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ABSTRACT

Objectives: The objective of this study was to develop clinical scores to predict the risk of
intensive care unit (ICU) admission in patients with COVID-19 and end stage kidney disease
(ESKD).

Methods: This was a prospective study in which 100 patients with ESKD were enrolled and
divided into two groups: the ICU group and the non-ICU group. We utilized univariate logistic
regression and nonparametric statistics to analyze the clinical characteristics and liver function
changes of both groups. By plotting receiver operating characteristic curves, we identified clinical
scores that could predict the risk of ICU admission.

Results: Out of the 100 patients with Omicron infection, 12 patients were transferred to the ICU
due to disease aggravation, with an average of 9.08days from hospitalization to ICU transfer.
Patients transferred to the ICU more commonly experienced shortness of breath, orthopnea, and
gastrointestinal bleeding. The peak liver function and changes from baseline in the ICU group
were significantly higher, with p values <.05. We found that the baseline platelet-aloumin-bilirubin
score (PALBI) and neutrophil-to-lymphocyte ratio (NLR) were good predictors of ICU admission
risk, with area under curve values of 0.713 and 0.770, respectively. These scores were comparable
to the classic Acute Physiology and Chronic Health Evaluation Il (APACHE-II) score (p>.05).
Conclusion: Patients with ESKD and Omicron infection who are transferred to the ICU are more
likely to have abnormal liver function. The baseline PALBI and NLR scores can better predict the
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risk of clinical deterioration and early transfer to the ICU for treatment.

Introduction

Coronavirus disease 2019 (COVID-19) is a respiratory illness
caused by the SARS-CoV-2 virus [1]. The COVID-19 pandemic
has had significant impacts on human life and society, making
it one of the most significant threats to human health in recent
times. Since its appearance in December 2019, there have been
over 625 million confirmed cases of COVID-19 globally, resulting
in more than 6.5 million deaths as of this writing [2].
Currently, the Omicron variant of COVID-19 has become
the dominant variant globally due to hypermutation of the

spike protein, resulting in widespread virus escape and rapid
spread [3,4]. The emerging Omicron variant has been spread-
ing in Shanghai since March 2022 and is now under control.
According to Shen'’s report, there were over 42,000 confirmed
cases and 0.37 million asymptomatic cases reported in
Shanghai from 26 February 2022 to 23 April 2022, of which
0.4% were severe or critically ill, and 0.1% resulted in death
[5]. In contrast to the Wuhan outbreak in 2020, where there
were 50,234 confirmed cases, 63% of which were critical
cases, and 7.7% mortality was reported, the severity and
mortality ratio for COVID-19 patients in Shanghai during this
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period was much lower [6]. Similar phenomena have been
observed in other cities or countries. Omicron has been
responsible for the vast majority of new cases in Houston
between 11 November 2021 and 5 January 2022, with sig-
nificantly lower oxygen requirements than those caused by
alpha or delta variants [3].

The global prevalence of chronic kidney disease (CKD) is
estimated to be 9% to 12% [7]. Immunity declines in patients
with advanced CKD, and the risk of all-cause mortality
increases with increased exposure to infections during
advanced CKD [8]. According to a meta-analysis by Chung
et al. [9], the incidence of COVID-19 may be higher in pop-
ulations requiring renal replacement therapy than in patients
with advanced CKD or kidney transplant recipients who do
not require renal replacement therapy. The mortality rate of
CKD cases with COVID-19 may be higher than that of CKD
cases without COVID-19 [9]. A report by Council et al. indi-
cates that dialysis patients, CKD patients, and organ trans-
plant recipients are among the four comorbidities with the
highest COVID-19 mortality rate [10].

End stage kidney disease (ESKD) and COVID-19 infection
are associated with increased inflammatory burden [11].
Patients with COVID-19 often develop concurrent liver injury.
Evaluating the clinical features of patients with ESKD is
essential during the Omicron variant epidemic. We hypoth-
esize that the inflammatory burden and liver injury may
contribute to clinical deterioration. Therefore, we selected
clinical scores related to liver disease and systemic inflam-
mation to predict the risk of intensive care unit (ICU) admis-
sion in ESKD patients with COVID-19. These scores include
the following: Aminotransferase-to-platelet ratio index
(APRI), albumin-bilirubin score (ALBI), aminotransferase-to-al-
anine aminotransferase ratio (AAR), platelet-albumin-bilirubin
score (PALBI), monocyte-to-lymphocyte ratio (MLR),
neutrophil-to-lymphocyte ratio (NLR), and disseminated
intravascular coagulation score (DIC score). Acute Physiology
and Chronic Health Evaluation Il (APACHE-II) is a commonly
used clinical score to assess the critical condition of ICU
patients. In this study, we compared the above clinical
scores with APACHE-II [12]. Therefore, the primary objective
of this study was to analyze the clinical features and liver
function changes in patients with ESKD and Omicron infec-
tion and develop clinical scores to predict the risk of ICU
admission.

Methods
Study design

This study included adult patients with ESKD who had
Omicron variant infection and were admitted to Ruijin
Hospital Affiliated to Shanghai Jiaotong University School of
Medicine from April 2022 to June 2022. All patients had
previously undergone regular hemodialysis or peritoneal
dialysis. Omicron variant infection was confirmed in all admit-
ted patients using polymerase chain reaction (PCR) testing.
The patients were classified, diagnosed, and treated in

accordance with the COVID-19 diagnosis and treatment
guidelines in China [13]. The primary outcome was the need
for ICU admission based on disease progression, and the
enrolled patients were divided into the ICU group and the
non-ICU group. This was a prospective study approved by
the Ethics Committee of Ruijin Hospital, Shanghai Jiaotong
University School of Medicine (2022-078). All participants
provided informed consent. The study only collected the
patients’ clinical data, did not affect the formulation of the
patients’ treatment plan, and did not pose any risks to the
patients. The researchers made every effort to protect the
security of patients’ information and ensured that personal
privacy was not disclosed.

Data

Data were collected from our hospital’s electronic medical
record database, and all patients were carefully evaluated
for eligibility. The variables analyzed included patient demo-
graphic data such as age, gender, height, weight, body mass
index (BMI), etc., as well as the days of nucleic acid turning
negative after COVID-19 infection, clinical deterioration time,
results of CT scans, past medical history, vaccination history,
the number of days since the last dialysis treatment, man-
ifestations, consciousness, and laboratory test results at
admission. Laboratory tests included C-reactive protein (CRP),
white blood cell (WBC) count, lymphocyte count (LYM), neu-
trophil count (NEU), monocyte count (MONO), hemoglobin
(HGB), hematocrit (HCT), platelet count (PLT), activated par-
tial thromboplastin time (APTT), international normalized
ratio (INR), prothrombin time (PT), fibrinogen (Fg), D-dimer,
fibrin degradation products (FDP), aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), gamma-glutamyl
transpeptidase (GGT), alkaline phosphatase (ALP), direct
bilirubin (DBIL), total bilirubin (TBIL), aloumin (ALB), blood
urea nitrogen (BUN), uric acid (URIC), serum creatinine
(CREA), estimated glomerular filtration rate (eGFR), potassium
(K), sodium (Na), chlorine (CL), magnesium (MG), phosphorus
(PHOS), and calcium (Ca). Aminotransferase-to-platelet
ratio index (APRI), albumin-bilirubin score (ALBI),
aminotransferase-to-alanine aminotransferase ratio (AAR),
platelet-albumin-bilirubin score (PALBI), monocyte-to-lym-
phocyte ratio (MLR), neutrophil-to-lymphocyte ratio (NLR),
and disseminated intravascular coagulation score (DIC score)
were calculated based on the laboratory data at admission.
Peak values referred to the highest value obtained during
hospitalization, and the peak data were subtracted from the
baseline laboratory value to obtain the change in the vari-
able. Patients with COVID-19 often developed concurrent
liver injury, which also occurred in the patients included in
this study. Thus, the study further analyzed whether the
liver injury was related to the degree of deterioration of the
patient’s condition. Acute liver injury (ALl) was defined as
patients who developed coagulopathy without any change
in their level of consciousness [14]. The formulas and com-
ponents of the five scoring systems for calculating the pre-
dictive scores are as follows: APRI = [(AST/ULN) x 100]/PLT;



ALBI = (Log10TB x 0.66) — 0.085 x ALB; AAR=AST/ALT; PALBI
= (2.02xLog10TB) — 0.37 X (Log10TB) A 2—-0.04xALB -
3.48xLog10PLT + 1.01 x (Log10PLT) A 2; MLR=monocyte
count/lymphocyte count and NLR=neutrophil count/lym-
phocyte count. The calculation method of the DIC score is
shown in Supplemental Table 1 [15].

Statistical analysis

Categorical variables were presented as frequencies and per-
centages. Normally distributed continuous variables were
expressed as mean +standard deviation, while non-normally
distributed continuous variables were presented as median
and range. Univariate logistic regression analysis was
employed to identify the risk factors associated with ICU
admission. The odds ratios (ORs), 95% confidence intervals
(95% Cls), and p values were calculated for each predictor.
Pearson’s chi-square test was used to compare categorical
variables between the ICU and non-ICU groups, and the
Wilcoxon rank-sum test was used to compare continuous
variables between the two groups. Receiver operating char-
acteristic (ROC) curves of NLR and PALBI were plotted to
examine their discriminative power, and the area under the

Table 1. Baseline data of enrolled patients.
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curve (AUC), odds ratios (ORs), 95% confidence intervals (95%
Cls), and p values were calculated. We used paired t-tests to
assess the statistical differences between PALBI and NLR in
predicting the risk of ICU deterioration. All statistical analyses
were performed using R Studio software version 1.3.1093
(©2016 The R Foundation).

Results
Demographic and clinical characteristics

In this study, we enrolled 100 patients with ESKD and
Omicron infection, of which 41% were females, with an aver-
age age of 65.77 £ 12.75years. Ninety-nine patients received
hemodialysis, and one patient received peritoneal dialysis
treatment. The patients had moderate azotemia, with a mean
BUN of 35-50mmol/L. This is likely due to factors such as
reduced food intake and excessive water load. Three patients
had viral hepatitis, and two patients had polycystic liver
disease. The initial symptoms were primarily respiratory
symptoms (such as cough, expectoration, and chest tight-
ness), followed by gastrointestinal symptoms (nausea, vom-
iting, anorexia, etc.). The patients were divided into two

All patients Not admitted to the ICU Admitted to the ICU
Variable N=100 N=88 N=12 p Value
Sex (male, n(%)) 59.00 (59.00%) 49.00 (55.68%) 10.00 (83.33%) 12
Age (years, mean=SD) 65.77+12.75 65.03+12.87 71.17+£10.84 .16
BMI (kg/mz, mean +SD) 21.98+3.19 22.09+3.17 21.18+3.35 .50
Height (cm, mean +SD) 166.14+£8.24 165.90+£8.38 167.92+7.13 A1
Weight (kg, mean+SD) 61.10+12.17 61.25+12.29 60.04+11.72 92
turn-NE-day (day, mean +SD) 16.56 +8.39 16.06+7.76 20.25+11.83 .54
Exacerbation time (day) / / 9.08 /
COVID-19 class <.01
Mild disease 88.00 (88.00%) 88.00 (100%) .00 (0.00%)
Severe disease 11 .00 (11.00%) 0.00 (0.00%) 11 00 (91.67%)
Critical disease .00 (1.00%) 0.00 (0.00%) 1 (8.33%)
Vaccinated, n(%) 6 (6%) 5 (5.68%) .00 (8.33%) .58
HBP, n(%) 86.00 (86.00%) 76.00 (86.36%) 10 00 (83.33%) .67
DM, n(%) 33 00 (33.00%) 26.00 (29.55%) .00 (58.33%) .06
Polycysticliver, n(%) .00 (7.00%) 6.00 (6.82%) .00 (8.33%) .85
HBV, n(%) .00 (3.00%) 3.00 (3.41%) .00 (0.00%) 52
HCV, n(%) .00 (2.00%) 2.00 (2.27%) .00 (0.00%) .60
Liver cirrhosis, n(%) .00 (3.00%) 2.00 (2.27%) .00 (8.33%) 25
Manifestation
Fever, n(%) 14.00 (14.00%) 12.00 (13.64%) 2.00 (16.67%) 78
Throatpain, n(%) 16.00 (16.00%) 13.00 (14.77%) 3.00 (25.00%) .36
Cough, n(%) 45.00 (45.00%) 40.00 (45.45%) 5.00 (41.67%) .8
Expectoration, n(%) 27.00 (27.00%) 22.00 (25.00%) 5.00 (41.67%) 22
Dyspnea, n(%) 36.00 (36.00%) 27.00 (30.68%) 9.00 (75.00%) <.01
Orthopnea, n(%) 5.00 (5.00%) 2.00 (2.27%) 3.00 (25.00%) .01
Edema, n(%) 8.00 (8.00%) 6.00 (6.82%) 2.00 (16.67%) 24
Nausea, n(%) 13.00 (13.00%) 11.00 (12.50%) 2.00 (16.67%) .69
Vomit, n(%) 7.00 (7.00%) 6.00 (6.82%) 1.00 (8.33%) .85
Anorexia, n(%) 3.00 (3.00%) 2.00 (2.27%) 1.00 (8.33%) 25
Diarrhea, n(%) 2.00 (2.00%) 2.00 (2.27%) 0.00 (0.00%) .6
Hematemesis, n(%) 3.00 (3.00%) 0.00 (0.00%) 3.00 (25.00%) <.01
Conscious <.01

Clear-headed state, n(%)
Somnolence state, n(%)

Coma, n(%)

93.00 (93.00%)
5.00 (5.00%)
2.00 (2.00%)

86.00 (97.73%)
2.00 (2.27%)
0.00 (0.00%)

7.00 (58.33%)
3.00 (25.00%)
2.00 (16.67%)

Note: ICU: Intensive care unit; SD: standard deviation; BMI: body mass index; turn-NE-day: days of nucleic acid turning negative after

COVID-19 infection; HBP: hypertension; DM: diabetes mellitus; HBV: hepatitis B virus; HCV: hepatitis C virus.

The boldface represent that the p value of these variables was less than 0.05, indicating that there was a statistical difference between

the two groups.
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groups based on whether they were transferred to the ICU.
Twelve cases were transferred to the ICU due to clinical
deterioration, with an average of 9.08days from hospitaliza-
tion to ICU transfer. In our study, six patients died within
30days. Dyspnea, orthopnea, and hematemesis were more
common in the ICU group (p<.05). Among the non-ICU
group cases, 88 cases were mild COVID-19 infections. Among
the ICU group cases, 11 cases were severe COVID-19 infec-
tions, and one case was critically severe. Five patients were
in a somnolent state, and two were in a coma. All coma
patients were in the ICU group. There were no significant
differences between the ICU and non-ICU groups in gender,
age, height, weight, BMI, vaccination status, history of hyper-
tension, diabetes, HBV, and HCV. The mean time of PCR pos-
itivity (before first negative PCR) for all patients was
16.56 £8.39days. A slightly longer duration was observed in
the ICU group (20.25+11.83 days) compared to the non-ICU
group (16.06+7.76days). However, the difference was not
statistically significant (p=.54). Table 1 shows the base-
line data.

Laboratory data discrepancies at admission

To determine whether laboratory data at admission could
serve as a prognostic indicator of COVID-19 severity, we
conducted a univariate logistic regression analysis on cases
in the ICU and non-ICU groups. The results showed that in
the baseline laboratory data, white blood cell count (p=.01,
OR = 1.302, 95% CI 1.056-1.622), neutrophil count (p<.01,
OR = 1.369, 95% ClI 1.105-1.727), platelet count (p=.03, OR
1.006, 95% Cl 0.996-1.015), C-reactive protein (p<.01, OR
1.018, 95% Cl 1.004-1.035), prothrombin time (p=.04, OR
= 1.401, 95% Cl 0.966-2.016), international normalized ratio
(p=.04, OR = 50.577, 95% Cl 0.671-3489.613), fibrin degra-
dation products (p<.01, OR = 1.130, 95% Cl 0.987-1.293),
and D-dimer (p=.048, OR = 1.590, 95% Cl 0.550-3.760) were
significantly higher in the ICU group than in the non-ICU
group. In contrast, the two groups did not differ significantly
in baseline liver function and renal function (p>.5, as shown
in Table 2).

Table 2. Laboratory data discrepancies at admission between the ICU group and the non-ICU group.

Not admitted to the ICU

Admitted to the ICU

Variable N=288, mean*SD or median (range) N=12, mean+SD or median (range) p Value OR 95% LCI  95% UCI
WBC(x103/uL) 5.09+2.36 7.15+2.93 .01 1.302 1.056 1.622
NEU(x103/uL) 3.65+2.10 5.94+3.00 <.01 1.369 1.105 1.727
LYM(x103/uL) 0.87+0.49 0.65+0.35 .10

MONO(x10%/pL) 0.46+0.23 0.51+0.40 73

HGB(g/L) 102.40+£17.87 97.75+18.75 33

HCT(mean +SD) 0.31£0.05 0.30+0.06 .29

PLT(x103/uL) 136.88+61.47 161.25+£51.82 .03 1.006 0.996 1.015
CRP(mg/L)? 5 (1.00-200.00) 28 (5.00-190.00) <.01 1.018 1.004 1.035
APTT(s) 33.80+5.03 39.59+13.59 12

PT(s) 10.78+1.25 11.62+1.84 .04 1.401 0.966 2.016
INR(mean +SD) 0.96+0.11 1.03£0.16 .04 50.577 0.671 3489.613
Fg(g/L) 3.65+0.71 3.71+£0.71 .60

FDP(ug/ml)? 1.98 (0.50-21.16) 4.30 (1.83-13.52) <.01 1.130 0.987 1.293
D-dimer(ug/ml)? 0.24 (0.05-3.12) 0.46 (0.15-1.86) .048 1.590 0.550 3.760
ALT(U/L) 1431+7.73 24.08+18.29 .05

AST(U/L) 15.59+8.07 29.17 £25.39 .06

ALP(U/L) 95.59+41.22 104.67 £38.98 29

GGT(U/L) 30.38+£33.92 38.17+£25.56 .05

TBIL(umol/L) 9.17+2.35 9.70+1.93 .28

DBIL(umol/L) 1.61+0.80 1.88+1.02 33

ALB(g/L) 37.01+3.88 34.67 +£5.68 .19

BUN(mmol/L) 36.35+£11.14 47.80+£21.98 .06

CREA(umol/L) 1222.78 +464.90 1087.50+432.84 51

URIC(pmol/L) 550.59+162.93 521.73+187.89 .63

EGFR(mI/min/1.73m?) 4.08+2.11 5.64+4.57 24

Xb 3.51+1.70 3.67+£2.10 .6

Na(mmol/L) 136.33£4.15 136.33+£3.80 95

K(mmol/L) 4.98+0.92 540+1.18 24

CL(mmol/L) 100.69£5.30 100.33£2.23 .62

Ca(mmol/L) 2.17+0.21 2.13+£0.27 .80

PHOS(mmol/L) 2.40+1.08 242+1.16 93

MG(mmol/L) 1.09+0.19 1.11+0.17 .67

Note: ICU: intensive care unit; OR: odds ratio; LCl: lower confidence interval; UCI: upper confidence interval; SD: standard deviation; WBC: white blood
cell; NEU: neutrophils; LYM: lymphocytes; MONO: monocyte; HGB: hemoglobin; Hct: hematocrit; PLT: platelet; CRP: C-Reactive protein; APTT: activated
partial thromboplastin time; PT: prothrombin time; INR: international normalized ratio; Fg: fibrinogen; FDP: fibrin degradation products; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; GGT: gamma glutamyltranspeptidase; TBIL: total bilirubin; DBIL: direct
bilirubin; ALB: albumin; BUN:blood urea nitrogen; CREA: serum creatinine; URIC: uric acid; EGFR: estimated glomerular filtration rate; Na: sodium; K:

potassium; CL: chlorine; Ca: calcium; PHOS: phosphorus; MG: magnesium.

“These results will be expressed as median and range.
"The number of days since the last dialysis treatment.

The boldface represent that the p value of these variables was less than 0.05, indicating that there was a statistical difference between the two groups.



Changes in liver function

Although liver function did not differ significantly between
the ICU and non-ICU groups upon admission, abnormal liver
function was more prevalent in the ICU group. To determine
the correlation between abnormal liver function and
COVID-19 severity, we compared changes in liver function
between the two groups. The changes in ALT, AST, GGT, ALP,
TB, DB, and INR were higher in the ICU group than the
non-ICU group. The non-ICU group had lower peak values
for these parameters, which were ALT (7.82+10.43 vs
392.42+784.15, p<0.01), AST (18.73+10.26 vs 986.00+2,
115.94, p<.01), ALP (102.64+46.28 vs 135.00+£46.21, p<.01),
GGT (33.95+38.34 vs 82.08+45.17, p<.01), TBIL (10.65+2.91
vs 40.10+44.43, p<.01), DBIL (2.12£1.32 vs 19.99+29.40,
p<.01), and INR (1.03+0.25 vs 1.42+0.69, p<.01)The patients

Table 3. Differences of liver function between ICU and non-ICU groups
in change value and peak value.

Not admitted to Admitted to the

the ICU ICU
N=88, N=12,
Variable mean +SD mean +SD p Value
ALT (admission, U/L) 14.31+7.73 24.08+£18.29 .05
AST (admission, U/L) 15.59+8.07 29.17 £25.39 .06
ALP (admission, U/L) 95.59+41.22 104.67 £38.98 .29
GGT (admission, U/L) 30.38+33.92 38.17 +25.56 .05
TBIL (admission, pmol/L) 9.17+£2.35 9.70+1.93 .28
DBIL (admission, umol/L) 1.61+0.80 1.88+1.02 33
INR (mean +SD) 0.96+0.11 1.03+0.16 .04
ALT (peak, U/L) 17.82+£10.43  392.42+784.15 <.01
AST (peak, U/L) 18.73+£10.26 986.00+2115.94 <.01
ALP (peak, U/L) 102.64+46.28  135.00+46.21 <.01
GGT (peak, U/L) 33.95+38.34 82.08+45.17 <.01
TBIL (peak, pumol/L) 10.65+2.91 40.10+44.43 <.01
DBIL (peak, pmol/L) 2.12+1.32 19.99+29.40 <.01
INR (peak, pmol/L) 1.03+0.25 1.42+0.69 <.01
ALT (change, U/L) 3.51+7.18 368.33+787.33 .01
AST (change, U/L) 3.14+6.63 956.83+2119.87 <.01
ALP (change, U/L) 7.05+16.03 30.33+35.69 .01
GGT (change, U/L) 3.58+8.66 43.92+51.67 <.01
TBIL (change, pmol/L) 1.48+2.01 30.40+43.54 <.01
DBIL (change, pmol/L) 0.51+£0.93 18.12+29.03 <.01
INR (change, umol/L) 0.06+£0.17 0.39+0.71 .02

Note: ICU: Intensive care unit; SD: standard deviation; ALT: Alanine ami-
notransferase; AST: aspartate aminotransferase; ALP: alkaline phospha-
tase; GGT: gamma glutamyltranspeptidase; TBIL: total bilirubin; DBIL:

direct bilirubin.

The boldface represent that the p value of these variables was less than
0.05, indicating that there was a statistical difference between the two

groups.

Table 4. Differences in clinical scores between the two groups.
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in the ICU group were more prone to liver damage, with
three developing acute liver injury (Table 3).

Differences in clinical scores

To further clarify whether clinical scores could predict the
risk of clinical deterioration in patients with ESKD compli-
cated by omicron infection, we selected APRI, AAR, ALBI,
PALBI, NLR, MLR, and DICS to predict risk and compared to
APACHE-II score. PALBI (p=.02, OR = 14.165, 95% Cl 1.675-
138.509) and NLR (p<.01, OR = 1.057, 95% CI 1.010-1.132)
were screened out as the most effective scores for predicting
the risk of ICU transfer (Table 4). The AUC value of PALBI
was 0.713 (95% Cl 0.559-0.867), and NLR was 0.770 (95% Cl
0.636-0.904), indicating that both scores can be used to
predict the risk of clinical deterioration in patients.
Additionally, we plotted ROC curves and set the cutoff points
for each score to determine their specificity and sensitivity.
The results showed that PALBI had a specificity of 76.1% and
sensitivity of 58.3% when the cutoff was set to —2.574, while
NLR had a specificity of 85.2% and sensitivity of 58.3% when
the cutoff was set to 8.442. The AUC value of APACHE-II was
0.716 (95% ClI 0.561-0.871), and when the cutoff was set to
20.5, the specificity was 80.7%, and the sensitivity was 50.0%.
ROC curves were plotted (Figure 1). There was no significant
difference in the efficacy of PALBI and NLR in judging
patients’ risk of clinical deterioration compared with APACHE-II
(p=.975, .650, respectively, Table 5).

Discussion

Since the emergence of the COVID-19 pandemic in 2019,
the virus has continued to mutate, resulting in significant
changes in the disease’s transmission, symptoms, and sever-
ity. The Omicron variant is a recent mutation of SARS-CoV-2,
which can be transmitted to vaccinated individuals without
any symptoms. Common symptoms of this variant include
cough, body aches, and fatigue. In this study, we aimed to
investigate the clinical features and risk factors for disease
severity among ESKD patients infected with the Omicron
variant in Shanghai.

The study included 100 ESKD patients, among whom 59
were males (59%), with an average age of 65.77 +£12.75years

Not admitted to the ICU

Admitted to the ICU

Variable N=88, mean+SD N=12, mean+SD p Value OR 95% LCI 95% UCI
APRI 0.33+0.23 0.67+0.85 .30

AAR 1.18+0.51 1.34£0.70 52

ALBI —2.52+0.33 —2.30+0.50 .19

PALBI —-2.72+0.25 —2.52+0.29 .02 14.17 1.68 138.51
NLR 5.85+6.69 17.60+29.60 <.01 1.06 1.01 1.13
MLR 0.71+£0.65 0.95+0.72 .20

DIC score 1.41+0.72 1.33+£0.78 .76

APACHE 1l 17.47 £3.15 19.92+2.84 .02 1.34 1.73 1.07

Note: ICU: intensive care unit; OR: odds ratio; LCl: lower confidence interval; UCl: upper confidence interval; SD: standard deviation; APRI:
aminotransferase-to-platelet ratio index; AAR: aminotransferase-to-alanine aminotransferase ratio; ALBI: albumin- bilirubin score; PALBI: platelet-albumin-bil-
irubin score; NLR: neutrophil to lymphocyte ratio; MLR: monocyte to lymphocyte ratio; DIC score: disseminated intravascular coagulation score. APACHE
Il: Acute Physiology and Chronic Health Evaluation II.
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old. The first symptoms experienced by the patients were
primarily respiratory, followed by gastrointestinal symptoms,
which is consistent with the findings of previous studies
[16,17]. Some studies have reported complications, such as
retroperitoneal hemorrhage [18]. While fever and fatigue
were the most common symptoms of early COVID-19 patients
[19], ESKD patients have less fever, which may be due to
their immunological aging state [20].

In all patients, the average time for the nucleic acid to
turn negative after Omicron infection was 16.56+8.39days,
with a slightly longer duration observed in the ICU group
(20.25 +11.83 days) compared to the non-ICU group
(16.06 £7.76 days). Although this difference was not statisti-
cally significant (p=.54), the average duration of positive PCR
results in ESKD patients may be slightly longer than that of
the general population, especially for severe cases. Kojima
et al. reported that the average duration of positive PCR
results for 734 Omicron-infected patients was 14.3+7days
[21]. The average number of days that the nucleic acid turned
negative for ESKD patients may be slightly longer than that
of the general population, especially severe patients. Flythe
et al. reported that dialysis patients had a shorter time from
symptom onset to ICU admission (median of fourdays for

1.0

0.8

Sensitivity

04

0.2

0.0
1

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 1. ROC curve of PALBI (line type:dashed), NLR (line type:solid) and
APACHE I (line type:dotted) scores. ROC curve: receiver operator charac-
teristic curve; PALBI: platelet-albumin-bilirubin score; NLR: neutrophil to
lymphocyte ratio; APACHE II: Acute Physiology and Chronic Health
Evaluation II.

Table 5. ROC curve characteristics of PALBI, NLR and APACHE Il scores.

maintenance dialysis patients). Compared to patients without
preexisting CKD, dialysis patients had a higher risk of 28-day
in-hospital mortality [22]. However, their article did not sug-
gest what kind of infection the COVID-19 variant was.
Meanwhile, the Omicron variant had not been reported
worldwide when Flythe’s study was published. In our study,
12 patients were transferred to the ICU due to clinical dete-
rioration, with an average time of 9.08days from hospital-
ization to ICU transfer. These results suggest that the severity
of Omicron infection may be less than that of previous
variants.

To determine the prognostic factors for disease severity,
we performed univariate logistic regression analyses of clinical
features and laboratory data. After screening seven clinical
scores, we found that PALBI (p=.02, OR = 14.165, 95% ClI
1.675-138.509) and NLR (p<.01, OR = 1.057, 95% ClI 1.010-
1.132) were predictive of patient transfer to the ICU. The ROC
analysis revealed that PALBI and NLR had comparable dis-
criminative ability to APACHE-II score (p=.975, .650, respec-
tively), indicating their potential use as prognostic indicators
for ESKD patients infected with the Omicron variant.

In the baseline laboratory data of this study, the ICU
group had higher levels of leukocyte count, neutrophil count,
platelet count, CRP, prothrombin time, international normal-
ized ratio, FDP, and D-dimer. Similar to previous studies,
lymphopenia was also observed, but there was no significant
difference between the two groups [17,23].

Liver injury in COVID-19 patients has been widely reported
in the literature [24-27]. Wagner et al. suggested that hypo-
albuminemia and elevated transaminases in COVID-19 are
predictors of disease severity, and proposed the MELD-na
score to assess the severity of COVID-19 patients [24,25]. Zou
et al. found that abnormal liver function was more common
in patients with COVID-19 and chronic HBV co-infection, and
was associated with a higher risk of severe disease, higher
mortality, and more complications [28]. Abnormal ALT and
AST incidences in previous studies ranged from 15% to 39%
and 15% to 58.4%, respectively [29,30]. Notably, the ICU
group in this study had more severe liver dysfunction com-
pared to the non-ICU group.

From the seven clinical scores, we identified PALBI and
NLR as predictors of patient transfer to the ICU. The
platelet-albumin-bilirubin (PALBI) score, which is adapted
from the albumin-bilirubin (ALBI) score used in prognosis
assessment for hepatocellular carcinoma, pancreatic cancer,
acute ischemic stroke, and liver cirrhosis [31-34], was found
to predict the risk of patient transfer to the ICU. In contrast
to other viral infections, severe COVID-19 patients are char-
acterized by lymphopenia and elevated neutrophil counts,
and the neutrophil-to-lymphocyte ratio (NLR) correlates with

AUC 95%Cl Cutoff Specificity Sensitivity p Value vs APACHE I
PALBI 0.713 0.559-0.867 -2.574 0.761 0.583 975
NLR 0.77 0.636-0.904 8.442 0.852 0.583 .650
APACHE I 0.716 0.561-0.871 20.5 0.807 0.50

Note: ROC curve: receiver operator characteristic curve; AUC: area under curve; Cl: confidence interval; PALBI: platelet-albumin-bilirubin score; NLR:
neutrophil to lymphocyte ratio. APACHE II: Acute Physiology and Chronic Health Evaluation II.



disease severity [35]. NLR has been used to determine the
prognosis in various conditions, including cancer, sepsis, and
COVID-19, and is independently associated with mortal-
ity [36].

The study’s results are in agreement with previous stud-
ies that showed the utility of APACHE Il for predicting dis-
ease severity in ICU patients. We compared PALBI and NLR
with APACHE-II in this study and found no significant dif-
ference in their efficacy in predicting clinical deteriora-
tion risk.

However, there are some limitations in the study. Firstly,
it did not analyze the underlying cause of ESKD, which may
affect the disease course. Secondly, the small sample size
might lead to selection bias, and the low number of patients
transferred to the ICU (n=12 which is extremely small)
decreases the confidence in any findings. Thirdly, the low
mortality rate within 30days limits the ability to evaluate
the value of the parameters in predicting mortality, which
is a more important outcome than ICU admission. Finally, as
a single-center study, its findings may not generalize to other
settings. Therefore, further validation of PALBI and NLR in
large-scale multi-center studies is needed.

In conclusion, our study showed that Omicron-infected
ESKD patients are more likely to have abnormal liver function
in the ICU. PALBI and NLR can be used to predict the risk
of ICU admission in Omicron-infected ESKD patients.
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