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BACKGROUND: In Russia, a semi-quantitative CT 0–4 scoring system is used in the analysis of thoracic computed tomog-
raphy (CT) scans of COVID-19 patients to grade the severity of lung lesions. Despite the widespread use of this approach, the 
scoring system’s diagnostic accuracy for identification hospitalizations for patients with the disease is currently unknown. 

AIM: To evaluate the sensitivity, specificity, positive (PPV) and negative (NPV) predictive value of the CT 0–4 system for 
the triage of COVID-19 patients.

MATERIALS AND METHODS: This retrospective study enrolled 575 patients of Moscow clinics with laboratory-verified 
COVID-19, aged 57.2±13.9 years, 55% females. All patients were examined with four consecutive chest CT scans, and the dis-
ease severity was assessed using the CT 0–4 scoring system. Sensitivity and specificity were calculated as conditional prob-
abilities that a patient would experience clinical improvement or deterioration, depending on the preceding CT examination 
results. For the calculation of the NPV and PPV, we estimated the COVID-19 prevalence in Moscow. The data on total cases of 
COVID-19 from March 6 to November 28, 2020, were taken from the Rospotrebnadzor website. We used several ARIMA and 
EST models with different parameters to fit the data and forecast the incidence.

RESULTS: The median specificity of the CT 0–4 scoring system was 69% (95% CI 32%, 100%), and the sensitivity was 
92% (95% CI 74%, 100%). The best statistical model describing the epidemiological situation in Moscow was ARIMA (0,2,1). 
According to our calculations, with the predicted point prevalence of 9.6%, the values of PPV and NPV were 56% and 97%, 
correspondingly.

CONCLUSION: The maximum Youden’s index was observed for the period between the first and the second chest CT ex-
aminations when the majority of the included patients experienced clinical deterioration. The CT 0–4 scoring system makes 
it possible to safely exclude the development of pathological changes in patients with mild and moderate disease (categories 
CT-0 and CT-1), thereby optimizing the burden on hospitals in an unfavorable epidemic situation.
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Диагностическая точность компьютерной 
томографии для определения необходимости 
госпитализации пациентов с COVID-19
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Обоснование. Для выявления COVID-19-пневмоний, их осложнений и дифференциальной диагностики с дру-
гими заболеваниями лёгких, а также с целью сортировки пациентов в Российской Федерации применяют ком-
пьютерную томографию органов грудной клетки (КТ ОГК) с оценкой изменений по визуальной полуколичественной 
шкале КТ 0–4. Несмотря на широкое применение инструмента, численные показатели его диагностической точности 
в определении необходимости госпитализации пациентов с COVID-19 на настоящий момент неизвестны. 

Цель ― определение значений чувствительности, специфичности, положительной и отрицательной прогности-
ческой значимости шкалы.

Материал и методы. К участию в исследовании привлекли 575 пациентов (55% женщины) в возрасте 
57,2±13,9 лет с лабораторно подтверждённым COVID-19. Для каждого пациента проводили по четыре последова-
тельных исследования КТ ОГК с оценкой степени тяжести заболевания по шкале КТ 0–4. Чувствительность и спец-
ифичность рассчитывали как условную вероятность ухудшения или улучшения состояния пациента в зависимости 
от результатов предыдущего исследования КТ. Для расчёта положительной (PPV) и отрицательной (NPV) прогности-
ческой значимости проводили оценку распространённости COVID-19 в Москве. Данные обо всех случаях заболева-
ния COVID-19 в период с 6 марта по 28 ноября 2020 г. взяты с сайта Роспотребнадзора. Использовали ряд моделей 
ARIMA и EST с различными параметрами для подбора наилучшего соответствия имеющимся данным и прогноза 
развития заболеваемости.

Результаты. Шкала оценки КТ 0–4 продемонстрировала медианные специфичность 69% и чувствительность 
92%. Лучшей статистической моделью для описания эпидемиологической ситуации в Москве являлась ARIMA 
(0,2,1). Согласно проведённым подсчётам, при предсказанной годовой заболеваемости в 9,6% значения PPV и NPV 
составляют 56 и 97% соответственно.

Заключение. Максимальный индекс Юдена наблюдали на этапе между первым и вторым исследованием КТ ОГК, 
когда большинство пациентов в выборке демонстрировали тенденцию к ухудшению клинического состояния. Шка-
ла КТ 0–4 позволяет безопасно исключить развитие патологических изменений у пациентов с лёгким и среднетя-
жёлым течением заболевания (категории КТ0 и КТ1), способствуя оптимизации нагрузки на стационары при небла-
гоприятной эпидемической обстановке.

Ключевые слова: COVID-19; компьютерная томография; чувствительность; специфичность; сортировка пациентов.
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CT诊断的准确率，以确定COVID-19患者的住院需求
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论证：在俄罗斯联邦，为了检测COVID-19肺炎及其并发症和与其他肺部疾病的鉴别诊断，

以及对患者进行分类，使用了胸部CT，并在CT 0–4的半定量视觉尺度上评估变化。尽管胸

部CT广泛使用，但其用于确定COVID-19患者住院需求的诊断准确性的数字指标目前尚不清

楚。

目的： 是确定该量表的敏感性、特异性、阳性预测值、阴性预测值。

材料与方法：研究涉及575名经实验室确诊的COVID-19患者（55%为女性），年龄为

57.2±13.9岁。对于每个患者，进行了4次连续的胸部CT研究，并对疾病的严重程度进行了

CT评分（0–4）。根据既往CT研究结果，将敏感性和特异性作为患者病情恶化或改善的条件

概率进行计算。为计算阳性预测值（PPV）和阴性预测值（NPV），对COVID-19在莫斯科的流

行情况进行了估计。2020年3月6日至11月28日期间所有COVID-19病例的数据来自俄国国家管

理的保护消费者服务机构（Rospotrebnadzor）网站。使用了许多具有不同参数的ARIMA和

EST模型来选择与现有数据最匹配的模型，并预测发病率的发展。

结果：0–4 CT分级的中位特异性为69%，敏感性为92%。描述莫斯科流行病学情况的最佳

统计模型是ARIMA（0,2,1）。经计算，预测年发病率为9.6%，PPV值为56，NPV值为97%。

结果：Yuden指数最大的阶段出现在胸部CT第一次研究和第二次研究之间，此时样本中

大多数患者表现出临床病情恶化的趋势。0–4 CT分级可以安全地排除轻、中度病程（CT0

、CT1类）患者的病理变化发展，有助于优化患者在疫情不利的情况下住院。

关键词：COVID-19；计算机断层扫描；敏感性；特异性；病人排序.
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BACKGROUND
By January 14, 2021, the COVID-19 epidemic had 

caused approximately 92 million registered cases of in-
fection worldwide, as well as approximately 2,000,000 
lethal outcomes [1]. The SARS-CoV-2 virus disease can 
result in several scenarios. Symptoms may be completely 
absent or similar to flu-like symptoms (80%). In severe 
and critical cases, oxygen support or the use of an arti-
ficial lung ventilation apparatus (15% and 5%, respec-
tively) is required [2]. Since a common manifestation of 
COVID-19 is viral damage to the lungs, methods of X-ray 
diagnostics represent one of the main tools for assessing 
disease severity and deciding whether hospitalization is 
required.

In accordance with the Temporary Methodological Rec-
ommendations of the Ministry of Health of the Russian 
Federation for the prevention, diagnosis, and treatment 
of new coronavirus infection COVID-19, for the assess-
ment of changes in the lungs and differential diagnosis 
with other diseases, a visual semi-quantitative “empirical” 
scale of the degree of lung damage (computed tomog-
raphy (CT) 0–4) should be used [3]. To this end, in their 
work, Morozov et al. [4] demonstrated not only the value 
of the scale as a predictor of lethal outcomes in COVID-19 
patients but also its practical significance for routine pa-
tient management. However, despite the widespread use 
of the tool, as of this writing, an assessment of the nu-
merical values of the indicators of its diagnostic accuracy 
has not been performed.

The study aimed to determine the diagnostic accuracy 
of the scale by four sequential CT studies to track the dy-
namics of the disease and make a decision on hospitalization 
of COVID-19 patients.

MATERIALS AND METHODS

Study design
Within this retrospective study, we used the database 

of the Unified Medical Information Analysis System (UMIAS) 
in Moscow to analyze a sequential sample of patients who 
were treated in medical organizations in Moscow from 
March 1 to August 1, 2020.

Compliance criteria
Inclusion criteria were patients with a confirmed diagno-

sis of new coronavirus infection, aged 18 years or older, who 
underwent 4 consecutive CT examinations of the thoracic 
organs (TO). The diagnosis of COVID-19 in the enrolled pa-
tients was confirmed by detection of SARS-CoV-2 viral RNA 
in throat swabs by reverse transcription polymerase chain 
reaction (RT-PCR).

Exclusion criteria were age under 18 years, duplicate 
records, and records with incomplete data.

Outcome registration methods
Studies of the chest organs were conducted using the 

recommended scanning parameters for patients with av-
erage anthropometric parameters (height 170 cm, weight 
70 kg), voltage 120 kV, automatic adjustment of the current 
strength, scanning area 350 mm, and slice thickness 1.5 mm 
or thinner. The presentation was interpreted by roentgenolo-
gists who received special training in chest CT for COVID-19. 
Each medical description was sent to expert approbation at 
the Moscow Reference Center for Radiation Diagnostics.

For assessment of the results of CT studies, a semi-
quantitative CT scale of 0–4 was used [5] in accordance 
with the Temporary Methodological Recommendations of 
the Ministry of Health of the Russian Federation for the pre-
vention, diagnostics, and treatment of the new coronavirus 
infection COVID-19 [3]. According to the CT 0–4 scale, there 
are five degrees of lung tissue damage in COVID-19, namely 
normal (CT0), mild (CT1), moderate (CT2), severe (CT3), and 
critical (CT4). For patients with a mild to moderate course 
of the disease, medical care is allowed at home. Patients in 
severe and critical condition are subject to immediate hos-
pitalization in a structural unit of a medical organization for 
the treatment of COVID-19.

If the radiologist, when interpreting medical descriptions, 
indicated the course of the disease as moderate (CT1–CT2) 
or severe (CT3–CT4), the patient was assigned the more 
severe of the two categories. If the doctor did not indicate 
the category on the CT scale of 0–4, but noted a positive 
or negative tendency, then in the presence of data on the 
previous CT study, the category was lowered or raised by 
one level, respectively.

To assess the duration of the convalescence period from 
COVID-19 pneumonia, the difference between the date of 
laboratory confirmation of the diagnosis and the date of the 
first of four CT examinations was determined, and according 
to the results, the patient was assigned to the CT0 category, 
provided that the category did not change in subsequent 
studies. Patients who had not recovered by August 1, 2020 
were not included in the convalescence time analysis. Miss-
ing values were processed by excluding a specific indication 
from the corresponding analysis

Statistical analysis
When assessing the sensitivity and specificity of the CT 

scale 0–4 to identify the need for hospitalization, the disease 
dynamics were studied according to the results of repeated 
CT studies in a sequential sample of patients.

In diagnostic tests, sensitivity is defined as the condi-
tional probability that the test results will be positive in the 
presence of the condition under study. Specificity is the con-
ditional probability that test results will be negative if the 
condition under study is not noted. In the present study, a 
positive test result corresponded to worsening of the pa-
tient’s condition, and based on the results of a repeated CT 
scan, the patient was assigned to category CT3 or CT4 (the 
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result is “worse”). The test result was recognized as nega-
tive if, based on the results of the repeated study, the patient 
was assigned to categories CT 0–2, in other words, if their 
condition did not worsen and they were not subject to hos-
pitalization (the result is “better”).

In the model presented, the need for hospitalization of 
the patient due to belonging to the CT3 or CT4 category (the 
condition “hospital”) was taken as the condition under study. 
The absence of the condition under study included all cases 
when treatment at home was prescribed for patients of CT 
categories 0–2 (condition “home”).

Thus, in the model presented, the sensitivity (Se) was 
estimated as the conditional probability Pworse/hospital:

Pworse/hospital

Number of 'hospital' patients
after second CT study

Total number of 'hospital' patients
=

 
(1).

The specificity (Sp) of the model corresponded to the 
conditional probability Pbetter/home:

Pbetter/home

Number of 'home' patients 
after second CT study

Total number of 'home' patients
=

 
(2).

The Youden index J was calculated from the values of 
sensitivity and specificity:

J = Se + Sp – 1 (3).

The positive predictive value (PPV) and negative predic-
tive value (NPV) of the test depend on the disease prevalence. 
The Exponential Smoothing (ETS [6]) and Auto-Regressive 
Integrated Moving Average (ARIMA [7]) models were used 
to predict the incidence of COVID-19 in Moscow. Daily in-
formation on all cases of COVID-19 infection in the period 
from March 6 to November 28, 2020 was obtained from the 
Russian Agency for Health and Consumer Rights website [8]. 
Time series analysis was performed using R 3.6.3 [9] with 
the use of the forecast [10] and ggplot2 [11] packages. The 

development of the disease prevalence was assessed for a 
period of 120 days. For accuracy of assessment, the model 
was trained on morbidity data from March 6 to November 15, 
2020, after which the predicted and actual values for the pe-
riod from November 15 to November 28, 2020 were compared 
using the metrics of mean absolute percentage error (MAPE) 
and mean absolute scaled error (MASE).

Using the prevalence value, PPV was calculated as fol-
lows:

PPV =
Sensitivity × prevalence

(sensitivity × prevalence) + (1 – specificity) × 
× (1 – prevalence)  

(4).

The test NPV was calculated in the same way:

NPV =
Specificity × (1 – prevalence)

Specificity × (1 – prevalence) +
+ (1 – sensitivity) × prevalence   

(5).

RESULTS

Objects (participants) of the study
Records of 139,592 patients of medical organizations in 

Moscow for the period from March 1 to August 1, 2020 were 
assessed for compliance with the criteria for inclusion in 
the study. After exclusion of 139,017 participants for various 
reasons, for statistical analysis, data from 575 patients with 
confirmed COVID-19 was used, each of whom underwent 
four consecutive TCT (thoracic computed tomography) scans 
(Fig. 1).

Main research findings
The mean age of patients in the final sample was 

57.2±13.9 (range 2292) years; the sample included 314 
women (54.6%). During the study, 49 lethal outcomes were 
registered. CT scanning 1 revealed no signs of viral pneu-
monia in 70 patients; 223 participants had a mild degree 
of lung tissue changes (CT1), a moderate degree (CT2) was 

Fig. 1. Scheme of the examination of the study participants.
ARVI ― acute respiratory viral infections; TCT ― thoracic computed tomography.

139,592 patients of medical organizations in Moscow with ARVI symptoms

Patients who underwent 4 consecutive TCT scans (n = 971)

Patients with confirmed COVID-19 (n = 575)

The following were excluded:
• duplicated records (name, gender, age) (n = 6)
• records with incomplete data (n = 17)
• patients without laboratory confirmed COVID-19 (n = 373)
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noted in 163 patients, severe degree (CT3) was registered 
in 84 cases, and critical (CT4) was revealed in 16 patients. 
For 19 patients, the severity level was not indicated due to 
other pulmonological diseases (n = 13), or the study was 
conducted earlier than March 1, 2020 (n = 6). The average 
time period between TCT 1 and 2 was 9.4±8.3, that between 
TCT 2 and 3 was 10.2±8.1, and the period between TCT 3 and 
4 was 22.6±17.5 days.

The dynamics of the distribution of disease cases in 
the sample according to the degree of severity followed a 
clear pattern. In the interval between TCT studies 1 and 2, 
the number of patients in categories CT0 and CT1 decreased 
with an increase in the number of patients of categories CT2, 
CT3, and CT4. In the interval between studies 2 and 3, the 
number of patients in categories CT0, CT3, and CT4 stabi-
lized, and relative stability in the number of patients with 
mild and moderate changes was noted in the presence of an 
increase in the number of CT1 cases and a decrease in the 
number of CT2 cases. Finally, at stage 3, the tendencies of 
stage 1 were reversed, as there was a significant increase 
in the number of patients in the categories CT0 and CT1, with 
an equally noticeable decrease in the number of patients in 
the categories CT2, CT3, and CT4 (Fig. 2).

Convalescence time
To assess the convalescence time, the sample (n = 124) 

was divided into three cohorts:
1) patients of the categories CT1–CT4 according to the 

results of CT scan 1 of the TO, who had resolution of 
COVID-19 pneumonia after study 2 (CT0) without further 
deterioration of the clinical condition. This cohort includ-
ed four patients with an average convalescence time of 
23.5±4.9 days, all patients of the CT1 category according 
to the results of CT scan 1. Note that two patients from 
this cohort had positive RT-PCR tests for COVID-19 5 and 

21 days later, respectively, after elimination of the char-
acteristic manifestations of the disease;

2) patients of the categories CT1–CT4 according to the re-
sults of TCT study 2, who changed the category to CT0 
according to the results of study 3 without further dete-
rioration of the clinical condition. The cohort consisted 
of 12 patients, including 11 patients with CT1 based on 
study 2, and one patient had CT2. The mean convales-
cence time in the cohort was 36.3±21.3 days. Five pa-
tients also had positive test results 11.0±13.1 days after 
being assigned to category CT0;

3) patients of categories CT1–CT4 according to TCT study 3, 
who changed the category to CT0 according to the re-
sults of study 4. The cohort included 108 patients, one 
of whom died due to pathological changes not associ-
ated with COVID-19. According to the results of study 3, 
81 patients from the cohort had category CT1, 16 patients 
had category CT2, 9 patients had category CT3, and two 
patients had category CT4. The average convalescence 
time was 36.0±24.3 days; four patients tested positive 
for COVID-19 16.0±17.1 days after being assigned to cat-
egory CT0.

Assessment of diagnostic accuracy
When assessing the diagnostic accuracy of TCT and the 

semi-quantitative CT scale 0–4 to determine the need for 
hospitalization of COVID-19 patients, three stages of the 
study were considered separately (Fig. 2). According to the 
results of TCT study 2, the greatest specific changes in the 
clinical condition occurred among patients of the CT0 cat-
egory, 53% of which changed category to CT1, 19% changed 
to CT2, and 6% had a severe disease course (Table 1).

To calculate the values of specificity and sensitivity at 
stage 1 of the study from the data presented in Table 1, a 
2 × 2 cross-classification table can be drawn up (Table 2).

Fig. 2. Dynamics of the distribution of the number of patients according to the degree of changes in the lung tissue.
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According to Table 2, from equations (1) and (2), the 
specificity and sensitivity of TCT when using the CT scale 
0–4 to determine the need for hospitalization of COVID-19 
patients were 84.3% and 83%, respectively.

When comparing the results of TCT studies 2 and 3, the 
greatest specific changes occurred in patients of the CT4 
category, the clinical condition of 64% of whom improved 
(Table 3).

The specificity and sensitivity of TCT and the CT scale 0–4 
for the stage 2 of the study were 92.9 and 69.5%, respec-
tively [equations (1) and (2); Table 4].

Finally, at the stage 3, the greatest specific changes 
in the clinical condition of patients were registered in the 
categories CT2 (the condition improved in 54% of patients 
and worsened in 3% of cases) and CT3 (the condition im-
proved in 49% of patients and worsened in 3% of cases); 
Table 5.

At stage 3 of the study, the specificity of TCT and the 
CT scale 0–4 to determine the need for hospitalization of 
COVID-19 patients was 98.8%, and sensitivity was 53.7% 
[equations (1) and (2); Table 6].

If we consider all stages of the study as a single block, 
the approach sensitivity was 91.8% (95% CI 83.7–100), and 
the specificity was 68.7% (95% CI 52.1–85.3).

Assessment of NPV and PPV values
Prediction of the prevalence of COVID-19 in Moscow

According to the Russian Agency for Health and Con-
sumer Rights website [8], the infection curve demonstrated 
exponential growth until July 1, 2020. After that, the num-
ber of daily new cases reached a constant level of 658±42 
(Fig. 3).

Phase II of exponential growth started between Septem-
ber 15 and 23, 2020 (Fig. 3). To select a predictive model, 
the data on the incidence of COVID-19 were divided into 
groups for training and testing, followed by training for vari-
ous models of EST and ARIMA. According to the MAPE and 
MASE values, the ARIMA (0,2,1) and ETS ZZZ (autoselectable 
parameters) models were the best predictors of the test data 
(Table 7).

The ARIMA (0,2,1) and ETS ZZZ models predicted an al-
most linear increase in new COVID-19 cases after the end of 

Table 1. Categorization of participants between thoracic computed tomography scanning 1 and 2

Indicator CT Total*
Category according to the study 2 results

CT0 CT1 CT2 CT3 CT4

Category according 
to the study 1 results

CT0 70 16 37 13 3 1

CT1 223 7 122 71 18 4

CT2 163 1 29 85 40 5

CT3 84 0 1 15 56 12

CT4 16 0 0 1 4 11

Note. *Here and in Tables 3 and 5, the discrepancy in the total number of patients according to the results of the adjacent TCT scan is 
associated with the missing results of the numerical study for some participants. Such cases were not excluded, since such data were 
available for other studies of these patients.

Table 2. 2 × 2 table for stage 1 of the study

Indicator Improvement Deterioration Total

Home 381 71 452

Hospital 17 83 100

Total 398 154 552

Table 3. Categorization of participants between thoracic computed tomography scanning 2 and 3

Indicator CT Total*
Category according to the study 3 results

CT0 CT1 CT2 CT3 CT4

Category according to the study 
2 results

CT0 24 11 5 7 1 0

CT1 197 13 158 20 6 0

CT2 192 1 59 110 21 1

CT3 122 0 4 39 75 3

CT4 33 0 1 3 17 12
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Fig. 3. Prediction of the prevalence of COVID-19 in Moscow: actual data (black curve); ETS MMM model (yellow curve); ARIMA model 
(0,2,1) (red curve). The prognosis of the ETS ZZZ model is not displayed as it coincides with ARIMA (0,2,1). For each of the models, the 
95% confidence intervals are shown in the corresponding dimmed color.

phase II of exponential growth (Figure 3). The most optimistic 
scenario offered by the ETS MMM model did not prove true 
already on the testing sample (Fig. 3, Table 7). As a result, 
the incidence curve is not likely to flatten over the estimated 

time period. The curve corresponding to the predictions of 
the ARIMA (0,2,1) and ETS ZZZ models is not asymptotic, 
which complicates the estimation of the limit value for the 
total number of COVID-19 cases in Moscow (Fig. 3).

Table 4. 2 × 2 table for stage 2 of the study

Indicator Improvement Deterioration Total

Home 384 29 413

Hospital 47 107 154

Total 431 136 567

Table 5. Categorization of participants between thoracic computed tomography scanning 3 and 4

Indicator CT Total*
Category according to the study 4 results

CT0 CT1 CT2 CT3 CT4

Category according to the study 
3 results

CT0 26 22 4 0 0 0

CT1 229 81 144 3 1 0

CT2 181 16 81 77 4 1

CT3 121 9 17 33 57 4

CT4 16 2 1 1 5 7

Table 6. 2 × 2 table for stage 3 of the study

Indicator Improvement Deterioration Total

Home 428 5 433

Hospital 63 73 136

Total 491 78 569
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Since the infection curve has not flattened, only the an-
nual number of cases of COVID-19 infection can be esti-
mated. According to the ARIMA (0,2,1) and ETS ZZZ models, 
this figure will reach 1,220,500 cases per year, provided the 
current tendency continues. It should be noted that this prog-
nostic estimate is approximate, and there may be effects of 
seasonal fluctuations and expected mass vaccination, which 
cannot be predicted due to the available data. According to 
Rosstat data as of January 1, 2020, the population of Mos-
cow was 12,678,079 people1. Based on this information, the 
Moscow instantaneous prevalence of COVID-19, character-
ized as the percentage of cases in the urban population at 
risk of the disease, will amount to 9.63% by March 6, 2021.

Predictive value
Considering the value of the instantaneous prevalence 

of COVID-19 in Moscow, as well as the values of sensitivity 
and specificity presented in Tables 2, 4, and 6, the PPV and 
NPV can be calculated using equations (3) and (4) (Table 8).

Thus, the results of a retrospective follow-up of 575 
patients with laboratory confirmed COVID-19 demonstrated 
69% specificity, 92% sensitivity, 56% PPV, and 97% NPV of 
CT for making a decision on hospitalization of the patients.

DISCUSSION
This work aimed to evaluate the numerical indicators 

of the diagnostic accuracy of TCT and the CT scale 0–4 for 
making a decision on hospitalization of COVID-19 patients. 
According to the results obtained, the scale showed aver-
age values of specificity and PPV with high sensitivity and 
NPV.

The role and importance of CT for the detection of CO-
VID-19 pneumonia, their complications, and differential 
diagnostics with other lung diseases have caused an on-
slaught of discussion in the medical community [12, 13]. 

1 Department of the Federal State Statistics Service for Moscow and 
the Moscow Region. Estimation of the resident population of Moscow 
as of January 1, 2020. Access mode: https://mosstat.gks.ru/storage/
mediabank/Оценка численности населения 2020_383215.xls.. Date 
of reference: 01/15/2021.

TCT scan has low rates of underdiagnosis [14]. In addition, 
a positive correlation of the CT scale 0–4 with mortality 
rates among patients with coronavirus pneumonia COV-
ID-19 [4] has been demonstrated. However, the severity 
of the patient’s condition, as well as its dynamics, do not 
always correlate with the quantitative assessment of the 
volume of indurated lung tissue [15].

In the present work, we used the results of four con-
secutive TCT studies in patients with confirmed COVID-19. 
This enabled us to divide the study into three stages with 
pronounced trends in the change in the clinical condition 
of patients in the sample. At stage 1, corresponding to 
the period between CT examinations 1 and 2, deteriora-
tion in the clinical condition of the majority of patients 
was registered (Fig. 2). This stage was characterized by 
maximum sensitivity of the CT scale 0–4 (83.0%), the 
maximum Youden’s index (0.673), and the lowest PPV 
value (35.9%).

At stage 2, no significant changes in the number of 
categories of patients of different severity were registered 
(Fig. 2). This situation was accompanied by a decrease in 
sensitivity (−13.5%) and an increase in specificity (+8.6%) 
and PPV (+15%) of the CT scale 0–4, and Youden’s index 
was 0.624.

Finally, at the stage 3, corresponding to the period be-
tween CT studies 3 and 4, the majority of patients showed 
an improvement in their clinical condition (Fig. 2). At the 
same time, a further decrease in the method’s sensitivity 
(−29.3%) and an increase in specificity (+14.5%) and PPV 
(+46.7%) were noted. Youden’s index at this stage reached 
a minimum value of 0.525. All changes are given relative to 
the values of stage 1.

Study limitations
This study has limitations. The resulting convalescence 

times are higher than previously published values for co-
horts 2 and 3 of participants (about 36 days). According to Bi 
et al. [16], the median convalescence time from COVID-19 is 
estimated at 20.8 days, while for patients aged 50–70 years 
and older, the period is increased to 22.6 days, and up to 
28.3 days for patients with severe symptoms. This may be 

Table 7. Accuracy statistics for different predictive models

Model MAPE MASE

ARIMA (0,2,1) 0.233 0.634

ETS ZZZ 0.233 0.634

ETS MMM 1.436 4.063

Table 8. PPV and NPV values for different stages of the study

Stage 1 2 3 General value (95% CI)

PPV, % 35.9 50.9 82.6 56.5 (29.5–83.4)

NPV, % 97.9 96.6 95.2 96.6 (95.0–98.1)
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to be ruled out with high confidence, thereby optimizing the 
workload on in-patient hospitals.
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