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PREDICTION OF LONG-TERM TREATMENT IN PATIENTS
WITH COVID-19 BASED ON ANALYSIS OF THEIR PRIMARY
EXAMINATION DATA

Introduction. The COVID-19 pandemic has caused enormous social
and economic damage. A significant part of people who have contracted
this infection have serious health problems. To prevent the long-term
consequences of COVID-19, models for predicting the duration of
treatment based on prognostic factors obtained at the beginning of the
disease are needed.

Materials and Methods. In 2020-2021, a survey of 832 patients
with COVID-19 was conducted. With the help of computer programs
Microsoft Excel 2021 and Statistica 12.0 Trial Version for Windows, the
collected database was processed. The relationship between numerical
predictors was investigated using Spearman's correlation, and between
categorical indicators — gamma correlation. To predict the duration of
the patient's treatment based on the initial clinical symptoms and signs,
the tools of the Statistica 12.0 program "classification trees" were used.
The model was built using the tool Data Mining — Trees/Partitioning —
C&RT (Classification and Regression Tree).

Results and Discussion. During the study period, it was established
that the long-term treatment of patients with COVID-19 depends on age,
concomitant diseases, shortness of breath, body temperature, chest pain,
frequency of respiratory movements in 1 minute, pain in the heart area,
average blood pressure and heart rate according to 1 minute. This is
confirmed by a significant difference between the groups of patients
who were treated for up to 30 days and 31 days and more, as well as
established correlations. On the basis of the above-mentioned predictors,
a decision-making algorithm was developed to determine the duration of
patient treatment.

Conclusions. Established  interrelationships  between  clinical
symptoms in patients with COVID-19 will allow timely detection of
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possible complications in patients. Implementation of a built decision-
making model based on leading predictors will help doctors predict the
duration of the infection and develop effective measures to prevent
serious post-infection consequences.

Keywords: questionnaires, COVID-19, risk groups, clinical
symptoms and signs, prognosis.
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IMPOI'HO3 JOBI'OTPUBAJIOI'O JIIKYBAHHS XBOPUX HA
COVID-19 HA TIACTABI AHAJI3Y JAHHMX IX
IMEPBUHHOI'O OBCTEXKEHHS

Beryn. [Manpemis COVID-19 3apmana koocaabHHUX COIIaNbHUX Ta
E€KOHOMIYHUX 30HMTKiB. 3HaYHAa YacTHUHA 0Ci0, SKi MEPeXBOPINK Ha IO
iHQEKIiI0, MalTh CEpHO3HI MOPYIICHHA Yy CTaHi 310poB’s. s
3ano0OiranHs Bimpanenux Hacuiakie COVID-19 HeoOxigni Mopeni
MPOTHO3YBaHHS TPHUBAJOCTI JIKYBaHHS Ha MiJCTaBi KIIHIYHHX O3HAK,
OTPUMAaHUX Ha MOYaTKy 3aXBOPIOBAHHS.

Marepianu Ta Meroau. Y 2020-2021 pokax NpoBEACHO
onutyBanHs 832 xBopux Ha COVID-19. 3a 10OMOTr0r0 KOMIT FOTEPHHUX
nporpam Microsoft Excel 2021 Ta Statistica 12.0 Trial Version
it Windows mpoBeieHo omnpaiitoBaHHs 3i0paHoi 0a3u gaHux. 3B’sI30K
MDK YHCIOBHMH TPEAMKTOPaMH JOCH/DKyBald 3a JOHNOMOTOIO
kopessiii CripMeHa, a MK KaTerOpiHUMH TMOKAa3HHKAMH — TaMMa-
kopessimii. JIms mepembaueHHS TpPWBANOCTI JIIKYBaHHA TNali€HTa Ha
MiZCTaBI MOYATKOBMX KIHIYHMX O3HAaK 3acTOCOBaHI I1HCTPYMEHTH
nporpamu  Statistica 12.0 «xnacudikamiiini  aepesay». IloOymoBaHO
MoJesb 3a jgomoMororo 3aco0y Data Mining — Trees/Partitioning —
C&RT (Classification and Regression Tree).

PesynbTaTm Ta oOroopennsi. Ha rmepiox  moCiiKEHHS
BCTAaHOBJICHO, IO JOBTOTpHBaJie JiKyBaHHI xBopux Ha COVID-19
3aJIeKNUTh BiJ BIKY, CYIYTHIX 3aXBOPIOBaHb, 3aJWIIKH, TEMIIEPATypH
Tida, OO0 y TPYIHIA KIITII, YaCTOTH AMXATBHUX PYyXiB 3a 1 XBUWIHHY,
0oxro B 00yacTi cepIrsi, CepeAHFOTO apTepiaJbHOTO THUCKY Ta YaCTOTH
CepleBUX CKOpoueHb 3a | xBuiamHy. lle MiATBEpIKEHO CYTTEBOIO
PI3HMLIEI0 MK TPyIaMH Mali€HTiB, sKi JikyBamucs ao 30 auiB ta 31
JICHb 1 OiJIbllle, a TAKOXK BCTAHOBJICHUMH KOpEANiHHUMHY 3B’ s13kamu. Ha
MiJICTaBl  BUILE3a3HAYEHUX MNPEAUKTOPIB  PO3POOJIEHO  AIrOPUTM
NPUIHATTS PillIeHb 11010 BU3HAUSHHS TPUBAJIOCTI JIIKyBaHHsI NAlli€HTIB.

BucHoBkn. BcTraHOBNIEHI  B3a€EMO3BSI3KM MK KJIIHIYHHUMH
cumnTomMaMu y xBopux Ha COVID-19 103B0OJATH CBOEYACHO BUSIBIISITH
MOXIIMBI YCKJIaJHEHHS Yy TMalieHTiB. BrpoBajkeHHS mN0OOym0BaHOT
MOJIETl TPHUHHSATTS pillleHb Ha MiACTaBl MPOBIAHUX NPEIUKTOPIB
JIOTIOMOXE JIKapsiM IPOTHO3YyBAaTH TPHUBANICTh Iepediry iHdekuii Ta
pO3po0IATH  eEeKTUBHI 3axX0AW Ul TONEPEe/DKEHHS CepHO3HUX
IIOCTKOBIJHUX HACIIIIKIB.

Kawouosi caoBa: ankern, COVID-19, rpynu pusuky, KiiHI4HI

CUMIITOMHU Ta O3HAKH, TPEAUKTOPH, IIPOTHO3.
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INTRODUCTION / BCTYII

The pandemic of the coronavirus disease 2019
(COVID-19) has caused enormous social and economic
damage [1]. According to official WHO statements, it
lasted from March 11, 2020, to May 5, 2023. In
Ukraine, the first cases of COVID-19, including fatal
ones, began to be registered in March 2020; on July 1,
2023, the Ministry of Health of Ukraine also announced
the end of the pandemic and the cessation of strict
quarantine measures. During this period, more than 2
million people died in the European region [2], while in
Ukraine — 112,418 people died; the mortality rate was
2.0% [3], while among hospitalized patients, this value
reached 9.6-11.6% [4]. Approximately 15% of patients
had a severe course of COVID-19; respiratory and
cardiovascular complications with manifestations of
acute respiratory distress syndrome, thromboembolism,
and septic shock occurred in 5% of patients [5].

The introduction of restrictive measures, including
strict quarantine [6], social distancing [7], the use of
personal protective equipment, etc. [8] somewhat
stopped the spread of the COVID-19 pathogen. At the
same time, the specific prophylaxis affected the severity
of the coronavirus infection [9]. In addition, in the
process of adapting to the human population as its
biological host, the virus began to gradually reduce
virulence, but increase susceptibility to it due to the
evolution of the protective antigen towards affinity with
human cell receptors. At the same time, measures aimed
at preventing COVID-19, the massive use of expensive
diagnostic tests, and the long-term treatment of patients
altogether caused significant economic losses [10].

During the COVID-19 pandemic, the formation of a
new parasitic system continued, accompanied by further
genetic and antigenic changes in the SARS-CoV-2 virus
and the emergence of new variants (Alpha, Beta,
Gamma, Delta, and Omega) with a wide range of
mutations, which allowed evading specific antibodies
acquired through previous infection or vaccination [11,
12]. This led to the risk of recurrent diseases within a
short period, reducing the effectiveness of treatment and
specific prophylaxis [13, 14]. It became impossible to
predict the development of the infectious process based
on the levels of specific antibodies determined at the
beginning of the disease [15]; that is, this indicator lost
its relevance in characterizing the degree of a person's
protection against this infection.

In the post-pandemic period of COVID-19, which
is still accompanied by constant mutation of SARS-
CoV-2 [16], probable seasonal epidemic outbreaks
[17, 18], and an increase in morbidity among children
[19], it is still relevant to solve the problem of
reducing the burden of the disease on the healthcare
system and personalizing its treatment by optimization

of approaches to medical care provision to patients
with COVID-19.

In patients with COVID-19, the course was
characterized by a complex of clinical symptoms with
an acute period (sometimes lasting for 4 weeks) and a
prolonged recovery of more than 2 months [20]. The
most common initial clinical symptoms were
headache, fatigue, myalgia, sore throat, and cough;
arthralgia, fever, chills, rhinitis, nausea, conjunctivitis,
and dizziness were also considered common symptoms
[21, 22]. The main post-COVID clinical symptoms are
fatigue, muscle or joint pain, shortness of breath, and
sleep disturbances; additional symptoms include
depression and anxiety, loss of smell and taste,
headache, and “brain fog” [23, 24]. All of these
COVID-19 symptoms have a significant negative
impact on the patient's quality of life. Therefore, to
prevent the long-term consequences of COVID-19, the
search is currently ongoing for the signs that can help
assess disease severity and long-COVID risks, taking
into account the duration of recovery.

Given the above, the work aimed to construct a
model for long-term treatment prognosis in COVID-19
patients, which suggests an algorithm for predicting
the duration of treatment and long-COVID risks in
patients based on data analysis from their initial
examination.

MATERIALS AND METHODS

In Kharkiv, during 2020-2021, 832 adult patients
with COVID-19 were surveyed upon initial visit to a
doctor; 492 questionnaires were filled out for
outpatients, and 331 questionnaires were filled out for
inpatients. The questionnaires contained the patient's
passport data and social status (age, gender, place of
work), disease history (dates of disease onset, visits to
a doctor, duration of treatment), clinical and diagnostic
aspects (laboratory tests, concomitant diseases, clinical
symptoms, complications), and epidemiological data
(source of the infectious agent, place of infection). The
study was based on the hypothesis that the initial
clinical symptoms and laboratory findings in COVID-
19 patients can help predict their treatment duration
and long-COVID risks.

Statistical analysis of the collected data was carried
out using the computer programs: Microsoft Excel
2021 and Statistica 12.0 Trial Version for Windows.
The following methods were used: statistical grouping
and analysis of pivot tables, the chi-squared test (for
identifying a significant difference between groups),
nonparametric analysis of variance, and multiple
comparisons of group mean values. The association
between numerical predictors was examined using
Spearman's rank correlation, and between categorical
data — using gamma correlation.
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To predict the duration of a patient’s treatment based
on the signs recorded during the initial examination, the
tools of the Statistica 12.0 program (“classification
trees””) were used. The model was built using the Data
Mining — Trees/Partitioning — C&RT (Classification and
Regression Tree) tool; the number of nodes was 15, and
the overall classification accuracy was 0.696233 [25, 26].

According to our observations and literature data
[20], in the first years of the pandemic, the acute period
in patients with COVID-19 lasted up to 4 weeks, which
allowed us to conditionally divide patients into two
groups according to the duration of the infection: Group
1 — duration of treatment up to 30 days; Group 2 —
duration of treatment > 31 days. The target or dependent
variable was long-term treatment (a binary variable that
was equal to 0 if the duration of treatment was up to 30
days and equal to 1 if the duration of treatment was 31
days or more). The input data were dominated by
records with treatment durations of up to 30 days in a
ratio of 7:1.

Predictors, or independent variables, were age,
respiratory rate (RR), saturation (SpO2%), heart rate
(HR), mean blood pressure (BP), body temperature,
chills, dyspnea, nasal congestion, rhinitis, dry mouth,
chest pain, chest heaviness, shortness of breath, pain in
the heart area, palpitations.

Using a “classification tree” or “decision tree,” we
made an algorithm to predict the target indicator based
on input data.

The classification quality is characterized by two
main characteristics — classification accuracy and
classification error, and depends on the configuration of
the classification tree construction procedure — method
options and stopping options. Classification accuracy is
calculated as the ratio of correctly classified objects
using the generated rules to the total number of objects
in the dataset. The classification error rate is calculated
as the ratio of objects incorrectly classified using the
formed rules to the total number of objects in the
dataset.

The most accurate prediction is considered to be the
one associated with the lowest percentage of
misclassified observations.

RESULTS

At the beginning of the work, the duration of
treatment of 823 COVID-19 patients was divided into the
following periods: up to 14 days, 15 to 30 days, 31 to 45
days, > 46 days. It was shown that the distribution of
outpatients and inpatients (492 and 331 patients,
respectively) by these terms had similar values. However,
the majority of outpatients (67.89%) and inpatients
(69.49%) were treated for 15 to 30 days (Table 1).

Table 1 — Distribution of outpatients and inpatients with COVID-19 by duration of treatment

Outpatients Inpatients Total
Recovery period Absolute Absolute Absolute
number % number % number %

Up to 14 days 92 18.70 63 19.03 155 18.83
15 to 30 days 334 67.89 230 69.49 564 68.53
31 to 45 days 56 11.38 32 9.67 88 10.69
> 46 days 10 2.03 6 1.81 16 1.94
Total 492 100.00 331 100.00 823 100.00

When determining risk groups by age and health
status, we found that the proportion of outpatients over 65
(18.5%) was almost 2 times lower than that of inpatients
of this age group (36.86%). In the structure of inpatients,
82.78% of people had concomitant diseases, while among
outpatients, this group included almost 2.5 times less
subjects (28.46%).

A significant proportion of patients from the age risk
group (over 65 years) and other age groups were treated
for 15 to 30 days (68.54% and 68.52%, respectively), but
a significant difference was found between these groups
with regard to the treatment for more than 30 days
(21.13% versus 9.68%), (p<0.001). Individuals from the
health condition risk group and individuals who did not
belong to this group were also mainly treated for 15-30
days (68.53% and 68.12%, respectively); however,

individuals from the risk group almost 3 times more often
received treatment for more than 30 days (18.6% versus
6.6%) (Table 2).

To establish the leading prognostic factors
(predictors) that characterized the clinical course of
COVID-19, patients were divided into 2 groups
according to the duration of treatment: Group 1 —
treatment period of up to 30 days (719 people — 87.36%)
and Group 2 — treatment period of > 31 days (104 people
— 12.64%). The probability of treatment duration of up to
30 days was 0.8736 (ratio 719:823), and of > 31 days was
0.1264 (ratio 104:823). The distribution of treatment
duration was approximately the same in women and men
(p=0.2982) and in outpatients and inpatients (p=0.4128),
except for age groups. The treatment period for elderly
people was significantly longer (p=0.000008).
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Table 2 — Distribution of COVID-19 patients from risk groups by age and health status depending on the

duration of treatment

. Age groups (%) Health status (%)
Recovery period
Others Risk group Total Others Risk group Total
Up to 14 days 21.80 10.33 18.83 24.45 13.29 18.83
15 to 30 days 68.52 68.54 68.53 68.95 68.12 68.53
> 31 days 9.68 21.13 12.63 6.6 18.6 12.63
Total 100.00 100.00 100.00 100.00 100.00 100.00

Most patients, upon initial visit to a doctor, reported
the following clinical symptoms: weakness (95.99%),
cough (88.82%), headache (81.65%), chills (72.3%),
muscle pain (65.49%), dyspnea (60.27%), sleep
disturbances (55.53%), shortness of breath (52.13%),
chest heaviness (51.76%).

In both groups of COVID-19 patients, 22 clinical
symptoms were recorded; for 10 symptoms of these,

we found a significant difference between the
proportions of individuals in these groups. Thus, in
Group 1, most patients reported dry mouth, pain in the
chest and heart area, while patients in Group 2
experienced chills, dyspnea, nasal congestion, rhinitis,
heaviness in the chest, shortness of breath, and
palpitations (Table 3).

Table 3 — Distribution of COVID-19 patients by clinical symptoms depending on the duration of treatment

Symptoms Group 1 (%) Group 2 (%) P

Chills 71.07 80.77 p=0.038
Dyspnea 56.61 85.58 p=0.0001
Nasal congestion 59.53 72.12 p=0.013
Rhinitis 68.85 78.85 p=0.037
Dry mouth 69.26 58.65 p=0.030
Chest pain 75.94 54.81 p=0.0001
Chest heaviness 50.07 63.46 p=0.01

Shortness of breath 50.63 71.15 p=10.0001
Pain in the heart area 87.62 69.23 p =10.0001
Palpitations 57.3 60.58 p =0.0006

Almost equally, COVID-19 patients from different
study groups reported weakness, cough, headache,
anosmia, ageusia, sore throat, muscle pain, nausea,
vomiting once a day, diarrhea once a day, abdominal
pain, and sleep disturbances.

Comparison of the proportion of clinical signs (age,
respiratory rate, SpO2%, heart rate, mean blood
pressure, body temperature) in COVID-19 patients
revealed a significant difference between groups
(Table 4).

Table 4 — Distribution of COVID-19 patients by clinical signs depending on the duration of treatment

Signs Group 1 (mean) Group 2 (Mean) p
Age, years 53.3 60.7 p=0.0001
SpO: % 94.4 92.7 p=0.001
Heart rate 86.7 91.0 p=0.001
BP, mm Hg 95.1 98.1 p =0.0005
Respiratory rate 20 21.2 p=10.0001
Body temperature (°C) 37.7 37.9 p=10.002
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We revealed a weak relationship in most cases by
investigating the correlation for age, respiratory rate,
blood pressure,
temperature. At the same time, a direct relationship was
observed between age and mean BP, between age and

Sp02%, heart

and body

respiratory rate,
observed between age and SpO2% and between
respiratory rate and SpO2%. The strength of these
relationships
(Table 5).

and an

differed

somewhat

inverse

relationship was

across  groups

Table 5 — Correlation analysis of clinical signs in COVID-19 patients depending on the duration of treatment

Group 1

Treatment duration up to 30 days Spearman rank order correlations (marked correlations are
significant at p < 0.05000)

Signs

Age rRa:piratory SpO2 % Heart rate I\B/IPe an Zcrfgerature
Age - 0.234619 -0.336552 -0.027046  [0.393047 -0.055903
Respiratory rate 0.234619 - -0.430227 0.141372 0.143938 0.038284
SpO2 % -0.336552 -0.430227 - -0.247227 -0.206146 -0.207534
Heart rate -0.027046 0.141372 -0.247227 - 0.116405 0.199022
Mean BP 0.393047 0.143938 -0.206146 0.116405 - 0.044951
Body temperature -0.055903 0.038284 -0.207534 0.199022 0.044951 -

Group 2

Treatment duration >31 days Spearman
significant at p < 0.05000)

rank order correlations (marked correlations are

Signs

Age Eﬁ;piratory Sp02% Heart rate I\B/Is an Sa(r):gerature
Age - 0.015310 -0.185683 0.117567 0.379115 -0.027094
Respiratory rate 0.015310 - -0.222187 0.334264 -0.094254 0.013746
SpO2, % -0.185683 -0.222187 - -0.183170 -0.177230 -0.201117
Heart rate 0.117567 0.334264 -0.183170 - 0.023795 0.217145
Mean BP 0.379115 -0.094254 -0.177230 0.023795 - 0.214702
Body temperature -0.027094 0.013746 -0.201117 0.217145 0.214702 -

At the same time, direct strong correlations were
established between clinical symptoms. Thus, in Group
1, there was a correlation between shortness of breath
and dyspnea, between dyspnea and heaviness in the
chest, between shortness of breath and heaviness in the
chest, between pain in the heart area and pain in the
chest, while in Group 2, there was a correlation between
dyspnea and pain in the heart area, between dyspnea and
shortness of breath, between pain in the heart area and
palpitations, between shortness of breath and heaviness
in the chest (Fig. 1).

The established relationships between clinical
symptoms, especially in Group 2, can be used as
prognostic factors to predict long-term treatment and
long-COVID development risks. In addition, correlation

analysis confirmed the association between the clinical
symptoms studied; it allowed us to include these
symptoms in the classification tree model.

A classification tree is one of the prediction methods
that can be used if there is a correlation between
predictors. The basic idea is to create a model in the
form of a "decision tree" that systematically examines
data and makes decisions based on conditions learned
from the data.

Therefore, to predict the duration of treatment based
on predictors (clinical symptoms and signs in COVID-
19 patients) identified during the initial examination of
patients, we constructed a classification tree model

(Fig. 2).
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Group 1 (up to 30 days)

ChlIIs
Palpltatlons FFFFFFF TV Dyspnea

congestion

Group 2 (> 31 days)

Figure 1 — Correlation analysis of clinical symptoms in COVID-19 patients with regard to treatment duration

Note:
Correlation assessment Positive Negative
correlation < 0.5 weak 00 e mmmm e ot -
0.5 <= correlation < 0.7 average _— mrmmemems
0.7 <= correlation <=1 strong — — o —
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Figure 2 — A classification tree model with prognostic factors (predictors) identified in COVID-19 patients

Based on the constructed model, an algorithm was
developed for decision-making with regard to the
possible duration of treatment and the risk of
developing long-COVID based on the predictors
entered into the model. This algorithm involves a
sequential assessment of certain patient characteristics
to determine the need for long-term (31 days or more)
or short-term (up to 30 days) treatment (Table 6).

DISCUSSION

Elderly and overweight people [27, 28], as well as
people with diabetes, chronic respiratory and
cardiovascular diseases, and other serious chronic
diseases are at risk for COVID-19 [29, 30]. Therefore,
it is likely that these individuals may require treatment
for a long time and subsequently have serious long-

term consequences after recovery. Among the 823
patients with COVID-19, 68.53% of patients were
treated for 15-30 days, while 18.83% were treated for
up to 14 days and 12.59% — for more than 30 days.
Among those patients treated for more than 30 days,
significantly more people were from risk groups by
age and health status (p<0.001). Thus, there is an
association between the severity and duration of
COVID-19, age of >65 years, and a burdened
premorbid background. At the same time, according to
the results of our studies, no difference was found in
the duration of treatment between women and men and
between inpatients and outpatients, although the
literature data reported a longer course of COVID-19
in women [31].
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Table 6 — Algorithm for assessing the predicted duration of treatment

Actions

Find out if the patient has dyspnea. If no, proceed to Step 2; if yes, proceed to Step 5

If the age is < 58.5 years, proceed to Step 3; if the age is > 58.5 years, proceed to Step

If body temperature is < 36.3 °C, then the treatment period is > 31 days; otherwise the

Find out if the patient has chest pain. If yes, then the treatment period is > 31 days; if

Compare the patient’s respiratory rate with the reference rate of 23.5 breaths per
minute. If the respiratory rate is < 23.5 breaths per minute, proceed to Step 6;

Find out if the patient has pain in the heart area. If no, proceed to Step 7; if yes,

Compare the patient’s mean blood pressure with the reference blood pressure of 89
mm Hg. If mean blood pressure is < 89 mm Hg, then the treatment period is up to 30

Compare the patient’s heart rate with the reference rate of 96.5 beats per minute. If
the heart rate is < 96.5 beats per minute, proceed to Step 9; otherwise, the treatment

Compare the patient’s heart rate with the reference rate of 89.5 beats per minute. If
the heart rate is < 89.5 beats per minute, proceed to Step 10; otherwise, the treatment

Compare the patient’s mean blood pressure with the reference blood pressure of 105
mm Hg. If mean blood pressure is < 105 mm Hg, proceed to Step 11; otherwise, the

Find out if the patient has rhinitis. If yes, then the treatment period is up to 30 days;

Compare the patient’s mean blood pressure with the reference blood pressure of 101
mm Hg. If mean blood pressure is < 101 mm Hg, proceed to Step 13; otherwise, the

Compare the patient’s body temperature with the reference body temperature of 38.3
°C. If body temperature is < 38.3 °C, then the treatment period is > 31 days;

Compare the patient’s heart rate with the reference rate of 99.5 beats per minute. If
the heart rate is < 99.5 beats per minute, then the treatment period is > 31 days;

Steps
Step 1
Step 2
4
Step 3
treatment period is up to 30 days
Step 4
no, the treatment period is up to 30 days
Step 5
otherwise, the treatment period is > 31 days
Step 6
proceed to Step 14
Step 7
days; otherwise, proceed to Step 8
Step 8
period is > 31 days
Step 9
period is up to 30 days
Step 10
treatment period is > 31 days
Step 11
otherwise, proceed to Step 12
Step 12
treatment period is up to 30 days
Step 13
otherwise the treatment period is up to 30 days
Step 14
otherwise, the treatment period is up to 30 days

The patients with COVID-19 long-term course had
more clinical symptoms, myalgia [32], tachycardia [33],
and required antibiotics more often for their treatment
[34]. Our analysis showed that a complex of symptoms,
including chills, dyspnea, nasal congestion, rhinitis, dry
mouth, chest pain, heaviness in the chest, shortness of
breath, pain in the heart area, and palpitations
(tachycardia), occurred in both groups of patients
(Group 1 was treated for up to 30 days, Group 2 — for >
31 days). However, in Group 2, their proportion was
significantly higher, except for dry mouth, chest pain,
and heart pain (these symptoms were more common in
Group 1). The proportion of patients with clinical
symptoms may vary depending on age group, immune

system status, and other risk factors. It should also be
noted that weakness, headache, anosmia, ageusia, sore
throat, muscle pain (myalgia), nausea, diarrhea, and
other symptoms were observed in patients in equal
measure; at the same time, some of the symptoms could
indicate pathological processes of the nervous system
[35]. Therefore, the complex of symptoms that
determine the severity of COVID-19, as well as
tachycardia, may be risk factors for the long-term
course of coronavirus infection [36].

Our studies have shown that the duration of COVID-
19 can be estimated during the initial presentation of
patients based on the analysis of clinical signs and
symptoms such as age, respiratory rate, SpO2%, heart
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rate, mean blood pressure, body temperature, chills,
dyspnea, chest pain, chest tightness, shortness of breath,
and tachycardia. The data we obtained regarding the
inverse relationships between age and SpO2% level, as
well as between respiratory rate and SpO2%, are logical
and do not require discussion. Different strengths of
these relationships in groups with different treatment
durations indicate that clinical parameters may change
with increasing duration of disease or treatment. These
data confirm important associations between clinical
parameters in patients with COVID-19. Our findings
also emphasize the need to consider the duration of the
disease when analyzing these associations to better
understand the course of the disease and develop
optimal treatment regimens.

Therefore, correlation analysis between clinical
symptoms may have important practical significance for
clinical practice, which can help doctors to better
understand the relationships between symptoms and
identify possible complications in patients in a timely
manner.

Some authors emphasize that short-term and long-
term persistent effects after acute COVID-19 course
have not been systematically assessed [35]. This makes
it virtually impossible to predict the occurrence of post-
COVID syndrome. In addition, the possible risk of
antibody-dependent enhancement of COVID-19 should
not be excluded in individuals who have been exposed
to this infection or have been vaccinated against it and
have specific antibodies with the theoretical potential to
enhance infection or initiate immunopathy [37, 38].

Therefore, currently, prediction of long-term
treatment in COVID-19 patients based on the analysis
of the initial examination is necessary to develop
effective measures aimed at preventing serious post-
COVID consequences.

The constructed classification tree model based on
prognostic factors (predictors) allowed us to define an
algorithm, which is a type of decision tree based on
sequential verification of certain clinical symptoms and
signs to determine the duration of patient treatment. The
main indicators used for the calculation include
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The main advantages of this algorithm are its
simplicity and ease of interpretation. The algorithm is
based on a sequential set of simple comparisons,
making it easy to understand how decisions about
treatment duration are made. In addition, it automates
the decision-making process.

Thus, this algorithm could be a useful tool for
automatic decision-making regarding the duration of
patient treatment based on available clinical data.

CONCLUSIONS

1. It has been confirmed that advanced age and
comorbidities are factors that can increase the duration
of treatment in COVID-19 patients. Therefore, it is
necessary to consider these patients as a risk group and
prescribe antiviral therapy in a timely manner, as well as
to carry out preventive measures during the pre-season
increase in respiratory infection incidence.

2. The established relationships between clinical
symptoms are of importance for clinical practice, as
they help doctors better understand and monitor the
condition of COVID-19 patients, identifying possible
complications in a timely manner. In addition,
confirmation of the correlation between predictors
allowed us to construct a classification tree model for
predicting the treatment duration based on clinical
symptoms and signs identified during the initial
examination of patients.

3. We are proposing an algorithm for predicting the
treatment duration in patients with COVID-19 based on
the analysis of the initial examination. The
implementation of this model will help doctors predict
the duration of the infection and implement measures to
prevent serious post-COVID consequences.

4. Given the evolutionary changes of the SARS-
CoV-2 virus and the reduction of the COVID-19 clinical
course severity, it is necessary to continue work with
regard to long-COVID risk prediction, in particular
based on initial clinical symptoms.
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