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ABSTRACT

We intend to evaluate the differences of the clinical characteristics,cytokine profiles and immunologica
features in patients with different severity of COVIB19, and to develop novel nomograms based on
inflammatory cytokines or lymphocyte subsetsfor the differential diagnosticsfor severeor critical and non-
severe COVIBL9 patients. We retrospectively studied 254 COVIBL9 patients, 90 of whom were severe or
critical patients and 164 were non-severepatients. Severeor critical patients had significantly higher levels of
inflammatory cytokinesthan non-severepatients as well as lower levels of lymphocyte subsets.Significantly
positive correlations between cytokine profiles were observed, while they were all significantly negatively
correlatedwith lymphocyte subsets.Two effective nomogramswere developedaccordingto two multivariable
logisticregressioncoxmodelsbasedon inflammatory cytokine profiles and lymphocyte subsetsseparately.The
areasunder the receiver operating characteristicsof two nomogramswere 0.834 (95%Cl: 0.7790.888) and
0.841(95%CI:0.756;0.925). The bootstrapped-concordanceindexesof two nomogramswere 0.834and 0.841
in training set, and 0.860 and 0.852 in validation set. Calibration curves and decision curve analyse:
demonstrated that the nomogramswere well calibrated and had significantly more clinical net benefits. Out
novel nomogramscanaccuratelypredict diseaseseverity of COVIBL19, which may facilitate the identification of
severeor critical patients and assistphysiciandn makingoptimized treatment suggestions

INTRODUCTION Wuhan, Chinan December 20191, 2]. SARSCoV-2

has affected the world to varying degrees to become a
Severe acute respiratory syndrome coronavirus 2 major cause of significant morbidity and mortality
(SARSCoV-2), a member ofb-Coronavirus (CoV) globally, and the outbreak of COWVID9 has been
lineage Bcausingthe outbreak of coronavirus disease  declared as global pandemic by WHO on March 11,
2019 (COVID19), was first identified and reported in 2020[3]. As of Feb 28, 2021, thetotal number of
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COVID-19 patients globallyreported to WHOhad
reachedl12209,8150f confirmed cases ar@®l490,776
deaths in 223 countries, areas or territorigse clinical
and epidemiological features of patients with COVID
19 demonstrate that most figgpisode patiets are
asymptomatic or experience mild to severe respiratory
illness[4], and older men with comorbidities were more
susceptible to infection and associated witigher
disease severity and mortality that might due to their
weaker immune functiori®, 6]. Besides, SARE0V-2
infection can cause multirgan failure and systemic
manifestations especially in critical illn€ls§.

The laboratory studies have shown that data of both
lymphocyte subsets and cytokine profiles are crucial
for diagnosis and treatment of patients with COVID
19. The majority of patientsare reported to have
lymphopenia,while the most available biomarkerd$ o
routine clinical tests including -Bactive protein
(CRP), neutrophils and lymphocytes ratioNI(R),
lactate dehydrogenase anddibner were associated
with disease severity and couwdntribute in predicting
clinical outcomes in COVIEL9 patients [8, 9].
Consisterly with SARS and MERSCoV infections
[10, 11] several studies have shown that pro
inflammatory cytokine profiles elevateth patients
with COVID-19, and that cytokine storm are directly
correlated with pulmonary inflammation, tissue injury
and poor prognosis of severases[4, 12] Higher
levels of gtokine storm could aggravate the
progression of illness severe COVIB19 patientd7,

13]. Besides, previousstudies demonstrated that
interleukin2R  (IL-2R)/lymphocyte, interleukii®
(IL-6) and interleukirl0 (IL-10) might be the potential
biomarkers for early diagnosis and indicators for higher
risk of disease deterioration when predicting the
disease progressi of COVID-19 [3, 4, 14] As for
lymphocyte subsets, circulating levels of lymphocyte
subsets were suggested to be correlated with clinical
features and treatment efficacy of SARSBV-2
infection which mainly involve T Ilymphocytes
(particularly CD4 and (D8* T cells), and CD8T cells
alone might be an independent biomarker for the
disease severity and treatment efficd®y 12, 15]
Therefore, lymphocyte subsets and cytokine profiles
seem to be promising for evaluating the disease
severity of COVID19 patents and providing reference
for clinical intervention. However, evidence so Fars
shown inconsistency. A longitudinal analysis of
lymphocyte subsets and cytokine profiles in 40
confirmed COVIB19 patients has showed that levels
of cytokine profiles andounts of T cells in survivors
of severe COVIP19 would return to normal levels
comparable with mild patients at a later std6].
However, another study which included 25 confirmed
COVID-19 patients who were admitted to ICU showed

that circulating levis of IL-2, interleukind (IL-4),
tumor necrosis facted ( TUN F
and CRP were not directly correlated with symptom
severity of COVID19 [17]. Thus, the pathophysiology

in SARSCoV-2 infection, especially the correlation of
cytokine prdiles and immunological features with
different disease severity in patients with COVIB,

has not yet been completely understood, and available
biomarkers for predicting the disease progression of
COVID-19 patients are still limited.

In this study, we @rformed a comprehensive evaluation
of features of 254 COVIEL9 patientsfor the differences

in laboratory biomarkers between severe or critical and
nonsevere patients, includinghflammatory markers
cytokine profiles and immunological featur&esides,
we developed two novel nomograms for the prediction
of disease severity using inflammatory cytokine profiles
or lymphocyte subsets data separaté@lyese findings
may help us extend our understanding of potential
biomarkers associated with disease seweior early
identification and guidance of treatment management.

RESULTS

Demographic andbaselineclinical characteristics of
patients with disease severity irCOVID -19

A total of 254 patients with confirmed SAR®W2
infection were included in the study and classified into
two groupshby disease severity90 (35.4%)of them
were severe or critical patientsnd 164 (64.6%) were
nonsevere patients. Demographic and chihic
characteristics of severe or critical and sewvere
patients are showin Table 1. The median age of severe
or critical patients (70 years, IQR (64i77)) was
significantly higher than nesevere patient5 years,
IQR (551 72)) (P < 0.001). Males in s&re or critical
patients were markedly moreommon than females
(P < 0.05).58.7% of severe or critical patients had at
leastone comorbidiy, with hypertension and diabetes
being the most common onddledian hospitalization
time duration for severe or ctical patients was 17.5
days (IQR 6.829.2) and 23 days (IQR 138.8) for
nonsevere patients (Table 1).

Differences of laboratory findings between severe or
critical and non-severeCOVID -19

Table 1 showed general data of indicatoras the
patients were divided inteevere or criticagroup and
nonseveregroup, which included indicators frobtood
and urineroutine examinationsand arterial blood gas
analysis and biomarkers related torgan function
coaguation functionand infection Severe or critical
patients presentedsignificantly higher leukocyteand
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Table 1. Differences alinical characteristics andaboratory findings ofpatients with COVIEL9 onadmission

Median (IQR) or n/N (%)

Clinical Characteristics Normal Range Non-severe (164) Severe or Critical (90) P value
Age, y 65 (551 72) 70(64i 77) <0.001
Sex n (%) 0.006
Female 91 (55.5%) 33(36.7%)
Male 73 (44.5%) 57(63.3%)
Comorbidities, n/N (%)
Any comorbidities 21/38(55.3%) 37/63(58.7%) 0.836
Hypertension 15/38(39.5%) 25/63(39.7%) 0.983
Diabetes 4/38(10.5%) 16/63(25.4%) 0.078
Symptoms n/N (%)
Fever 33/38(86.8%) 53/63(84.1%) 0.780
Cough 33/38(86.8%) 53/63(84.1%) 0.780
Expectoration 26/38(68.4%) 39/63(61.9%) 0.529
Dyspnea 25/38(65.8%) 41/63(66.1%) 0.972
Myalgia or fatigue 28/38(73.7%) 36/63(57.1%) 0.135
Chest tightness 19/39(48.7%) 36/63(57.1%) 0.422
Diarrhea 18/38(47.4%) 28/63(44.4%) 0.838
Nausea or vomiting 17/38(44.7%) 13/63(20.6%) 0.014
Headache 21/38(55.3%) 21/63(33.3%) 0.038
Abdominal pain 17/38(44.7%) 11/63(17.5%) 0.005
Muscle soreness 18/38(47.4%) 23/63(36.5%) 0.303
Sore throat 13/38(34.2%) 17/63(27.0%) 0.503
Hemoptysis 12/38(30.8%) 16/63(25.4%) 0.649
Hospitalization period, d 23(15i 28.8) 17.5(6.8/29.2) 0.013
Blood routine
Leucocytesx 10%L 3.59.5 5.66(4.5116.93) 9.26(6.06' 12.75) <0.001
Increased 12 (7.3%) 44 (48.9%) <0.001
Decreased 9 (5.5%) 5 (5.6%)
Neutrophils x 10°%L 1.8/6.3 3.84(2.64i 4.86) 7.94(4.8311.70) <0.001
Increased 20(12.2%) 55(61.1%) <0.001
Decreased 8 (4.9%) 2 (2.2%)
Lymphocytesx 107/L, 1.113.2 1.16(0.85 1.55) 0.64(0.44i 0.87) <0.001
Decreased 75 (45.7%) 76 (84.4%) <0.001
NLR 3.2(2.0i5.2) 11.5(6.7i 20.7) <0.001
Decreased 23(14.0%) 1(1.1%) <0.001
Increased 34(20.7%) 72(80.0%)
Monocyte x 10°/L 0.110.6 0.51(0.4110.63) 0.44(0.280.64) 0.024
Platelets mean (SD)x 10°/L 125 350 252+ 95 181+ 96 <0.001
Increased 27(16.5%) 4 (4.4%) <0.001
Decreased 11 (6.7%) 27(30.0%)
Infectious biomarkers
PCT, ng/mL 0.020.05 0.04(0.030.08) 0.16(0.09 0.56) <0.001
ESR mm/h 0i 20 mm/H 41.0(20.0'64.0) 36(17.064.2) 0.610
cTnl, pg/mL 015. 6 4.0(2.0/9.5) 43.6(6.6 305.6) <0.001
NT-proBNP, pg/mL <738 174(66i 377) 746(229.52302) <0.001
CRP, mg/L <1 10.6(1.9140.3) 86.3(43.6174) <0.001
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Increased 130(79.3%) 86 (95.6%) 0.007
Organ Function
ALT, U/mL O 33 23 (141 40) 29.5(18.044.2) 0.011
AST, U/mL O 32 24 (18 33.8) 42(23.862.8) <0.001
TP, g/L 64i 83 69.9(65.9 73.6) 65.3(59.5 70.4) <0.001
Albumin, g/L 3553 35.4(32.4/38.7) 30.8(27.7133.1) <0.001
Globulin, U/mL 25135 33.7(30.537.8) 34.8(30.639.2) 0.411
Glu, mmol/L 4.1176.05 5.72(5.13 6.94) 7.37(5.9/10.4) <0.001
TBIL, umol/L o 2 9.2(7.0113.2) 13.4(9.2118.4) <0.001
DBIL, umol/L O 8 3.9(3.06/'5.3) 6.2(4.119.9) <0.001
IBIL, umol/L O 12.9 5.1(3.917.8) 6.2(4.519.1) 0.037
ALP, U/L 351105 66.5(54i 86) 79.5(58i 105) 0.002
GGT, U/L 6i 42 27.5(18i 46.8) 36.5(20.8 76.2) 0.013
TC, mmol/L <5.18 3.8(3.314.5) 3.4(2.94.3) 0.006
LDH, U/L 135214 258(214i 329.8) 480(325 652) <0.001
Mb, ng/mL O 106 43.6(29.8 81.8) 117.1(60.5290.2) <0.001
CK-MB, ng/mL O 3.4 0.7(0.4i 1.2) 1.8(0.915.8) <0.001
Creatining umol/L 45i 85 70 (591 84) 85 (67 105.5) <0.001
Coagulation function
PT,s 11.514.5 13.7(13.2114.2) 15.3(14.2116.7) <0.001
INR 0.81.2 1.04(0.99 1.09) 1.20(1.10'1.34) <0.001
Fibrinogen g/L 2i4 5.05(3.65 6.02) 4.56(3.106.13) 0.175
APTT, s 29 42 38.6(36.342.3) 40.1(35.6 46.2) 0.209
D-dimer, U/mL FEU <0.5 1.05(0.4011.91) 4.60(1.44 21.00) <0.001
Urine routine
Urine protein n/N (%) T 61/149(40.9%) 62/76(81.6%) <0.001
USG, n, median (IQR) 1.0111.025 149,1.015(1.0111.019) 76,1.02(1.0161.024) <0.001
pH, n, median (IQR) 4.58.0 149,6.5(6.0i 7.0) 76,6.0(5.5/6.5) 0.002
KET, n/N (%) i 11/149(7.4%) 26/76(34.2%) <0.001
URO, n/N (%) i 2/149(1.3%) 10/76(13.2%) <0.001
Arterial Blood Gas
pH, n, median (IQR) 7.357.45 40,7.41(7.39 7.46) 37,7.42(7.38 7.46) 0.984
PaCO2n, mmHg 35145 39,40.9(38.343.8) 37,36.1(29.9 41.0) <0.001
PaO2n, mmHg 80i 100 39,142(90.8187) 37,84(57.8148.0) 0.004
SB, n, mmol/L 21i 25 38,25.8(24.8 27.9) 37,23.8(21.2 25.4) <0.001
BEecf n, mmol/L 13i3 39, 2.1(0.3/3.9) 37,10.9(14.211.3) <0.001
TCO2 n mmol/L 24i 32 38,23.2(21.7 24.6) 37,20.9(16.5 23.5) <0.001
Sa02 n, median (IQR) 91.999 % 39,99.2(97.2199.6) 37,96.2(86.899.5) 0.011

Abbreviations NLR Neutrophitto-lymphocyte ratio PCT Procalcitonin ESREythrocyte sedimentation ratecTnl Cardiac
troponin I, NT-proBNP N-terminal of the prohormone brain natriuretic peptideCRP Greactive protein; ALT Alanine
aminotransferasg AST Aspartate aminotransferaseTP Total protein, Glu Glucose TBIL Total bilirubin, DBIL Direct

bilirubin; IBIL Indirect bilirubin ALP Alkaline phosphataseGGT ‘ -glutamyl transpeptidaseTC Total cholesterol LDH

Lactate dehydrogenasgMb: Myoglobirt CKMB: Qreatine kinaseMB; PT Prothrombin time INR International normalized
ratio; APTT Activated partial thromboplastin timeUSG Urine specific gravityKET Urine ketone body URO Urobilinogen

PaCO2Partial pressureof carbon dioxidePaO2 Arterial partial pressure of oxygeisB Sandard bicarbonateBEecf Base
excess of extracellular fluid@CO2Total carbon dioxideSaO2Oxygen saturation

neutrophils counts, elevatedheutrophitto-lymphocyte
ratio (NLR) than norsevere patientsall P < 0.001), as

well as decreased counts dfmphocytes, monocyse
and platelets K < 0.05). Compared withnon-severe
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patients, the levels ofseveral infectionrelated
biomarkers were significantly higher in severe or
critical patients including procalcitonin, cardiac
troponin | (cTnl), Nterminal prohormoneof brain
natriuretic peptide (N¥roBNP), GCreactive protein
(CRP) (allP < 0.001). Also, severe or critical patients
had markedly higher levels of semubiochemical
indexes including alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gluc(Gh), total
bilirubin (TBI L),

Spearman rank correlation analyses were performed
between immunerelated biomarkers with major
biochemical indicesamong patientsWe found that
there were significantly positive correlations between
cytokine profiles. The leals of these cytokine profiles
also presented positive correlations with CRP and NLR
as well as serum biochemical indexes including Glu,
CK, CK-MB, AST and LDH. Besides, levels of serum
biochemical indexes were found to be positively

al kal i noorrelget with CRPaahMLR.eOnN tlfe Adthd? hand, the

glutamyl transpeptidase (GGT), lactate dehydrogenase counts of lymphocytes, such as T, B, Th, Ts and NK

(LDH), myoglobin, creatine kinaddB (CK-MB), and
creatinine. And they had significantly lower levels of
total protein (TP), albumin, total cholesterol (TC) (all
P < 0.05). Levels of some coagulation factors were
significantly elevated in severe or critical case
compared with nosevere patients, including
prothrombin time (PT) andimer (allP < 0.001).

Compared with nosevere cases, the positive rates of
urine protein, urine ketone body (KET) and urobilinogen
(URO) in severe or critical cases were sigrafitly
higher (allP < 0.001). Severe or critical patients almost
had significantly lower levels ddll indicators inblood
gasanalysis includingpartial pressure of carbon dioxide
(PaCOz2) arterial partial pressure of oxygdRaO?2)
standard bicarbonatSB), base excess of extracellular
fluid (BE), total carbon dioxidgTCO2) and oxygen
saturation(SaO2)(all P < 0.05) (Table 1).

Differences of immunologic features in disease
severity of COVID-19

Table 2 showed inflammatory cytokine profiles and
lymphocyte subsetsn severe or criticalpatientsand
nonsevere patiest with COVID-19. We included
interleukinlb  (IL-1b), interleukin2R  (IL-2R),
interleukin6 (IL-6), interleukin8 (IL-8), interleukinl0
(IL-10) and tumor n &JJmcytakines
profiles. Except folL-16 which was undetectable (< 5
pg/mL), levels ofall other cytokines were significantly
increased in severe or critical patiestsmpared with
their normal rangesand markedly highethan those in
nonsevere patient&@ll P < 0.001) (Table 2Figure )J.
Meanwhile all lymphocyte subsetountsincluding T,
B, Th, Ts and NK cells were significantly decreased
be markedly lowerin severe or critical cases (&l <
0.001) (Table 2, Figure2). Neverthelessthere is no
statigical significance in Th/Ts ratibetweensevere or
critical and norsevere patient$>(> 0.05).

Correlation analysis between immuneelated
biomarkers and laboratory-testedindexes

To evaluate the immune responses in patients with
COVID-19, especiallytheir impactin organ injury,

factor U

cells, were significantly negatively correlated with all
other indicators including cytokine profiles, serum
biochemical indexes and levels of CRP, NIART was
positivdy correlated with 1:2R, IL-6, NLR and CRP,
but it presentedno correlation with 1E8, TNF-U and
lymphocyte subsets. No correlations were observed
between Glu and AST with Th/Ts ratio. Additionally,
we found positive correlatiors between TC with
lymphocye subsets, while negative correlation with all
cytokine profiles, CRP, NLR and Th/Ts ratio
(Supplementaryigure 1).

Evaluation of diagnostic value in immune-related
biomarkers for predicting disease severity of
COVID-19

Receiveroperating characteristic(ROC) analyseswas
performed for evaluating the diagnostic value of
cytokines and lymphocyte subséatspredictingdisease
severity of COVID19. The area under ROCcurves
(AUROCs) were0.868 forNLR, 0.811 for IL-6, 0.802
for IL-2R, 0.7 for IL-8, 0.731for IL-10and 0.699 for
TNF-Uwhen performingpredicton of severeor critical
COVID-19 cases(Figure 3). Besides, ie AUROCs
were 0.722 for T cells decrease0.70L for Th cells
decrease0.684 for Ts cells decreasd).507 forB cells
decrease and 0.654 fdK cells decreas@igure B).

( TNF

Nomograms development and validation for
predicting the disease severity of COVIBL9

Considering that there was the strong multicollinearity
between inflammatory cytokine profiles and lymphocyte
subsetswe established two logistic regression models
based on inflammatory cytokine profiles and lympho
cyte subsets separately. Multivariable analysizdels
showed that agdL-2R, IL-6, IL-8, IL-10 andT cells
could be the independent risk factorsr fdisease
severity Supplemerdry Tables 1 and 2. Therefore, we
also established two nomograms for predicting the
disease severity of COVHR9 based upon thfactors
screened by the multivariable analyses (Figureand

5), which were used to estimate tlpeobability of
higher disease severity by projecting the total score to
the lower risk scale.
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Table 2 Differences oimmuneresponsen patients with COVIEL9 onadmission

. Normal N, Median (IQR) P
Biomarker Range Non-severe (164) Severe or Critical (90) value
Inflammatory cytokines

IL-1b, n, pg/mL <5 164,5 (5 5) 90,5 (51 5) 0.742
IL-2R, n, U/mL 223710 164,498(318.5 750.8) 90,1111.5(728.21656.0) <0.001
Decreasegh (%) 17(10.4%) 2 (2.2%) <0.001

Increasedn (%) 101(61.6%) 19(21.1%)
IL-6, n, pg/mL <7 164,4.0(1.513.0) 90,42.2(12.9'96.3) <0.001
Increasedn (%) 59(36.0%) 77 (85.6%) <0.001
IL-8, n, pg/mL <62 164,7.8(5.0/ 16.3) 90,22.9(11.849.2) <0.001
Increasedn (%) 2 (1.2%) 18(20.0%) <0.001
IL-10, n, pg/mL <9.1 164,5.0(5.0/5.0) 90,6.6(5113.4) <0.001
Increasedn (%) 10(6.1%) 39(43.3%) <0.001
TNF-U, n, pg/mL <8.1 164,6.6(4.59.4) 90,9.8(7.1114.1) <0.001
Increasedn (%) 44 (26.8%) 49 (54.4%) <0.001
Lymphocyte Subsets

T cells+ B cells+ NK cells n/ € L [ 96,1435(1145.51718.8) 41,736(332 1160.5) <0.001
T cells(CD3"CD19),n/ g L 955 2860 96,1005.5(794i 1231) 41,359(198.5804.5) <0.001
Decrease/N (%) 37/96(38.5%) 34/41(82.9%) <0.001
B cells(CD3 CD19),n/ ¢ L 90i 560 96,177(118.5 256) 41,84 (40i 154) <0.001
Decrease/N (%) 17/96(17.7%) 22/41(53.7%) <0.001
Th cells(CD3" CD4%),n/ ¢ L 5501 1440 96,632 (509 809.5) 41,240(102.5552.5) <0.001
Decrease/N (%) 34/96(35.4%) 31/41(75.6%) <0.001
Ts cells(CD3" CD8"),n/ ¢ L 32011250 96,314(237 418) 41,128(47i 255.5) <0.001
Decrease/N (%) 49/96(51.0%) 36/41(87.8%) <0.001
NK cells(CD3/CD16' CD56%),n/ ¢ L 15011100 96,190(128 257) 41,60(30.5186.5) <0.001
Decrease/N (%) 36/96(37.5%) 28/41(68.3%) <0.001

Th/Ts ratio 0.752.78 96,2.04(1.49 2.59) 41,2.29(1.58 3.55) 0.130

Increasedn/N (%) 16/96(16.7%) 13/41(31.7%) 0.137

AbbreviationsiL: Interleukin;TNF: Tumor necrosis factdrtr helper T cells; Tsuppressor T cells
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ROC curves showed that AUROCs for the two

constructed diagnostimomograms were 038 (95%Cl:
0.7790.888) and 0.841 (95%I: 0.756 0.925) (Figure

6A, Figure 7A), and the nomograms both exhibited
discrimination

robust

ability. The bootstrapped

concordance indexes of two nomogranese0.834 and
0.841 The calibration wrves of two nomograms

1500

T cells

500

loge(W) = 8.07, p =<0.001, r = 0.52, Clgss, [0.39, 0.70], Ngps = 135

(Figure 6B and Figure 7B)emonstrated thaheycould
lead to comparable prediction results for the probability
of disease severitthat were also quite similar to the
actual probability Besides, the two models weneell
calibrated with HosmefLemeshow goodness-fit
resultsof 5.49 p = 0.703) and 14.69p(= 0.065)

Decision curve analyses (@A) results showed

loge(W) = 8.03, p =< 0.001, r = 0.48, Clggs, [0.33, 0.64], Mows = 134
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two nomogramsprovide more benefitsfor practical
application (Figure 6C and Figure 7@) the validation
set the bootstrappedoncordance
nomograms were 0.860 (0.8020.919) and 0.852

(0.7570.946). The

Points

Sex

Age

IL2R

IL6

IL8

IL10

Total Points

Risk

indexes of two

nomograms produced similar
predicted probability of disease severdtydthe actual
probability and DCA results validated the clinical
usefulness of the norgeams(Figure 60 6F and Figure

resultsetween the

calibration curves of two 7Di 7F).
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Figure 4. Nomogram constructed by using inflammatory cytokines for prediction of disease severity of €OQVID
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Figure 5. Nomogram constructed by using lymphocyte subsetgpfediction of disease severity of COVID.
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DISCUSSION

Both clinical and immunologic features of patients with
COVID-19 have been reported recenfly8i 21], but
how we can make use of these data in differential
diagnosis forsevereor critical COVID-19 patients still
remairs a challengeBesides there isstill insufficient
knowledge regarding the immunological indicators
related to the mechanism and disease severity of
COVID-19. Here, ourstudy on COVID-19 patients at
severe or ctical and norsevere stagebave mainly
demonstrated the following findingBirst, older males
are moresusceptibleto SARSCoV-2 infection than
females which was consistent witbrevious studies,

22i 25]. Second,the levels of inflammatorgytokines
were significantly higher in severe or critical patients
than those in nosevere patientsvhile the levels of
lymphocyte subsetwere significantlylower. Finally,
two newly-developeddiagnostic nomograms based on
inflammatory cytokine profileandlymphogste subsets
were separately constructed wiAkUROCs of 0.84 and
0.841. Both of them exhibited robust discriminative
ability, which were well improved compared to using
blood marker alone (Figure 3)he constructed nomo
grams could potentially be applieéh clinic to

A Training cohort B

<

Training cohort c

differentially diagnose severe or critical and rsmvere
COVID-19 patients

In terms of laboratory findings, lymphopenia and
increased levels of NLR anihfectionrelated bie
markerswere the most commofeaturesin severe or
critical patientscompared taonsevere patientsyhich
wassimilar to the results in SARS and MERS infections
and consistent with previous studieas well [5].
Besides,we found levels ofALT, AST, Glu, TBIL,
ALP, GGT, LDH myoglobin, CkMB, creatinineand
coagulation factorsvere significantly higher in severe
or critical patients than in nesevere patients
Significantly lowerlevels of TP, albumin, TGand blood
gas indicatordound in severe or critical patients were
also consistent with préous studieq14, 18, 26, 27]
The phenomenon can be explained by the finding of
previous study that cytokine storm induced by SARS
CoV-2 infection would cause hepatotoxicitand
subsequently critical hypoalbuminemiavhich are
correlated with inflammatory responses amdult in
high disease severity and mortality of COVID [26].

In terms ofurine routine,the positive rates ofirine
protein,urine ketone body androbilinogenin severe or
critical cases were sidgigantly higherthan norsevere

Training cohort
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Figure 6.Construction and validation of thenomogram by using inflammatory cytokine&he area under receiver operating
characteristic curve valuethe calibration curvenddecisioncurve analysis in traininget (AcO and in validatiorset (D¢F) are shown.
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patients Moreover, we observed that CRP and NLR
were significantly positive correlated with Glu, CK,
CK-MB, AST and LDH. CRP and NLR have been
regarded as predictors of systemic inflammatio
bacterial or viral infections and tissue injuri@d2, 28,
29]. Recently several studies have demonstrated that
they might be usefupotentialbiomarkers foradvanced
disease progression of COWD® while NLR can
reflect the degree of imbalanda sysemic inflam-
mation and immuneresponse [12, 16, 29] In
longitudinal analysis, NLR and neutroptetCD8" T
cell ratio (N8R) have been indicated as important
prognostic factors for severe COWD [16]. It was
suggested that monitoring laboratory markensd a
cytokines could be helpfuh predictng the progression,
improving treatment efficacy and reduag mortality of
COVID-19(3, 21, 29]

We noted that SAREo0V-2 infection would induce
significant rises in peripheral cytokine profiles and
reductiors in lymphocytes subsetd evels of cytokine
profiles were significantly higher in severe or critical
patients who also presentedmarkedly lower of
lymphocyte subsets counts compared with-severe
patients, which were consistent with previous studies

andsimilar to the findings in SARS and MERS, 15,
30i 32]. Specifically, we alsoanalyzed the correlations
between these indexes afwdind that cytokine profiles
were all significantly negatively correlated with
lymphocytessubsetsSerum biochemical indexesich
asGlu, CK, CK-MB, AST, andLDH as well asCRP
and NLR were all significantly positively correlated
with cytokine profiles but significantly negatively
correlated withT, B, Thy Ts and NK cells ALT was
positivdy correlated with 1-2R, IL-6, NLR andCRP,
while it had no correlations with k8, TNF-U or
lymphocyte subsets. No correlations were observed
between Glu and AST with Th/Ts ratio. Additionally,
we found TC was positively associated with
lymphocyte subsetsut negatively associated with
cytokine profiles, CRP, NLR and Th/Ts ratio.

It is believed thaBARSCoV-2 infection would induce
cytokine storm and dysregulation of immune response,
which is similar with SARS infection SARSCoV
repaid replication and dysregulategbé | interferon
would cause elevated levels of cytokines and
suboptimal T cell responses in SARS®V infected
mice [33]. Several studies have establisliegloriesthat
IL-2R/lymphocyte, |6 and Il-:10 can be used as

Figure 7.Construction andvalidation of the nomogram by using lymphocyte subsetsThe area under receiver operating
characteristic curve valuethe calibration curvenddecisioncurve analysis in traininget (A¢CQ) and in validatiorset (DgF) are shown.
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