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Abstract: In many areas of healthcare, digitization has
progressed only slowly so far. The SARS-CoV-2 pandemic in
particular has shown how valuable software solutions that
are deployable at short notice, can be. In this review we
present some selected possibilities of the easy-to-learn
programming language R and demonstrate potential
applications of the package Shiny in the fields of statistical
analysis and laboratory medicine. In addition to a brief
tabular overview of published applications, we present
two examples of their use in routine laboratory work-
flows. The first example demonstrates how a Shiny app
can be used to estimate the minimal difference (MD) of
laboratory analytes, while the second example illustrates
how pre- and post-analytical processing steps can be
integrated into a fully automated workflow using R and
the Shiny package.
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Introduction

Few topics are as important in the healthcare sector as
digitization. The SARS-CoV-2 pandemic, in particular,
highlighted the fact that many structures in the German
healthcare system have not yet been digitized, and were
unable to quickly transition from analog to digital solu-
tions. Especially when solutions need to be implemented
quickly, open-source software or open-source program-
ming languages such as R or Python can help to map new
workflows quickly and provide helpful tools in the short

term until professional solutions have been developed. In
this article, we introduce the programming language R,
which is easy to learn, and the R package Shiny, which can
be used to create user-friendly applications, commonly
referred to as ‘Shiny apps’. We provide an overview of
existing Shiny applications used in laboratory medicine.
Additionally, we will present a Shiny App for calculating
the Minimal Difference (MD) of laboratory analytes and
illustrate the use of R in a routine laboratory workflow as
simple examples of our own work.

What is R and Shiny?

R is an open-source programming language widely used
for statistical computations. It is an interpreter-based
language which supports procedural as well as object-
oriented programming (https://www.r-project.org/). Addi-
tionally, there is a large community providing over 10,000
libraries (so-called packages), offering specific functional-
ities and interfaces for every conceivable programming
task with a particular emphasis on statistical analysis and
modeling. One of these packages is Shiny (https://shiny.
rstudio.com/). It enables even novice programmers to
create interactive web applications with minimal coding
effort.

How to develop Shiny apps?

Shiny apps consist of a user interface definition and an
underlying server logic. Both are well-documented and easy
to learn. Once the app has been coded, there are various
options of deployment. The simplest option is running the
app locally. One can launch the app with a single click using
an R script. More sophisticated approaches are running the
app on a server environment (e.g., shinyapps.io), which
makes the application available where ever it is needed. In
a restricted environment the app can be hosted locally,
which makes it easily accessible, while keeping the data
safe.
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How to get started?

R and its integrated user environment RStudio can be
downloaded as open-source software for free from the
internet and installed on a computer with just a few clicks.
The Shiny package can also be installed easily either via the
RStudio user interface or by using the command ‘install.-
packages (‘Shiny’)’. This provides the prerequisites for
running Shiny apps locally. Figure 1 shows a Shiny app,
which only needs a few lines of code to create an interactive
application. The underlying code and a guide how to run it
locally with just a few clicks is shown in the Appendix and
in Supplementary Figure A. Furthermore, both R and Shiny
have a beginner-friendly syntax that does not require
complex definitions or rigid indentation. For those new to
R, we highly recommend the tutorial by A. Kassambara
(http://www.sthda.com/english/wiki/r-basics-quick-and-easy),

which presents not only the basics, but also simple solutions
for statistical problems and data visualization in an accessible
manner. The official and interactive tutorial for Shiny is also
an excellent starting point (https://shiny.rstudio.com/tutorial/).
Lastly, the official R manuals page (https://cran.r-project.org/
manuals.html) presents the basics of R clearly.

Overview of published R-packages
or Shiny apps for laboratory
medicine

With respect to laboratory medicine, a small but significant
number of Shiny apps have been published. Table 1 gives a
brief overview. Functionalities range from simple method
comparison tools to AI-based expert level interpretation.

Table : Overview of published Shiny apps for laboratory medicine.

Author Name Content

Chabrun [] SPECTR AI-based expert level interpretation of serum electrophoresis
Bahar [] Method comparison Easy-to-use and interactive website for evaluating the relative performance of two analytical methods using

different regressions models. Generates downloadable reports in PDF or HTML format
Song [] ceRNAshiny Interactive and easy-to-use computationalmethods and databases to provide and visualize the construction and

analysis of the competing endogenous RNA (ceRNA) network, including differential gene analysis and functional
annotation

Beuchel [] Metabolite-
investigator

Scalable analysis workflow for quantitative metabolomics data from multiple studies, including all aspects of
data pre-processing and multiple analysis methods including uni- and multivariable factor-metabolite associ-
ations, network analysis and factor prioritization in one or more cohorts

Sharma [] ShinyArchR.UiO Single-cell Assay for Transposase-Accessible Chromatin sequencing (scATAC-seq) data accessibility and visual-
ization in a user-friendly, interactive and open-source web interface

Zhang [] DiffNetFDR R package and easy to use app for identification biological network rewiring under different conditions using
two methods developed for testing the difference in different Gaussian graphical models

Nieuwenhuijse
[]

viromeBrowser Comparison and extraction of annotation data and sequences from virome sequencing analysis results using an
interactive app without necessary data science background

Klawitter [] Zlog_AdRI Easy-to-use Zlog-based plausibility check of reference intervals with focus on their age dependence

Figure 1: Example of a simple Shiny app.
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Application example 1: Shiny app
minimal difference

The Minimal Difference (MD) is a useful statistical indicator
to specify the permissible measurement uncertainty of a
measurand at a boundary (upper or lower reference limit,
clinical decision limit, upper or lower therapeutic limit) in
absolute terms. Thus, measured values in the range of the
limit can be interpreted with respect to the measurement
uncertainty as “lying within the range of the measurement
uncertainty” or “actually increased or decreased”. In this
way, the MD can also be an interpretation aid for clinical
colleagues in the case of borderline results. Regarding the
calculation of the MD, we refer to the relevant work of
Keutmann et al. [9]. The guideline of the German Diabetes
Society (DDG) on the definition, classification and diagnosis
of diabetes mellitus also refers to the MD and points out that
theMD can be obtained from the respective laboratory of the
sending physician [10]. Since we are not aware of any com-
mercial or publicly available solution for calculating theMD,
we present here a Shiny app for this purpose. Using the
quality control data collected daily in laboratory routine
(mean and coefficient of variation), theMD can be calculated
at the mean values of the quality controls. By means of a
linear regression, a straight line can be derived forwhich the
corresponding y (MD at the limit value) can be read off for
each x (limit value) (Figure 2). The results of the MD

calculation can be downloaded at the end of each run as a
PDF report. In the spirit of open-source collaboration,
readers are encouraged to review the code and provide
feedback regarding the usability of the app. The app is
hosted on shinyapps.io and is free to use (https://adlermds.
shinyapps.io/AdlerMDS_MinimalDifference/). The app’s
code has been published on GitHub (https://github.com/
Bussard91/2021_AdlerMDS_MinimalDifference).

Application example 2:
PCR-automation

In the beginning of the SARS-CoV-2 pandemic, there were
numerous analytical and organizational bottlenecks in PCR
testing. Driven by the emergence of SARS-CoV-2, our labo-
ratory was forced to rapidly develop an in-house solution
that meets the requirements of cost effectiveness, scal-
ability and flexibility with respect to future challenges.
From the sparse literature sources, we selected a classical
RNA-extraction with separate real-time PCR-detection
workflow. However, the initial workflow included multi-
ple tedious and error prone steps of manual work, like
labeling of secondary tubes, sample transfer and manual
result entry into the LIS. Due to the high demand for PCR
testing, rapid automation was necessary. As a solution, we

Figure 2: Estimation of minimal difference (MD) at a given cut-off for plasma glucose using a Shiny web app, blue dots indicating the MDs of the quality
controls, the black line shows the linear regression model, the red dot indicates the MD at the given cut-off.
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implemented automation of sample transfer using a
Pipetting Robot. To further streamline the workflow and
achieve digital and paperless integration of sample
handling and LIS results transmission, we developed a
Shiny app that generates an RT-qPCR cycler compliant work
list based on scanned barcode labels, and an R script that
processes the PCR results into an LIS-compliant format.
Additionally, processing of pooled samples is possible. The
R code used for automation is published on GitHub (https://
github.com/gebauerj/pcr_automation/).

Use in laboratory medicine and
legal implications

Most published Shiny apps so far focus either on data
analysis for scientific information gain such as ceRNA-
shiny [3] and Metabolite-Investigator [4] or in-house vali-
dation, such as method comparison [2] and Zlog_AdRI [8].
Their user-friendly interfaces invite even inexperienced
users to experiment with their own data. However, the
rigidly specified data input format can pose difficulties,
depending on the origin of the primary data. Common
sources of errors include country-specific character
encoding (UTF-8 vs. ISO 8859-1) or the different use of
separators, especially by using the decimal point or deci-
mal comma. Reformatting is relatively easy in most cases,
e.g., with a suitable text editor. In addition, the mostly
open-source published source codes also offer the possi-
bility to perform analyses and generate reports automat-
ically or even display them live in the form of a dashboard.
However, this requires a deeper understanding of the
programming language, in this case R.

A special case is the SPECTR tool [1], which might be
used for in vitro diagnostics from its basic function. How-
ever, the authors explicitly prohibited this use. While sci-
entific use and internal laboratory validation are not
affected by the In VitroDiagnostics Regulation (IVDR) in our
opinion, the IVDR represents a major obstacle for use
beyond this. Initially, it would be conceivable to support the
use of new tools as supplementary information for (bio)
medical validation by laboratory professionals. Beyond
that, we consider an IVDR-compliant application of such
tools to be technically feasible. However, such validation
requires a significant amount of effort.

Whether an application such as the one shown in example
2 falls under the IVDRcanbeamatter of controversial debate. A

strict interpretation would argue that this software only
modifies data formatting, without performing any evaluation
or providing new information. In this case, it would not fall
under the IVDR [11]. However, there can be different opin-
ions on this matter. In our situation, manual data entry
would have been the only feasible alternative. Therefore, the
laboratory is ultimately responsible for ensuring the accu-
racy of the results.

Conclusions

There is a tremendous wealth of functionality in statistics
software and in R in particular, but it is only through tools
like Shiny that they become accessible to a wide range of
users as intuitive software solutions. In laboratorymedicine,
the programming of such apps is still in its infancy, and we
believe that there is a significant opportunity to advance this
technology in order to promote statistical and digital literacy
in the field.
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Appendix

Learning Shiny is very simple. For a demo application you
need only three steps (Figure A):
(1) Open RStudio and create a new file as “Shiny Web App”

(above).
(2) Give your application a name (e.g., Demo1) and click on

“Create” (middle).
(3) Click “RunApp” to see a prebuilt sample appwith a slider

and histogram.

To generate the app shown in Figure 1 with a histogram for
normally distributed random values of sodium, replace the
prebuilt sample text by the following code:
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In this code, ui stands for the user interface, which contains a
sidebar panel with five input fields (two for text and three
for numbers) and a main panel with the histogram plot. The
server function uses this input to create a rendered plot as
output, and the last line of code runs the shiny app as a web
application, using ui as input and server as output.
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library(shiny) 

ui <- fluidPage( 

   sidebarPanel( 

    textInput(“a”, “analyte”, “sodium”), 

    textInput(“u”, “unit”, “mmol/L”), 

    numericInput(“n”, “number of values”, 250), 

    numericInput(“m”, “mean”, 140), 

    numericInput(“s”, “standard deviation”, 2.5) 

  ), 

  mainPanel( 

    plotOutput(“plot”) 

  ) 

) 

server <- function(input, output){ 

  output$plot <- renderPlot({ 

    hist(rnorm(n = input$n,  mean = input$m, sd = input$s), 

         main = input$a, xlab = input$u, ylab = “n”)}) 

} 

shinyApp(ui, server) 
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