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Abstract

Purpose To explore the dynamic changes and correlation between CT imaging manifestations and cellular immunity of
COVID-19.

Materials and methods This retrospective review analyzed 23 patients with COVID-19, including 13 males and 10 females
aged 27-70 years, with an average age of 48 years. Patients were divided into two groups: group A with 11 critical-severe
patients, and group B with 12 common-mild patients. Clinical, laboratory, and radiological data were collected and analyzed.
Results LYM, LYM (%), CD3+, CD4+, and CD8+ decreased, while NEU (%), CRP, and CT scores increased in all patients,
WBC in group A increased. In group A, on day 10-12 after disease onset, CT scores and CRP reached the highest point,
and day 13-15 LYM, LYM (%) reached the lowest but NEU (%) and WBC reached the highest, CD3+, CD4+ and CD8+
were at the lowest on day 10-15. In group B, on day 7-9, CT scores, NEU (%) and CRP reached the peak, but LYM, LYM
(%), CD3+, CD4+ and CD8+ reached the lowest. In all patients, CT scores had a significantly negative correlation with
CD3+, CD4+, CD8+, LYM (%), and LYM (p =0.001, r=—0.797; p=0.008, r=— 0.698; p=0.002, r=— 0.775; p <0.001,
r=-—0.785; p=0.021, r=— 0.571, respectively), and a significantly positive correlation with WBC and NEU (%) (p <0.001,
r=0.785; p=0.003, r=0.691, respectively).

Conclusion Dynamic changes of CT manifestations and cellular immunity of patients with COVID-19 were regular and
correlation was high between these two parameters.

Keywords Computed tomography - Coronavirus disease 2019 (COVID-19) - Laboratories - Cellular immunity

Abbreviations

CT Computed tomography
COVID-19 Coronavirus disease 2019
Contributed equally to this article: Minxia Yang and Haijia Mao. WBC White blood cell
LYM Lymphocyte
>4 Zhenhua Zhao LYM (%)  Lymphocyte percentage
zhao2075@163.com ,
NEU (%) Neutrophil percentage
! Department of Radiology, Shaoxing People’s Hospital CRP C-reactive protein
(Shaoxing Hospital, Zhejiang University School GGO Ground glass opacity

of Medicine), Shaoxing, Zhejiang, China

Department of Critical Care Medicine, Shaoxing People’s
Hospital (Shaoxing Hospital, Zhejiang University School Introduction
of Medicine), Shaoxing, Zhejiang, China

Department of Clinical Lab, Shaoxing People’s Hospital
(Shaoxing Hospital, Zhejiang University School
of Medicine), Shaoxing, Zhejiang, China

Since late December 2019, coronavirus disease 2019
(COVID-19) broke out in Wuhan, China, and then swept
. . , . across the country before spreading all over the world [1,
Department of Infection, Shaoxing People’s Hospital . . . .
(Shaoxing Hospital, Zhejiang University School 2]. COVID-19 is a newly discovered acute respiratory viral
of Medicine), Shaoxing, Zhejiang, China infectious disease with serious infectivity, which can be
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transmitted by droplets or contact [1, 2]. On January 30,
2020, the World Health Organization designated the epi-
demic of COVID-19 as a global health emergency.

At present, there is still a lack of effective treatment
for the disease, and its outcome largely depends on the
immune status of the patients themselves. In the clinic,
the immune state of the human body, especially cellular
immunity, is predicted by the results of peripheral blood
test in the laboratory. The most common laboratory abnor-
malities include lymphopenia, decreased lymphocyte per-
centage, and abnormal T lymphocyte subsets, suggesting
impaired cellular immune function which was very similar
to SARS and MERS, indicating that viruses in the same
virus family have a similar pathogenesis [3-5, 14, 15].
At the same time, pulmonary inflammation is the main
manifestation of infected people, which is now called
novel coronavirus pneumonia (NCP). Chest CT is used
to evaluate the severity of lung involvement. Recent stud-
ies have found that NCP has characteristic CT manifesta-
tions in the lungs, and the images change dynamically with
disease progression [6—8]. Therefore, it is important to
determine whether the immune status of the human body
or CT imaging manifestations, are closely related to the
occurrence, development and outcome of COVID-19. To
our knowledge, there are no current studies on the corre-
lation between CT manifestations and cellular immunity
in patients with COVID-19. The present study explored
the dynamic changes of CT manifestations and cellular
immunity in patients with COVID-19 to understand their
underlying mechanisms and correlation, thus providing

important reference information for early clinical diagno-
sis, course evaluation and treatment plan customization.

Materials and methods
Study design and participants

Chest CT images, laboratory findings, and clinical data were
analyzed retrospectively for all patients infected with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the virus that causes COVID-19, and confirmed by real-time
polymerase chain reaction (RT-PCR) in our hospital from
January 22 to February 21, 2020. Clinical results were moni-
tored until the final follow-up date on February 21, 2020.
There were 23 patients with COVID-19, including 13 males
and 10 females aged 27-70 years, with an average age of
48 years (Table 1). Of these cases, 18 cases had a recent
history of residing in or traveling to Wuhan and 5 cases had
a history of close contact with confirmed cases. The main
clinical manifestations in the 23 patients were fever and res-
piratory symptoms, expectoration, shortness of breath, and
diarrhea (Table 1).

According to the standard of Notice on Diagnosis and
Treatment of Novel Coronavirus Pneumonia (Trial Ver-
sion 7) of the National Health Commission of the People’s
Republic of China, there are four clinical patient types [9].
Mild illness is defined by mild clinical symptoms, and no
pneumonia found during imaging. Common illness is defined
by clinical symptoms such as fever and respiratory tract,

Table1 COVID-19 patient

T Total (n=23) A Group (n=11) B Group (n=12) P value
characteristics
Age, median 48 (27-70) 50 (30-70) 46.17 (27-70) 0.053
Sex
Female 10 (43.4%) 4 (36.4%) 6 (50%) 0.680
Male 13 (56.5%) 7 (63.6%) 6 (50%)
Clinical symptoms
Fever 23 (100%) 11 (100%) 12 (100%) *
Cough 21 (91.3%) 11 (100%) 10 (83.3%) 0.478
Expectoration 19 (82.6%) 11 (100%) 8 (66.7%) 0.093
Shortness of breath 8 (34.8%) 8 (72.7%) 0 (0%) 0.000
Diarrhea 11 (47.8%) 7 (63.6%) 4 (33.3%) 0.220
Chest tightness 8 (34.8%) 6 (54.5%) 2 (16.7%) 0.089
Chill 11 (47.8%) 4 (36.3%) 7 (58.3%) 0414
Muscle ache 14.3%) 1(9.1%) 0 (0%) 0.478
Fatigue 521.7%) 3(27.3%) 2 (16.7%) 0.640
Rash 3 (13.0%) 2 (18.2%) 1(8.3%) 0.590
Headache 521.7%) 1(9.1%) 4 (33.3%) 0.317
Runny 2 (8.7%) 19.1%) 1(8.3%) 0.949

Group A: critical-severe patients, group B: common-mild patients

p <0.05 was considered statistically significant
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with pneumonia evident during imaging. Severe illness diag-
nostics are: (1) shortness of breath with respiratory rate > 30
breaths/min; (2) SpO, <93%; 3. PaO,/FiO, <300 mmHg
(1 mmHg=0.133 kPa); and (4) lung imaging showing lesion
progression > 50% within 2448 h. Critical illness is defined
by: (1) occurence of respiratory failure and requirement of
mechanical ventilation; (2) occurence of shock; (3) other
organ failure and the need for ICU monitoring treatment.
There were four critical type cases (17%), seven severe type
cases (31%), nine common type cases (39%) and three mild
type cases (13%) in the present study. Patients were divided
into two groups: group A with 11 critical-severe patients
with an average age of 50 years (7 males and 4 females), and
group B with 12 common-mild patients with an average age
of 46.17 years (6 males and 6 females). The mortality rate in
two groups was 0%. The duration of hospitalization ranged
from 18 to 30 days, with an average of 24 days in group A,
which ranged from 12 to 28 days, with an average of 20 days
in group B. The retrospective analysis was approved by the
institutional review board and patient consent was waived.

Data collection

The immune status of the human body was predicted by
results of laboratory peripheral blood tests. The laboratory
parameters studied included white blood cell (WBC), lym-
phocyte (LYM), lymphocyte percentage, neutrophil (NEU)
percentage, C-reactive protein (CRP) and CD3+, CD4+,
and CD84T cells counts. Detection of peripheral blood
routine was performed using an automatic hematology ana-
lyzer (Mindray BC-5390) and detection of T lymphocyte
subsets was performed using flow cytometry (BECKMAN/
Navios10CLORS/3LASER). All laboratory results of each
patient before and during admission were recorded and
analyzed.

All patients underwent chest CT scan without intrave-
nous contrast in the prescribed examination room before and
during admission. Chest data were collected with ScintCare
CT 16 (MingFeng, China) and DuoEmotion CT (Siemens,
Germany), with a scan range from the tip of the lung to
the bottom, and scan thickness of 2.5—5 mm, to reconstruct
axial images with slice thickness of 1-1.25 mm. The images
were read separately by two experienced radiologists in the
cardiothoracic group. In case of disagreement, the two were
agreed through consultation and reviewed by the third chief
radiologist. CT findings were recorded, including lesion
range, location, shape, density and extrapulmonary mani-
festations. The extent of lesion involvement in CT images
was scored by semi-quantitative scoring system [6, 7]. The
extent of lesion involvement was called a “CT score”, which
was the sum of the range of five lobar lesions, ranging from
0 to 25 points. Each of the five lung lobes was visually
scored from O to 5 as follows: 0, no involvement; 1,<5%
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involvement; 2, 5-25% involvement; 3, 26-49% involve-
ment; 4, 50-75% involvement; and 5, > 75% involvement.

Every patient underwent blood and CT examinations on
an irregular schedule from onset, resulting in inconsistent
timings, frequency and intervals. A time point of 3 days was
used to calculate the average value of laboratory indicators
and CT scores in each time period within 28 days.

Statistical analysis

All data were analyzed using SPSS25.0 statistical soft-
ware. The counting data were expressed using frequency
and rate, the measurement data were expressed using x +s
in accordance with a normal distribution, and the non-nor-
mal distribution was expressed using the median (quartile
interval) [M(Q)]. The clinical features and CT scores of two
groups were compared using y* or Fisher’s exact probability
method. All laboratory parameters were compared using an
independent sample 7 test. Spearman’s correlation analysis
was used to calculate the correlation between CT scores and
each laboratory index, and p <0.05 was considered statisti-
cally significant.

Results
Dynamic changes of laboratory parameters

The laboratory indicators exhibited a changing trend with
disease progression (Fig. 1). In the early stage of the dis-
ease, LYM, LYM (%), CD3+, CD4+, and CD8+ decreased,
NEU (%) and CRP increased in both groups, while WBC
increased in group A, and remained normal or decreased in
group B. On day 10-12 after disease onset in group A, CRP
reached its highest point, while LYM and LYM (%) reached
their lowest points, NEU (%) and WBC reached their high-
est points on day 13-15. CD3+, CD4+ and CD8+ were at
a low level in the early stage of the disease, and reached
their lowest levels on day 10-15 after symptom onset. On
day 7-9 after disease onset in group B, CRP and NEU (%)
reached their highest points, while LYM, LYM (%), CD3+,
CD4+, and CD8+ reached their lowest. All patients’ indi-
cators tended to improve gradually in the later stage of the
disease. There were significant differences in NEU (%),
LYM, and LYM (%) between the two groups on day 7-18
(all p<0.05, Table 2). On days 7-12, 16-18, and 25-27,
there were significant differences in WBC between the two
groups (all p <0.05, Table 2). There were significant dif-
ferences in CD3+ and CD8+ between the two groups on
day 10-18 (all p<0.05, Table 3). CD4+ in the two groups
had significant differences on days 10-12 and 16-18 (both
p<0.05, Table 3). The average frequency and interval of
laboratory tests are presented in Table 4.
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Fig.1 Dynamic changes of laboratory parameters and CT scores
in two groups of COVID-19 patients. Blue solid line: group A of
critical-severe patients, yellow solid line: group B of common-mild

Dynamic changes of CT images
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multiple instances of ground glass opacity (GGO) and/or
consolidation on either both sides or one side, often involv-
ing the middle and outer zones of the lungs (Figs. 2, 3). The
scope and density of pulmonary lesions increased, consoli-
dation increased, and CT scores increased accordingly with
disease progression (Table 5). In the absorption phase, the
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Table3 CD 3+, CD 4+, and CD 8+T cell count in A and B group every 3 days after disease onset

Days after ~ Group Num CD3+ (x+s) Tvalue P value CD4+ (x+s) Tvalue P value CD8+ (x+s) T value P value

disease

onset

4- A 3 480.00+427.96 —2.680 0.055 280.33+225.36 —3.260 0.031 183.00+185.66 —1.930 0.126
B 3 1453.33 +460.98 979.67 +£295.36 416.67+97.44

7- A 4 585.50+239.26 —0.884 0.406 311.00+123.43 —0.646 0.539 25525+117.76 —0.886 0.405
B 5 752.80+310.47 379.80 +180.66 318.60+97.38

10- A 7 349.14+141.16 —3.944 0.004* 186.43+72.67 —4.208 0.003* 139.71+63.71 —3.007 0.010%
B 8 1240.38 +621.05 724.38 +353.10 515.25+323.48

13- A 8 353.13+232.20 —3.244 0.009* 209.00+137.17 —1.767 0.108 126.38+88.19 —4.316 0.002%
B 4 776.75+160.448 345.00+93.62 357.50+85.72

16- A 7 417.00+£23523 —3.690 0.004* 238.29+122.50 —2.891 0.015* 175.00+118.83 —3.009 0.012*
B 6 964.00+299.63 492.17+191.89 398.00+148.67

19- A 2 620.50+482.95 346.50+169.00 252.50+286.38
B 0

22- A 1 599.00 422.00 208.00
B 0

25- A 3 1085.67+703.14 580.67 +448.16 400.00+168.90
B 0

Group A: critical-severe patients, group B: common-mild patients
p <0.05 which was marked by * was considered statistically significant

Table 4 CT scores in A and B group every 3 days after disease onset

Days after Group Num CT score (x+s) T value P value

disease onset

1- A 3 5.33+£0.58 0.727 0.596
B 2 3.50+3.54

4- A 6 8.83+2.93 2924  0.015
B 6 3.33+£3.56

7- A 6 12.83+£5.19 2.337 0.044
B 5 6.80£2.68

10- A 5 15.40+4.88 3.081 0.015
B 5 5.60+5.18

13- A 7 12.43+4.61 2.903 0.016
B 5 5.40+3.29

16- A 5 10.60+£3.98 3.230 0.014
B 4 3.75+1.50

19- A 5 12.20£4.66 2.203 0.079
B 2 4.50+0.71

22- A 3 11.33+7.57
B 0

25- A 3 10.33+4.163
B 0

Group A: critical-severe patients, group B: common-mild patients

p<0.05 was considered statistically significant

lesion area and density decreased, CT scores decreased, and
pulmonary interstitial fibrosis appeared, which was charac-
terized by scattered or multiple stripes, reticular shadow, and
thickened interlobular septum (Figs. 2, 3). The CT scores
of the whole lung involvement ranged from 4 to 21, with
an average of 11.3 in group A, which ranged from O to 11,
with a mean score of 4.8 in group B. On day 4-21, the CT
scores in group A consisting of critical-severe patients were
significantly higher than those in group B which consisted
of common-mild patients (Table 5, all p <0.05). The CT
scores reached their peak on day 10-12 after symptom onset,
and decreased gradually starting on day 22-24 in group A
(Fig. 1). In group B, the CT scores reached their peak on day
7-9 after initial symptom onset, and then decreased gradu-
ally (Fig. 1). In group A, eight patients (35%) had pleural
effusion and three patients (13%) had pericardial effusion.

Correlation between laboratory results and CT
image scores

The CT scores had a significantly negative correlation with
CD3+, CD4+, CD8+, LYM (%), and LYM (p = 0.001,
r=—-0.797; p = 0.008, r = — 0.698; p = 0.002, r = — 0.775;
p < 0.001, r = — 0.785; p = 0.021, r = — 0.571, respec-
tively), and a significantly positive correlation with WBC
and NEU (%) (p < 0.001, » = 0.785; p = 0.003, r = 0.691,
respectively) in all patients (Fig. 4). In group A, the CT scores
had a significantly negative correlation with LYM (%) and
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Fig.2 Correlation between CT scores and laboratory parameters in
all COVID-19 patients. a—g CT scores had a highly negative correla-
tion with CD3+, CD4+, CD8+, LYM (%), and LYM (p=0.001, r=—
0.797; p=0.008, r=— 0.698; p=0.002, r=— 0.775; p<0.001, r=—
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0.785; p=0.021, r=— 0.571, respectively), and a highly positive
correlation with WBC and NEU (%) (p<0.001, r=0.785; p=0.003,
r=0.691, respectively). The points are the average values of labora-
tory indicators and CT scores for the 3-day intervals in two groups
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Table5 Average frequency and interval of blood and CT examina-
tions

Group WBC, LYM, CD3+, CRP CT

LYM (%), NEU CD4+,

(%) CD8+
Average interval A 2.7 5.0 29 53
(days) B 3.1 3.9 23 69
Average fre- A 7.9 33 3.1 4.1
quency B 4.8 2.3 24 24

(times)

Group A: critical-severe patients, group B: common-mild patients

WBC white blood cell, LYM lymphocyte, LYM (%) lymphocyte per-
centage, NEU (%) neutrophil percentage, CRP C-reactive protein, CT
computed tomography

LYM (p =0.025, r=—-0.733, p=0.03, r = — 0.717, respec-
tively), and a significantly positive correlation with NEU (%)
(p =0.025, r=0.733, Fig. 5).

17

0.717, respectively), and a highly positive correlation with NEU (%)
(p=0.025, r=0.733). The points are the average values of laboratory
indicators and CT scores for the 3-day intervals in group A

Discussion

SARS-CoV-2 belongs to lineage f of the genus betacorona-
virus of the coronavirus family. Its main clinical manifesta-
tions include fever, dry cough, and fatigue. In severe cases, it
can rapidly develop into acute respiratory distress syndrome
(ARDS), septic shock, or multiple organ failures (MODS)
[1-5]. The early stage of a high inflammatory response in
patients is also known as a cytokine storm. In this stage, the
body secretes a variety of cytokines and chemokines to pro-
duce a strong immune response and overactivated immune
cells, such as neutrophils and macrophages, gather in the
lungs, causing apoptosis and destruction of lung epithelial
cells, while clearing the virus and leading to lung injury
[10-15].

In this study, semi-quantitative calculation of the lesion
area in CT images of pneumonia was used to objectively
evaluate the degree of lung injury caused by COVID-19. The
degree of pneumonia involvement in severe patients was sig-
nificantly higher than that in non-severe patients, suggesting
that there were individual differences in the degree of lung
injury caused by COVID-19. In severe patients, diffuse alve-
olar damage with cellular fibromyxoid exudates, pulmonary
edema, and hyperimmunity were more serious [5, 10]. This
also implies that imaging manifestations may correspond to

@ Springer
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Fig.4 Axial and coronal chest
CT images of a critical female
COVID-19 patient, 66 years
old. (A1-A2) On day 12

after disease onset, there was
extensive ground glass opac-
ity (GGO) in both lungs with
local consolidation and little
pleural effusion on both sides.
Laboratory results of LYM,
WBC, LYM (%), NEU (%),
and CRP were 0.54 X 10°/L,
11.12 x 10°/L, 4.9%, 89.2%,
and 11.46 mg/L, respectively.
B1-B2 On day 21, most of the
lesions were absorbed and inter-
lobular septum was thickened.
There was no blood test

Fig.5 Axial and coronal chest
CT images of a common male
COVID-19 patient, 45 years
old. A1-A2 On day 9 after
disease onset, multiple instances
of patchy GGO were scattered
in both lungs and the inter-
lobular septum was thickened

in the lower lobe of the left
lung. There was no blood

test. B1-B2 On day 21, most

of GGO in both lungs were
absorbed, multiple interstitial
fibrosis were scattered and inter-
lobular septum was thickened
in the lower lobe of both lungs.
Laboratory results of LYM,
WBC, LYM (%), and NEU (%)
were 1.6 X 10/L, 8.29 x 10°/L,
19.3%, and 70.4%, respectively
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the clinical grade. Therefore, CT reexamination during the
course of the disease is very important. According to the
CT manifestations, the degree of lung injury can be timely
evaluated in different patients at different stages to quickly
formulate a corresponding treatment plan to inhibit exces-
sive inflammation to control the disease progression.

Cellular immunity is a very important part of the immune
system, which is regulated and maintained by T lympho-
cyte subsets. Studies have shown that the early excessive
inflammatory response characterized by a cytokine storm in
patients with severe infection was a type of immune hyper-
activity, followed by depletion of immune cell apoptosis and
a decrease in cellular immune function, which is a state of
immunosuppression [10-15]. In the present study, WBC,
NEU (%), and CRP increased to a varying degrees, while
LYM, LYM (%), CD3+, CD4+, and CD8+ counts decreased
especially in critical-severe patients with COVID-19. These
results indicate that the immune balance of the body was
broken, the cellular immune function was impaired, the body
could not effectively eliminate coronavirus in time, and the
degree of immunosuppression was related to the severity
of the disease [13—-15]. In our study, CD3+, CD4+ and
CD8+ reached the peak on day 10-12 after onset, and then
decreased in group B. We analysed the data found that there
were three mild patients who recovered well, leading to the
peak of the data. It is suggested that WBC, NEU (%), CRP,
LYM, LYM (%), CD3+, CD4+, and CD8+T cell counts may
be predictors of disease severity.

The present study showed that lung and human cellular
immune injuries were the most serious in critical-severe
patients from the second week to the third week, while lung
injury and immune function were the worst in common-mild
patients during the early second week. The results showed
that in this period, the immune hyperactivity characterized
by a cytokine storm and the cellular immunosuppression
characterized by "T lymphopenia" occurred at the same
time, and that disease progression reached a peak [10-15].
Therefore, the second to third week in the course of the dis-
ease was the key time for clinical intervention. To restore
the body to the stage of immune homeostasis, it is necessary
not only to use drugs to inhibit excessive inflammation or
blood purification to remove cytokines and chemokines, but
also to use immune enhancers such as thymosin and gamma
globulin to improve cellular immune function, prevent virus
proliferation and spread, and prevent pneumonia aggravation
[9-15].

This study had some limitations: (1) only 23 patients were
included in the study and the small number of samples in
the outlined time periods may lead to large errors. (2) Due
to the hospital rules, patients with fever who were suspected
and diagnosed with COVID-19 were examined in differ-
ent examination rooms, with different CT scanning equip-
ments, resulting in different image thicknesses, and partial

CT images bias. However, these factors do not affect the
evaluation of the severity of lesions and disease diagnosis,
which is what truly reflected the actual medical response in
the epidemic area. (3) The variability and reproducibility
(interobserver and intraobserver) of CT scores could not
be tested. 4. The hospital did not have the equipment for
detecting cytokines such as interleukin and could not directly
confirm the occurrence of a cytokine storm.

In summary, the dynamic changes of CT imaging mani-
festations and status of cellular immunity in patients with
COVID-19 were regular and showed different temporal
patterns according to the severity of the disease. Although
the functions of chest CT examination and blood tests are
different and can not be replaced by each other, there was
a high correlation between CT manifestations and cellular
immune status. Monitoring CT examinations results and
laboratory tests may be helpful for timely evaluation of
lung injury severity and the state of cellular immunosup-
pression and for individually adjusting the treatment plan.
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