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Introduction. Coronavirus, also known as COVID-19, was first detected in Wuhan, China, in December 2019. It is a
family of viruses ranging from the common cold to severe acute respiratory syndrome (SARS). The symptoms of such a
virus are similar to those of a cold or seasonal allergies. Like other respiratory viruses, it is mainly transmitted through
airborne droplets when coughing or sneezing. Therefore, the recognition of COVID-19 requires careful laboratory
analysis, and the reduction of recognition resources is a major challenge. On 11 March, 2020, the World Health
Organization (WHO) declared COVID-19, caused by SARS-CoV-2, a pandemic, as there had been an exponential
increase in cases worldwide, and demand for intensive beds and related structures had far exceeded existing capacity.
The first examples of this are the regions of Italy. Brazil registered the first case of SARS-CoV-2 on 02/26/2020.
Transmission of the virus in this country shifted very quickly from imported cases to local and, finally, community
missions, with the Brazilian federal government announcing national community transmission on 03/20/2020. As of
March 23, in the state of Sao Paulo with a population of about 12 million people, where the Israelita Albert Einstein
Hospital is located, 477 cases of the disease and 30 related deaths were registered, and on March 27, there were already
1223 cases of COVID-19 with 68 concomitant deaths. To slow the spread of the virus in the state of Sdo Paulo,
quarantines and social distancing measures were introduced. One of the motivations for this challenge is the fact that, in
the context of an extensive healthcare system with the possible limitation of SARS-CoV-2 testing, it is not practical to
test every case, and test results can only be used in testing the target subpopulation. The study objective is to build a
model based on machine learning that can predict the detection of SARS-CoV-2 from medical data. For this, various
classification models of machine learning are compared, and the best one to predict coronaviruses is determined. The
comparison is based on individuals in class 1, i.e., those with a positive test. Therefore, it is required to determine the
machine learning model with the best response and F1 score for class 1.

Materials and Methods. An open-source data set from the Israelita Albert Einstein Hospital in Sao Paulo, Brazil, was
taken as a basis. The following machine learning models were used for the study: RandomForests (RF), K-Nearest
Neighbor (KNN), Support Vector Machine (SVM), Logistic Regression (LR), Decision Tree (DT) and AdaBoost (AB),
as well as the 10-time cross-validation technique. Some machine learning performance measures, such as accuracy,
recall, and F1 score were evaluated.

Results. Out of a total of 5,644 people tested during the COVID-19 pandemic, 5,086 people tested negative and 558
people tested positive. At the same time, support for machine vectors showed the best results in detecting coronavirus
with a recall of 75 % and an F1 score of 60 % compared to models: Random drill, KNN, LR, AB, and DT.

Discussion and Conclusions. 1t was found that when using AB algorithms, greater accuracy is achieved, but the
stability of the LSVM algorithm is higher. Therefore, it can be recommended as a useful tool for detecting COVID-19.
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Beeoenue. Koponasupyc, taxxe n3pectHslii kak COVID-19, BriepBeie o6HapyxeH B Yxane (Kurait) B nexadbpe 2019 r.
OH npezcraBisieT co00i ceMecTBO BUPYCOB, HAYMHAS OT MPOCTY 1Bl U 3aKAHIHUBAS TSXKEJIBIM OCTPBIM PECTIPATOPHBIM
cuagpomoM (TOPC). CuMHITOMBI TaKOro BHpYyCa CXOKH C CUMIITOMaMHM MPOCTY/IbI MIIM CE30HHBIX 3a0oseBanuid. Kak u
Jpyrue pecnupaTopHble BUPYCHl, OH B OCHOBHOM INEpelacTcs BO3AYIIHO-KaleIbHbIM MYTEM BO BpeMs Kallls WiIn
yuxanust. [Tostomy pacrnosnaBanne COVID-19 TpeOyer TmIaTenbHOro j1abOpaTOPHOTO aHalIHM3a, a COKpAleHHUE
pecypcoB pacrio3HaBaHMsl SIBJISIETCS CEphe3HOI Hay4yHOW 3ajadell. BcemupHast opranuzauus 3apaBooxpanenus (BO3)
11.03.2020 oobsBuna COVID-19, BbizBanublii SARS-CoV-2, mannemmueil, NOCKOJIbKY BO BCEM MHpE IPOHM3O0LLIEI
9KCTIOHEHIIMAIBHBII POCT YHCIa CllydaeB 3a00JICBaHUI, a CMPOC HAa WHTEHCHBHBIC KOMKHM M COOTBETCTBYIOIINE
CTPYKTYPbl HAMHOT'O MPEBBICHI CYLIECTBYIOMINE BO3MOXHOCTH. lIepBBIMH HpHUMEpaMH 3TOMY SIBIISIFOTCSI PETHOHBI
Wramun. Bpaswms 3apeructpupoBana nepsbiid ciydair SARS-CoV-2 26.02.2020. Ilepemada Bupyca B 3TOil cTpaHe
OueHb OBICTPO TIEpEeInTa OT 3aBE3CHHBIX CIydaeB K MECTHBIM M, HAKOHEN, OOIIMHHBIM MHCCHSM, a (eaeparbHOE
MPaBUTENBCTBO bpasmnmmuu oOBsABUIIO O HammoHambHON oOmuHHON mepemade 20.03.2020. B mrare Can-lIlaymy c
HaceJIeHHEM OKOJIO 12 MIIH 4elloBeK, Iie HaxoauTcs OosibHHMIA AsnbOepra DifHiuTeiiHa, o coctosHuio Ha 23.03.2020
3apeructpupoBano 477 ciydaeB 3a0oneBanusi 1 30 CBA3aHHBIX ¢ HUMU cMepTeit, a 27.03.2020 umenu mecto yxe 1223
cinydas COVID-19 ¢ 68 comyTcTByromumMu cMepTsaMu. J{i1st 3aMeneHus pacnpocTpaneHus Bupyca B mrare Can-Ilaymy
ObLIM BBEJICHBI KapaHTUH M MEPbI COLMAIBHOTO JUCTaHIMpoBaHus. OIHUM U3 MOTHBOB 3TOH NPOOJIEMBI SIBISIETCS TOT
(axT, 94TO B KOHTEKCTE OOIMIMPHOW CHUCTEMBI 3JpPaBOOXPAHEHHs C BO3MOXHBIM OTpaHUuYCHHEM TecTHpoBaHusi SARS-
CoV-2 HerenecooOpa3HO TECTHPOBATh KAXKIBIA CIIy4aid, a pe3ylbTaThl TECTOB MOTYT OBITh HCIIOJIB30BaHBI IPHU
IIPOBEPKE TOJILKO 1IeIeBOH cyOnomynsaun. Llenbo paboThl sSBISETCS MOCTPOSHHE HA OCHOBE MAIIMHHOTO OOy4YEHUS
MOJIEIH, CITIOCOOHON MpoTHO3UpoBaTh oOHapyxkeHrne SARS-CoV-2 mo MeTuImHCKUM TaHHBIM. J[JI 9TOTO MPOBOIUTCS
CPaBHEHHUE PA3IMYHBIX KJIACCU(PHUKALMOHHBIX MOJIENICH MAaIIMHHOTO OOYUCHHUS U OTIPEEIISeTCS JydIasi U3 HUX C LIENbI0
IIPOTHO3UPOBAaHMUs KOpOHaBHpYycoB. CpaBHEHHME OCHOBAHO Ha JIMIAX B Kiacce 1, T. €. C MONOKUTEIbHBIM TECTOM.
[TosTOMY HEOOXOMMO ONPEACITUTH MOJICNIb MAIIMHHOTO O0Y4EHHSI C JTy4IIMM 0T3bIBoM U F1-0amiom st kiacca 1.
Mamepuanst u memoosl. 3a OCHOBY IPUHAT HAOOP JAHHBIX C OTKPHITBIM HCXOJHBIM KOJIOM U3 M3PauIbCKOH OOJIBHHIIBI
Aus0epta Ditamreiina B Can-Ilaymy. st nccnenoBanus NCTIONB30BaHbI MOJIEIM MaIMHHOro o0ydeHus: RandomForests
(RF), K-ommwxkaiimmii cocen (KNN), Mammna onopusix BektopoB (SVM), Jloructuueckas perpeccust (LR), epeBo
pemrennit (DT) u AdaBoost (AB), a taxke 10-BpeMeHHas TeXHHKa IEpeKpecTHOW NpoBepkH. [IpoBerneHa oreHKa
HEKOTOPBIX N10Ka3aTeNIeH TPOM3BOIUTEILBHOCTH MAIIMHHOTO 00YUCHNUS, TAKUX KaK TOYHOCTb, OT3BIB M OlleHKa F1.
Pezynomamot uccnedosanusn. 13 5644 genosek, mpoTecTUpOBaHHBIX BO BpeMs manaemun COVID-19, 5086 genosex
JaTi OTPUIATEIBHBIA Pe3yabTaT M 558 deloBeK — MOMOKUTENbHBIN. [Ipr 3TOM moamaepkka MAaIIMHHBIX BEKTOPOB
MoKas3ana JIydIlne pe3ysibTaThl B OOHapyKeHHH KOpOHaBHpyca ¢ OT3BIBOM — 75 % wu omenkoit F1 — 60 % mo
cpaBHeHmto ¢ MojensiMu: Random drill, KNN, LR, AB u DT.

Obcyrcoenue u 3axkaioueHue. YCTAaHOBIEHO, YTO TPH HCIOIB30BaHWU alropuTMoB AB mocTturaercst OombImast
TOYHOCTB, OJIHAKO CTaObmiIbHOCTD anroputMa LSVM sBnsercst 6onee Bbicokoil. [IoaToMy €ro MOXHO peKOMEHIOBATh
KaK IOJIE3HBIH HCTpYMEHT Aiis BoisiBaeHuss COVID-19.

Knrouesvie cnosa: soisisnenne COVID-19, xnaccndukanms, MoJeIH MalllMHHOTO 00yYeHUSL.

Hna yumuposanun: K. A. bpy. CpaBHeHue Mojeneil MallMHHOTO O0ydYeHHMs Ul IPOTHO3UPOBaHMs KOpOHaBUpYyca /
K. A. Bpy, U. B. Cmupros, M. M. Opmann // Advanced Engineering Research. — 2022. — T.22, Ne 1. — C. 67-75.
https://doi.org/10.23947/2687-1653-2022-22-1-67-75

1. Introduction

The coronavirus is a very severe acute respiratory syndrome caused by the SARS-COV-2 virus. This virus,
which can infect humans or animals, was discovered in the Chinese region of Wuhan, more precisely in the province of
Hubei, during the pneumonia epidemic of January 2020 [1, 2]. It is therefore the seventh human coronavirus. To
everyone's surprise, this virus spread worldwide, causing 318,599 deaths and 4,806,299 infected persons [3].

SARS-CoV-2, SARS-CoV and MERS-COV (Middle East Respiratory Syndrome Coronavirus) cause severe
pneumonia with a mortality rate of 2.9 %, 9.6 % and 36 % respectively [4—6].

The other four viruses, namely OC43, NL63, HKU1, and 229E, are responsible for illnesses related to mild
symptoms [7].
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It should be noted that since the Covid-19 epidemic, there has been much speculation about the origin of this
virus [8]. Some said that it was the result of work done in a laboratory. However, after studies conducted on genetic
data, this hypothesis was dismissed [9]. Analysis and comparison with the genomes of previously known coronaviruses
clearly show that SARS-COV-2 is different from other coronaviruses [8, 11]. The virus responsible for the coronavirus
(SARS-COV-2) is similar to the SARS virus of bats [2]. Thus, the Covid-19 virus is believed to have originated from a
bat coronavirus that became infectious to humans while acquiring genes specific to pangolin coronaviruses. It should be
noted that the actual causes of Covid-19 are still unclear.

The symptoms of Covid-19 are similar to those of seasonal flu. The disease is more severe in the elderly and
in people who are vulnerable to certain chronic diseases. Patients with Covid-19 can have symptoms ranging from mild
to severe. The most common symptoms are fever (83 %), cough (82 %) and breathlessness (31 %) [12]. In patients with
pneumonia, the X-ray of the lungs shows numerous mottles and ground glass opacity [12, 13].

Gastrointestinal symptoms associated with patients with Covid-19 include vomiting, diarrhoea, and abdominal
pain [12, 14].

We also see a decrease in lymphocytes and eosinophils, lower haemoglobin levels, and an increase in white
blood cells and neutrophils [15-18].

The manifestation of Covid-19 in children is different from that in adults. In children, the symptoms are mild.
However, in some children, we have seen severe and fatal cases [19-27].

Like all other viruses, Covid-19 is transmitted mainly by the respiratory route. Among these routes of
transmission, we have droplet transmission, which is the most widespread [28, 29]. Other transmission routes exist,
namely the faecal route, via saliva. Indeed, SARS-CoV-2 RNA was found in the stool of a patient with Covid-19 [31].
SARS-CoV-2 RNA can be detected on inanimate surfaces (door handles). People who have been in contact with these
surfaces could be contaminated [29].

This model will make it possible to identify positive and negative cases from the dataset studied and the
elements responsible for COVID-19. The proposed prediction model ensures that it tracks the results regarding this
epidemic situation so that the huge economic losses, the spread of the community, the amount of detachment social
gens can be detected and a precise decision can also be made accordingly. This method will allow government
authorities to put in place preventive measures based on our future work to predict the onset of this disease in the future.

2. Data Resources and Methods

The dataset used was uploaded to Kaggle. It is open source and available on this link
kaggle.com/einsteindata4u/covid19. This dataset contains anonymized data in accordance with best international
practices and patient recommendations at the Israelita Albert Einstein Hospital in S3o Paulo, Brazil. This section
describes the proposed approach and a detailed overview of the tasks. These tasks can help to understand and extract
knowledge from COVID 19 data, which can help countries contain the spread of the virus, raise awareness, launch
initiatives, determine if mitigation has a positive effect or not, identify other factors affecting the virus, etc. This will
allow countries to prepare for what may happen in the near future. This could help save lives and alleviate the agony.
Epidemiological information includes various characteristics of the case studied, including case identification, age, sex,
target value, lymphocytes, leukocytes, monocytes, hco3, etc.

2.1. Data Pre-processing

In data analysis, the most important step is pre-processing. However, it is not clear what methods of pre-
treatment the author used. This part must be completed.

2.2. Data Transformation

The data is transformed to be processed and stored in. xIs for further processing. All data were normalized to
have a mean of zero and a unit standard deviation. With a dataset containing 111 characteristics, data mining eliminated
missing values (78 characteristics) and retained important characteristics (33). This exploratory analysis of the data also
allowed us to identify two categories of characteristics, namely virus-related characteristics and blood-related
characteristics. The target value is divided into two categories which are negative cases coded by 0 and positive cases
coded by 1.

The dataset from the Israelita Albert Einstein Hospital in Sdo Paulo is divided into training and test data. 70 %
of the data is used for predictive model training, and the remaining 30 % is used for testing. The objective of model
training is to adapt the model using data from the training set. After the model is formed, the prediction models sound
tested to evaluate performance in the test datasets.
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2.3. The Proposed Models

This section describes the different machine learning models used in this paper. These models are: Random
Drills (RF), K-plus Close Neighbors (KNN), Linear Support Vector Machine (SVM), Logistic Regression (LR),
Decision Tree (DT), and AdaBoost (AB).

Random Forest (RF)

Random forests (RF) or random decision forests were first proposed in 1995. This is a general classification
training method that tends to work better than traditional decision tree classification methods (Gangaie et al., 2019).
Decision trees are the fundamental RF classifiers that vote for each of the forecasts, and the survival prediction is based
on the majority voting method in each tree (Breiman, 2001). The accuracy of each tree and the independence of the
trees from each other provide the reliability of the classification. We used 100 trees to predict two target classes,
survival or death of patients with hepatitis.

Nearest Neighbor (KNN)

The K-Nest Neighbor (KNN) classifier is one of the most commonly used classification algorithms. This
algorithm can be used in several applications. It saves all valid attributes and classifies new attributes according to their
similarity dimension. KNN is a statistical recognition model method for detecting the different classes of a model. A
tree data structure is used to determine the distance between the point of interest and the points in the training dataset.
The attribute is classified by its neighbors. In the classification method, the value of k is always a positive integer
closest to the neighbor. The nearest visions are selected from a set of classes or property values of the object.

Support Vector Machine (SVM)

SVM-controlled learning method is used for classification and regression [29]. This algorithm is a relatively
new approach and has performed well in recent years. The SVM classifier is based on linear classifiers and in the data
separated by a row, the SVM isolates the objects in the specified classes. It can also identify and classify instances that
are not supported by the data. The only extension of this algorithm is to perform a regression analysis to obtain a linear
function, and another extension teaches to classify the elements to obtain a classification of individual elements.

Logistic Regression Model (LR)

Logistic regression is the corresponding regression analysis that should be performed when the dependent
variable is dichotomous (binary). Like all regression analyses, logistic regression is predictive analysis. It is used to
describe the data and explain the relationship between a dependent binary variable and one or more nominal, ordinal,
interval or ordinal independent variables, report [30, 31]. This approach assumes that the binary result follows a
binomial distribution.

Decision Tree (DT) Model

The Decision Tree is a controlled learning method that is used to solve classification and regression problems,
but it is more used to solve classification. This is a powerful classification method for disease prediction. This is a tree
model where the internal nodes represent the characteristics of a data set, the branches represent the decision rules, and
each leaf node represents a result. The decision tree consists of two nodes, a decision node and a leaf node. Decision
nodes have multiple branches and are used to make a decision, while leaf nodes are the result of those decisions.

Model AdaBoost (AB)

AdaBoost, short for “Adaptive Boosting”, is the first boost algorithm proposed by Freund and Schapire in
1996. Its goal is to turn weak predictors into strong predictors to solve classification problems. For classification, the
final equation can be put under the heading below:

F ()= sign( T4y O o) ) (1)
Where f,,, denotes the weak classifier m and m denotes the corresponding weight. AdaBoost can be used for face
recognition, as it is a standard algorithm for detecting faces in images. AdaBoost is fast, requires no setup, and is simple
and easy to program. Plus, it has the flexibility to be able to be combined with any machine learning algorithm.

2.4. Evaluation of Performance Measures

For the comparison of the different classification algorithms used in this paper, some metrics were evaluated.
These are accuracy, recall, and F1-score. These metrics are calculated based on true positives (TP), true negatives (TN),
false positives (FP), and false negatives (FN). The standardized confusion matrix illustrates the relationship between
classification results and predicted classes. The level of the classification performance is calculated by the number of
samples correctly and incorrectly classified in each class.

The accuracy is calculated based on the total number of correct predictions, defined as follows:
TP+TN
TP+FN+TN+FP

)

Accuracy =
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Recall, or sensitivity, is the proportion of true positive predictions that have been correctly identified, defined as
follows:

Recall = —— 3)
TP+FN
The F1 score is the harmonic mean of accuracy and recall, and it is calculated by:
Score F1 = + 4
TP+5(FP+FN)

3. Result

The objective of this paper is to compare the different models of machine learning for the detection of
coronavirus. Our task was to find out which machine learning model has the best recall and f1-score for Class 1. The
learning machine models used are: Radom drill, k-nearest neighbor, logistic regression, support vector machine,
AdaBoost, and decision tree. Out of a total of 5,644 people tested for COVID-19, 5,086 people tested negative and 558
people tested positive. The results of our study are presented in Figure 1 and Figure 3. These results show that the
vector-machine gave better results with a recall of 75 % and an F1 score of 60 %. The different learning curves were
also traced in order to understand the phenomenon of over-fitting and under-fitting Figure 2. Indeed, the learning curve
is very well known to data scientists, the learning curve shows the efficiency and quality of learning of our machine
learning model. Learning curves are widely used as a diagnostic tool in machine learning for algorithms that
incrementally learn a training data set. This means that we increase our dataset by a certain step, and then we see the
performance of our model. The model can be evaluated on the training dataset and on the exception validation dataset
after each update during training, and it traces the measured performance. This can be represented as a curve.

RandomForest AdaBoost
[[o1 e] [[91 4]
[11 5]] N [9 7])
precision  recall fi-score support precision  recall fl-score support
9.89 9.96 0.92 95 5] 0.91 0.96 6.93 95
1 0.56 0.31 0.40 16 1 0.64 0.44 0.52 16
accuracy 2.86 111 accuracy 0.88 111
macro avg 0.72 9.64 0.66 111 macro avg 0.77 0.70 0.73 111
weighted avg 0.84 0.86 .85 111 weighted avg 0.87 0.88 0.87 111
KNN DecisionTree
[[88 7] [[86 9]
[ 8 8]] o [11 5]]
precision  recall fl-score support precision  recall fil-score support
0 0.92 9.93 0.92 95 ] 0.89 8.91 .90 95
1 0.53 9.58 9.52 16 1 9.36 9.31 9.33 16
accuracy 0.86 111 accuracy 0.82 111
macro avg 0.72 0.71 0.72 111 macro avg 0.62 0.61 0.61 111
weighted avg 0.86 0.86 0.86 111 weighted avg 0.81 9.82 0.81 111
Logistic_Regression SVM
[[92 3] [[83 12]
[10 6]] [ 412]]
precision recall fil-score support precision  recall fil-score support
4] .90 .97 0.93 95 4] 9.95 9.87 0.91 95
1 0.67 0.38 0.48 16 1 0.50 8.75 0.60 16
accuracy ©.88 111 accuracy 8.86 111
_macro avg 8.78 8.67 8.71 111 macro avg 0.73 0.81 0.76 111
weighted avg 0.87 0.88 0.87 111 yweighted avg 0.89 0.86 0.87 111

Fig. 1. Classification report of different machine learning models
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RandomForest AdaBoost
1.0
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Fig. 2. Learning curve of different machine learning models
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Figure 3 shows the performance of the different machine learning algorithms according to the performance
measures used in this paper. We see that for recall and F1-score, LSVM outperforms the other machine learning models
used, namely LR, KNN, RF, AB, and DT. For accuracy, LR is much better than the others. As for accuracy, we find
that LR and AB performed better than the other models. In this paper, we chose recall and F1 score to measure the
performance of the model. Recall allowed us to correctly identify the Covid-19 positive test subjects among all the real
positive cases. As for the F1 score, we used it because we had an imbalance between different classes, i.e., positive and
negative cases.

4. Discussion and Conclusion

The data used in this paper was collected at the Israelita Albert Einstein Hospital in Sdo Paulo, Brazil. After an
exploratory analysis, two categories of characteristics were identified. These are the characteristics related to the virus and
the characteristics related to the blood. Out of a total of 5,644 people tested with COVID-19, 5,086 people tested negative
and 558 people tested positive. The results of this study clearly illustrated that in relation to our goal, machine vector
support showed better results in coronavirus detection with a recall of 75 % and an F1 score of 60 %. This co-calculation
was done with the other machine learning models, namely the Radom drill, the k-nearest neighbor, the logistic regression,
the AdaBoost, and the decision tree. As such, this model can be useful for the diagnosis of COVID-19. However, it is
possible to optimize the parameters of this model in order to improve its performance.

After the analysis of the learning curve in Figure 2, we find that apart from the supporting sensor, other
machine learning models can be studied for the detection of COVID-19. These include AdaBoost and k-nearest
neighbor. Indeed, we find that if we perform a little more advanced optimization of the parameters of these models, they
could be candidates for the diagnosis of COVID-19 because the difference between the learning score curve and the
validation score curve would have reduced the model's ability to generalize.
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