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Abstract
Background Chest computed tomography (CT) has been accepted to provide reference for the diagnose
and assessment the severity of Corona Virus Disease 2019 (COVID-19). Decrease in the counts of
lymphocyte and leukocyte is used as the diagnostic indicator of suspected COVID-19 cases. However,
there is few study on exploring the hysteresis of chest CT changes and the predictive role of lymphocyte
count in peripheral blood before treatment in the severity of the disease.

Methods A retrospective analysis was carried out focusing on the data of patients tested to be positive
for RNA nucleic acid test of SARS-CoV-2 with nasopharyngeal swabs in 4 hospitals. An independent
assessment was performed by one clinician using the DEXIN FACT Workstation Analysis System, and the
assessment results were reviewed by another clinician. Furthermore, the mean hysteresis time was
calculated according to the median time from progression to the most serious situation to improvement
of chest CT in patients after fever relief. The optimal scaling regression analysis was performed by
including variables with statistical signi�cance in univariate analysis. In addition, a multivariate
regression model was established to investigate the relationship of the percentage of lesion/total lung
volume with lymphocyte and other variables.

Results In the included 166 patients with COVID-19, the average value of the most serious percentage of
lesion/total lung volume was 6.62, of which 90 patients with fever had an average hysteresis time of 4.5
days after symptom relief, with a similar trend observed in those without fever. Multivariate analysis
revealed that lymphocyte count in peripheral blood and transcutaneous oxygen saturation decreased with
the increase of the percentage of lesion/total lung volume. Meanwhile, age, fever and C-reactive protein
exhibited no such effect in the established model.

Conclusions There is a hysteresis effect in the improvement of chest CT image in relative to fever relief in
patients with COVID-19. Besides, the percentage of lesion/total lung volume of chest CT correlates
negatively with lymphocyte count in peripheral blood and transcutaneous oxygen saturation. Findings in
our study may contribute to understanding the disease status of patients with COVID-19 and grasping the
opportunity of treatment by clinicians.

Background
Corona Virus Disease 2019 (COVID-19) is featured by strong infectivity, rapid development, and high
incidence in Spring and Autumn, showing an epidemic trend in the world recently. With a high de�nition,
computed tomography (CT) facilitates the display of ground glass-like shadows and foci in the
overlapped area behind the heart for COVID-19 patients[1]. Despite limitations in qualitative diagnosis
and quanti�cation of lesions, CT is still the most widely used tool to diagnose and assess diseases
worldwide. The weight of CT reached 41.67% (5/12) when it was used to evaluate the severity of COVID-
19 [2, 3, 4].
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In general, imaging severity of diseases can be graded by estimating the range of “abnormal” lung �eld.
In the past, Seaton et al. [5, 6] described an anatomical site-based classi�cation, besides, Ralph et al. [7]
and Pan et al. [8] in the later stage proposed an evaluation method of using integral. These methods,
however, are not only lack of accuracy, but also mainly used in chronic infectious diseases. With the
development of medical imaging, quantitative CT analysis technology has been used in clinic in recent
decades [9], mainly for the evaluation of pulmonary nodules. It will be totally a new perspective to apply
CT to COVID-19, an acute infectious disease. It still requires further exploration on how to recognize the
correlation between the degree of quantitative computerized image changes and clinical indicators.
Simultaneously, it was found in our clinical practice that the lesion of chest CT was still progressing in
some patients with fever relief. When would the relative hysteresis period of imaging end? It dose confuse
our understanding of the disease clinically.

With respect to the above, the purpose of this study is to determine the hysteresis time of CT images in
subjects with fever and compare the change trend of quantitative CT parameters with that of subjects
without fever; and to clarify relevant factors affecting the percentage of lesion/total lung volume in
patients with COVID-19.

Methods

Study sites and patients
The objects of study were 170 patients from 4 hospitals in 2 provinces of China from January 2020 to
March 2020. According to the COVID-19 Diagnosis and Treatment Plan issued by the National Health
Commission, patients were provided with antiviral treatment of interferon-α combined with
Lopinavir/Ritonavir or Arbidol, chest CT scan every 3–5 days, sampling of nasopharynx swabs and
routine blood examination (routine blood test, liver function, etc.). All enrolled patients were detected to
have positive nucleic acid test results for severe acute respiratory syndrome coronavirus (SARS-CoV)-2 by
real-time �uorescent RT-PCR of nasopharyngeal swabs. During the treatment period, patients were
excluded for those < 18 years old, with positive HIV antibody, and dead within one week after diagnosis.

Percentage of lesion/total lung volume
Chest CT images were scanned by an imaging technician according to the uni�ed parameters (see
Additional �le 1). The imaging technician was responsible for the immediate assessment of the
"readability" of the image and re-scanning of the unquali�ed image. The original data of collected images
was then imported into the "Digital Lung" Pneumonia Quantitative Software (DEXIN FACT Workstation
Analysis System) in a format of Digital Imaging and Communications in Medicine (DICOM), of which the
software has been veri�ed [10]. Pulmonary lesions of COVID-19 patients were automatically segmented,
extracted and quanti�ed. Subsequently, anther manual identi�cation (especially ground glass-like
shadows), segmentation and deletion of the lesion was carried out according to the preset inclusion and
exclusion criteria (Table 1). Another doctor was involved to review the results carefully. Besides, a third
senior doctor blinded with the assessment was invited to make the �nal determination in the case of
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inconsistent lesion judgment. The volume of the whole lung (ml) and that of the lesion after manual
correction (ml) were automatically calculated by the system to obtain the percentage of the lesion/total
lung volume. Finally, following repeated chest CT examination, the maximum value of the percentage of
lesion/total lung volume was selected for univariate and multivariate analysis.

Table 1
Inclusion and exclusion criteria in the diagnosis of lesions

Inclusion Exclusion

Small patchy shadow and stromal
changes
Ground glass-like shadow
In�ltrative shadow
Pulmonary consolidation
Pleural effusion

Old lesions caused by previous underlying diseases
Artifacts at the junction of lung and chest wall, mediastinum
and septal muscle
Pulmonary vascular shadow
Calci�ed lesion
Images before the onset of the disease or over 4 weeks after
admission

Virology and clinical data
Nasopharynx swabs and demographic data were collected in all patients after admission. The sampled
nasopharynx swabs shall be stored at 4℃ and sent to the laboratory of the Municipal Center for Disease
Control and Prevention for testing within 4 hours. Corresponding procedures were carried out in
accordance with the “Measures for the Management of Biological Safety Environment of Pathogenic
Microorganisms Laboratory” and “Provisions on the Management of the Transportation of Pathogenic
Microorganisms (Viruses) or Samples that Can Infect Human Beings” (Decree No.45 of Ministry of
Health, P.R.China) [11]. It could be determined to be positive if the test results met the following
requirements: (1) patients with simultaneous positive detection of ORF1ab and N gene; and (2) patients
retested to have positive detection of ORF1ab or N gene by nucleic acid retest of the re-extracted original
sample for those with positive ORF1ab or N gene in the �rst-time detection.

Chest CT hysteresis time: on the basis of calculation from the �rst day of admission, it was de�ned as
the average duration (days) of fever by subtracting the average duration of fever after admission from
the median time of lesion/total lung volume percentage reduction ≥ 10% compared with the previous
time in subjects with fever (nursing record of body temperature ≥ 37.3℃). Cough and asthma symptoms
were not included in this analysis since the two symptoms had no clear time line for relief, which might
hence affect the accurate quantitative results. Data related to routine blood test, C-reactive protein (CRP),
albumin and transcutaneous oxygen saturation (without oxygen inhalation) subjected to the �rst test
results of patients after admission. As part of the clinical data, the inpatients were tested for HIV, in
combination of collecting medical history of diabetes, hypertension, etc.

Statistical analysis
Multivariate analysis of variance was used to compare the percentage of lesion/total lung volume in
subjects with and those without fever at different times. Univariate analysis for baseline characteristics
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(age, gender, body mass index, primary/secondary cases, leukocytes, lymphocytes and presence of
underlying diseases) and the percentage of lesion/total lung volume were analyzed by Mann-Whitney U
test, Kruskal-Wallis H test (categorical variables) and Spearman correlation analysis (measurement
variables). The presence of collinearity was determined if the correlation coe�cient of the two variables
was > 0.8 or the tolerance was < 0.1 before data conversion. Series mean was used to replace the missing
value. Finally, the variables with statistical signi�cance in univariate analysis (P < 0.05) were involved for
optimal scaling regression analysis. SPSS 22.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism 8.0.2
(GraphPad Software, La Jolla, CA, USA) were used for statistical analysis in this study.

Results
Out of 170 con�rmed patients with COVID-19 in 4 hospitals, 4 cases were excluded, and 166 were �nally
included in the study (Fig. 1). Of the enrolled 166 subjects, the average age was 43.05 ± 13.36 years old,
with 52.41% (87/166) males. After the quality examination by three doctors, 617 images were included in
the evaluation, of which 13 cases were found to have no pathological changes in the lung. The
completion rates of examination within 1–2 days, 3–6 days, 7–10 days, 11–15 days and 16–21 days
were 100%, 78.31%, 81.93%, 74.10% and 37.35%, respectively.

Changes of DICOM analysis parameters at different times
Table 2 shows the changes of parameters such as total lung volume and lesion volume at different times,
in which the percentage of lesion/total lung volume was the largest within 3–6 days after admission and
tended to improve in 7–10 days. Figure 2 displays the change of representative case. Chest CT showed
that the median percentage of lesion/total lung volume was 6.62, with the interquartile range of between
3.59–10.25.
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Table 2
Changes of chest CT parameters in different time periods

CT parameters 1–2 days
(N = 160)

3–6 days
(N = 129)

7–10 days
(N = 134)

11–15 days
(N = 119)

16–21 days
(N = 62)

Missing Data, n (%) 0 (0.00) 36 (21.69) 30 (18.07) 43 (25.90) 104 (62.65)

Chest CT showed no
lesions, n (%)

6 (3.61) 1 (0.60) 2 (1.20) 4 (2.41) 0 (0.00)

Total lung volume,
mL, median (IQR)

3805.00
(3243.72-
4645.23)

3617.17
(3114.68-
4546.73)

3968.21
(3431.38-
4742.65)

3919.04
(3369.59-
4365.60)

3875.69
(3395.52-
4390.86)

Lesion volume, mL,
median (IQR)

221.83
(107.68-
346.77)

250.24
(139.37-
377.27)

170.54
(77.30-
264.91)

138.97
(72.74-
195.48)

56.51
(42.67-
70.46)

Average CT density of
lesions, HU, median
[IQR]

-488.24
[(-408.01)-
(-589.62)]

-470.78
[(-408.32)-
(-545.97)]

-501.84
[(-436.67)-
(-583.66)]

-464.55
[(-412.49)-
(-553.44)]

-492.41
[(-408.15)-
(-578.40)]

Lesion/total lung
volume, %, median
(IQR)

5.51
(3.20-9.67)

6.65
(3.76-10.71)

4.18
(2.11-7.38)

3.43
(1.63-5.58)

1.51
(1.13-1.79)

△Lesion/total lung
volume, %a

  20.69↑ 37.14↓ 17.94↓ 55.98↓

CT computed tomography, HU Houns�eld unit, IQR interquartile range. aThe change range of the
percentage of lesion/total lung volume compared with the previous time. “↑” means increase and “↓”
means decrease

Image hysteresis time of patients with fever
The median disappearance time of fever was 3.5 (2.00-5.25) days in the 90 subjects with fever after
admission. The �rst ≥ 10% decrease in the percentage of lesion/total lung volume compared with the
previous time was in 7–10 days, with a median time of 8 days. Hence, the image hysteresis time of
subjects with fever was measured to be 8.0-3.5 = 4.5 days. Analysis of variance indicated that there was
no difference in the change of the percentage of lesion/total lung volume in subjects with and those
without fever and all subjects at different times (F = 1.839, P = 0.161)(Fig. 3). Besides, there was obvious
difference in the percentage of lesion/total lung volume at different times (all P < 0.001), without the
discovery of interaction between time and group (see Additional �le 2).

In�uential factor of the percentage of lesion/total lung
volume
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According to the results of univariate analysis, age, fever, absolute value of lymphocyte, CRP and
transcutaneous oxygen saturation were signi�cantly related to the percentage of lesion/total lung volume
(all P < 0.05) (Tables 3 and 4). These 5 variables were thus included in the multivariate analysis.
Corresponding correlation coe�cients were < 0.8 (age and lymphocyte count were the largest dependent
variable with a coe�cient of -0.348), and there was no variable with the tolerance < 0.1. The results
showed that the adjusted R2 was 0.250, indicating the existence of statistical signi�cance of the
established regression model (F = 10.675, P < 0.001). Meanwhile, lymphocyte count and transcutaneous
oxygen saturation were independent risk factors for the percentage of lesion/total lung volume (all P < 
0.05) (Table 5), with the importance of 0.519, 0.388 and the sum of the importance of 0.907, respectively
(see Additional �le 3).
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Table 3
Univariate analysis of the percentage of lesion/total lung volume (nominal and ordinal variables)

Variable N (%) lesion/total lung volume, %,
median (IQR)

Test value p value

Total 166 (100.00) 6.68 (3.91-10.43)    

Sex     Z = 3410.00 0.932

Female 79 (47.59) 6.41 (3.91-10.26)    

Male 87 (52.41) 6.68 (3.25-10.25)    

Case type        

First-generationa 85 (51.20) 6.07 (3.25-8.89) χ2  = 4.707 0.095

Second-generationb 46 (27.71) 8.67 (4.01-11.86)    

Inclassi�caceisc 35 (21.09) 6.67 (4.61-9.68)    

Fever     Z = 4082.00 0.032

No 76 (45.78) 5.83 (3.25-9.06)    

Yes 90 (54.22) 7.01 (4.26-10.85)    

Basic disease     Z = 2319.00 0.474

No 134 (80.72) 6.65 (3.46-10.12)    

Yes 32 (19.28) 6.42 (4.03-11.06)    

Cardiovascular diseased 19 (11.45)      

Diabetes mellitusd 9 (5.42)      

Kidney disease 3 (1.81)      

Tuberculosis 2 (1.20)      

Othere 3 (1.81)      

IQR interquartile range. Note: Z value obtained by Mann-Whitney U test, and 2 was Kruskal-Wallis H
test.
aRefers to the Hubei traverl/residence hsitory, bRefers to the contact with people from Hubei, cRefers
to no traceable exposure history to Hubei, dCo-existence of these two diseases in 4 cases, eOne case
of chronic hepatitis B, cirrhosis and rectal cancer after ostomy, respectively
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Table 4
Univariate analysis of the percentage of lesion/total lung volume (numeric variables)

Variable Missing data Median (IQR)
or

Please click here to download the
original image �le

Click here to Correct
± sa

R p
value

N (%)

Age (years) 0 (00.00) 43.05 ± 13.36 0.182* 0.019

Body-mass index
(kg/m2)

0 (00.00) 22.74 ± 2.57 -0.080 0.304

White blood cell (× 
109/L)

5 (3.01) 4.93 (3.87-6.11) -0.065 0.411

Absolute lymphocyte
(× 109/L)

5 (3.01) 1.21 (0.92-1.46) -0.397** 0.001

C-reactive protein
(mg/L)

16 (9.64) 10.00 (6.72–26.15) 0.178* 0.029

Albumin (g/L) 0 (00.00) 38.83 ± 5.85 -0.137 0.078

TcSO2 (%) 0 (00.00) 97.00 (95.00–98.00) -0.259** 0.001

IQR interquartile range, R spearman`s rho correlation coe�cient, TcSO2 transcutaneous saturation of
oxygen. aThe data are represented as the value of each variable. *P < 0.05, **P < 0.01

Table 5
Optimal scale regression analysis of the percentage of lesion/total lung

volume

Variable Beta Standardized
coe�cients std.error

F p value

Fever        

Without vs. with 0.078 0.056 1.946 0.165

Age 0.017 0.071 0.057 0.811

Absolute lymphocyte -0.321 0.075 18.410 0.001

C-reactive protein 0.047 0.069 0.461 0.498

TcSO2 -0.286 0.070 16.875 0.001

TcSO2 transcutaneous saturation of oxygen
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Correlation between the percentage of lesion/total lung
volume and independent risk factors
The independent risk factors and the percentage of lesion/total lung volume were converted by Rankit
normal-distribution integral. Subsequent correlation analysis revealed that the percentage of lesion/total
lung volume decreased with the increase of lymphocyte count in peripheral blood and transcutaneous
oxygen saturation, showing moderate and mild correlation, respectively (r = 0.395, r = 0.292) (Figs. 4 and
5).

Discussion
In our study, based on "Digital Lung" Pneumonia Automatic Detection/Quantitative System, quantitative
detection indexes of COVID-19 patients were obtained by computer-aided detection and manual
correction, including total lung volume, lesion volume, and average density of lesions. Among them,
lesion volume is the most basic feature of lesions, which directly re�ects the actual size of the lesion,
total lung volume is the basic general description of whole lung in the patient, and density can help to
judge the composition and nature of lesions. The percentage of lesion/total lung volume re�ects the
severity of the disease in part and in general.

According to the results of this study, 74.10% (123/166) of patients with COVID-19 reported fever, with the
median time of fever of 5.0 (4.0–8.0) days before admission. After admission, 54.22% of the patients
were con�rmed to have fever, and the median time of remission was 3.5 (2.0-5.3) days. Furthermore,
images of chest CT began to improve with an average hysteresis of 4.5 days after fever relief. It was 13
days when it was calculated since the onset of fever, which was similar to those reported by Jin et al [12]
and Pan et al [8] that the radiological manifestation of chest CT entered the dissipation stage at 2–3
weeks. Simultaneously, �ndings in our study suggest that: (1) clinical symptoms are still important clues
for early assessment of the disease; and (2) the possibility of developing to severe lesions should be
alerted if there is still progression in chest CT of patients beyond this median time.

Patients with fever had a higher percentage of lesion/total lung volume. It is speculated that fever
attenuates the immune response of cytokines by inhibiting the expression of tumor necrosis factor-α at
ribonucleic acid level [13], thus inhibiting the immune response of natural killer (NK) cells [14] and
cytotoxic T lymphocytes (CTL) [15], resulting in a higher risk of lesion spread. The present study further
analyzed the relationship between fever and lymphocyte, and it was found that lymphocyte count was
lower in patients with fever (Fig. 6).

In the subsequent univariate analysis, both age and CRP level showed positive correlation with the
percentage of lesion/total lung volume, which was consistent with the higher intensive care unit
admission rate [16] and more pulmonary consolidation [17] reported by Wang et al. Elevated CRP in
patients with COVID-19 was revealed to be associated with acute lung injury [18, 19]. However, age and
CRP had little effect in this study, which were not statistically signi�cant in the �nal multivariate analysis.
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In addition, no signi�cant difference was discovered in the impact of travel or residence history of Hubei
Province on the area of lesion, which was consistent with the domestic report [20]. Meanwhile, 19.28%
(32/166) patients had underlying diseases, which was lower than that reported by Huang et al. [21]. It is
possible that the elderly developed the disease in a pattern of family-centered rather than community-
centered onset in other regions outside Wuhan. It is thus not related to the elderly patients with more
underlying diseases.

Peripheral blood lymphocytes include T, B, NK, CTL and other cells. NK cells play a crucial role in the �rst
phase of immune response against infections, which is quite important in controlling the viral load of
lung in the early stage of virus infection [22, 23, 24]. Studies have demonstrated that the severity of
pulmonary lesions is positively correlated with the viral load in the body [19], while the latter one exhibits
an intimate correlation with the decline of immune cells [25]. Therefore, the lymphocyte count re�ects the
degree of pulmonary lesions to a certain extent. In the sequential studies, it was found that the activation
of CD4 and CD8 T cells was impaired in SARS-CoV infected patients [26, 27], and the decrease of T
lymphocyte count was strongly correlated with the severity of lesion in the acute phase [28, 29]. In our
study, counts of lymphocyte in 37.95% (63/166) patients were lower than the lower limit of normal value
(1.1 × 109/L), which was close to the lymphocyte decline rate reported by Assiri et al. [30] in Middle East
respiratory syndrome coronavirus (MERS-CoV). It suggests that lymphocyte count presents similar
change in COVID-19 compared with that in SARS-CoV and MERS-CoV, which is an independent negative
risk factor for the percentage of lesion/total lung volume. It may provide a strong scienti�c basis for early
identi�cation of severe patients.

Furthermore, oxygen saturation re�ects the percentage of oxyhemoglobin in total hemoglobin. Its
decrease suggests that the alveolar injury and the concomitant increase of cellular �bromyxoid exudates
may further lead to the ventilatory disorder of patients [31], and the degree of decrease may indirectly
re�ect the degree of pathological changes. In this study, 16.27% (27/166) patients showed the oxygen
saturation of < 95%, which was different from 9.40% reported by Yang et al. [20]. It may be explained by
the disunity of detection methods and oxygen inhalation.

The study still has certain limitations as described below. (1) A descriptive study was carried out only for
the image hysteresis of chest CT, without further time series analysis on changes of body temperature
and the percentage of lesion/total lung volume. (2) In this study, the area of lesion was the main criterion
for lesion identi�cation. Despite the presence of statistical signi�cance regarding changes of CT value of
lesions at different times (Friedman test, χ2 = 179.412, P < 0.001), CT value is not constant and can be
changed with power supply, scanning parameters, temperature and adjacent tissues. Therefore, it is
necessary to combine the actual situation for judgment in the application. (3) In 16–21 days, 62.65%
(104/166) of the patients were discharged without further chest CT scan for follow-up, showing a
reduced representativeness during this period of time. Nevertheless and signi�cantly, our study for the
�rst time realizes the accurate quantitative analysis, dynamic evaluation and the exploration of its
in�uencing factors for the lesion of COVID-19 patients, and provides a time node for the progress of the
disease.
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Conclusions
To sum up, our study suggests that the possibility of developing to severe lesions should be alerted if
there is still progression in chest CT images of COVID-19 patients 4.5 days after fever relief. Meanwhile,
on the basis of lymphocyte count in peripheral blood or transcutaneous oxygen saturation monitoring,
real-time dynamic tracking of lesion changes in patients may contribute to understanding disease status
of patients with COVID-19 and grasping the opportunity of treatment by clinicians.

Abbreviations
COVID-19:corona virus disease 2019; CRP:C-reactive protein; CT:computed tomography; CTL:cytotoxic T
lymphocytes; DICOM:digital Imaging and communications in medicine; IQR:interquartile range; MERS-
CoV:Middle East respiratory syndrome coronavirus; NK:natural killer cells; R:Spearman`s rho correlation
coe�cient; SARS-CoV:severe acute respiratory syndrome coronavirus; TcSO2:transcutaneous saturation
of oxygen.
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Figures

Figure 1

Flowchart of the study population. COVID-19 corona virus disease 2019
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Figure 2

Changes in lesions at different times in COVID-19. A male patient aged 37 years old had low fever
(maximum body temperature of 37.8℃) and dry cough for 11 days, with the initial diagnosis of type 2
diabetes. Chest CT examination: scattered �occulent, patchy and slightly high-density shadows with
unclear boundary in both lungs. Red area represents the lesion volume, Green and blue represent the
normal lung volumes of the right and left lungs, respectively. a, b, c, d and e were the images on the 2nd,
6th, 10th, 15th and 21st day after treatment, respectively



Page 18/21

Figure 3

Comparison of the change trend of the percentage of lesion/total lung volume (y-axis) at different time
(x-axis) between subjects with and those without fever
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Figure 4

Scatter plot of the percentage of lesion/total lung volume (x-axis) and lymphocyte count in peripheral
blood (y-axis). Linear correlation analysis showed a decrease trend of lymphocyte count in peripheral
blood with the increase of percentage ratio
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Figure 5

Scatter plot of the percentage of lesion/total lung volume (x-axis) and transcutaneous �nger pulse
oxygen saturation (y-axis). Linear correlation analysis showed a decrease trend of transcutaneous �nger
pulse oxygen saturation with the increase of percentage ratio
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Figure 6

Box-plot of absolute lymphocyte distribution comparing subjects with and those without fever present on
CT. The horizontal black line in the box represents the median value, and the horizontal edge of the box
represents the interquartile range. **P < 0.01
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