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The OpenVA Pipeline automates the processing of verbal autopsy (VA) data from an ODK Ag-
gregate server, through the openVA library of VA algorithms from the R statistical software, to a
DHIS?2 server (with the VA DHIS2 Program).

Contents: 1
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https://cran.r-project.org/web/packages/openVA/index.html
https://cran.r-project.org/
https://github.com/SwissTPH/dhis2_va_draft
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CHAPTER 1

Software Requirements

The following software is required by the openVA pipeline (note: installation instructions are found
on a different page)

* Python 3.6, 3.7, 3.8, or 3.9
— PIP (tool for installing Python packages)
OpenJDK or Java JDK 11,

R (OpenVA Pipeline was tested on Version 4.1)
SQLite3
SQLCipher

ODK Briefcase (OpenVA Pipeline was tested on Version v1.18.0)

It is also useful to install DB Browser for SQLite. This optional tool is useful for configuring the
Pipeline (i.e., configuration tables in the SQLite Database).



https://www.python.org/downloads/
https://pypi.python.org/pypi/pip
http://openjdk.java.net
https://www.oracle.com/java/technologies/javase-jdk11-downloads.html
https://cran.r-project.org
https://www.sqlite.org
https://github.com/sqlcipher/sqlcipher
https://github.com/opendatakit/briefcase/releases
https://github.com/sqlitebrowser/sqlitebrowser/blob/master/BUILDING.md
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CHAPTER 2

Installation Guide

The following instructions guide the installation of the openVA Pipeline on Ubuntu 20.04 operating
system.

Note: To make the installation process easier, all of the required software can be in-
stalled by downloading and running the bash script install_software_ubuntu_20_04.sh
located in the main folder of the openVA_Pipeline repository.

1. Add the apt key (signed by Michael Rutter) to authenticate R package from CRAN and add
the CRAN repository to get the latest version of R (for more details see CRAN page: Ubuntu
packages for R).

$ sudo apt-key adv --keyserver keyserver.ubuntu.com —--recv-keys,,
—~E298A3A825C0D65DFD57CBB651716619E084DAB9

$ sudo bash -c "echo 'deb https://cloud.r-project.org/bin/linux/
—ubuntu focal-crand40/' >> /etc/apt/sources.list"

2. Install Python, OpenJDK, R, SQLite3, SQLCipher, and Git by typing the following com-
mands at a terminal prompt (indicated by $)

$ sudo apt update

$ sudo apt install python3-pip openijdk-11-jdk r-base sglite3
—~libsglite3-dev sglcipher libsglcipher—-dev curl libcurl4-openssl-
—~dev -y

3. (optional) Download the ODK-Briefcase-v1.18.0.jar file to a folder that will serve as the



https://https://github.com/verbal-autopsy-software/openva_pipeline/blob/master/install_software_ubuntu_20_04.sh
https://cran.r-project.org/bin/linux/ubuntu/README.html
https://cran.r-project.org/bin/linux/ubuntu/README.html
https://github.com/opendatakit/briefcase/releases
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openVA_Pipeline working directory.

4. Configure OpenJDK with R by running the following command

$ sudo R CMD Jjavareconf

5. In a terminal, start R by simply typing R at the prompt, or use sudo R for system-wide
installation of the packages. The necessary packages can be installed (with an internet con-
nection) using the following command:

> install.packages ("openVA")

Note that > in the previous command indicates the R prompt (not part of the actual com-
mand). This command will prompt the user to select a CRAN mirror (choose a mirror close
to your geographic location), as well as a location for the library where the R packages will
be installed (this does not happen if R is run as sudo). After the installation of the packages
has been completed, you can exit R with the following command:

> g('no'")

6. Python version 3.8 is included in the Ubuntu 20.04, but we still need to update the package
installer, setup a virtual environment with Pipenv, and install the openva-pipeline package.
These tasks can be accomplished at the terminal as follows:

pip3 install —--upgrade pip —--user

hash -d pip3

pip3 install --upgrade setuptools —--user
pip3 install pipenv —--user

pipenv install openva-pipeline

n U »r Ur

We can enter the virtual environment and import the openva-pipeline package with the fol-
lowing terminal commands:

$ pipenv shell
$ python

=

>>> import openva_pipeline as ovaPL import package

>>> help (ovaPL) # access primary help file,
—(hit g to exit)

>>> help (ovaPL.runPipeline) # access help file for a,
—particular function

>>> quit () # return to virtualenv,_
—terminal shell

S exit

7. Install DB Browser for SQLite with the commands

6 Chapter 2. Installation Guide
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$ sudo apt install sglitebrowser -y

2.1 Alternative Installation Options

2.1.1 Using Java JDK (instead of OpenJDK)

Instructions for installing JDK 11 on Linux can be found here. After installing JDK 11, run the
following command at the terminal to properly configure R

$ sudo R CMD javareconf

and then install the R packages (as described above).

2.1.2 Installing the Pipeline package with using a virtual environment
(and pipenv)

Simply use pip3 to install the openva-pipeline package as follows

$ pip3 install openva-pipeline —--user

2.1. Alternative Installation Options 7



https://www.javahelps.com/2017/09/install-oracle-jdk-9-on-linux.html
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CHAPTER 3

Pipeline Configuration

1. Create the SQLite database: The openVA Pipeline uses an SQLite database to store and
access configuration settings for ODK Aggregate, openVA in R, and DHIS2. Error and log
messages are also stored to this database, along with the VA records downloaded from ODK
Aggregate and the assigned COD.

* While it is possible to create the Transfer Database manually (see the next bullet point)
the openva-pipeline package has a built-in function for creating the database with the
default settings. Open a terminal shell, change to the Pipeline’s working directory, and
start a Python session in the virtual environment with the following commands:

$ pipenv shell
$ python

Within the Python interpreter load the openVA Pipeline package and call the
createTransferDB ():

>>> import openva_pipline as ovaPL
>>> ovaPL.createTransferDB('Pipeline.db', '.', 'enilepiP
=")

>>> quit ()

This will create an encrypted SQLite database, called Pipeline.db, in the working
directory with encryption key enilepiP.

¢ Manual Installation

1. The necessary tables and schema are created in the SQL file
pipelineDB.sql, which can be downloaded from the OpenVA_Pipeline



https://github.com/verbal-autopsy-software/openva_pipeline/tree/master/openva_pipeline/sql
https://github.com/verbal-autopsy-software/openva_pipeline/tree/master/openva_pipeline/sql
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GitHub webpage. Create the SQLite database in the folder that will serve
as the Pipeline’s working directory.

2. Use SQLCipher to create the pipeline database, assign an encryption key,
and populate the database using the following commands (note that the $
is the terminal prompt and sglite> is the SQLite prompt, i.e., not part
of the commands).

$ sqglcipher

sglite> .open Pipeline.db

sglite> PRAGMA key=encryption_key;
sglite> .read "pipelineDB.sgl"
sglite> .tables

sglite> —-- take a look —-—

sglite> .schema ODK_Conf

sglite> SELECT odkURL from ODK_Conf;
sglite> .quit

Note how the pipeline database is encrypted, and can be accessed via with
SQLite command: PRAGMA key = "encryption_key;"

$ sglcipher
sglite> .open Pipeline.db
sglite> .tables

Error: file is encrypted or is not a database
sglite> PRAGMA key = "encryption_key";

sglite> .tables
sglite> .quit

2. Configure Pipeline: The pipeline connects to ODK Aggregate and DHIS2 servers and thus
requires usernames, passwords, and URLs. Arguments for openVA should also be supplied.
We will use DB Browser for SQLite to configure these settings. Start by launching DB
Browser from the terminal, which should open the window below $ sglitebrowser

10 Chapter 3. Pipeline Configuration
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DB Browser for SQLite X

File Edit View Help

& New Database = Open Database ] i Open Project &

Database Structure | Browse Data  Edit Pragmas = Execute SQL

Name Type Schema

Remote @®
Identity ~ | |3 B
Name Commit Last modified Size

SQLLog Plot DBSchema Remote

Next, open the database by selecting the menu options: File -> Open Database. . .

DB Browser for SQLite

1515 Edit view Help

& New Database... cerl+N | % Open Project @
® Open Database... ctrl+o
% Open Database Read Only... QL -
B
Import 3
Export 4 Remote @ |
3 Open Project Identity ~||% 4
Name Commit Last modified Size
1 /home/jthomas/VA/Pipeline/Pipeline.db ctrl+1
Exit ctrl+Q

SQLLog Plot DBSchema Remote

Open an existing database file

and navigate to the Pipeline.db SQLite database and click the Open button. This will prompt
you to enter in encryption password.

11



openva_pipeline Documentation, Release 0.9.0

»

File Edit View Help
% Open Database & Open Project » i

& New Database

Database Structure = Browse Data Edit Pragmas | Execute SQL

»

Name Type Schema
SQLCipher encryption %

Please enter the key used to encrypt the database.
I any of the other settings were altered for this database File you need to provide this information as well.

‘ Passphrase -

Password

Cancel OK 3

|Last modified Size

Page size | 1024

" IName |Commit

SQLLog Plot DBSchema Remote

1. ODK Configuration: To configure the pipeline connection to ODK Aggregate, click
on the Browse Data tab and select the ODK_Conf table as shown below.

DB Browser for SQLite - /home/jthomas/VA/Pipeline/Pipeline.db 0
\& Attach Database X Close Database

Eile Edit View Help
& New Database |4 Open Database & Open Project ) Save Project
Edit Database Cell eax
Database Structuref dit Pragmas  Execute SQL
Mode: Text ~ = Export

New Record | Delete Record

isNUmEnc — ipaateCondProl epProbbase le  CondProb  CondProbNum —datacheck itachec
Filter Filter ter Filter Filter Filter Filter
1 FALSE TRUE TRUE NULL NULL TRUE TRUE
Type of data currently in cell: Text / Numeric
0 char(s)
Remate ax
Identity v || B
Name Commit Last modified Size
< v
Go to: 1
SQLLog Plot DBSchema Remote

M/[4]1-10F1 (b [H

12 Chapter 3. Pipeline Configuration
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DB Browser for SQLite - fhome/jthomas/VA/Pipeline/Pipeline.db .
3 ¥ Close Database

File Edit View Help

i Open Project I Save Project (& Attach Database

& New Database % Open Database -
Edit Database Cell ®
Database Structuri Browse Data dit Pragmas =~ Execute SQL
Mode: Text ~ = Export
Table: Advanced_InSilicoVA_Conf New Record | | Delete Record
isn (| Advanced Intervaa_Conf e CondProb  CondProbNum datacheck itachec
filte] & Algorithm_Metadata_Options Filter Filter Filter Filter
Fag £ €OD_Codes DHIS NULL NULL TRUE TRUE
(] DHIs_Conf
-] EventLo: . 3
" & Type of data currently in cell: Text / Numeric
|1 Insilicova_Conf
= 0 char(s)
=] IntervA4_Conf
Remote E1E]
[Z] Pipeline_conf Identity ~ || >
| VA_storage Name Commit Last modified Size
L] »
H[[4]1-10f1 k| MH Goto: |[1
SQLLog | Plot DBSchema Remote

Now, click on the odkURL column, enter the URL for your ODK Aggregate server, and

click Apply.
DB Browser for SQLite - /homefjthomas/VA/Pipeline/Pipeline.db -
& # Close Database

Eile Edit View Help
& Open Project I Save Project l& Attach Database

& New Database | Open Database
Edit Database Cell a®
Database Structure | Browse Data | Edit Pragmas Execute SQL
Mode: Text ~ b= Import Export Setas NULL
Table: | | ODK_Conf - &% @ New Record | | Delete record
hitps://Yourl ODKA te.Address.html
odKURL odkUser  odkPass  odkFormiD  odklastRun ikLastRunResu Rigsinrouopkagaregate Address >

Filter Filter Filter

3 Filter Filter

https:ﬂudk... odk_openva  0penvA2018 va_who_20.. 2018-05-01.. 1
" et

Apply )

e

Type of data currently in cell: Text / Numeric

38 char(s)
Remote a®
Identity - || -3
Name Commit Last modified Size
W [4]1-10F1 |0 | H Go to: 1
SQLLog Plot DBSchema Remote

Similarly, edit the odkUser, odkPass, and odkFormID columns so they contain a valid
user name, password, and Form ID (see Form Management on ODK Aggregate server)

of the VA questionnaire of your ODK Aggregate server.

2. openVA Configuration: The pipeline configuration for openVA is stored in the
Pipeline_Conf table. Follow the steps described above (in the ODK Aggregate Con-

figuration section) and edit the following columns:

* workingDirectory — the directory where the pipeline files (i.e., pipeline.py,
Pipeline.db and the ODK Briefcase application, ODK-Briefcase-v1.10.1.jar) are
stored. Note that the pipeline will create new folders and files in this working di-
rectory, and must be run by a user with privileges for writing files to this location.

* algorithm — currently, there are only three acceptable values for the alogrithm:

13
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Insilico, InterVA or SmartVA

* algorithmMetadataCode — this column captures the necessary inputs for produc-
ing a COD, namely the VA questionnaire, the algorithm, and the symptom-cause
information (SCI) (for more details, see the section: Symprom-Cause Informa-
tion). Note that there are also different versions (e.g., InterVA 4.01 and InterVA
4.02, or WHO 2012 questionnare and the WHO 2016 instrument/questionnaire).
It is important to keep track of these inputs in order to make the COD determi-
nation reproducible and to fully understand the assignment of the COD. A list
of all algorith metadata codes is provided in the dhisCode column in the Algo-
rithm_Metadata_Options table. The logic for each code is

algorithlalgorithm versionISCIISCI versionlinstrumentlinstrument version

* codSource — both the InterVA and InSilicoVA algorithms return CODs from a list
produced by the WHO, and thus this column should be left at the default value of
WHO.

3. DHIS2 Configuration: The pipeline configuration for DHIS2 is located in the
DHIS_Conf table, and the following columns should be edited with appropriate val-
ues for your DHIS2 server.

* dhisURL — the URL for your DHIS2 server
* dhisUser — the username for the DHIS2 account
* dhisPass — the password for the DHIS2 account

* dhisOrgUnit — the Organization Unit (e.g., districts) UID to which the verbal au-
topsies are associated. The organisation unit must be linked to the Verbal Autopsy
program. For more details, see the DHIS2 Verbal Autopsy program installation
guide

3. SmartVA Configuration: The pipeline can also be configured to run SmartVA using the
command line interface (CLI) available from the ihmeuw/SmartVA-Analyze repository.

1. Download the smartva CLI from the following repository: https://github.com/ihmeuw/
SmartVA-Analyze/releases and save it in the pipeline’s working directory (see below).

2. Update the Pipeline_Conf table in the SQLite database with the following values:

» workingDirectory — the directory where the pipeline files are stored — THIS IS
WHERE THE smartva CLI file should be downloaded.

» openVA_Algorithm — set this field to SmartVAa
* algorithmMetadataCode — set this field to the appropriate SCI, e.g.
SmartVAI2.0.0_a8IPHMRCShort/1IPHMRCShortl1

e codSource — set this field to* “Tariff ‘.

14 Chapter 3. Pipeline Configuration
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CHAPTER 4

Miscellaneous Notes

4.1 Symptom-Cause Information

A key component of automated cause assignment methods for VA is the symptom-cause infor-
mation (SCI) that describes how VA symptoms are related to each cause. It is likely that the
relationships of VA symptoms to causes vary in important ways across space and between admin-
istrative jurisdictions, and they are likely to change through time as new diseases and conditions
emerge and as treatments become available. Consequently, automated cause assignment algo-
rithms used for mortality surveillance should optimally rely on representative SCI that is locally
and continuously updated. Furthermore, it is vital to track the SCI used for COD assignment to
enable reproducibility and to fully understand the assignment of the COD.

15
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CHAPTER 5

Setting Up and Running the
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CHAPTER 6

openVA Pipeline

6.1 Quick Demonstration

Once Python3, Java, R, and openVA have been installed on your computer, there are only a few
steps needed to install and demonstrate the openVA Pipeline.

1. Start by opening a terminal and changing to the directory that will serve as the working
directory for the openVA Pipline. The working directory for this example will be a folder
called Pipeline located in the user’s home directory

$ mkdir -p SHOME/Pipeline
$ cd SHOME/Pipeline
$ pipenv —--python 3.8

The last (recommended) step uses Pipenv to create a virtual environment for the pipeline,
which should look like the following screenshot

19
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ovapl@pipeline-VirtualBox: ~/Pipeline
ovapl@pipeline-VirtualBox:~/Pipeline$
ovapl@pipeline-VirtualBox:~/Pipeline$ pipenv --python 3.5
Creating a virtualenv for this project..

to create virtualenv..

. Creating virtual environment...

Virtualenv location:
Creating a Pipfile for this project..
ovapl@pipeline-VirtualBox:~/Pipeline$ I

. Use Pipenv to install the openVA Pipeline package from PyPI

$ pipenv install openva-pipeline

After this command, the output produced by Pipenv is shown in the following screenshot

nvapl@plpellne-Vlrl:ualBax ~/P|pellne

ovapl@pipeline-VirtualBox:~/Pipeline$
ovapl@pipeline-VirtualBox:~/Pipeline$ pipenv install openva-pipeline
Installing openva-pipeline..

Adding openva-pipeline to Pipfile's

v Installation Succeeded

Pipfile.lock not found, creating..

Locking dependencies..

Locking dependencies..

Updated Pipfile.lock (198céd)!

Installing dependencies from Pipfile.lock (198céd)..
IIIIIIIIIIIIIIIIIIIIIIII I 12/12 -

To activate this project's virtualenv, run

Alternatively, run a command inside the virtualenv w1th

ovapl@pipeline-VirtualBox:~/Pipeline$ I

. Open a Pipenv shell load the openVA Pipeline package, download the ODK Briefcase, install

the Transfer database, and run the Pipeline. The final command exits out of Python.

$ pipenv shell

(Python commands. . .)

>>> import openva_pipeline as ovaPL

>>> ovaPL.downloadBriefcase ()

>>> ovaPL.createTransferDB("Pipeline.db", ".", "enilepiP")
>>> ovaPL.runPipeline ("Pipeline.db", ".", "enilepiP")

>>> quit ()

Here are a few more details about each Python command. . .

1. import openva_pipeline as ovaPL — load the openVA Pipeline package
and use the shortcut name ovaPL. To access the tools inside the openVA Pipeline pack-
age, use the nickname, followed by a ., and then the name of the function or class.

20
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2. ovaPL.downloadBriefcase () — call the function that downloads the ODK
Briefcase app (version 1.18.0) from the ODK GitHub page. The app will be down-
loaded to the current working directory.

3. ovaPL.createTransferDB ("Pipeline.db", ".", "enilepiP") —
create the SQLite database that contains the configuration settings for the Pipeline,
stores VA data and results, and includes an event/error log. The arguments are: (1) the
name of the Transfer DB file (“Pipeline.db”); (2) the path to the directory where the
DB file will be created; and (3) the key for encrypting the DB. The default settings
point the Pipeline to an ODK Aggregate and DHIS2 server hosted by the SwissTPH.

4. ovaPL.runPipeline ("Pipeline.db", ".", "enilepiP") - run each
step of the Pipeline: download records from ODK Aggregate; run openVA to assign
causes of death; store the results in the Transfer DB; and post the VA data and assigned
causes of death to a DHIS2 server (with the VA Program installed). The arguments
are (again): (1) the name of the Transfer DB file (“Pipeline.db”); (2) the path to the
working directory for the Pipeline (the ODK Briefcase file and the Transfer DB need
to be located in this directory); and (3) the key for encrypting the DB.

Note: runPipeline() has fourth parameter export_to_DHIS with a default argument of
True. If you do not want to post VA events to DHIS2, then pass a value of False, i.e.
export_to_DHIS = False.

5. quit () — exit out of Python.

A demonstration of these commands is shown in the following screenshot.

o

ovapl@pipeline-VirtualBox: ~/Pipeline

ovapl@pipeline-virtualBox: ~/Pipeline = | ovapl@pipeline-virtualBox: /media/sf_Sharefope... x | ovapl@pipeline-virtualBox: ~/GitHub/openva_pip... x g v}

ovapl@pipeline-VirtualBox:~/Pipeline$ pipenv shell
Launching subshell in virtual environment..
. /home/ovapl/.local/share/virtualenvs/Pipeline-X3fH5Ksr/bin/activate
ovapl@pipeline-VirtualBox:~/Pipeline$ . [home/ovapl/.local/share/virtualenvs/Pipeline-X3fH5Ksr/bin/activate
(Pipeline) ovapl@pipeline-VirtualBox:~/Pipeline$ python
Python 3.5.2 (default, Nov 12 2018, 13:43:14)

[GCC 5.4.0 20160609] on linux

Type "help", "copyright", "credits" or "license" for more information.
import openva_pipeline as ovaPL
ovaPL.downloadBriefcase()
ovaPL.createTransferDB("Pipeline.db", ".", "enilepiP")
ovaPL.runPipeline("Pipeline.db", ".", "enilepiP")
quit()

(Pipeline) ovapl@pipeline-VirtualBox:~/Pipeline$ exit

exit

ovapl@pipeline-VirtualBox:~/Pipeline$ [

Once the runPipeline function has completed, we can check the results in several loca-
tions. First, let us take a look in the Pipeline’s working directory.

6.1. Quick Demonstration 21
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Pipeline

*Home Pipeline

Recent

G}
2r Home J J J
DHIS ODKFiles OpenVAFiles briefcase.log
[m Desktop
< Downloads =
= L dar |
l Trash dbErrorLog.csv ODK-Briefcase- Pipeline.db Pipfile
M sf share | & vi.12.2jar
@¢ Network
Computer Pipfile.lock
© VvBox ... &

[m Documents
[ Music

[ Pictures

We can see folders where the files associated with the ODK Briefcase export and downloaded
records (ODKFiles); the R script and log files from openVA (OpenVAFiles); and the files
containg the VA events posted to the DHIS2 VA program (DHIS). The working directory
also contains the ODK Briefcase jar file (and log file), the files generated by Pipenv (that
keep track of the packages and dependences for our virtual environment); and another file
dbErrorLog.csv which contains error messages for the Pipeline when it is unable to connect
to the Transfer Database. If we take a look at dbErrorLog.csv, we see it is blank and thus the
Pipeline was able to connect to Pipeline.db.

ovapl@pipeline-VirtualBox: ~/Pipeline

ovapl@pipeline-VirtualBox: ~/Pipeline = | ovapl@pipeline-virtualBox: /media/sf_Sharefope... * | ovapl@pipeline-VirtualBox: ~/GitHub/openva_pip... x

ovapl@pipeline-VirtualBox:~/Pipeline$ 1s

briefcase.log DHIS 0DKFiles Pipeline.db Pipfile.lock
dbErrorLog.csv O0DK-Briefcase-v1.12.2.jar OpenVAFiles Pipfile
ovapl@pipeline-VirtualBox:~/Pipeline$ cat dbErrorLog.csv
Date,Description,Additional Information

ovapl@pipeline-VirtualBox:~/Pipelines$ ||

Finally, if we look at the EventLog table in the Transfer database, we see that each step of
the Pipeline was successfully completed (along with the date and time when it finished).

22 Chapter 6. openVA Pipeline
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) DB Browser for SQLite - fhome/ovapl/Pipeline/Pipeline.db

¢ New Database (g Open Database - |

Table: [Heventlog ) (&) (%0 ler &

eventDesc

1 Briefcase Export Completed Successfully

2 OpenVA Analysis Completed Successfully

3 Posted Events to DHIS2 Successfully

4 Stored Records to Xfer Database Successfully

5 Successfully Completed Run of Pipeline

M| 4] 1-50F5 k] (M

Database Structure [] = Browse Data 3 | Edit Pragmas [£]

New Recordw| C

eventType
Filter
Event
Event
Event
Event

Event

Go to:

Execute SQL [

ete R
eventTime
201%-01-17_17:04:51
2019-01-17_17:05:18
2019-01-17_17:05:47
2019-01-17_17:05:47
2019-01-17_17:05:48

1

i Open Project ([ Save Project
DB Schema

Name
v (=] Tables (13)

& Attach Database

» [T Advanced_InSilicovA_Conf
» [= Advanced_Interva_Conf

» [=] Algorithm_Metadata_Options

» [= COD_Codes_DHIS
» [Z] DHIS_Conf

» |= EventlLog

» [= InSilicovA_ConF

» [ IntervA_Conf

» [Z] ODK_Conf

» | Pipeline_Conf

» [=] SmartvA_Conf

» [ smartvA_Country
» [= vA_storage

PERTEPRY

SQLLog Plot DB Schema

Remote

Type

»
@@

Schema -

CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE

CREATE TABLE

6.1. Quick Demonstration
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CHAPTER 7/

Documentation for classes, functions, and methods

7.1 Running the OpenVA Pipeline

The openva_pipeline package includes two convenience functions for

1. creating the Transfer Database — a database that holds configuration settings, VA data and
results, and a table for logging events and errors; and

2. running through all of the steps in the openVA Pipeline

openva_pipeline.runPipeline.createTransferDB (database_file_name,
database_directory,

database_key)
Create the (SQLite encrypted) Transfer Database.

Parameters
* database_file name — File name for the Transfer Database.
* database_directory — Path of the Transfer Database.
* datatbase_key — Encryption key for the Transfer Database

* export_to_DHIS — Indicator for posting VA records to a DHIS2
server.

openva_pipeline.runPipeline.runPipeline (database_file_name,
database_directory,
database_key, ex-
port_to_DHIS=True)
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Runs through all steps of the OpenVA Pipeline

This function is a wrapper for the Pipeline class, which runs through all steps of the OpenVA
Pipeline — (1) connect to Transfer Database (to retrieve configuration settings); (2) connect
to ODK Aggregate to download a CSV file with VA records; (3) run openVA (or SmartVA)
to assign cause of death; and (4) store CoD results and VA data in the Transfer Database as
well as a DHIS2 VA Program (if requested).

Parameters
* database_file_name - File name for the Transfer Database.
* database_directory - Path of the Transfer Database.
* datatbase_key — Encryption key for the Transfer Database

* export_to_DHIS ( (Boolean)) — Indicator for posting VA records
to a DHIS?2 server.

7.2 Main Interface

The OpenVA Pipeline is run using the following function

class openva_pipeline.pipeline.Pipeline (dbFileName, dbDirectory,

dbKey, useDHIS=True)
Primary API for the openVA pipeline.

This class calls three others to move verbal autopsy data from an ODK Aggregate server
(using the ODK class), through the openVA R package to assign cause of death (using the
OpenVA class), and deposits the VA records with assigned causes to either/both a DHIS
server (using the DHIS class) or the Transfer database — a local database which also contains
configuration settings for the pipeline. The TransferDB class performs the final step of
storing the results locally as well as accessing the configuration settings.

Parameters
* dbFileName (string) - File name of the Tranfser database.

* dbDirectory (string) — str Path of folder containing the Transfer
database.

* dbKey (string)— Encryption key for the Transfer database.

closePipeline ()
Update ODK_Conf ODKLastRun in Transfer DB and clean up files.

This method calls methods in the TransferDB class to remove the data files created
at each step of the pipeline. More specifically, it runs TransferDB.cleanODK ()
to remove the ODK Briefcase export files (“ODKFiles/odkBCExportNew.csv”’ and
“ODKFiles/odkBCExportPrev.csv”) if they exist; TransferDB.cleanOpenVA ()
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to remove the input data file (“OpenVAFiles/openVA_input.csv”’) and the output
files (“OpenVAFiles/recordStorage.csv”, “OpenVAFiles/newStorage.csv”’, and “Open-
VAFiles/entity AttributeValue.csv’) — note that all of these results are stored in ei-
ther/both of the Transfer DB and the DHIS2 server’s VA program; and, third, the
method TransferDB.cleanDHIS () is called to remove the blobs posted to the
DHIS?2 server and stored in the folder “DHIS/blobs”. Finally, this method updates the
Transfer DB’s value in the ODK_Conf table’s variable odkLastRun so the next ODK
Export file does not include VA records already processed through the pipeline.

config ()

Fetch configuration settings from Transfer DB.

This method queries the Transfer database (DB) and returns objects that can be
used as the arguments for other methods in this class, i.e., Pipeline. runODK (),
Pipeline.runOpenVA (),and Pipeline.runDHIS ().

Parameters

* dbFileName (str) — File name of the Transfer DB. (e.g.,
Pipeline.db)

* dbDirectory (str)— Path to the location of the Transfer DB.
* dbKey (str)— Encryption key for the Transfer DB

* plRunDate (date) — Date when pipeline started latest run (YYYY-
MM-DD_hh:mm:ss).

Returns Configuration settings for pipeline steps (e.g. connecting to ODK
Aggregate, running openVA, or posting records to DHIS)

Return type dictionary

logEvent (eventDesc, eventType)

Commit event or error message into EventLog table of transfer database.
Parameters
* eventDesc (string)— Description of the event.

* eventType — Type of event (error or information)

runDHIS (argsDHIS, argsPipeline)

Connect to API and post events.

This method first calls the method DHIS. connect () to establish a connection with
a DHIS?2 server and, second calls the method DHIS.postVA () to post VA data, the
assigned causes of death, and associated metadata (concerning cause assignment).

Parameters

* argsDHIS — Configuration settings for connecting to DHIS2 server.
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* argsPipeline (named tuple) — Configuration settings for
OpenVA Pipeline

Returns VA Program ID from the DHIS2 server, the log from the DHIS2
connection, and the number of records posted to DHIS2

Return type dictionary

runODK (argsODK, argsPipeline)
Run check duplicates, copy file, and briefcase.

This method downloads data from either (1) an ODK Central server, using ODK.
central (), or (2) an ODK Aggregate server using the Java application ODK Brief-
case, by calling the method ODK . briefcase (). The configuration settings are taken
from the argument argsODK (see Pipeline.config()) , and downloads verbal
autopsy (VA) records as a (csv) export from an ODK Central/Aggregate server. If there
is a previous ODK export file, this method merges the files by keeping only the unique
VA records.

Parameters

* argsODK (named tuple) — Arguments passed to connect and
download records from the ODK Central/Aggregate server.

* argsPipeline (named tuple) — Arguments for configuration
the openva pipeline.

Returns Return value from method subprocess.run()
Return type subprocess.CompletedProcess

runOpenVaA (argsOpenVA, argsPipeline, odkID, runDate)
Create & run script or run smartva.

This method runs the through the suite of methods in the OpenVA. class. The list of
tasks performed (in order) are: (1) call the method OpenVA. copyVA () to copy over
CSV files with VA data (retrieved from ODK Aggregate); (2) use the method OpenVA.
rScript () to create an R script; and (3) call the method OpenVA.getCOD () to
run the R script that estimates the causes of death and stores the results in “Open-
VAFiles/recordStorage.csv” and “OpenVAFiles/entity Attribute Value.csv” (the former
serving as the blob posted to DHIS2).

Parameters
* argsOpenVA (named tuple)— Configuration settings for openVA.

* argsPipeline (named tuple) — Configuration settings for
OpenVA Pipeline

e odkID (string) — column/variable name of VA record ID in ODK
export
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* runDate (nowDate.strftime ("$Y-$m-%d_$%H:%M:%5")) —
date and time when OpenVA Pipeline ran

Returns an indicator of zero VA records in the ODK export
Return type dictionary

storeResultsDB ()
Store VA results in Transfer database.

7.3 API for Transfer Database

class openva_pipeline.transferDB.TransferDB (dbFileName, dbDirec-

tory, dbKey, plRunDate)
This class handles interactions with the Transfer database.

The Pipeline accesses configuration information from the Transfer database, and also stores
log messages and verbal autopsy records in the DB. The Transfer database is encrypted using
sqlcipher3 (and the pysqlcipher3 module is imported to establish DB connection).

Parameters
Parameters
e dbFileName (str)— File name of the Tranfser database.
* dbDirectory (st r)— Path of folder containing the Transfer database.
* dbKey (str)— Encryption key for the Transfer database.

* plRunDate (date) — Date when pipeline started latest run (YYYY-
MM-DD_hh:mm:ss).

checkDuplicates (conn)
Search for duplicate VA records.

This method searches for duplicate VA records in ODK Briefcase export file and the
Tranfser DB. If duplicates are found, a warning message is logged to the EventLog
table in the Transfer database and the duplicate records are removed from the ODK
Briefcase export file.

Parameters conn (sglite3 Connection object)— A connection to
the Transfer Database (e.g. the object returned from TransferDB.
connectDB ().)

Raises DatabaseConnectionError, PipelineError

cleanDHIS ()
Remove DHIS2 blob files.
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cleanODK ()
Remove ODK Briefcase Export files.

cleanOpenVA ()
Remove openVA files with COD results.

configDHIS (conn, algorithm)
Query DHIS configuration settings from database.

This method is intended to be used in conjunction with (1) TransferDB.
connectDB (), which establishes a connection to a database with the Pipeline con-
figuration settings; and (2) DHIS. connect (), which establishes a connection to
a DHIS server. Thus, TransferDB.configDHIS() gets its input from TransferDB.
connectDB () and the output from TransferDB.config() is a valid argument for
DHIS.connect ()

Parameters

e conn (sglite3 Connection object) — A connection to the
Transfer Database (e.g. the object returned from TransferDB.
connectDB ().)

* algorithm (str)— VA algorithm used by R package openVA
Returns Contains all parameters for DHIS. connect ().
Return type tuple
Raises DHISConfigurationError

configODK (conn)
Query ODK configuration settings from database.

This method is intended to be used in conjunction with (1) TransferDB.
connectDB (), which establishes a connection to a database with the Pipeline con-
figuration settings; and (2) ODK.briefcase (), which establishes a connection
to an ODK Aggregate server. Thus, TransferDB.configODK() gets its input from
TransferDB.connectDB () and the output from TransferDB.configODK() is a
valid argument for ODK.briefcase ().

Parameters conn (sglite3 Connection object)— A connection to
the Transfer Database (e.g. the object returned from TransferDB.
connectDB ().)

Returns Contains all parameters for ODK.briefcase ().
Return type tuple
Raises ODKConfigurationError

configOpenVA (conn, algorithm, pipelineDir)
Query OpenVA configuration settings from database.
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This method is intended to receive its input (a Connection object) from TransferDB.
connectDB (), which establishes a connection to a database with the Pipeline con-
figuration settings. It sets up the configuration for all of the VA algorithms included in
the R package openVA. The output from configOpenVA () serves as an input to the
method OpenVA.setAlgorithmParameters (). This is a wrapper function that
calls configInterVA (), configInSilicoVA (), and configSmartVA () to
actually pull configuration settings from the database.

Parameters

e conn (sglite3 Connection object) — A connection to the
Transfer Database (e.g. the object returned from TransferDB.
connectDB ().)

* algorithm (str)— VA algorithm used by R package openVA
* pipelineDir (str)— Working directory for the Pipeline

Returns Contains all parameters needed for
OpenVA.setAlgorithmParameters().

Rtypes tuple
Raises OpenVAConfigurationError

configPipeline (conn)
Grabs Pipline configuration settings.

This method queries the Pipeline_Conf table in Transfer database and returns a tu-
ple with attributes (1) algorithmMetadataCode; (2) codSource; (3) algorithm; and (4)
workingDirectory.

Returns Arguments needed to configure the OpenVA Pipeline alogrithm-
MetadataCode - attribute describing VA data codSource - attribute detail-
ing the source of the Cause of Death list algorithm - attribute indicating
which VA algorithm to use workingDirectory - attribute indicating the
working directory

Return type tuple
Raises PipelineConfigurationError

connectDB ()
Connect to Transfer database.

Uses parameters supplied to the parent class, TransferDB, to connect to the (encrypted)
Transfer database.

Returns Used to query (encrypted) SQLite database.
Return type SQLite database connection object

Raises DatabaseConnectionError
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makePipelineDirs ()
Create directories for storing files (if they don’t exist).

The method creates the following folders in the working directory (as set in the Trans-
fer database table Pipeline_Conf): (1) ODKFiles for files containing verbal autopsy
records from the ODK Aggregate server; (2) OpenVAFiles containing R scripts and
results from the cause assignment algorithms; and (3) DHIS for holding blobs that will
be stored in a data repository (DHIS2 server and/or the local Transfer database).

Raises PipelineError

storeVA (conn)
Store VA records in Transfer database.

This method is intended to be used in conjunction with the DH TS class, which prepares
the records into the proper format for storage in the Transfer database.

Parameters conn(sglite3 Connection object)-— A connection to
the Transfer Database (e.g. the object returned from TransferDB.
connectDB ().)

Raises PipelineError, DatabaseConnectionError

updateODKLastRun (conn, pl[RunDate)
Update Transfer Database table ODK_Conf.odkLastRun

Parameters

* conn (sglite3 Connection object) — A connection to the
Transfer Database (e.g. the object returned from TransferDB.
connectDB ().)

* plRunDate (date (YYYY-MM-DD_hh:mm:ss)) — Date when
pipeline started latest run

7.4 API for ODK Briefcase

class openva_pipeline.odk.ODK (odkSettings, workingDirectory)
Manages Pipeline’s interaction with ODK Aggregate.

This class handles the segment of the pipeline related to ODK. The ODK.connect() method
calls ODK Briefcase to connect with an ODK Aggregate server and export VA records.
It also checks for previously exported files and updates them as needed. Finally, it logs
messages and errors to the pipeline database.

Parameters

* odkSettings (named tuple)— A named tuple with all of configu-
ration settings as attributes.
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» workingDirectory (string) — Directory where openVA Pipeline
should create files.

briefcase ()
Calls ODK Briefcase.

This method spawns a new process that runs the ODK Briefcase Java application (via a
command-line interface) to download a CSV file with verbal autopsy records from an
ODK Aggregate server.

Returns Return value from method subprocess.run()
Return type subprocess.CompletedProcess
Raises ODKError

central ()
Connects to ODK Central through api.

This method calls requests.get to download a CSV file with verbal autopsy records
from an ODK Collect server.

Returns Returns a string indicating the number of downloaded records.
Return type string
Raises ODKError

mergeToPrevExport ()
Merge previous ODK Briefcase export files.

7.5 API for OpenVA

class openva_pipeline.openVA.OpenVA (vaArgs, pipelineArgs, odkID, run-

Date)
Assign cause of death (COD) to verbal autopsies (VA) R package openVA.

This class creates and executes an R script that copies (and merges) ODK Briefcase exports,
runs openVA to assign CODs, and creates outputs for depositing in the Transfers DB and to
a DHIS server.

Parameters algorithm (str)— Which VA algorithm should be used to assign
COD.

Raises OpenVAError
copyVA ()

Create data file for openVA by merging ODK export files & converting with py-
crossva.
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Returns Indicator of an empty (i.e. no records) ODK export file
Return type logical
getCOD ()

Create and execute R script to assign a COD with openVA; or call the SmartVA CLI to
assign COD.

rScript ()
Create an R script for running openVA and assigning CODs.

smartVA_to_csv ()
Write two CSYV files: (1) Entity Value Attribute blob pushed to
DHIS?2 (entity Attribute Value.csv)

(2) table for transfer database (recordStorage.csv)

Both CSV files are stored in the OpenVA folder.

7.6 API for DHIS2

class openva_pipeline.dhis.DHIS (dhisArgs, workingDirectory)
Class for transfering VA records (with assigned CODs) to the DHIS2 server.

This class includes methods for importing VA results (i.e. assigned causes of death from
openVA or SmartVA) as CSV files, connecting to a DHIS2 server with the Verbal Autopsy
Program, and posting the results to the DHIS2 server and/or the local Transfer database.

Parameters

* dhisArgs ( (named) tuple)— Contains parameter values for con-
nected to DHIS2, as returned by transferDB.configDHIS().

» workingDirectory (string)— Workind direcotry for the openVA
Pipeline

Raises DHISError

connect ()
Setup connection to DHIS2 server.

This creates a connection to DHIS2’s VA Program ID by creating an instance of APT.
This method also checks that the VA Program and the organization unit can both be
found on the DHIS2 server. The configuration settings for connecting to the DHIS2
(e.g., URL, username, password, etc.) are taken from the arguments passed to this
method’s class DHTS (these settings can be created using the method Pipeline.
config).
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Returns A class instance for interacting with the DHIS2 API.
Return type Instance of the AP T class

postVA (apiDHIS)
Post VA records to DHIS.

This method reads in a CSV file (“entityAttribuesValue.csv”) with cause of death re-
sults (from openVA) then formats events and posts them to a VA Program (installed on
DHIS?2 server).

Parameters apiDHIS (Instance of the APT class) — A class instance for
interacting with the DHIS2 API created by the method DHIS. connect

Returns Log information receieved after posting events to the VA Program
on a DHIS?2 server (see APT.post).

Return type dict
Raises DHISError

verifyPost (postLog, apiDHIS)
Verify that VA records were posted to DHIS2 server.

Parameters

* postLog (dictionary) — Log information retrieved after posting
events to a VA Program on a DHIS2 server; this is the return object
from DHIS.postVA.

* apiDHIS (Instance of the AP T class) — A class instance for interacting
with the DHIS2 API created by the method DHTS. connect

Raises DHISError

class openva_pipeline.dhis.API (dhisURL, dhisUser, dhisPass)
This class provides methods for interacting with the DHIS2 API.

This class is called by an instance of the DHIS to retrieve information from and post ver-
bal autopsy records (and results) to a DHIS2 server that has the Verbal Autopsy program
installed.

Parameters

* dhisURL (string) — Web address for DHIS2 server (e.g.,
“play.dhis2.org/demo”).

* dhisUser (string)— Username for DHIS2 account.
* dhisPassword (string)— Password for DHIS2 account.
Raises DHISError

get (endpoint, params=None)
GET method for DHIS2 API.
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Return type dict

post (endpoint, data)
POST method for DHIS2 API.

Return type dict

post_blob (f)
Post file to DHIS2 and return created UID for that file

Return type str

class openva_pipeline.dhis.VerbalAutopsyEvent (va_id, program,
dhis_orgunit,
event_date, sex,

dob, age, cod_code,
algorithm_metadata,

odk_id, file_id)
Create DHIS2 event + a BLOB file resource

Parameters

* va_id (string) — UID for verbal autopsy record (used as a DHIS2
data element)

* program (string)— UID of the DHIS2’s Verbal Autopsy program

* dhis_orgunit (string) — UID for the DHIS2 Organization Unit
where the event (death) should be registered.

* event_date (datetime.date) — Date of death with YYYY-MM-
DD format

* sex(string or integer)- Sex of the deceased (used as a DHIS2
data element). Possible values must fit to an option in the VA Program’s
“Sex” optionSet: female, male, missing, unknown). If SmartVA is used
to assign cause of death, then sex is an integer with 1 = male and 2 =
female).

e dob (datetime.date) — Date of birth of the deceased with YYY Y-
MM-DD format (used as a DHIS2 data element)

* age (integer)— Age (in years) at time of death

* cod_code (string)— Coded cause of death (must fit to an option in
the VA Program’s “CoD codes” optionSet.

* algorithm_metadata (string)— Code for how the CoD was ob-
tained (must fit in VA Program’s “Algorithm Metadata” optionSet.

* odk_id (string) - UID for the VA record assigned by the ODK Ag-
gregate server
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» file id (string) — UID for the blob file (containing the VA data
and results) posted to (and assigned by) DHIS2 server.

format_to_dhis2 (dhisUser)
Format object to DHIS2 compatible event for DHIS2 API

Parameters dhisUser — DHIS2 username for account posting the event
Returns DHIS?2 event
Return type dict

openva_pipeline.dhis.create_db (fName, evalist)
Create a SQLite database with VA data + COD

Parameters evaList (1ist)— Event-Value-Attribute data structure with ver-
bal autopsy data, cause of death result, and VA metadata.

Return type None

openva_pipeline.dhis.getCODCode (myDict, searchFor)
Return COD label expected by (DHIS2) VA Program.

Parameters searchFor (string) — Cause of Death label returned by
openVA.

Return type str

openva_pipeline.dhis.findKeyValue (key, d)
Return a key’s value in a nested dictionary.

7.7 Exceptions

exception openva_pipeline.exceptions.PipelineError
Base class for exceptions in the openva_pipeline module.

exception openva_pipeline.exceptions.DatabaseConnectionError
An error occurred connecting to the Transfer database.

exception openva_pipeline.exceptions.PipelineConfigurationError
An error occurred accessing the Pipeline_Conf table in the DB.

exception openva_pipeline.exceptions.ODKConfigurationError
An error occurred accessing the ODK_Conf table in the DB.

exception openva_pipeline.exceptions.OpenVAConfigurationError
An error occurred accessing the OpenVA_Conf table in the DB.

exception openva_pipeline.exceptions.DHISConfigurationError
An error occurred accessing the DHIS_Conf table in the DB.
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exception openva_pipeline.exceptions.ODKError
An error occurred with the odk module.

exception openva_pipeline.exceptions.OpenVAError
An error occurred with the openVA module.

exception openva_pipeline.exceptions.SmartVAError
An error occurred with the openVA module.

exception openva_pipeline.exceptions.DHISError
An error occurred with the dhis module.
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