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ABSTRACT
Objectives: Reverse transcription and real-time polymerase chain reaction (RT-qPCR) based on the SARS-
CoV-2 viral RNA demonstration is the gold standard in diagnosis. Data files obtained from PCR devices should
be analysed by a specialist physician and results should be transferred to Laboratory Information Management
System (LIMS). CAtenA Smart PCR (Ventura, Ankara, Türkiye) program is a local bioinformatics software
that assess PCR data files with artificial intelligence, submits to expert approval and transfers the approved
results to LIMS. The aim of this study is to investigate its accuracy and matching success rate with expert
analysis. 
Methods:A total of 9400 RT-qPCR test results studied in Ankara Provincial Health Directorate Public Health
Molecular Diagnosis Laboratory were compared with respect to expert evaluation and CAtenA results.
Results: It was determined that the preliminary evaluation results of the CAtenA matched 86% of the negative
and 90% of the positive results provided by expert analysis. 987 tests which CAtenA determined as inconclusive
and suggested repeating PCR were found either negative or positive by expert analysis. A significant difference
between positive and negative matching success rates and artificial intelligence (AI) based software overall
accuracy was found and associated with the missed tests of the AI.
Conclusions:As a result, it was suggested there is a low risk of confirming false positive results without expert
analysis and test repetitions would cause losing time along with extra test costs. It was agreed that the PCR
analysis used in CAtenA should be improved particularly in terms of test repetitions. 
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Coronavirus disease-2019 (COVID-19), emerged
in Wuhan, China in late 2019 and became a pan-

demic, is an infectious disease caused by SARS-CoV2
(Severe Acute Respiratory Syndrome Coronavirus-2)
that affects the respiratory tract [1]. World Health Or-
ganization (WHO) declared COVID-19 pandemic on
March 11, 2020 [2]. The effectiveness of variant
viruses is considered as one of the reasons for increas-
ing SARS-CoV-2 infection which is spreading steadily

as is the case worldwide. Five variants in the SARS-
CoV-2 have been identified as Variant of Concern
(VOC) category so far including the WHO's last
weekly status report published on 06 April 2022 [3]. 
These variants are termed as Alpha (B.1.1.7), Beta
(B.1.351), Gamma (P.1), Delta (B.1.617.2) and Omi-
cron (B.1.1.529) [3]. WHO reported that the standard
diagnosis of SARS-Cov-2 will be made by nucleic
acid amplification method [4]. The most widely used
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among these methods is the SARS-CoV-2 real time
polymerase chain reaction test [5]. In our country,
SARSars-CoV-2 VOCs are studied by microbiology
laboratories determined by the TR Ministry of Health
[6] with one-step reverse transcription and real-time
polymerase chain reaction (RT-qPCR) tests based on
the detection of mutated regions in viral RNA vNAT
(viral nucleic acid extraction buffer) transfer tubes,
also provided by the Turkish Ministry of Health, are
used for the transport and storage of nasopharyngeal
swab samples for this purpose [7]. PCR data files
should be analysed by the expert in the laboratory and
the results should be transferred to the web-based Lab-
oratory Information Management System after SARS-
CoV-2 RT-qPCR test. Testing services are carried out
24/7 and an intense workflow continues in the
COVID-19 PCR diagnostic laboratories which are
opened with the pandemic. The rapid completion of
these tests and their error-free transfer to the system
are very important steps for the diagnosis, treatment,
and follow-up of COVID-19 [8]. Programs with arti-
ficial intelligence such as machine learning and deep
learning contribute to the development of the health
system by enabling the analysis of complex and large
data sets processed in clinical laboratories [9, 10]. Ar-
tificial intelligence (AI) has started to take its place in
image analysis and various data sources and applica-
tions in Microbiology laboratories recently [11, 12].
Matrix-assisted laser desorption-ionization/time of
flight mass spectrometry and processing of all gene
analysis data with artificial intelligence has opened a
new era in microbiology field [13]. 
      CAtenA Smart PCR (Ventura, Ankara, Turkey) is
a web-based bioinformatics software that evaluates
PCR data files with artificial intelligence, submits
them to expert approval and can transfer the approved
results to the Laboratory Information Management
System [14]. CatenA aims to assist the specialist
physician in the rapid conclusion of the tests. The aim
of this study is to investigate compatibility of the pre-
liminary evaluation results carried out by the CatenA
Smart PCR program with specialist physician analysis
result. 

METHODS

A hundred PCR studies, each containing 94 patient

samples and two internal quality control samples, were
performed at Ankara Provincial Health Directorate
Public Health Molecular Diagnosis Laboratory be-
tween April 15, 2021, and November 15, 2021 and up-
loaded to the online CatenA (Ventura, Ankara, Turkey)
artificial intelligence system. A medical virologist an-
alyzed PCR data through the program. The prelimi-
nary evaluation results of the program and the expert
results were recorded in electronic environment. Neg-
ative and positive controls which are internal quality
control were excluded from the assessment. Thus,
9400 PCR test results were included in the study. 
      Ethical approval was obtained from Yıldırım
Beyazit University Yenimahalle Training and Re-
search Hospital Scientific Research Ethics Committee
(Decision No: E-2022-22) to conduct this study. Sam-
ples were obtained after written informed consent had
been obtained, and all procedures were performed in
this study involving human participants were in accor-
dance with the Declaration of Helsinki (as revised in
2013). 

Statistical Analysis
Analysis of PCR Tests
      The statistical evaluation and accuracy calculation
were performed by utilizing classification matrix also
known as confusion matrix. The assessments and their
justification are detailed in the following section under
results. 

RESULTS

It was determined that the preliminary evaluation re-
sults of the CatenA Smart PCR program matched 94%
of the negative and 92.5% of the positive results pro-
vided by expert analysis. 91.2% of the 987 test results
for which CatenA suggested repeating PCR were
found to be negative by expert analysis while 8.8% of
them were positive. It has been determined that the
samples for which CatenA recommends retesting have
0% match with the expert analysis. 
      The matching rates of CAtenA with expert analy-
sis results with respect to negative and positive clas-
sification were almost 86% and 90% respectively
(Table 1). Precise false positives (73 patients for whom
unnecessary quarantine and treatment will be applied)
and false negatives (166 patients who requires quar-
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antine and treatment are to be discharged and cause
further spreading the infection), obtained by direct
comparison with expert analysis result lists, were con-
sidered to achieve a more refined analysis. These sta-
tistics do not contribute to the total number of patients
in classification matrix (Table 2) which is provided as
n=8413 since CatenA missed 987 patients and de-
clared inconclusive which in return to be interpreted
as a retest. They were inherently included in the cal-
culation.  The overall accuracy of CatenA is almost 97
% based on the classification matrix. 
      There is a substantial difference between positive
and negative matching success rates and overall accu-
racy. Test repetition, also termed as fail rate in this
study, is believed to be the main reason for this differ-
ence. AI based software seems to have a high accuracy
when fail rate after initial run have been omitted but
retesting requires re-sampling of patients in doubt and
re-testing by AI and/or expert which will cause further
use of PCR test kit, lab material and lab expert work-
hours.  The outcome of the retest will affect the accu-
racy of as there is a possibility of more false positives
and negatives. Even though accuracy of Catena AI
based software have been declared as 97.96% accord-
ing to the results of the preliminary study carried out
by the manufacturer [14] and similarly calculated in
this study, this accuracy rate is believed to be synthetic

and do not reflect real life usage without considering
repeated test results.

DISCUSSION

When the test results were grouped as negative, posi-
tive and retest, 86% matching was observed between
the negative results, 90% between the positive results,
and 0% matching was found between the analyszes
since all the PCR tests that the artificial intelligence
recommended to repeat were concluded as negative or
positive by the expert. CAtenA Smart PCR software
has been put into use by evaluating more than 4 mil-
lion PCR test results studied in various COVID-19 di-
agnostic laboratories located in Turkey, Italy and
Uzbekistan for trial purposes [14]. It was reported that
the results of the preliminary evaluation of CAtenA
were matching expert analysis at a rate of 97.96% ac-
cording to the results of the preliminary study carried
out by the manufacturer [14]. 
      Even though the overall accuracy (compliance
rate) we obtained was found to be similar the compli-
ance rate reported by the company based on the com-
parison results in this study, it is required to inspect
the fail rate and include the results of test repetitions.
Overall accuracy is believed to decrease after an ad-
ditional run for missed patients since the expert clas-
sified them as positive and negative. A proper
comparison of AI based software and expert results
stipulates covering the full set of patients. 
      The increased workload due to the pandemic may
cause disruptions in the rapid evaluation and transfer
of test results to the system in COVID-19 PCR labo-
ratories. CAtenA Smart PCR software which is devel-
oped for this reason can help the user with fast and
accurate results. It is a great advantage that the tests
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performed by a specialist physician can be analysed
with artificial intelligence which can offer recommen-
dations according to the preferences of the specialist
physician. On the other hand, it seems that CAtenA
needs improvement on the retest recommendation
considering the findings of comparison we made ap-
proximately one year after the launch of the program.
In addition, the software may suggest false positive re-
sults according to our findings, albeit at a low rate. 
False positive results cause negative effects such as
unnecessary treatment, quarantine and contact tracing,
thus unnecessary economic costs and loss of work-
force. Therefore, it was emphasized that artificial in-
telligence should also be enhanced in terms of positive
result suggestions. The worst-case scenario when clas-
sifying PCR tests is false negative results. False-neg-
ative results can cause important problems such as the
patient receiving inappropriate treatment and the con-
tinuation of the contagiousness of asymptomatic pos-
itive individuals in the community. 
      The absence of false negative results among the
test recommendations provided by CAtenA Smart
PCR program in our study increases the reliability of
the software. It has been shown that the COVID-19
PCR test results must be checked by a specialist physi-
cian before they can be approved by utilizing the
bioinformatics program when all of our findings are
evaluated. Another advantage of the CAtenA Smart
PCR software is the ability of transferring test results
LIMS without error and therefore post-analytical er-
rors in this regard can be avoided. Manually uploading
test results to LIMS can be performed with patient-
based or batch approval options. Health centers with
a high-test load prefer to use the collective approval
option. It is necessary to apply extreme caution and to
control the accuracy of the data at every stage to avoid
any mistakes in manual data entry. CAtenA Smart
PCR program allows patient results to be transferred
directly to LIMS without the need for any manual
entry with the barcoding method included in the work-
lists. 
      Although PCR data analysis is performed with
certain rules, the results are closely related to the test
kit, consumables, device experience and working
quality of the microbiologist [15]. Many experts using
the CAtenA smart PCR program may evaluate the
same study differently for this reason. For example, a
sample thought to be low positive may have been run

again. Comparing more analysis of PCR data by more
experts will yield more precise results.

CONCLUSION

It was determined that CAtenA smart PCR, an artifi-
cial intelligence-based bioinformatics data analysis
program software, was 86% successful in predicting
negative results. All the samples for which CAtenA
recommends a PCR retest were evaluated as negative
or positive by the expert. It is thought that there is a
risk of confirming false results in test approvals with-
out expert analysis, and test repetitions will cause ad-
ditional costs and loss of time considering the findings
we have obtained. It has been suggested that the PCR
analysis used in CAtenA, particularly in terms of false
positive results and test repetitions, should be im-
proved. In lights of these observations, it is suggested
that an AI based software can be considered an asset
and facilitation tool in a pandemic environment which
requires rapid evaluation and firm decision making to
guide quarantine processes, treatment protocols and
patient follow-up. Human expert supervision would
not be optional and highly recommend if/when AI
based software is deployed. 
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