate the AMR surveillance reports (generated
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in PDF format) and the anonymous summary data (generated
in CSV format). Sixth, share the reports within the hospital,
especially with thelocal infection control team. Thereportsand

Limeta

Therefore, users may share the reports and anonymous summary
data with national and international organizations or make the
reports and anonymous summary data open access. The key

anonymous summary data contain no patient identifiers. featuresof the AMASS arelisted in Table 1.

Figure 1. Conceptua flow of the AutoMated tool for Antimicrobial resistance Surveillance System (AMASS). Step 1 (download the AMASS) and
step 3 (configure data dictionary files) are one-time steps. Step 2 (obtain data), step 4 (runthe AMASS), step 5 (review report), and step 6 (share report)
are ongoing steps that users could repeat regularly (ie, monthly or quarterly). * Two data dictionary files (in Excel format) are provided to alow the
application to understand how variables and values of each variable are named in the raw datafilesin different settings. Those data dictionary files can
be reused in the subsequent runs of the AMASS, as long as how variables and values of each variable are named in the raw data files remain the same.
Details on how to configure the datadictionary can befound in Figure 2 and MultimediaAppendix 6. ** The antimicrobial resistance (AMR) surveillance
report and summary data generated contain no patient identifiable information. The decision to share the report and summary data to national or

international AMR organizationsis solely up to the jurisdiction of the hospital.
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Illustration on How to Usethe AMASS

I nput Requirements

To align with formats of commonly exported microbiology data
and hospital admission data, the AMASS reads data files in
both CSV and Excel formats. The microbiology data need to
bein awide format, meaning that each row should contain data
fromasingleclinical isolate. The key variablesrequired for the
microbiology data file include patient identifier, specimen
collection date, specimen type, culture result, and antimicrobial
susceptibility test interpretation per antibiotic. The hospital
admission datafileisoptional but, if available, also needsto be
in a wide format. The key variables needed for the hospital
admission data file include patient identifier, admission date,
gender, age, and, if possible, in-hospital discharge outcome.
The current version of the AMASS usesthe Gregorian calendar

https://www.jmir.org/2020/10/e19762

RenderX

PDF report

Summary data

and requires the date to be in the order of day, month, and year
inany format (ie, either text [English] or numeric).

There are two data dictionary files provided for the users to
accommodate different ways of naming data variables and data
vaues (Figure 2). The first data dictionary file
(dictionary_for_microbiology_data.xIs) isfor the microbiology
data file. For example, the AMASS uses the variable name
“hospital_number” asapatient identifier (Row 3, Column A of
the data dictionary file). In cases where the raw microbiology
datafile uses adifferent namefor the patient identifier (eg. hn),
users would need to fill “hn” in the data dictionary file (Row
3, Column B of thedatadictionary file). Thisallowsthe AMASS
application to know that the variable “hn” of the raw
microbiology data file is the patient identifier (ie,
“hospital_number”). The second data dictionary file
(dictionary_for_hospital_admission_data.xIs) isfor the hospital
admission data file, which is to be used likewise. Multimedia
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Appendix 6 presents a step-by-step tutorial on how to useand  configure the data dictionaries.

Figure2. Anexample of how to complete adata dictionary file. For afirst-time user, the user may need to complete adata dictionary file by filling in
variable names used in the raw data files into the data dictionary files (eg, arrow A). Thisisto allow the AutoMated tool for Antimicrobial resistance
Surveillance System (AMASS) to understand that the variable “ hospital_number” used by the AMASSisnamed as“hn” in the user’s raw microbiology
data file. Thereafter, users need to enter how data values are named in their raw data files (e.g. arrow B). Thisis to allow the AMASS to understand
that the data value named “ blood_specimen” is named as “blood” in user’s raw microbiology datafile. Please note that the contents in the first column
of the data dictionary file must remain unchanged. Users can add new rows but the content in the cell in the first column must not be changed. For
example, users can define that both “E. coli (ESBL-producing strain)” and “Escherichia coli” in their raw microbiology data file mean
“organism_escherichia_coli” by the AMASS. The example data dictionary files shown in the figure are available in the Example_Dataset 2 folder

(within the AMASS download package).
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Outputs Generated by the AMASS

The AMR surveillance reports generated from the AMASS are
illustrated using the two open-access exampl e data sets provided
within the download package. Multimedia Appendicies 7 and
8 contain AMR surveillance reports generated from the first
and second example data sets, respectively. Multimedia
Appendix 5 illustrates how to test the AMASS using example
data sets in a step-by-step fashion.

In short, theautomatically generated report on AMR surveillance
containsthe following six sections (Figure 3): (1) dataoverview;
(2) an isolate-based report; (3) an isolate-based report with
stratification by origin of infection; (4) a sample-based report;
(5) a sample-based report without stratification by infection;
and (6) mortality involving AMR and antimicrobial-susceptible
infections.

The AMASS uses a tier-based approach. When only the
microbiology data file with the results of culture positive
samplesisavailable, only section one and two are automatically
generated for users (as shown in Multimedia Appendix 7,

https://www.jmir.org/2020/10/€19762
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generated from the first example data set). Section three is
generated only when data on admission dates are available. This
is because these dataare required for stratification by the origin
of infection. Section four isgenerated only when data of culture
negative specimens (no microbial growth) are available in the
microbiology data file. Thisis because these data are required
for the sample-based approach. Section five is section four
stratified by the origin of infection and isgenerated if admission
date data are also available. Section six is generated only when
mortality dataare available (as shown in Multimedia A ppendix
8, generated from the second example data set).

The AMASS aso generates two log files. The first log file
(generated in PDF format) isfor usersto validate the input data
used by the AMASS to generate the AMR surveillance report.
It contains information such as the total number of records
analyzed, age distribution, number of missing values, and total
number of isolates per organism in the raw microbiology data
file. The second log file (generated in plain text format) could
be used for consultation with R users, statisticians, or the
AMASS development team in case of any technical issuewhen
running the AMASS.
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Figure 3. Examples of figures automatically generated by the AutoMated tool for Antimicrobial resistance Surveillance System (AMASS). All figures
are from the report (Multimedia Appendix 8 Multimedia Appendix 8) automatically generated by the AMASS application using an example data set
provided in the download package. Figure 3A representsthe overall proportion of nonsusceptible (intermediate and resistant) isolatesin an isol ate-based
report (section two in the report). Figure 3B represents the proportion of nonsusceptible isolates stratified by the origin of infection (section threein the
report). Figure 3C represents the frequency of bloodstream infections per 100,000 tested patients (section four in the report). Figure 3D represents
mortality involving antimicrobial-resistant and antimicrobial-susceptible bloodstream infections (section six in the report).
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. . . having Escherichia coli bacteremia caused by third-generation
Testing the AMASS Using Hospital Data cephal osporin-resistant isolates ranged from 19% to 85%. The
The AMASS was tested in seven hospitals in seven countries  incidence rates of Escherichia coli bacteremia caused by
(Figure 4). The hospitals varied in data availability, data third-generation cephalosporin-resistant isolates ranged from
structure, naming of the variables, and definitionsfor datavalues 283 to 2737 per 100,000 tested patients among participating
(Multimedia Appendix 9). Overall, the proportions of patients hospitals with available data on negative cultures.
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Figure 4. A map of participating hospitals and examples of summary data from the automatically generated antimicrobial resistance surveillance
reports. The reports and summary data from St Thomas' Hospital, Patan Hospital, North Okkalapa General and Teaching Hospital, Mahosot Hospital,
Sunpasitthiprasong Hospital, Hospital for Tropical Diseases, and Angkor Hospital for Children are open access [28-34].
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All participating hospitals deposited their output files and their
data dictionary files at figshare [29-35]. Angkor Hospital for
Children, North Okkalapa General and Teaching Hospital, and
Sunpasitthiprasong Hospital had all six sections of the AMR
surveillance report, as microbiology and hospital admission
data, data on negative cultures, and in-hospital discharge
outcome data were available. Mahosot Hospital and Patan
Hospital had sections one and two of the AMR surveillance
report, as only microbiology data on positive cultures were
available to test in the AMASS. St Thomas Hospital had
sectionsone, two, three, and six of the AMR surveillancereport
because negative culture data were not available to test in the
AMASS. Hospital for Tropical Diseases had sections one, two,
and four available, as hospital admission datawere not available
totestinthe AMASS.

Data storage systems varied across the hospitals. Angkor
Hospital for Children used the ACORN LIS that is based on
the Microsoft Access program [36]. Mahosot Hospital used a
local LIS that is also based on the Microsoft Access program
[37]. Sunpasitthiprasong Hospital used the MLAB program
[38]. St Thomas Hospital used ICNET [39], which is a
commercia clinical surveillance software package. North
Okkalapa General and Teaching Hospital used WHONET 2019
(modernized version of WHONET 5.6) [19]. Patan Hospital
and Hospital for Tropical Diseases used an in-house LIS based
on the MySQL system. Inputting data dictionary files for the
first time took about 1 to 3 hours. However, the data dictionary
files could be stored and reused when the raw microbiology
datafile or hospital admission datafile was revised or updated.
North Okkalapa General and Teaching Hospital used the data
dictionary file from the example data set (in the
Example Dataset 1 WHONET folder), which was generated
to comply with WHONET exported data (in .XLSX format;
Multimedia Appendix 10 illustrates how microbiology data
were exported from WHONET 5.6). This saved the time and
effort needed to complete the data dictionaries for the hospital.

We found that the AMASS took about 1 to 3 minutes to run
and automatically generate an AMR surveillance report using

https://www.jmir.org/2020/10/€19762

local dataand local hospital computers. The AMASS workson
Microsoft Windows 10 and with data containing a non-English
(Latin and non-Latin characters) language. For example,
“blood_specimen” was recorded as

« Cay miu dinh danh bing miy twddng » in the raw microbiology
excel fileat Hospital for Tropical Diseases, Vietnam. Asanother
example, “male” was recorded as “ T " and “female’ was

recorded as“ "8 in the raw hospital admission excel file at
Sunpasitthiprasong Hospital, Thailand. By completing data
dictionary files, users could usethe AMASSto analyze the data
and generate the AMR surveillance report even though the raw
datawere recorded in alocal language.

All participating hospitals had previous experience in data
verification and in AMR surveillance report validation. All
participating hospitalswere familiar with the recommendations
of the Clinical and Laboratory Standard Institute (CLSI) and
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) on antimicrobial susceptibility testing (AST) data
verification. Additionaly, al participating hospitals were
familiar with validating summary data by comparing the
summary data automatically generated by the AMASS with
manual calculations.

Users' suggestions for improvement were received when the
investigation team visited the participating hospitals. The users
expressed a need for including other clinical specimen types
(eg, urine samples) and a function to support data verification
or provide alist of isolates with unusual AST profiles. Thisis
because a data verification function is not currently available
in many in-house L1Ss. Users also expressed the need for away
to import multiple data files and different data formats,
particularly the long format (ie, each row represents an AST
result obtained from each antibiotic against each isolate). This
is because the data exported from automated machinesfor AST
testing are commonly in the long format and it takes time to
integrate the data from the automated AST machines and from
disk diffusion AST results. Users also noted that the requirement
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to manually export data from the existing LIS can be tedious
and time consuming to perform on a regular basis, and
automation that can bypass the data extraction step would be
useful.

Discussion

We developed an open-access, offline, and easy-to-use
application, AMASS, which allows hospitals, especialy in
LMICs, to automatically generate AMR surveillance reports
from routinely collected electronic microbiology data. Seven
hospitals used the AMASS, and shared their reports and
summary data files by depositing them in an open-access data
repository website. We propose that routine generation and
sharing of AMR surveillance reports (ie, cumulative
antimicrobial susceptibility reports or antibiograms) in
open-access datarepositories from hospital swith amicrobiology
laboratory should be supported worldwide [40].

The AMASS empowers data sharing by reducing the time and
effort needed to prepare the summary data and reports without
increasing the risks of breaching individual patient data
confidentiality. This is because the AMASS can analyze the
data and generate the reports promptly without needing to
transfer raw datafiles to any party outside of the hospital. The
autogenerated AMR surveillance reports are in PDF format,
which can be reviewed and shared locally and immediately.
This is important to improve the understanding of the local
AMR burden and toinform local patient management. The PDF
report and summary CSV files contain no individual
patient-level information and can be shared with national and
international organizations to support action plans on AMR.
Any attempt to compare AMR surveillance reports among
different hospitals should be done cautiously, as factors,
including the type of hospital, blood culture utilization rates
and practices, and patient characteristics, may influence the
estimated prevalence and incidence rates of AMR infections
[12-14]. An AMR surveillancereport should clearly present the
denominators used to calculate incidence rates. Selecting an
appropriate denominator that represents the local setting is
important for estimating theincidencerate of AMR, but remains
challenging [41]. The AMASS calculates the total numbers of
tested populations and uses them as denominators in section
four and section five of the output report based on the WHO
GLASS recommendations, and these denominators will not be
available without data on negative cultures.

The AMASS uses currently recommended anal ytical approaches
to generate the summary data and reports. The entire code is
open access, verifiable, and modifiable. The AMASS can aso
be expanded and tailored based on local requirements. For
instance, notifiable bacterial infections that are important for a
local setting can be included by revising the R code provided
in the AMASS package. Analytical methods can aso be
constantly updated and improved over time.

The AMASS is an add-on automatized report-generating tool
that can be easily used, even by hospital users with limited
information technology skills. It does not replace WHONET,
LISs, quality assurance programs, or antimicrobial surveillance
systems (including the WHO GLASS). The AMASS therefore

https://www.jmir.org/2020/10/€19762
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differs from the “Macros and Excel Reports’ function of
WHONET, which allows usersto regularly generate reportson
screen and export data as Excel files using macro language (ie,
a series of written study parameters generated automatically
through the WHONET user interface grouped together) [19].
In contrast, the AMASS is designed to automatically compile
summary results of multiple organismsinto asinglereport. The
current version of the AMASS does not support quality
improvement or aert individuals to unexpected antibiogram
results, which WHONET is capable of doing [19]. Thus, while
WHONET is an appropriate choice for the main software
package for microbiology laboratoriesin LMICsto capture and
store microbiology dataand to export datafor the WHO GLASS
[19], the AMASS provides important additional functionality
[19].

Verifying individual AST results and validating summary data
inthe reports (including those generated by the AMASS) remain
major barriers to the generation of accurate surveillance data
on AMR. Only verified AST results on each patient’s isolate
should be used in the dataanalysis[12-14]. WHONET and few
LISs include functions that automatically check the results to
ensure that they appear reasonable or alert users to confirm
unusual results (eg, amikacin resistance coexisting with
gentamicin and tobramycin susceptibility in E. coli is unusual,
and data on such cases should be verified) [12-14,19]. In
addition, it is important to validate the calculations of any
analytical software used to generate the summary data and
reports. We recommended that users of the AMASS perform
manual validation (such as printing aline listing of all isolates
of the speciesto cross-check with the reports), particularly when
the program isused for thefirst time[12-14]. Users should also
understand that the precision of the estimate is based on the
sample size, which is illustrated by estimated confidence
intervals. In addition, the representativeness of the summary
cumulative AST datacould beimpacted by the sampling strategy
used, particularly if blood culture is mainly performed for
patients with treatment failure or prolonged hospitalization
[11,12,14]. Nonetheless, generating AMR surveillance reports
from existing microbiology databases could bethefirst step for
hospitals in LMICs to understand and validate their own data,
and support quality control programs at the local level.

Local hospitals must not be discredited because of the statistics
in any AMR surveillance report, as possible criticism could be
a barrier to data sharing [42]. Negative criticism of the data
shared by local hospitals needs to be avoided. It is inevitable
for errors to occur in any data set, especialy in settings with
limited resources and experience on quality assurance and data
validation. Toolsfor datavalidation should be provided to local
hospitals, and the statistics in an AMR report should act as a
guide on the direction of improving data quality control, data
validation, and infection prevention and control. Credit should
be given to the hospitals that share their local AMR data and
reports on an open-access data repository platform. Data
repository platforms, such as figshare, allow flexibility on
updating the data and revising the AMR surveillance reports
with appropriate version controls by local hospitals. Publishing
open-access AMR data on data repository platforms provides
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a digital object identifier (DOI) that should be used for data
citation [43].

The AMASS has anumber of limitations. First, the AMASSis
not applicable for hospitals that only store datain paper forms.
Second, the AMASS cannot work with raw microbiology data
files that are not in a wide format or combine many files in
multipleformats. For example, raw microbiology datafilewhere
each row contains data of each antibiotic susceptibility result
for one single specimen. Third, the current version of the
AMASS can only analyze microbiology data that include
antimicrobial susceptibility test interpretive categories
(susceptible, intermediate, and resistant) based on guidelines
that the local hospital uses. Fourth, the AMASS cannot
automatically validate the reliability of the datathat areimported
into the application and used for analysis. Data verification and
quality checks will be included in future versions of the
application. Fifth, the AMASS was tested with only few data

Limeta

on datawith other languages may be needed. The current version
of the AMASS has been tested on Windows 10 and 7 and may
not work on other operating systems. Sixth, the current version
of the AMASS cannot provide options to export the AMR
surveillance report in different formats (ie, in document or text
format). However, users can reuse the summary statistics, which
are saved in CSV format under the ResultData folder. Finally,
feedback from participating hospitals was not formally
evaluated. Studies evaluating the barriers, facilitators, and
utilities of supporting applications, such as the AMASS, to
generate AMR surveillance reports are needed.

In conclusion, the AMASS can be used to support hospitals
with microbiology |aboratoriesin analyzing routinely collected
dataand generating reportswith minimal resources and expertise
required. This may empower individual hospitalsto contribute
to the understanding of and actions on AMR in local settings
and maximize the utility of local data.

sets that included non-English languages, and further testing

Acknowledgments

We thank all hospitalsthat participated in the AMASS project. We thank Dr Thet Wai Nwe from the Central Epidemiology Unit
of Myanmar and Dr Htay Htay Tin from the National Health Laboratory of Myanmar for their comments on the AMASS. We
also thank Dr Kyi Soe, who is the Senior Medical Superintendent of North Okkalapa General and Teaching Hospital, for his
support for the AMASS and for hosting the AMASS training workshop at the hospital. We thank Professor Frank Smithuis and
Dr Aung Pyae Phyo from Myanmar Oxford Clinical Research Unit (MOCRU) for their support onthe AMASS project. We thank
Professor Paul Newton and Professor David Dance from the Lao-Oxford-Mahosot Hospital-Wellcome Trust Research Unit
(LOMWRU) for their support onthe AMASS project. We thank Ronas Shakyafrom Patan Hospital, Nepal for technical assistance.
Wethank Joe Hessell from the Diagnostic Microbiology Development Program for commentson the AMASS. Wethank Chotipong
Chaisiripreeyakul, Techat Totemchokchaikarn, Sitthinun Pasirichusaree, and Papitchaya Achavakulthep for the tutorial videos
on the AMASS. Mahidol Oxford Tropical Medicine Research Unit (MORU) is funded by the Wellcome Trust (grant:
106698/Z/14/Z). Oxford University Clinical Research Unit (OUCRU) is funded by the Wellcome Trust (grant: 106680/B/14/Z).
The investigators are funded by the Wellcome Trust (CLim is funded by a Training Research Fellowship [grant: 206736] and
DL isfunded by an Intermediate Training Fellowship [grant: 101103]). BC is funded by the UK Medical Research Council and
Department for International Development (grant; MR/K006924/1). The funders of the investigators and study had no rolein the
study, data collection, data analysis, data interpretation, or writing of the manuscript. The corresponding authors had the final
responsibility for the decision to submit for publication.

Authors Contributions

CLim and DL conceptualized, designed, and developed the AMASS, and wrote the original draft. TM, VC, MTA, AK, PTe, RB,
and LNPH tested the AMASS, curated data, and reviewed reports generated from the AMASS using local data. JS, PTu, EA,
RvD, HNL, CLing, SH, SI, SD, TW, VH, WS, YLM, TLV, HHH, MM, MV, BB, JE, SP, GT, ND, and BC reviewed and interpreted
the reports. All authors participated in drafting, editing, and revising the final manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Anoverview of theflow of data processing and analyses performed by the AutoMated tool for Antimicrobial resistance Surveillance
System (AMASS).

[DOCX File, 242 KB-Multimedia Appendix 1]

Multimedia Appendix 2

The list of pathogen-antibiotic combinations modified from the World Health Organization Global Antimicrobial Resistance
Surveillance System priority list and included in the AutoM ated tool for Antimicrobial resistance Surveillance System (AMASS).
[DOCX File, 31 KB-Multimedia Appendix 2]

https://www.jmir.org/2020/10/e19762 JMed Internet Res 2020 | vol. 22 | iss. 10 | 19762 | p. 10

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app1.docx&filename=c300f38bcfe7cb10c7995fc214553fcd.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app1.docx&filename=c300f38bcfe7cb10c7995fc214553fcd.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app2.docx&filename=1e342faccad812094a91f52e9080ff81.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app2.docx&filename=1e342faccad812094a91f52e9080ff81.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Limeta

Multimedia Appendix 3

The methods to estimate prevalence and incidence rates were based on the recommendation of the World Health Organization
Globa Antimicrobial Resistance Surveillance System.
[DOCX File, 29 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Simulating hypothetical data sets.

[DOCX File , 27 KB-Multimedia Appendix 4]

Multimedia Appendix 5

How to run the AutoMated tool for Antimicrobial resistance Surveillance System (AMASS) using example datafiles.
[DOCX File, 26 KB-Multimedia Appendix 5]

Multimedia Appendix 6

How to configure the data dictionary files.
[DOCX File, 26 KB-Multimedia Appendix 6]

Multimedia Appendix 7

AMR surveillance report generated from the first example data set.
[PDF File (Adobe PDF File), 44 KB-Multimedia A ppendix 7]

Multimedia Appendix 8

AMR surveillance report generated from the second example data set.
[PDE File (Adobe PDF File), 124 KB-Multimedia Appendix 8]

Multimedia Appendix 9

Thelist of participating hospitals.
[DOCX File, 30 KB-Multimedia Appendix 9]

Multimedia Appendix 10

How to export data from WHONET 5.6 (2019) in an Excel format that can be used by the AutoMated tool for Antimicrobial
resistance Surveillance System (AMASS).
[DOCX File, 2846 KB-Multimedia Appendix 10]

References

1.

Limmathurotsakul D, Dunachie S, Fukuda K, Feasey NA, Okeke IN, Holmes AH, et al. Improving the estimation of the
global burden of antimicrobial resistant infections. The Lancet Infectious Diseases 2019 Nov;19(11):€392-e398. [doi:
10.1016/s1473-3099(19)30276-2]

Global Antimicrobial Resistance Surveillance System (GLASS) Report: Early implementation, 2017-2018. World Health
Organization. 2018. URL: https.//apps.who.int/irig/bitstream/handl e/10665/279656/9789241515061-eng.pdf 2ua=1 [ accessed
2019-12-01]

Annual epidemiological commentary: Gram-negative bacteraemia, MRSA bacteraemia, M SSA bacteraemiaand C. difficile
infections, up to and including financia year April 2018 to March 2019. Public Health England. 2018. URL: https.//assets.
publishing.service.gov.uk/government/upl oads/system/upl oads/attachment_data/file/815449/
Annual_epidemiological_commentary April_2017 to March 2019.pdf [accessed 2019-12-01]

Johnson AP, Davies J, Guy R, Abernethy J, Sheridan E, Pearson A, et al. Mandatory surveillance of methicillin-resistant
Staphylococcusaureus (MRSA) bacteraemiain England: thefirst 10 years. JAntimicrob Chemother 2012 Apr;67(4):802-809.
[doi: 10.1093/jac/dkr561] [Medline: 22223229]

Amaratunga K, Tarasuk J, Tsegaye L, Archibald C, 2015 Communicabl el nfectious Disease Steering Committee (CIDSC),
Antimicrobial Resistance (AMR) Surveillance Task Group. Advancing surveillance of antimicrobial resistance: Summary
of the 2015 CIDSC Report. Can Commun Dis Rep 2016 Nov 03;42(11):232-237 [FREE Full text] [doi:
10.14745/ccdr.v42i11a03] [Medline: 29769992]

Tackling Drug-Resistant Infections Globally: Final Report and Recommendation. The Review on Antimicrobia Resistance.
2016. URL.: https://amr-review.org/sites/default/files/160518 Final %20paper_with%20cover.pdf [accessed 2019-12-01]

https://www.jmir.org/2020/10/e19762 JMed Internet Res 2020 | vol. 22 | iss. 10 | 19762 | p. 11

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app3.docx&filename=555e3d690c5aec441a064a676da0efe1.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app3.docx&filename=555e3d690c5aec441a064a676da0efe1.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app4.docx&filename=4a423345b8d89a4d577e7d3aa0bb9a3e.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app4.docx&filename=4a423345b8d89a4d577e7d3aa0bb9a3e.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app5.docx&filename=28fbdc532269319c9f466fbae14d900f.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app5.docx&filename=28fbdc532269319c9f466fbae14d900f.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app6.docx&filename=87b5a2a21d43ccf9f60c11c26291d22b.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app6.docx&filename=87b5a2a21d43ccf9f60c11c26291d22b.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app7.pdf&filename=e0f6c940e1834b7fb7f408d0f2c92212.pdf
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app7.pdf&filename=e0f6c940e1834b7fb7f408d0f2c92212.pdf
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app8.pdf&filename=ee64b55dde2bd90b76e2e4147ca66b8e.pdf
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app8.pdf&filename=ee64b55dde2bd90b76e2e4147ca66b8e.pdf
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app9.docx&filename=89fae0b57df5f9580c6920554727ca38.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app9.docx&filename=89fae0b57df5f9580c6920554727ca38.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app10.docx&filename=43f87635dc19a268ee2f4aa284dcb314.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e19762_app10.docx&filename=43f87635dc19a268ee2f4aa284dcb314.docx
http://dx.doi.org/10.1016/s1473-3099(19)30276-2
https://apps.who.int/iris/bitstream/handle/10665/279656/9789241515061-eng.pdf?ua=1
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/815449/Annual_epidemiological_commentary_April_2017_to_March_2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/815449/Annual_epidemiological_commentary_April_2017_to_March_2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/815449/Annual_epidemiological_commentary_April_2017_to_March_2019.pdf
http://dx.doi.org/10.1093/jac/dkr561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22223229&dopt=Abstract
https://doi.org/10.14745/ccdr.v42i11a03
http://dx.doi.org/10.14745/ccdr.v42i11a03
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29769992&dopt=Abstract
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Limeta

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

27.

28.

29.

30.

Interagency Coordination Group on Antimicrobial Resistance. No time to wait: securing the future from drug-resistant
infections. World Health Organization. 2019. URL: https.//www.who.int/antimicrobial-resistance/
interagency-coordination-group/IACG _final_report EN.pdf?ua=1 [accessed 2019-12-01]

The Global Risks Report 2018, 13th Edition. World Economic Forum. 2018. URL : http://www3.weforum.org/docs/
WEF GRR18 Report.pdf [accessed 2019-12-01)

Hall W, McDonnell A, O'Neill J. Superbugs: An Arms Race Against Bacteria. Cambridge, Massachusetts: Harvard University
Press, 2018.

de Kraker ME, Stewardson AJ, Harbarth S. Will 10 Million People Die a Year due to Antimicrobial Resistance by 20507
PLoS Med 2016 Nov 29;13(11):€1002184 [FREE Full text] [doi: 10.1371/journal.pmed.1002184] [Medline: 27898664]
Globa Antimicrobial Resistance Surveillance System: Manual for Early Implementation. World Health Organization. 2015.
URL: https://apps.who.int/iris/bitstream/handle/10665/188783/9789241549400_eng.pdf ?sequence=1 [accessed 2019-12-01]
CLSI. Analysisand Presentation of Cumulative Antimicrobial Susceptibility Test Data, Fourth Edition. In: CLSI document
M39-A4. Wayne, Pennsylvania: Clinical and Laboratory Standards Institute; 2014.

Public Health England. Biannual commentary on MRSA, M SSA and Gram-negative bacteraemiaand Clostridium difficile
infection from Independent Sector healthcare organisations in England (April 2017 to September 2017). London: Public
Health England; Apr 2018.

Antimicrobial resistance (AMR) reporting protocol 2018. European Centre for Disease Prevention and Control. URL :
https.//www.ecdc.europa.eu/sites/portal /files’'documents/ EA RS-Net%20reporting%20protocol %202018.%20docx. pdf
[accessed 2019-12-01]

Antibiotic resistance threats in the United States 2019. Centers for Disease Control and Prevention. URL: https.//www.
cdc.gov/drugresi stance/pdf/threats-report/2019-ar-threats-report-508.pdf [accessed 2019-12-01]

Antimicrobial Resistance: Global Report on Surveillance. World Health Organization. 2014. URL : https://apps.who.int/
irig/bitstream/handl €/10665/112642/9789241564748_eng.

pdf;jsessionid=18CA836B4A 59D 8644F0976415FCO0F672sequence=1 [accessed 2019-12-01]

Ashley E, Shetty N, Patel J, van Doorn R, Limmathurotsakul D, Feasey NA, et al. Harnessing alternative sources of
antimicrobial resistance data to support surveillance in low-resource settings. J Antimicrob Chemother 2019 Mar
01;74(3):541-546 [FREE Full text] [doi: 10.1093/jac/dky487] [Medline: 30544186]

Kyobe S, Musinguzi H, LwangaN, KezimbiraD, Kigozi E, Katabazi FA, H3AfricaBiorepository Pl Working G. Selecting
aLaboratory Information Management System for Biorepositoriesin Low- and Middle-Income Countries: The H3Africa
Experience and Lessons L earned. Biopreservation and Biobanking 2017 Apr;15(2):111-115. [doi: 10.1089/bi0.2017.0006]
Stelling J, O'Brien TF. Surveillance of antimicrobial resistance: the WHONET program. Clin Infect Dis 1997 Jan;24 Suppl
1:S157-S168. [doi: 10.1093/clinids/24.supplement_1.s157] [Medline: 8994799]

Lim C, Takahashi E, Hongsuwan M, Wuthiekanun V, Thamlikitkul V, Hinjoy S, et a. Epidemiology and burden of
multidrug-resistant bacterial infection in a developing country. Elife 2016 Sep 06;5:€18082 [FREE Full text] [doi:
10.7554/el ife.18082] [Medline: 27599374]

Gupta K, Scholes D, Stamm WE. Increasing prevalence of antimicrobial resistance among uropathogens causing acute
uncomplicated cystitisin women. JAMA 1999 Feb 24;281(8):736-738. [doi: 10.1001/jama.281.8.736] [Medline: 10052444]
Apte M, Neidell M, FuruyaE, Caplan D, Glied S, Larson E. Using electronically available inpatient hospital data for
research. Clin Trand Sci 2011 Oct;4(5):338-345 [FREE Full text] [doi: 10.1111/j.1752-8062.2011.00353.x] [Medline:
22029805]

Wyllie DH, Crook DW, Peto TE. Mortality after Staphylococcus aureus bacteraemiain two hospitalsin Oxfordshire,
1997-2003: cohort study. BMJ 2006 Jun 23;333(7562):281. [doi: 10.1136/bm].38834.421713.2f]

AMASS. URL : https.//www.amass.website/ [accessed 2020-09-07]

Figshare. URL: https://figshare.com/articlesAMASS zip/7763330 [accessed 2020-09-07]

Global priority list of antibiotic-resistant bacteriato guide research, discovery, and devel opment of new antibiotics. World
Health Organization. 2017. URL: https.//www.who.int/medicines/publications/

WHO-PPL -Short_ Summary_25Feb-ET_NM_WHO.pdf?ua=1 [accessed 2019-12-01]

Deaths involving MRSA: England and Wales. Office for National Statistics. 2014. URL : https.//www.ons.gov.uk/

peopl epopul ationandcommunity/birthsdeathsandmarri ages/deaths/datasets/deathsi nvol vingmrsaenglandandwal es [ accessed
2019-12-01]

Deaths involving Clostridium difficile. Office for National Statistics. 2017. URL: https.//www.ons.gov.uk/

peopl epopul ationandcommunity/bi rthsdesthsandmarri ages/deaths/datasets/deathsi nvol vingcl ostridiumdifficil eref erencetables
[accessed 2019-12-01]

Angkor Hospital for Children, Siem Reap. Antimicrobia resistance surveillance report, Angkor Hospital for Children,
Cambodia, 01 Jan 2016 to 31 Dec 2016. figshare. 2020. URL : https://doi.org/10.6084/m9.figshare.12000225.v1 [accessed
2020-04-18]

Mahosot Hospital, Vientiane. Antimicrobial resistance surveillance report, Mahosot Hospital, Lao PDR, 01 Jul 2019 to 30
Sep 20109. figshare. 2020. URL : https://doi.org/10.6084/m9.figshare.12000222.v1 [accessed 2020-04-18]

https://www.jmir.org/2020/10/e19762 JMed Internet Res 2020 | vol. 22 | iss. 10 | 19762 | p. 12

RenderX

(page number not for citation purposes)


https://www.who.int/antimicrobial-resistance/interagency-coordination-group/IACG_final_report_EN.pdf?ua=1
https://www.who.int/antimicrobial-resistance/interagency-coordination-group/IACG_final_report_EN.pdf?ua=1
http://www3.weforum.org/docs/WEF_GRR18_Report.pdf
http://www3.weforum.org/docs/WEF_GRR18_Report.pdf
https://dx.plos.org/10.1371/journal.pmed.1002184
http://dx.doi.org/10.1371/journal.pmed.1002184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27898664&dopt=Abstract
https://apps.who.int/iris/bitstream/handle/10665/188783/9789241549400_eng.pdf?sequence=1
https://www.ecdc.europa.eu/sites/portal/files/documents/EARS-Net%20reporting%20protocol%202018.%20docx.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://apps.who.int/iris/bitstream/handle/10665/112642/9789241564748_eng.pdf;jsessionid=18CA836B4A59D8644F0976415FC00F67?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112642/9789241564748_eng.pdf;jsessionid=18CA836B4A59D8644F0976415FC00F67?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112642/9789241564748_eng.pdf;jsessionid=18CA836B4A59D8644F0976415FC00F67?sequence=1
http://europepmc.org/abstract/MED/30544186
http://dx.doi.org/10.1093/jac/dky487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30544186&dopt=Abstract
http://dx.doi.org/10.1089/bio.2017.0006
http://dx.doi.org/10.1093/clinids/24.supplement_1.s157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8994799&dopt=Abstract
https://doi.org/10.7554/eLife.18082
http://dx.doi.org/10.7554/eLife.18082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27599374&dopt=Abstract
http://dx.doi.org/10.1001/jama.281.8.736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10052444&dopt=Abstract
http://europepmc.org/abstract/MED/22029805
http://dx.doi.org/10.1111/j.1752-8062.2011.00353.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22029805&dopt=Abstract
http://dx.doi.org/10.1136/bmj.38834.421713.2f
https://www.amass.website/
https://figshare.com/articles/AMASS_zip/7763330
https://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf?ua=1
https://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf?ua=1
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsinvolvingmrsaenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsinvolvingmrsaenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsinvolvingclostridiumdifficilereferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsinvolvingclostridiumdifficilereferencetables
https://doi.org/10.6084/m9.figshare.12000225.v1
https://doi.org/10.6084/m9.figshare.12000222.v1
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Limeta

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

North Okkalapa General and Teaching Hospital, Yangon. Antimicrobial resistance surveillance report, North Okkalapa
General and Teaching Hospital, Myanmar, 02 Jan 2019 to 27 Dec 2019. figshare. 2020. URL: https.//doi.org/10.6084/m9.
figshare.12000237.v1 [accessed 2020-04-18]

Patan Hospital, Kathmandu. Antimicrobial resistance surveillance report, Patan Hospital, Nepal, 01 Jan 2018 to 30 Dec
2018. figshare. 2020. URL : https://doi.org/10.6084/m9.figshare.12000231.v1 [accessed 2020-04-18]

Sunpasitthiprasong Hospital, Ubon Ratchathani. Antimicrobial resistance surveillance report, Sunpasitthiprasong Hospital,
Thailand, 01 Jan 2015 to 31 Dec 2015. figshare. 2020. URL: https://doi.org/10.6084/m9.figshare.12000240.v1 [accessed
2020-04-18]

St Thomas' Hospital, London. Antimicrobial resistance surveillance report, St Thomas Hospital, United Kingdom, 01 Jan
2018 to 31 Dec 2018. figshare. 2020. URL : https://doi.org/10.6084/m9.figshare.12000249.v1 [accessed 2020-04-18]

The Hospital for Tropical Diseases, Ho Chi Minh City. Antimicrobial resistance surveillance report, The Hospital for
Tropical Diseases, Vietham, 01 Jan 2017 to 30 Dec 2017. figshare. 2020. URL : https.//doi.org/10.6084/m9.figshare.12000252.
vl [accessed 2020-04-18]

Turner P, Ashley EA, Celhay OJ, Douangnouvong A, HamersRL, Ling CL, et al. ACORN (A Clinically-Oriented
Antimicrobial Resistance Surveillance Network): a pilot protocol for case based antimicrobial resistance surveillance.
Wellcome Open Res 2020 Jan 27;5:13. [doi: 10.12688/wellcomeopenres.15681.1]

Chang K, Rattanavong S, Mayxay M, Keoluangkhot V, Davong V, Vongsouvath M, et a. Bacteremia Caused by
Extended-Spectrum Beta-L actamase-Producing Enterobacteriaceae in Vientiane, Lao PDR: A 5-Year Study. Am J Trop
Med Hyg 2020 May;102(5):1137-1143 [FREE Full text] [doi: 10.4269/ajtmh.19-0304] [Medline: 32157990]
Sriboonsong S, Boonchoo L. Automatic antimicrobial susceptibility testing system. In: Magjarevic R, Nagel JH, editors.
World Congress on Medical Physicsand Biomedical Engineering 2006. |FMBE Proceedings. Berlin, Heidelberg: Springer;
2007:2501-2504.

ICNET. URL: https://www.ichetsoftware.com [accessed 2020-09-07]

OBrien TF, Clark A, Peters R, Stelling J. Why surveillance of antimicrobial resistance needs to be automated and
comprehensive. J Glob Antimicrob Resist 2019 Jun;17:8-15. [doi: 10.1016/j.jgar.2018.10.011] [Medline: 30326273]
Turner B, Ashley EA. Standardising the reporting of micraobiology and antimicrobial susceptibility data. The Lancet Infectious
Diseases 2019 Nov;19(11):1163-1164. [doi: 10.1016/s1473-3099(19)30561-4]

van Panhuis WG, Paul P, Emerson C, Grefenstette J, Wilder R, Herbst AJ, et al. A systematic review of barriersto data
sharing in public health. BMC Public Health 2014 Nov 05;14(1):1144 [FREE Full text] [doi: 10.1186/1471-2458-14-1144]
[Medline: 25377061]

Tenopir C, Allard S, DouglassK, Aydinoglu AU, Wu L, Read E, et a. Data sharing by scientists: practices and perceptions.
PL0S One 2011 Jun 29;6(6):€21101 [FREE Full text] [doi: 10.1371/journal.pone.0021101] [Medline: 21738610]

Abbreviations

AMASS: AutoMated tool for Antimicrobial resistance Surveillance System
AMR: antimicrobial resistance

AST: antimicrobial susceptibility testing

CLSI: Clinical and Laboratory Standard Institute

EUCAST: European Committee on Antimicrobial Susceptibility Testing
GLASS: Global Antimicrobial Resistance Surveillance System

LIS: laboratory information system

LMIC: low and middle-income country

WHO: World Health Organization

Edited by G Eysenbach; submitted 03.05.20; peer-reviewed by O Las Vergnas, T Adanidis;, comments to author 10.07.20; revised
version received 22.07.20; accepted 26.07.20; published 02.10.20

Please cite as:

Lim C, Miliya T, Chansamouth V, Aung MT, Karkey A, Teparrukkul P, Rahul B, Lan NPH, Stelling J, Turner P, Ashley E, van Doorn
HR, Lin HN, Ling C, Hinjoy S lamsirithaworn S Dunachie S, Wangrangsimakul T, Hantrakun V, Schilling W, Yen LM, Tan LV,
Hlaing HH, Mayxay M, Vongsouvath M, Basnyat B, Edgeworth J, Peacock SJ, Thwaites G, Day NPJ, Cooper BS, Limmathurotsakul
D

Automating the Generation of Antimicrobial Resistance Surveillance Reports. Proof-of-Concept Sudy Involving Seven Hospitals in
Seven Countries

J Med Internet Res 2020;22(10):€19762

URL: https://www.jmir.org/2020/10/e19762

doi: 10.2196/19762

PMID: 33006570

https://www.jmir.org/2020/10/e19762 JMed Internet Res 2020 | vol. 22 | iss. 10 | 19762 | p. 13

RenderX

(page number not for citation purposes)


https://doi.org/10.6084/m9.figshare.12000237.v1
https://doi.org/10.6084/m9.figshare.12000237.v1
https://doi.org/10.6084/m9.figshare.12000231.v1
https://doi.org/10.6084/m9.figshare.12000240.v1
https://doi.org/10.6084/m9.figshare.12000249.v1
https://doi.org/10.6084/m9.figshare.12000252.v1
https://doi.org/10.6084/m9.figshare.12000252.v1
http://dx.doi.org/10.12688/wellcomeopenres.15681.1
http://europepmc.org/abstract/MED/32157990
http://dx.doi.org/10.4269/ajtmh.19-0304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32157990&dopt=Abstract
https://www.icnetsoftware.com
http://dx.doi.org/10.1016/j.jgar.2018.10.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30326273&dopt=Abstract
http://dx.doi.org/10.1016/s1473-3099(19)30561-4
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-1144
http://dx.doi.org/10.1186/1471-2458-14-1144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25377061&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0021101
http://dx.doi.org/10.1371/journal.pone.0021101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21738610&dopt=Abstract
https://www.jmir.org/2020/10/e19762
http://dx.doi.org/10.2196/19762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33006570&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Limeta

©Cherry Lim, Thyl Miliya, Vilada Chansamouth, Myint Thazin Aung, Abhilasha Karkey, Prapit Teparrukkul, Batra Rahul,
Nguyen Phu Huong L an, John Stelling, Paul Turner, Elizabeth Ashley, H Rogier van Doorn, Htet Naing Lin, Clare Ling, Soawapak
Hinjoy, Sopon lamsirithaworn, Susanna Dunachie, Tri Wangrangsimakul, Viriya Hantrakun, William Schilling, Lam Minh Yen,
Le Van Tan, Htay Htay Hlaing, Mayfong Mayxay, Manivanh Vongsouvath, Buddha Basnyat, Jonathan Edgeworth, Sharon J
Peacock, Guy Thwaites, Nicholas PJDay, Ben S Cooper, Direk Limmathurotsakul. Originally published in the Journal of Medical
Internet Research (http://www.jmir.org), 02.10.2020. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly
cited. The complete bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis copyright
and license information must be included.

https://www.jmir.org/2020/10/e19762 JMed Internet Res 2020 | vol. 22 | iss. 10 | 19762 | p. 14
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

