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Abstract. —- OBJECTIVE: The aim of this study
was to determine the association of inflammation
and immune responses with the outcomes of pa-
tients at various stages, and to develop risk strat-
ification for improving clinical practice and reduc-
ing mortality.

PATIENTS AND METHODS: We included 77
patients with primary outcomes of either death
or survival. Demographics, clinical features,
comorbidities, and laboratory tests were com-
pared. Linear, logistic, and Cox regression anal-
yses were performed to determine prognostic
factors.

RESULTS: The average age was 59 years (35-
87 years). There were 12 moderate cases (16.2%),
42 severe cases (54.5%), and 23 critical cases
(29.9%); and 41 were male (53.2%). Until March
20, 68 cases were discharged (88.3%), and nine
critically ill males (11.7%) died. Interleukin-6 (IL-
6) levels on the 1t day were compared with IL-
6 values on the 14" day in the severe and the
critically ill surviving patients (F=4.90, p=0.034,
B=0.35, 95% CI: 0.00-0.10), and predicted death
in the critically ill patients (p=0.028, $=0.05, OR:
1.05, 95% CI: 1.01-1.10). CD4* T-cell counts at
admission decreased the hazard ratio of death
(p=0.039, B=-0.01, hazard ratio=0.99, 95% CI:
0.98-1.00, and median survival time 13.5 days).

CONCLUSIONS: The present study demon-
strated that IL-6 levels and CD4* T-cell count at
admission played key roles of predictors in the
prognosis, especially for critically ill patients.
High levels of IL-6 and impaired CD4* T-cells
are seen in severe and critically ill patients with
COVID-19.

Key Words:
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Introduction

Coronavirus Disease 2019 (COVID-19) is
an acute respiratory pandemic caused by se-
vere acute respiratory syndrome coronavirus 2
(SARS-CoV-2).. This highly contagious disease
has spread throughout the whole world quickly.
As of May 7, 2020, the World Health Organiza-
tion (WHO) reported that COVID-19 has caused
over 3.6 million cases with more than 250 thou-
sand deaths globally?.
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Evidence? has suggested that excessive inflam-
mation and exaggerated immune responses con-
tribute to COVID-19 pathology. It includes high
levels of proinflammatory cytokines and inflam-
matory markers, including interleukin-6 (IL-6)*
and C-reactive protein (CRP)*, as well as severe
lymphopenia®. In SARS-CoV-infected animals,
apparent inflammatory and immune responses
activate a “cytokine storm”, vascular leakage, and
abnormal T cell responses. Subsequently, it in-
duces severe acute respiratory distress syndrome
(ARDS), or even death’. Similarly, cytokine
storm syndrome occurred in patients with severe
COVID-19, including ARDS, and even deterio-
rated within a short period. It induces death from
multiple organ failure®.

The primary clinical characteristic of
COVID-19 infection is severe pneumonia®, with
dyspnea and high respiration rates reflecting the
severity of lung lesions caused by infection. Com-
mon complications during hospitalization include
ARDS and bacterial infections’. Increased levels
of procalcitonin (PCT) in patients with viral in-
fections typically mirror bacterial infections®. Tt
may then contribute to driving the clinical course
toward unfavorable progression’. Among patients
who develop dyspnea and hypoxemia, the median
time from the onset of symptoms was 5-8 days,
with ARDS developing in a smaller subset at 7-10
days'*'?. Abnormal inflammatory and immune
responses occur during the COVID-19 infections.
Therefore, in the present study, we investigated
the association of abnormal inflammatory and
immune responses concerning outcomes in pa-
tients with COVID-19 infection. We further ex-
plored the hazard ratios of survival in critically
ill patients.

Patients and Methods

Participants

This retrospective, single-center study involved
77 patients with COVID-19 starting from January
31, 2020, at the East Hospital of People’s Hospital
of Wuhan University. This is a designated hos-
pital capable to receive patients with COVID-19.
Real-time reverse transcription PCR tests of
SARS-CoV-2 for all patients’ samples were pos-
itive. All patients were diagnosed and admitted
by the Diagnosis and Treatment of Novel Coro-
navirus Pneumonia (7" trial version) released by
the National Health Commission of the People’s
Republic of China.

The primary outcomes were survival and death.
The final date of observation was March 20, 2020.
Patients who did not meet the discharge standard
continued hospitalization for treatment. The pa-
tients discharged and remaining in the hospital
until the final follow-up date were considered sur-
vivors. The clinical classifications of COVID-19
are as follows: (1) Moderately ill patients showed
fever and respiratory tract symptoms, with pneu-
monia revealed on imaging. (2) Severely ill pa-
tients were those with one of the following symp-
toms, including respiratory rate >30 breaths/min,
finger oxygen saturation <93% at rest, and arterial
partial pressure of oxygen/fraction of inspired ox-
ygen <300 mmHg, as well as pulmonary imaging
revealing significant progression within 24-48 h
of >50%. (3) Critically ill patients met any of the
following conditions, including respiratory fail-
ure, the requirement for mechanical ventilation,
shock, and complications of other organ failures
that require monitoring and treatment in the ICU.
(4) Critically ill patients were further subdivided
into a critically ill survivor and critically ill mor-
tality groups. Bacterial infection was diagnosed
if the patient produced purulent sputum when ad-
mitted to the hospital and it was combined with a
positive culture of respiratory secretions or lab-
oratory examination of CRP and PCT. Patients
were excluded if they had abnormal thyroid func-
tion, systemic lupus erythematosus, theumatism,
human immunodeficiency, neoplastic disease,
and other immune diseases in the present study.

The present study was approved by the Medical
Ethics Committee of the People’s Hospital of Wu-
han University with the exception of the require-
ment of informed consent (WDRY2020-K120).

Data Collection

From medical records, we obtained demo-
graphic information and clinical characteristics,
including age, gender, comorbidities, clinical pre-
sentation, and survival time after admission to the
hospital.

Laboratory tests included counts of CD4*
T cells, CD8" T cells, lymphocytes (LYMPH),
CD4+/CD8+ lymphocyte ratio (LYMPHR), and
levels of PCT, IL-6, and CRP on the 1% day of
admission, and on the 7" and 14" days.

Statistical Analysis

Categorical variables were expressed as num-
bers (%). They were compared using the Chi-
square test or Fisher’s exact test among the four
groups. Continuous variables were expressed as
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mean =+ standard deviation (SD). In order to com-
pare the laboratory results of repeated measure-
ments, the analysis of variance (ANOVA) of re-
peated measurements was performed using time
as an in-subject variable (on the 1% day admission,
on the 7" day, and the 14" day). Groups were used
as inter-subject variables for analysis of variance
(moderate, severe, critical survival, and critical
death groups). Laboratory findings were taken as
dependent variables. To determine whether group
differences changed over time, the interaction
(Group x Time) was tested first. When the inter-
action terms for all laboratory findings were not
significant, the interaction term was dropped and
the main effect of group status (or time) was test-
ed. When the interaction effects and main effects
were found, the post-hoc and simple effect tests
were performed using the Bonferroni correction.
Partial Eta-squared was calculated for effect size.
For the evaluation of effect size calculation, 0.01
is considered small, 0.09 is medium, and 0.25 is
large. Stepwise linear regression and binary logis-
tic regression were performed to identify the risk
factors for “cytokine storm” and poor prognosis,
respectively. A multivariate analysis of these vari-
ables was subsequently performed using the Cox
regression model for survival analysis of critical
cases. Statistical analysis was performed using
SPSS Statistics 23 (IBM Corp., Armonk, NY,
USA), as well as GraphPad Prism 6 (GraphPad
Software Inc., San Diego, CA, USA) for generat-
ing figures. A two-sided 0<0.05 was considered
statistically significant.

Results

Demographics and 1**-day Clinical
Characteristics

Among the 77 patients, there were 12 moder-
ate cases (16.2%), 42 severe cases (54.5%), and
23 critical cases (29.9%). The mean age was 59
years, and 41 were males (53.2%); 37.7% of the
patients had comorbidities, and 10.4% had two
or more comorbidities. Common comorbidities
included hypertension (23, 29.9%), diabetes (9,
11.7%), and cardiovascular disease (6, 7.8%). The
most common symptom was fever, occurring in
58 (75.3%) patients. Dry cough (25, 32.5%), ex-
pectoration (16, 20.8%), dyspnea or chest tight-
ness (8, 10.04%), and fatigue (9, 11.7%) were also
common. Until March 20, 2020, 68 patients were
discharged (88.3%), and nine critically ill patients
(11.7%) died. The patients who died were all males.

4784

There were no significant differences between the
groups in terms of hypertension, cardiovascular
disease, diabetes, or chronic obstructive pulmo-
nary disease (all p>0.05). Notably, more patients
were complaining of dyspnea/chest tightness and
expectoration in the mortality group (6/9 vs. 2/68,
7/9 vs. 11/68; p<0.001). There were significant dif-
ferences in heart rate, respiration rate, and systol-
ic blood pressure between the groups (all p<0.05)
(Table I). The critically ill patients suffered from
bilateral pneumonia. Five patients died of ARDS
within 2 weeks due to progressive aggravation of
pulmonary infection. Three patients contracted se-
vere bacterial infections resulting in an inflamma-
tory storm and died of respiratory failure in about
one month. Another patient died of multiple organ
dysfunction syndrome due to respiratory failure.

Laboratory Findings
Repeated measures ANOVAs revealed a signif-
icant Group x Time effect concerning lymphocyte
ratio (LYMPHR) and IL-6 levels (Fo 10=2.34,
p=0.035, n;=0.10; F, /=599, p= 0001 n;=23)
(Table 1I). Slgnlﬁcant maln effects of both time
and group status for CD4" T, CD8" T, LYMPH, and
CRP were found (CD4"T: F_  _=6.15, p=0.003,
n;=0.11 fortimeandF ; , = éO ,p=0.007,1;=0.22
for group; CD48 T: F, , .=8.84, p=0.001, n2 0.16
for time and F, % % p=0.021, ni= 0.18 for
group; LYMPH =6.42, p= 0004 n;=0.09

(2 106)
for time and F

=443, p=0007, ;- 0.18 for

group; CRP: F,, =772, p=0.001, ni=0.11 for
timeandF, )—6 29 p=0.001,712=10.23 for group)
(Table 1I).

Simple effect testing showed that LYMPHR
in the moderately ill group was higher than that
of the other three groups on the 1* day (F=15.94,
p<0.001). At day 7, survival and mortality were
significantly higher in the moderate and severe
disease groups than in the critical disease group
(F=11.43, p<0.001). The moderate and severe dis-
ease groups were significantly higher than the
death group on day 14. (F=5.39, p=0.002). IL-6
levels of deaths were significantly higher than that
of the other three groups on the 1% day and the 14
day (F=13.97 and F=10.53, all p<0.001) (Figure 1).

Post-hoc testing of time revealed that the counts
of CD4" T cells, CD8" T cells, and LYMPH on the
14" day were significantly higher than those on
the 1* day (p<0.05). CD8" T cell counts rose sig-
nificantly from the 7" day to the 14" day (»<0.05).
CRP levels on both the 7" and 14" days were sig-
nificantly higher than those on the 1* day (both
p<0.05, Table III). For group status, post hoc test-
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Table 1. Distribution of demographic data and clinical characteristics at admission.

Critical Critical p-value
Total Moderate Severe Living Death (dead vs.
Characteristics (n=77) (n=12) (n=42) (n=14) (n=9) ¥?/F  Survival)
Age, year, median, (IQR) 59 (35-87) 56 (44-68)  63.5 (36-87) 56 (36-70) 52(39-70)  3.002 0.036
Male, No. (%) 41 (53.2) 6/12 (50) 22/42 (52.3) 10/14 (71.4) ~ 9/9 (100) 11.444 0.010
Smoking, No. (%) 9/77 11.7)  1/12 (8.3) 3/42 (7.14) 3/14 (21.4) 2/9(22.2) 2961 0398
Infection at admission, 35/77 (45.5) 3/12 (25.0)  17/42 (40.5) 8/14 (57.1) 7/9 (77.8) 7.264  0.064
No. (%)
Comorbidities, No. (%)
Hypertension 23/77 (29.9) 3/12 (25.0)  13/42 (31.0) 4/14 (28.6)  3/9 (30.0) 1.19 0.757
Diabetes 9/77 (11.7)  1/12(8.33)  6/42 (14.3) 1/14 (7.14) 1/9 (11.1) 0.73 0.867
Cardiovascular disease 6/77 (7.80)  0/12 (0) 5/42 (11.9) 1/14 (7.14) 0/9 (0) 4.28 0.233
Chronic obstructive 6/77 (7.80)  1/12(8.33)  3/42(7.14) 1/14 (7.14) 1/9 (11.1) 0.16 0.984
pulmonary disease
Symptoms
Fever 58/77(75.3) 8/12(66.7)  33/42 (78.6) 10/14 (71.4)  7/9 (77.8) 0.84  0.840
Dry cough 25/77 (32.5) 4/12 (33.3)  13/42 (31.0) 7/14 (50) 1/9 (11.1) 4.14 0.247
Expectoration 16/77 (20.8) 0/12 (0) 5/42 (11.9) 4/14 (28.6) /9 (77.8) 2175 0.000
Fatigue 9/77 (11.7) ~ 2/12(16.7)  0/42 (0) 3/14 (21.4)  4/9 (44.4) 17.82  0.000
Dyspnea/Chest tightness ~ 8/77 (10.4)  0/12 (0) 1/42 (2.38) 1/14 (7.14) 6/9 (66.7)  23.26  0.000
Diarrhea 3/77 (3.87)  0/12 (0) 3/42 (7.14) 0/14 (0) 0/9 (0) 3.74 0.291
Anorexia/Nausea 2/77 (2.69)  0/12 (0) 1/42 (2.38) 1/14 (7.14) 0/9 (0) 1.89 0.595
Dizziness/Headache 3/77 (3.87)  0/12 (0) 1/42 (2.38) 1/14 (7.14) 1/9 (11.1) 242 0.490
Vital signs
Heart rate, median (IQR), 80 (66-102) 73 (68-85) 80 (66-96) 80 (75-92) 85 (76-102) 1476  0.002
(bpm)
SBP, median (IQR), 20 (98-156) 115 (98-140) 120 (100-150) 110 (104-145) 138 (118-156) 5.02 0.003
(mmHg)
DBP, median (IQR), 120 (64-92) 71 (64-85) 75.5(66-92) 70 (68-92) 76 (70-88)  0.71 0.551
(mmHg)
Respiration rate, median
(IQR), (times per min) 72 (16-25) 19 (17-21) 20 (16-24) 20 (19-23) 21(19-25)  13.11  0.004

IQR, interquartile range; SBP, systolic blood pressure; DBP, diastolic blood pressure.

ing demonstrated that CD4* T cell counts in the
moderately ill group were significantly higher
than those in the other three groups. CD8" T cell
counts in the moderately ill group were higher
than those in the critically ill survivors. LY MPH
in the moderately ill group was higher than that of
the severely ill and critically ill survivor groups.
However, CRP levels among the mortality group
were significantly higher than those of the moder-
ately ill and severe-ill groups. Among the critical-
ly ill survivors, CRP levels were higher than those
in the moderately ill group (all p<0.05, Table 1V)
(Figure 2).

Regression Analysis

Considering the effect of pro-inflammatory
on the prognosis of severely ill and critically ill
survivors, stepwise linear regression was per-
formed for IL-6 levels on the 14" day as a depen-
dent variable with all laboratory findings on the
1** day as independent variables. IL-6 level was a

significant contributor (F=4.90, p=0.034, $=0.35,
95% CI: 0.00-0.10, adjustment R?=0.10). Binary
logistic regression revealed that IL-6 level on the
I** day was significantly associated with death
(p=0.028, B=0.05, OR: 1.05, 95% CI: 1.01-1.10).
The Cox regression model for each laboratory
finding was performed in the critically ill group.
It revealed that CD4" T cell counts on the 1 day
decreased the hazard of dying (»p=0.039, f=-0.01,
hazard ratio=0.99, 95% CI: 0.98-1.00, and median
survival time, 13.5 days).

Discussion

This study was conducted to determine the
associations of abnormal inflammatory and im-
mune responses with outcomes of patients with
COVID-19 infection. The primary finding was
that abnormal inflammatory and immune re-
sponses in severely and critically ill patients de-
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Figure 1. Simple effect testing shows differences and changes in lymphocyte ratio (LYMPHR) (A) and interleukin 6 (IL-6)
(B) levels among four groups at three-time points.

creased the risk of death. High IL-6 levels on showed that IL-6 level plays a key role in the in-
day 1 were associated with adverse outcomes flammatory cascade as an early responder. I1L-6
and CD4+ T count on day 1. Previous studies'' was a reflection of the degree of systemic inflam-
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Figure 2. Post-hoc testing shows differences and changes in CD4+ (A) and CD8+ (B) T cell counts, lymphocyte counts
(LYMPH) (C), and C-reactive protein (CRP) (D) levels among four groups at three-time points.
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Table Il. Changes in laboratory findings of four groups at 3 time-point using repeated measures ANOVA.

Time x group Time Group
On the
Normal range On the 1stday  On the 7" day 14" day F,(df), p,, nZ, F,(df), p,, %, F3(df),p,, nZ,

LYMPHR 20-50 Moderate group 30.63+12.09 28.38+10.89 28.74+9.86 2.34 (6, 124) 2.63 (2, 124) 10.32 (3, 62)
Severe group 15.40+8.39 18.03+9.83 22.134+8.89 0.035 0.080 0.000
Critical survival group 10.05+1.46 13.14+2.60 18.81+2.86 0.10 0.33
Critical death group 14.15+4.65 7.58+1.54 10.28+3.78
Moderate group 6.40+8.50 4.25+2.99 4.06+5.08 5.99 (3, 60) 10.42 (1, 60) 6.83 (3, 60)

IL-6 (pg/ml) <10 Severe group 23.16+46.22 16.893+30.979 7.99+7.54 0.001 0.002 0.000
Critical survival group 27.12+9.48 17.56+4.51 23.23£10.12 0.23 0.15 0.26
Critical death group 325.66+192.10 11,692.82+11,642.86 790.65+600.55
Moderate group 661.83+350.06 661.90+300.33 724.43+234.74 0.73 (6, 96) 6.15 (2, 96), 4.60 (3, 48)

CD4+T (cells/uL)  404-1,612 Severe group 338.57+181.29 479.03+188.21 577.53+314.57 0.63 0.003 0.007
Critical survival group 291.82+48.09 462.27+98.35 490.55+81.76 0.11 0.22
Critical death group 251.00+£51.36 248.00+59.42 444.00+151.57

CDS8+T (cells/ul)  220-1,219 Moderate group 382.50+201.80 389.90+141.22 425.86x176.80 1.88 (6, 96) 8.84 (2, 96) 3.55 (3, 48)
Severe group 193.83+126.19 299.81+183.76 373.73+241.31 0.09 0.001 0.021
Critical survival group 136.55+24.69 217.82+43.58 271.73+49.32 0.16 0.18
Critical death group 139.25+61.99 97.75+40.18 336.25+212.87

LYMPH (x10°/L)  1.1-3.2 Moderate group 1.62+0.65 1.53+0.65 1.63+0.67 1.58 (5, 106) 6.42 (2, 106) 4.43 (3, 62)
Severe group 0.88+0.38 1.18 £0.69 1.37 £0.51 0.17 0.004 0.007
Critical survival group 0.71+0.08 0.96+0.14 1.16+0.16 0.09 0.18
Critical death group 0.94+0.32 0.68+0.12 1.10+0.28

CRP (mg/L) 0-10 Moderate group 29.51+57.16 5.64+£1.96 6.47+4.29 0.58 (6, 124) 772 (2, 124) 6.29 (3, 62)
Severe group 59.24+46.69 32.12+45.43 17.94+34.42 0.001 0.001
Critical survival group 92.98+20.12 33.534+13.39 54.38+20.61 0.11 0.23
Critical death group 83.78+40.03 66.30+45.46 91.18+44.57

PCT(ng/ml) <0.1 Moderate group 0.09+0.16 0.04+0.03 0.05+0.03 1.80 (4, 81) 1.83 (1, 81) 0.84 (3, 63)
Severe group 0.20+0.39 0.43+2.31 0.05+0.03 0.139 0.178 0.477
Critical survival group 0.16+0.04 0.52+0.20 0.31+0.14
Critical death group 0.10+0.04 0.14+0.07 2.17+1.98

CD4+T /CD&+T  0.9-2.0 Moderate group 1.90+0.76 3.23+4.49 6.50+12.25 0.52 (4, 64) 1.18 (1, 640) 0.33 (3, 48)
Severe group 2.26x1.74 3.30+5.46 4.87+8.84 0.72 0.298 0.802
Critical survival group 2.59+0.61 2.52+0.44 2.09+0.25
Critical death group 2.58+0.86 3.37+0.98 3.92+2.44

“Partial Eta Squared n3: effect size (0.01-0.08 is small, 0.09-0.24 is medium, and 0.25+ is large). LYMPH, Lymphocyte count; LYMPHR, Lymphocyte ratio; PCT, procalcitonin; Interleukin-6, IL6;
C-reactive protein, CRP.



Q.-S. Mu, H. Li, H. Ye, Y.-D. Liu, J. Bai, L. Yuan, et al

Table IlI. Result of post-hoc comparisons for time status.

95% CI for the
difference
Mean Lower Upper
Items (i)Time (j)Time difference(i-j) Stand error P bond bond
1* day 7t day -93.82 37.82 0.050 -187.64 0.001
CD4+T 14" day -161.23* 47.99 0.005 -280.27 -42.19
(cells/uL) 7t day 14" day -67.41 51.63 0.594 -195.49 60.68
1* day 7t day -2591 22.36 0.757 -81.36 29.55
CD8+T 14" day -108.18* 30.35 0.003 -183.46 -32.89
(cells/uL) 7t day 14" day -82.27* 27.28 0.012 -149.95 -14.59
1* day 7t day -0.07 0.10 1 -0.31 0.16
LYMPH 14" day -.310% 0.07 0.000 -0.48 -0.14
(x10°/L) 7t day 14" day -0.24 0.10 0.07 -0.49 0.01
CRP 1*t day 7t day 37.93* 10.73 0.002 11.52 64.34
(mg/L) 14" day 32.71* 11.37 0.016 4.74 60.68
7t day 14" day -5.22 9.17 1 -27.78 17.34

LYMPH, Lymphocyte count; C-reactive protein, CRP; confidence interval, CI. *means p< 0.05.

Table IV. Result of post-hoc comparisons for group status.

95% CI for
the difference

Mean
difference Stand Lower Upper
Items (i) Group (j) Group (i-j) error P bond bond
Moderate group Severe group 248.69* 81.71 0.023 23.81 473.57
Critical survival group  301.91* 91.97 0.012 48.81 554.99
CD4+T Critical death group 354.37* 113.23 0.018 42.77 665.97
(cells/uL) Severe group Critical survival group  53.21 66.72 1.000 -130.40 236.83
Critical death group 105.68 93.88 1.000 -152.69 364.05
Critical survival group  Critical death group 52.47 102.93 1.000 -230.80 335.73
Moderate group Severe group 143.17 66.40 0.217 -39.56 325.89
Critical survival group  230.27* 74.73 0.020 24.62 435.92
CD8+T Critical death group 223.38 92.00 0.114 -29.81 476.57
(cells/uL) Severe group Critical survival group  87.10 54.21 0.688 -62.09 236.30
Critical death group 80.21 76.28 1.000 -129.72 290.15
Critical survival group  Critical death group -6.89 83.63 1.000 -237.05 223.27
Moderate group Severe group 0.47%* 0.16 0.034 0.02 0.91
Critical survival group  0.68* 0.19 0.005 0.15 1.21
LYMPH Critical death group 0.61 0.25 0.099 -0.06 1.28
(x10°/L)  Severe group Critical survival group  0.21 0.15 0.883 -0.18 0.61
Critical death group 0.14 0.21 1.000 -0.43 0.71
Critical survival group  Critical death group -0.07 0.23 1.000 -0.71 0.57
Moderate group Severe group -20.23 11.45 0.493 -51.44 10.9701
Critical survival group  -42.08* 13.68 0.019 -79.38 -4.79
CRP Critical death group -65.35% 17.31 0.002 -112.52 -18.17
(mg/L) Severe group Critical survival group  -21.85 10.21 0.218 -49.69 5.99
Critical death group -45.11* 14.72 0.019 -85.23 -4.99
Critical survival group  Critical death group -23.26 16.52 0.98 -21.76 68.28

LYMPH, Lymphocyte count; C-reactive protein, CRP; confidence interval, CI. *means p< 0.05.
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matory response. The overflow of inflammatory
cytokines in the circulatory system may lead to
a systemic cytokine storm, resulting in damage
to multiple organ functions. In line with the cur-
rent study, several studies’® demonstrated that
IL-6 is an independent predictor of outcome and
in-hospital mortality'®'® with the highest diagnos-
tic value for infection'. The optimal cut-off point
for predicting death is serum IL-6>229 pg/mL on
admission'.

In our study, follow-up IL-6 levels were mea-
sured at three-time points. Significant decreases
were seen in the survivor group, but sharp in-
creases were seen among those who died.

IL-6 promotes the differentiation of naive CD4"
T lymphocytes to perform an important function in
acquired immune responses, and CD4" T cell is the
central cell of the immune system and an effector
cell that inhibits viral replication”. Lower levels
of CD4*T cells and lack of early antiviral therapy
have been considered independent risk factors for
severe disease, according to a report?. Similar to
human immunodeficiency virus infection, SARS-
CoV-2 infection has a strong association of survival
with initial CD4" T cell counts. Lower CD4 counts
correlated with shorter survival times*.

We also found that CD8" T cells, LYMPH, and
LYMPHR dropped out of the normal range in
severely and critically ill patients on admission
and progressively increased to the normal range
by the end of two weeks, except in patients who
died. CD8" T cell responses are critical for con-
trolling viral infection?, and their responses aid
viral clearance by direct killing infected cells®.
The differentiation of CD8" T cells is induced by
cytotoxic T cells to kill infected cells*. An early
study?’ showed that high CD8" T cell counts cor-
related significantly with survival from infectious
diseases. The depletion of CD8" T cells often sug-
gests™ enhanced viral infection as manifested by
increased viral replication and lethality. Severe
lymphopenia has been observed* in COVID-19
pneumonia®. Lymphopenia is typically associat-
ed with various infections directly as a result of
immune suppression because of the underlying
disease®. Persistent lymphopenia after admission
is associated with a 1.7-fold increased risk of mor-
tality*®. Both CD4" and CDS8" T cells were affect-
ed severely, suggesting that a severe drop in the
number of circulating lymphocytes, especially
constantly declining in the death group, might be
the reason for the decrease of LYMPHR.

Other findings of the current study included
markedly high CRP levels in severely and criti-

cally ill patients at admission that progressively
decreased with improvement except for the pa-
tients in the critically ill mortality group. Their
subsequent increase of CRP levels returned to
the initial levels. A previous study® suggested
that CRP levels are positively correlated with the
degree of inflammation, and the concentration is
not affected by age, sex, or physical condition.
Elevated CRP concentrations were found in viral
respiratory infection®?, and in patients with severe
pneumonia®. The present study likewise showed
that CRP levels continued to elevate in the criti-
cally ill mortality group and decreased among the
survivors, even in the critically ill survivor group.

Limitations

There were some limitations to the present study.
First, it is difficult to evaluate risk factors for dis-
ease severity and mortality with multivariable-ad-
justed methods because of the limited number of
cases. It is necessary to explore a larger cohort to
further define the clinical presentation and risk
factors. Second, even though the causative patho-
gen has been identified, laboratory testing was not
available. This could have provided more informa-
tion regarding the characteristics of COVID-19.
Finally, although we found a low fever ratio, simi-
lar to another study** (32169119), this was different
from the findings of other studies!®*, Furthermore,
no female deaths were reported in our cohort, and
this should be considered a potential exposure bias
in this study. More effort should be made to answer
these questions in future studies.

Conclusions

The relationship between SARS-CoV-2 infec-
tion and abnormal inflammatory and immune re-
sponses is complex. The current study revealed
that IL-6 levels and CD4* T cell counts at admis-
sion help predict the outcome of COVID-19 infec-
tion, especially in critically ill patients. Our find-
ings suggest that the measurement of IL-6 levels
and CD4" T cell counts should be monitored after
admission, especially in severely ill and critically
ill patients with COVID-19 infection.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgments
None.



Q.-S. Mu, H. Li, H. Ye, Y.-D. Liu,

J. Bai, L. Yuan, et al

Informed Consent
Patients and/or their families signed informed consent forms.

Authors’ Contributions

FW, QM, and YL designed this study. FW, QM, and YL
provided funding. FW revised the manuscript. QM and HY
finished the manuscript and analyzed the data. QM, HY,
KW, and KL collected the clinical data. JB contributed to
the literature search.

Data Availability

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reserva-
tion.

Ethics Approval
The present study was approved by the Medical Ethics
Committee of the People’s Hospital of Wuhan University
with the exception of the requirement of informed consent
(WDRY2020-K120).

Funding

The authors of this work were supported by the following
grants: Natural Science Foundation of Xinjiang Uyghur Au-
tonomous Region (2018D01C228 and 2021D01C371), Tian-
shan Youth Project—Outstanding Youth Science and Tech-
nology Talents of Xinjiang (2017Q007), the 10th Inner Mon-
golia grassland Talents Project, Beijing Natural Science
Foundation (7152074), and the Opening Project of Zhejiang
Provincial Top Key Discipline of Pharmaceutical Sciences.

ORCID ID
Q.-S. Mu: https://orcid.org/0000-0003-4831-9216

References

1) Zhu N, Zhang D, Wang W, Li X, Yang B, Song J,
Zhao X, Huang B, Shi W, Lu R, Niu P, Zhan F, Ma
X, Wang D, Xu W, Wu G, Gao GF, Tan W. A Novel
Coronavirus from Patients with Pneumonia in Chi-
na, 2019. N Engl J Med 2020; 382: 727-733.

2) Sohrabi C, Alsafi Z, O’Neill N, Khan M, Kerwan A,
Al-Jabir A, losifidis C, Agha R. World Health Or-
ganization declares global emergency: A review of
the 2019 novel coronavirus (COVID-19). Int J Surg
2020; 76: 71-76.

3) Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y,
Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia J,
WeiY, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao
H, Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q,

4790

4)

5)

11)

12)

13)

14)

Wang J, Cao B. Clinical features of patients infect-
ed with 2019 novel coronavirus in Wuhan, China.
Lancet 2020; 395: 497-506.

Belaid B, Lamara Mahammad L, Mihi B, Rahali SY,
Djidjeli A, Larab Z, Berkani L, Berkane |, Sayah W,
Merah F, Lazli NZ, Kheddouci L, Kadi A, Ouali M,
Khellafi R, Mekideche D, Kheliouen A, Ayoub S,
Hamidi RM, Derrar F, Gharnaout M, Allam |, Dji-
djik R. T cell counts and IL-6 concentration in blood
of North African COVID-19 patients are two inde-
pendent prognostic factors for severe disease and
death. J Leukoc Biol 2022; 111: 269-281.

Channappanavar R, Perliman S. Pathogenic hu-
man coronavirus infections: causes and conse-
quences of cytokine storm and immunopathology.
Semin Immunopathol 2017; 39: 529-539.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y,
Qiu Y, Wang J, Liu Y, Wei Y, Xia J, Yu T, Zhang
X, Zhang L. Epidemiological and clinical charac-
teristics of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: a descriptive study.
Lancet 2020; 395: 507-513.

Hantal AO, Kayhan S, Sagmen SB, Soy M. Effi-
cacy of pulmonary rehabilitation in patients with
post-acute COVID-19. Eur Rev Med Pharmacol Sci
20283; 27: 2117-2126.

Lippi G. Sepsis biomarkers: past, present and fu-
ture. Clin Chem Lab Med 2019; 57: 1281-1283.

Lippi G, Plebani M. Laboratory abnormalities in pa-
tients with COVID-2019 infection. Clin Chem Lab
Med 2020; 58: 1131-1134.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang
B, Xiang H, Cheng Z, Xiong Y, Zhao Y, Li Y, Wang
X, Peng Z. Clinical Characteristics of 138 Hospital-
ized Patients With 2019 Novel Coronavirus-Infect-
ed Pneumonia in Wuhan, China. JAMA 2020; 323:
1061-1069.

Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, Wu Y,
Zhang L, Yu Z, Fang M, Yu T, Wang Y, Pan S, Zou
X, Yuan S, Shang Y. Clinical course and outcomes
of critically ill patients with SARS-CoV-2 pneumo-
nia in Wuhan, China: a single-centered, retrospec-
tive, observational study. Lancet Respir Med 2020;
8:475-481.

Young BE, Ong S, Kalimuddin S, Low JG, Tan SY,
Loh J, Ng OT, Marimuthu K, Ang LW, Mak TM, Lau
SK, Anderson DE, Chan KS, Tan TY, Ng TY, Cui L,
Said Z, Kurupatham L, Chen MI, Chan M, Vasoo
S, Wang LF, Tan BH, Lin R, Lee V, Leo YS, Lye
DC. Epidemiologic Features and Clinical Course of
Patients Infected With SARS-CoV-2 in Singapore.
JAMA 2020; 323: 1488-1494.

Igonin AA, Armstrong VW, Shipkova M, Lazareva
NB, Kukes VG, Oellerich M. Circulating cytokines
as markers of systemic inflammatory response in
severe community-acquired pneumonia. Clin Bio-
chem 2004; 37: 204-209.

Kolber W, Dumnicka P, Maraj M, Kusnierz-Ca-
bala B, Ceranowicz P, Pedziwiatr M, Maziarz B,
Mazur-Laskowska M, Kuzniewski M, Sporek M,
Walocha J. Does the Automatic Measurement of
Interleukin 6 Allow for Prediction of Complications



Association of interleukin-6 and CD4+ T cells and two-week prognosis of patients with COVID-19

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

during the First 48 h of Acute Pancreatitis. Int J Mol
Sci 2018; 19: 1820.

Tisoncik JR, Korth MJ, Simmons CP, Farrar J,
Martin TR, Katze MG. Into the eye of the cytokine
storm. Microbiol Mol Biol Rev 2012; 76: 16-32.

Miguel-Bayarri V, Casanoves-Laparra EB, Pallas-
Beneyto L, Sancho-Chinesta S, Martin-Osorio
LF, Tormo-Calandin C, Bautista-Rentero D. Prog-
nostic value of the biomarkers procalcitonin, inter-
leukin-6 and C-reactive protein in severe sepsis.
Med Intensiva 2012; 36: 556-562.

Jekarl DW, Lee SY, Lee J, Park YJ, Kim Y, Park
JH, Wee JH, Choi SP. Procalcitonin as a diagnostic
marker and IL-6 as a prognostic marker for sepsis.
Diagn Microbiol Infect Dis 2013; 75: 342-347.

Mat-Nor MB, Md Ralib A, Abdulah NZ, Pickering
JW. The diagnostic ability of procalcitonin and inter-
leukin-6 to differentiate infectious from noninfectious
systemic inflammatory response syndrome and to
predict mortality. J Crit Care 2016; 33: 245-251.

Takahashi W, Nakada TA, Yazaki M, Oda S. In-
terleukin-6 Levels Act as a Diagnostic Marker for
Infection and a Prognostic Marker in Patients with
Organ Dysfunction in Intensive Care Units. Shock
2016; 46: 254-260.

Piconi S, Trabattoni D, Gori A, Parisotto S, Magni
C, Meraviglia P, Bandera A, Capetti A, Rizzardini
G, Clerici M. Immune activation, apoptosis, and
Treg activity are associated with persistently re-
duced CD4+ T-cell counts during antiretroviral
therapy. AIDS 2010; 24: 1991-2000.

Li H, Cao B. Pandemic and Avian Influenza A Vi-
ruses in Humans: Epidemiology, Virology, Clini-
cal Characteristics, and Treatment Strategy. Clin
Chest Med 2017; 38: 59-70.

May M, Wood R, Myer L, Taffé P, Rauch A, Batte-
gay M, Egger M. CD4(+) T cell count decreases by
ethnicity among untreated patients with HIV infec-
tion in South Africa and Switzerland. J Infect Dis
2009; 200: 1729-1735.

Mondal P, Lim HJ, Team OCS. The Effect of MSM
and CD4+ Count on the Development of Cancer
AIDS (AIDS-defining Cancer) and Non-cancer AIDS
in the HAART Era. Curr HIV Res 2018; 16: 288-296.
Zhang N, Bevan MJ. CD8(+) T cells: foot soldiers of
the immune system. Immunity 2011; 35: 161-168.

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

Prlic M, Williams MA, Bevan MJ. Requirements for
CD8 T-cell priming, memory generation and main-
tenance. Curr Opin Immunol 2007; 19: 315-319.

Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflam-
mation, immunity, and disease. Cold Spring Harb
Perspect Biol 2014; 6: a016295.

Ogata K, An E, Shioi Y, Nakamura K, Luo S, Yokose
N, Minami S, Dan K. Association between natural kill-
er cell activity and infection in immunologically normal
elderly people. Clin Exp Immunol 2001; 124: 392-397.

Gainey MD, Rivenbark JG, Cho H, Yang L, Yokoyama
WM. Viral MHC class | inhibition evades CD8+ T-cell
effector responses in vivo but not CD8+ T-cell priming.
Proc Natl Acad Sci U S A 2012; 109: E3260-E3267.

Warny M, Helby J, Nordestgaard BG, Birgens H,
Bojesen SE. Lymphopenia and risk of infection and
infection-related death in 98,344 individuals from a
prospective Danish population-based study. PLoS
Med 2018; 15: e1002685.

Adrie C, Lugosi M, Sonneville R, Souweine B,
Ruckly S, Cartier JC, Garrouste-Orgeas M,
Schwebel C, Timsit JF. Persistent lymphopenia
is a risk factor for ICU-acquired infections and for
death in ICU patients with sustained hypotension
at admission. Ann Intensive Care 2017; 7: 30.

Bilgir O, Bilgir F, Calan M, Calan OG, Yuksel A. Com-
parison of pre- and post-levothyroxine high-sensitivi-
ty c-reactive protein and fetuin-a levels in subclinical
hypothyroidism. Clinics (Sao Paulo) 2015; 70: 97-101.

Melbye H, Hvidsten D, Holm A, Nordbg SA, Brox
J. The course of C-reactive protein response in un-
treated upper respiratory tract infection. Br J Gen
Pract 2004; 54: 653-658.

Wang L. C-reactive protein levels in the early stage
of COVID-19. Med Mal Infect 2020; 50: 332-334.

Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin
HJ, Tan KS, Wang DY, Yan Y. The origin, transmis-
sion and clinical therapies on coronavirus disease
2019 (COVID-19) outbreak - an update on the sta-
tus. Mil Med Res 2020; 7: 11.

FuL, Wang B, Yuan T, Chen X, Ao 'Y, Fitzpatrick T, Li
P, Zhou Y, Lin YF, Duan Q, Luo G, Fan S, Lu Y, Feng
A, Zhan Y, Liang B, Cai W, Zhang L, Du X, Li L,
Shu'Y, Zou H. Clinical characteristics of coronavirus
disease 2019 (COVID-19) in China: A systematic re-
view and meta-analysis. J Infect 2020; 80: 656-665.



