
1© Copyright Dr. Regenold GmbH 1© Copyright Dr. Regenold GmbH

Enhanced Covid-19 (SARS-COV-2) detection
An Artificial Intelligence Approach

Dr. Regenold GmbH
Soundarya Palanisamy and Muhammad Hamiz Ahmed

1© Copyright Dr. Regenold GmbH



2© Copyright Dr. Regenold GmbH

About Us

• Founded in 1994 by Dr. Jürgen Regenold

• Initial focus on clients wishing to access the German market

• Increased international scope of projects

• Extended regulatory advice to drug development projects

• Expanded geographically and established the international network, regulanet® in 2001, which today 
covers more than 90 countries with over 180 experts

• Started developing our presence in data science and analytics in 2015

• Currently establishing a validated AI platform (according to GAMP), for the development of solutions in the 
GxP and Medical Device area

• Today the Regenold Group has ~100 employees
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Background

• Covid-19 (SARS-COV-2) has spread rapidly across the world and is now declared a global pandemic by WHO

• An early and accurate diagnosis of Covid-19 (SARS-COV-2) infection in symptomatic patients is critical from 
both, a public health and an individual care perspective.

• Apart from PCR-Ag and Antibody Testing, which are used to detect Covid-19, different imaging techniques 
such as CT-Scans and X-Rays are utilized for the diagnosis of Covid-19 associated Chest Infections. 
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Background

Chest CT images would allow a better differentiation of 
COVID-19 infection from other causes with an aim to classify 
potential COVID-19 cases.

Problems with CT Scans as the diagnostic tool for Covid-19 
Infections:

1. CT Scans are very expensive

2. The CT Scan facility is not available in every hospital.
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What did we do?

• Although X-ray imaging technique has its limitations, Chest X-
ray summation images (“X-ray”) are still the standard for the 
diagnostic procedure in symptomatic patients at admission 
and during follow-up. 

• At Dr. Regenold GmbH, we developed an AI model that can 
use chest X-RAY images of the infected patients to 
differentiate a Covid-19 (SARS-COV-2) infection from other 
viral and bacterial infections. 

• The AI model can improve the quality and speed of the 
identification of Covid-19 (SARS-COV-2) specific lesions on 
chest X-ray images of unselected populations (e.g. at triage 
stations in large hospitals).
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Dataset

Data source 1 - Overview

Normal Lungs, Bacterial Pneumonia Lungs and 
Viral Pneumonia Lungs Dataset

Source https://www.kaggle.com/paulti
mothymooney/chest-xray-
pneumonia

Total Number of X-Ray Images 5863

Healthy Lungs X-Ray Images 1585

Bacterial Pneumonia X-Ray 
Images

2772

Viral Pneumonia X-Ray Images 1493

Data source 2 - Overview

Covid-19 Infected Lungs X-Ray Image Dataset 
Overview

Source https://github.com/ieee8023/cov
id-chestxray-dataset

Total Number of Patients 135

Mean Age 54 years

Range of Age 12-87 years

Number of Male Patients 41

Number of Female Patients 33

Number of COVID-19 patients 103

Number of COVID-19 X-Ray
Images

188

Number of other infections 
(Chlamydophila, Pneumocystis, 
Streptococcus, Legionella, E.Coli, 
SARS, MERS) X-Ray Images

59

https://www.kaggle.com/paultimothymooney/chest-xray-pneumonia
https://github.com/ieee8023/covid-chestxray-dataset
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Dataset

Combined Dataset

Images are collected from the two sources and combined such that all the classes have roughly same 
number of samples to avoid the class imbalance problem

Source https://www.kaggle.com/paultimothymooney/chest-

xray-pneumonia +
https://github.com/ieee8023/covid-chestxray-
dataset

Total Number of X-Ray Images 827

Healthy Lungs X-Ray Images 125

Bacterial Pneumonia X-Ray Images 155

Viral Pneumonia X-Ray Images 420

COVID-19 X-Ray Images 126

https://www.kaggle.com/paultimothymooney/chest-xray-pneumonia
https://github.com/ieee8023/covid-chestxray-dataset
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Architecture

• VGG-16 Architecture is used which consist of 16 Layers (comprised of Convolution and Pooling)

• The network is pre-trained on ImageNet dataset.

• ImageNet dataset consist of images collected from the web and labeled by human labelers.

• The dataset consist of 1000 images in each of 1000 categories resulting in around 1.2 million training 
images
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Approach

The experiments on the dataset are performed in the following series:

• Series 1 - The analysis on X-ray images included images with three different classes:
• Bacterial Pneumonia 
• Covid-19 Pneumonia
• Healthy subjects

• Series 2 – The images from patients with viral pneumonia were included in the dataset of 
Series 1.

• Series 3 – The images from Viral and Bacterial Pneumonia into a single pneumonia class to 
improve the overall potential misclassifications.
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Series 1

18© Copyright Dr. Regenold GmbH



19© Copyright Dr. Regenold GmbH

Series 1 - Overview

In the first stage, the analysis on X-Ray images is performed keeping in mind three classes to be classified
1. Healthy Lungs
2. Bacterial Pneumonia Lungs
3. Covid-19 Lungs

Viral Pneumonia X-Rays were intentionally excluded because Covid-19 is a virus itself

Healthy Lungs Covid-19 Infected LungsBacterial Pneumonia Lungs
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Series 1 – Data Distribution

Sample Distribution based on 80-20 split.

Training X-Ray 
Images

Proportion 
Training (Bacterial, 
Covid-19, Healthy)

Testing X-Ray Images Proportion Testing 
(Bacterial, Covid-19,
Healthy)

292 (112, 89, 91) 114 (43, 37, 34)
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Classes Precision Recall F1-Score Support

Bacterial 
Pneumonia Lungs

0.84 0.84 0.84 43

Covid-19 Infected 
Lungs

0.91 0.81 0.86 37

Normal Lungs 0.89 1.00 0.94 34

Overall Test Accuracy: 88%

Series 1 - Results
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Series 2
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In the second stage of experiments, Viral Pneumonia X-Ray Images are added to the existing set of classes
1. Healthy Lungs
2. Bacterial Pneumonia Lungs
3. Covid-19 Lungs
4. Viral Pneumonia Lungs

Healthy Lungs Bacterial Pneumonia Lungs Covid-19 Infected Lungs Viral Pneumonia Infected Lungs

Series 2 - Overview
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Series 2 – Data Distribution 

Sample Distribution based on 80-20 split.

Training X-Ray Images Proportion Training 
(Bacterial, Covid-19,
Normal, Viral)

Testing X-Ray Images Proportion Testing (Bacterial, 
Covid-19, Normal, Viral)

622 (112, 89, 91, 330) 204 (43, 37, 34, 90)
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Classes Precision Recall F1-Score Support

Bacterial 
Pneumonia Lungs

0.62 0.60 0.61 43

Covid-19 Infected 
Lungs

0.85 0.78 0.82 37

Normal Lungs 0.94 0.88 0.91 34

Viral Pneumonia 
Lungs

0.80 0.86 0.83 90

Overall Test Accuracy: 79%

Series 2 - Results
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Series 3
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Series 3 - Overview

• Results in the previous experiment specify that the classifier often gets confused between Viral and 
bacterial pneumonia

• However, the classifier classifies Covid-19 infections with other infections correctly most of the time.

• In order to overcome this issue, we combined Bacterial Pneumonia and Viral Pneumonia X-Ray images in a 
single class and named it Pneumonia. The classes now become as follows:
• Pneumonia Lungs (Bacterial + Viral Pneumonia X-Ray Images)
• Covid-19 Lungs
• Healthy Lungs
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Series 3 – Data Distribution

Sample Distribution based on 80-20 split.

Training X-Ray 
Images

Proportion 
Training 
(Pneumonia, 
Covid-19, Normal)

Testing X-Ray Images Proportion Testing 
(Pneumonia, Covid-19,
Normal)

622 (442, 89, 91) 204 (133, 37, 34)
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Classes Precision Recall F1-Score Support

Covid-19 Infected 
Lungs

0.85 0.78 0.82 37

Normal Lungs 0.93 0.82 0.87 34

Pneumonia Lungs 0.91 0.96 0.94 133

Overall Test Accuracy: 91%

Series 3 - Results
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Series 1 vs Series 2 vs Series 3

Series 1
F1- Score of Covid: 0.86

Stage 2

Comparison

Series 2
F1-Score of Covid: 0.82

Series 3
F1-Score of Covid: 0.82
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Conclusion

• A pattern of improved discrimination between Covid-19 from Healthy lung was observed in all series.

• Although a reasonable discriminative pattern of Covid-19 from Viral Pneumonia lungs was observed, the 
Machine Learning Classifier found some overlapping patterns between Covid-19 and Bacterial Pneumonia 
and hence wrongly predicted some Covid-19 infections as Bacterial.

• In order to prove the above mentioned findings, the ML Model needs to be trained with large numbers of 
pictures from many different categories of Chest X-Rays.

• Apart from it, clinical studies also need to be performed to verify if there are overlapping patterns between 
all these types of infections and whether any distinguishing pattern can be observed.

Possible applications 

• Triage screening in emergency medical settings
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detect trends
have competitive

advantages

discover new
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A roadmap to the authentic voice of the patient
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Covid-19 Diagnostic Tools
Analysis on Social Media Data
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Questions & Answers
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Dr. Regenold GmbH · Zöllinplatz 4 · D-79410 Badenweiler · Phone: +49 7632 82 26-0 · info@regenold.com

Thank you.
www.regenold.com

mailto:info@regenold.com
http://www.regenold.com/

