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Purpose: To analyze the clinical characteristics and prognosis of patients hospitalized with non-severe, severe pneumonia and death 
in Omicron COVID-19.
Patients and Methods: We collected clinical data from 118 patients with COVID-19 in China from 18 December, 2022 and 
5 February, 2023. According to the outcome, the patients were divided into non-severe group, severe group and death group. 
Subsequently, we statistically analyzed the general condition, clinical manifestations, laboratory parameters, NLR, MLR, PLR and 
HALP of these groups. We also retrospectively analyzed the possible factors affecting the prognostic regression of patients with 
COVID-19.
Results: A total of 118 COVID-19 patients were enrolled in this study, including 64 non-severe patients, 38 severe patients and 16 
death patients. Compared with the non-severe group, T lymphocytes, B lymphocytes, Th1, Th2, Th17, Treg cells, IgA, IgG, IgM in the 
severe and death groups decreased more significantly (P<0.05). The levels of myocardial markers, ALT, AST, BUN, Cr, D-dimer, 
fibrinogen, NLR, MLR and PLR in the severe and death groups were significantly higher than those in the non-severe group (P<0.05). 
The level of HALP was significantly lower than that of non-severe group (P<0.05). MLR is not only an independent risk factor for the 
transition from non-severe to severe disease, but also an independent risk factor for predicting the possibility of death in COVID-19 
patients.
Conclusion: The analysis of COVID-19 patients in China showed that severe patients were older, more likely to have related 
complications, lower lymphocyte count, liver and kidney function disorder, glucose and lipid metabolism disorders, myocardial injury, 
and abnormal coagulation function, suggesting the need for early anticoagulant therapy. In addition, NLR, MLR, PLR and HALP can 
be used as biomarkers to evaluate the severity and prognosis of COVID-19 patients.
Keywords: COVID-19, omicron, clinical characteristics, lymphocyte subpopulation, Shanxi

Introduction
The widespread of a coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) has become a serious global public health risk and has been classified as the sixth global public health 
emergency.1 COVID-19 has evolved into variant strains of different virulence and transmission, such as Alpha (B.1.1.7), 
Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2) and Omicron (B.1.1.529).2 Omicron mutant enhances its infectivity and 
spreading power, causing wider spread.3,4 Omicron spread also in highly vaccinated population as health care workers 
(>90% immunized with 2 doses of m-RNA vaccines). Infections were all mild or asymptomatic, hence only a systematic 
and mandatory testing screening schedule as that enforced on health workers was able to detect all asymptomatic 
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infections, which were by far acquired outside hospital, hence they were non-occupational.5–7 Omicron became the main 
circulating strain of the novel coronavirus circulating in Shanxi, China in 2022–2023.

Common symptoms in patients with Omicron COVID-19 include fever, cough and sputum, dyspnea, muscle aches, 
headache, fatigue, nausea and vomiting, and imaging usually shows interstitial pneumonia. Some COVID-19 patients are 
asymptomatic or have mild symptoms, while severe and critical with poor prognosis may develop excessive oxidative stress 
and cytokine release syndrome (CRS),8 which may eventually lead to acute respiratory distress syndrome (ARDS), septic 
shock and multi-organ failure, and even death.9 Again, in Europe in highly immunized population, by vaccination and/or 
natural infection, omicron was extremely infectious yet featured by low virulence. The current admission rate with Omicron is 
around 0.3%.10 At present, the main treatment drugs for COVID-19 pneumonia are steroid and antiviral drugs. If there is a co- 
infection, antibiotics are used according outcome of infected host to the results of bacterial culture.

Differences in the outcome of infected host with COVID-19 are closely related to host innate and acquired immunity. 
Innate immunity rapidly recognizes infection and triggers adaptive immunity. Acquired immunity includes humoral and 
cellular immunity, both of which work together to defend against viruses and protect the body from damage by 
destroying viruses in the circulatory system and killing viruses in cells.11 Humoral immunity can be acquired by natural 
infection and or vaccination, with evidence reporting optimal protection against with previous infection combined with 
1–3 doses of COVID-19 vaccines.12 Many studies have shown that inflammation plays an important role in the 
progression of COVID-19 pneumonia.13,14 Severe inflammation leads to the weakening of adaptive immune response, 
which leads to the imbalance of immune response.15 Therefore, circulating biomarkers such as Neutrophil-to-lymphocyte 
ratio (NLR), Monocyte-to- lymphocyte ratio (MLR), Platelet-to-lymphocyte ratio (PLR), Hemoglobin, albumin, lym-
phocyte, and platelet score (HALP), which represent inflammatory and immune status, may be potential biomarkers for 
severity assessment and prognosis of COVID-19 patients. At present, there have been studies on NLR, MLR and PLR to 
predict the severity of COVID-19 patients.16,17 However, the impact of NLR, MLR and PLR on the prognosis of elderly 
COVID-19 patients and the impact of HALP on the severity assessment and prognosis of elderly COVID-19 patients 
have not been reported. Identifying early biomarkers of disease severity in COVID-19 patients has important implica-
tions for the treatment and the decrease of mortality for COVID-19.

Older patients have been reported to have higher morbidity and mortality, more comorbidities and complications, and 
poor prognosis.18 The elderly and people with underlying diseases are classified as high-risk groups for COVID-19.19,20 As 
China has a large elderly population, it is of great significance to analyze the clinical characteristics of elderly COVID-19 
patients and summarize the factors that may affect their prognosis and outcomes for the guidance of treatment of elderly 
patients with COVID-19 and reduction of the medical economic burden. Considering the differences in genetic background, 
social behavior and mutations in the SARS-CoV-2 gene, and the fact that the pathogenesis of COVID-19 in severe and non- 
severe patients is currently not well understood, we systematically studied the clinical characteristics of omicron COVID-19 
patients with different degrees of severity, and analyzed the effects of clinical metabolic, immune and other indicators. We 
also analyzed many factors including NLR, MLR, PLR and HALP in predicting the severity and prognosis of COVID-19. 
The purpose of this study is to further explore the pathogenesis of COVID-19, find biomarkers for the assessment of 
COVID-19, so as to provide more theoretical basis for its clinical treatment.

Materials and Methods
Study Population
We retrospectively collected clinical data from 118 patients diagnosed with Omicron COVID-19 at the Second Hospital 
of Shanxi Medical University between 18 December, 2022 and 5 February, 2023. The Ethics Committee of the Second 
Hospital of Shanxi Medical University approved the study, approval number 2023 YX 131, and received informed 
consent for each subject.

Diagnostic Criteria
According to the clinical classification criteria in the “Clinical Protocol for the Treatment of Novel Coronavirus Infection 
(Trial Version 10)” and NIH COVID-19 Treatment Guidelines,21 one or more of the following etiological and serological test 
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results should be obtained: (1) positive nucleic acid test of novel coronavirus; (2) positive antigen test of novel coronavirus; (3) 
positive isolation and culture of novel coronavirus; (4) The level of novel coronavirus specific IgG antibody increased 4 times 
or more in the convalescent phase than in the acute phase. The classification criteria are shown in Table 1.

Research Methodology
According to the clinical classification criteria in the “Clinical Protocol for the Treatment of Novel Coronavirus Infection 
(Trial Version 10)” and NIH COVID-19 Treatment Guidelines,21 118 patients were divided into 64 patients in the non- 
severe group (moderate), 38 patients in the severe group (severe + critical) and 16 patients in the death group. 
Demographic, clinical characteristics and laboratory test results at admission were retrieved from electronic medical 
records. All data were extracted by two independent researchers using a unified data collection form. Clinical data of the 
three groups were collected, including general information, clinical symptoms, time from onset to hospital admission, 
chronic underlying diseases, complications, days of hospitalisation, laboratory indicators (blood cell analysis, procalcitonin, 
C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), liver and kidney function, myocardial enzyme profile, 
coagulation function, arterial blood gas analysis, Immunoglobulins (IgA, IgG, IgM), immune cytoassay, CD4+T cell subsets 
assay, inflammatory cytokines assay, etc.), chest CT manifestations and therapeutic drugs, etc. In addition, we added NLR, 
MLR, PLR, HALP to explore biomarkers that can be used to assess the severity and prognosis of COVID-19.

Statistical Analysis
SPSS24.0 and GraphPad Prism v8.3.0 were used for statistical analysis, and the measurement data were tested for 
normality. With data expressed as median (Interquartile range 25–75%). Comparisons between three groups of non- 
normally distributed continuous variables were made using the Kruskal–Wallis One Way ANOVA test. Count data were 
expressed as frequency (percentage), and chi-square test was used for comparison between non-severe versus (severe 
diseases or death). Optimal cut-off values for NLR, MLR, PLR, and HALP were calculated using receiver operating 
curve (ROC) analysis to maximize sensitivity and specificity based on the Youden index, and the area under the curve 
(AUC) was plotted. Multiple ordered logistic regression analysis was used to determine the effects of NLR, MLR, PLR 
and HALP on the severity of COVID-19. Kaplan-Meier analysis was used to evaluate the effects of NLR, MLR, PLR and 
HALP on survival time of COVID-19 patients, and to plot survival curves. Multifactorial Cox regression models were 
used to determine the factors associated with NLR, MLR, PLR and HALP in relation to death in patients with COVID- 
19, hazard ratio (HR) and 95% confidence intervals (CI) being used as common indicators to assess relative risk. 
Spearman correlation coefficient was used to analyze the correlation between NLR, MLR, PLR, HALP and related 
clinical and biochemical parameters. P<0.05 was considered statistically significant.

Results
Demographic Characteristics and Clinical Symptoms in Patients with COVID-19
Our study showed that among the 118 Omicron COVID-19 patients, there were 64 (54.2%) non-severe patients, 38 
(32.2%) severe patients and 16 (13.6%) death patients. The median age of the 118 patients was 79 (68–84) years, 66 

Table 1 Classification Criteria for Severity of COVID-19 Patients

Severity Classification Criteria

Mild Upper respiratory tract infection as the main manifestation, such as dry throat, sore throat, cough, fever, etc.

Moderate Persistent high fever>3 days or/and cough, shortness of breath, etc, but respiratory rate (RR)<30 times/min, oxygen saturation >93% 

when breathing at rest. Imaging shows the characteristic manifestations of COVID-19 pneumonia.
Severe In adults, any of the following criteria are met and cannot be explained by anything other than COVID-19 infection:1. Shortness of 

breath with RR>30 times/min; 2. At rest, oxygen saturation of finger is less than 93% when sucking air; 3. Arterial oxygen partial 

pressure (PaO2)/ fraction of inspired oxygen (FiO2) <300mmHg.
Critical Meet one of the following conditions: 1. Respiratory failure and the need for mechanical ventilation; 2. Shock; 3. With other organ 

failure and requiring ICU care.
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(55.9%) patients were male. There were 94 (81.0%) patients of combined chronic underlying diseases, with diabetes and 
hypertension as the common combined underlying diseases, 64 (54.2%) patients and 24 (20.3%) patients. Compared with 
the non-severe group, the median age of the severe and the death groups was older (P=0.002). During hospitalization, 
patients in the severe and the death groups were more likely to have complications such as respiratory failure (P<0.001), 
electrolyte disturbance (P<0.001), and abnormal liver function (P=0.005). Compared with the non-severe group, patients 
in the severe group had a longer hospital stay, while those in the death group had a shorter hospital stay, and the 
difference was statistically significant (P<0.001). There were no significant differences in gender, time from onset to 
admission, and chronic underlying diseases between the two groups (P>0.005) (Table 2).

Among 118 patients, fever, dyspnea, cough and expectoration were the most common clinical symptoms, followed by 
chills, fatigue, poor appetite, body aches, chest tightness. Compared with the non-severe group, the incidence of cough 
and sputum was lower in the severe group (P=0.002 and P=0.009), and dizziness was more common in the severe group, 
while dizziness was not obvious in the death group (P=0.021). Patients in the death group were more likely to have chest 

Table 2 General Demographics and Clinical Symptoms of the 118 COVID-19 Patients

All patients 
(n=118)

Non-severe 
(n=64)

Severe (n=38) Death (n=16) χ P-value

General Information

Age (years)b 79(68–84) 74.5(66–82) 80.50(73.75–83.25) 83.50(79.75–86.5) 12.07 0.002*

Male, n (%)a 66(55.9) 36(56.3) 20(52.6) 10(62.5) 0.447 0.800
BMI (kg/m2)b 22.04(20.52–25.49) 23.59(21.51–25.75) 20.94(20.02–24.84) 21.76(20.70–24.66) 6.31 0.043*

Time to Admission (days)b 10(7–12) 11(8–12) 8.5(7–12) 8.5(6–10) 4.96 0.084

Hospital Days (days)b 12(9–14) 11(9–14) 14(12–16) 6(3.25–8.75) 39.57 <0.001*
Chronic underlying disease, 

n (%)a
94(81.0) 52(81.3) 28(73.7) 14(87.5) 1.53 0.465

Hypertension, n (%)a 64(54.2) 36(56.3) 18(47.4) 10(62.5) 1.256 0.534
Diabetes, n (%)a 24(20.3) 10(15.6) 10(26.3) 4(25) 1.91 0.384

Malignant tumor, n (%)a 8(6.8) 4(6.3) 4(10.5) 0(0) 2.01 0.364

Heart disease, n (%)a 18(15.3) 10(15.6) 4(10.5) 4(25) 1.82 0.402
Other lung diseases, n (%) a 22(18.6) 12(18.8) 8(21.2) 2(12.5) 0.54 0.764

Respiratory failure, n (%) a 28(23.7) 6(9.4) 8(21.1) 14(87.5) 43.02 <0.001*

Electrolyte disorder, n (%)a 28(23.7) 6(9.4) 6(15.8) 16(100) 59.53 <0.001*
Abnormal liver function, n (%)a 24(20.3) 6(9.4) 12(31.6) 6(37.5) 10.53 0.005*

Clinical symptoms

Fever, n (%)a 100(84.7) 56(87.5) 30(78.9) 14(87.5) 1.45 0.485
Chills, n (%)a 38(32.2) 20(31.3) 10(6.3) 8(50.0) 2.93 0.232

Body aches, n (%)a 32(27.1) 18(28.1) 8(21.1) 6(37.5) 1.60 0.450

Dyspnea, n (%)a 74(62.7) 40(62.5) 20(52.6) 14(87.5) 5.81 0.055
Chest tightness, n (%)a 32(27.1) 18(28.1) 8(21.1) 6(37.5) 1.60 0.450

Cough, n (%)a 96(81.4) 58(90.6) 24(63.2) 14(87.5) 12.22 0.002*

Expectoration, (n, %)a 94(79.7) 56(87.5) 24(63.2) 14(87.5) 9.34 0.009*
Fatigue, (n, %)a 58(49.2) 32(50.0) 18(47.4) 8(50.9) 0.07 0.965

Poor appetite, n (%)a 38(32.2) 16(25.0) 16(42.1) 6(37.5) 3.40 0.182

Headache, n (%)a 22(18.6) 8(12.5) 10(26.3) 4(25.0) 3.46 0.177
Dizziness, n (%)a 12(10.2) 4(6.3) 8(21.1) 0(0) 7.75 0.021*

Chest pain, n (%)a 14(11.9) 4(6.3) 2(5.3) 8(50.0) 25.55 <0.001*
Sore throat, n (%)a 18(15.3) 8(12.5) 6(15.8) 4(25.0) 1.55 0.462

Nausea, n (%)a 12(10.2) 6(9.4) 2(5.3) 4(25.0) 4.86 0.088

Vomiting, n (%)a 6(5.1) 4(6.3) 2(5.3) 0(0) 1.03 0.597

Notes: Numeric and categorical variables were reported as Med (iqr 25–75%) and frequency (%), respectively. All statistically significant values are reported in bold. 
aFrequency (%) and χ test between non-severe versus (severe diseases or death); bMed (iqr 25–75%) and Kruskal–Wallis One Way ANOVA test. *P<0.05. 
Abbreviations: BMI, body mass index; Med, Median; iqr, Interquartile range.
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pain symptoms than those in the non-severe and severe groups (P<0.001). There was no significant difference in other 
clinical symptoms between three groups (P>0.05). Detailed characteristics of the patients are provided in Table 2.

Laboratory Parameters in COVID-19 Patients
Blood Cell Analysis and Arterial Blood Gas Analysis Results and Related Derivatives Indicators Within 24 
Hours After Admission
The statistical results of blood cell analysis, arterial blood gas analysis and related indicators of the three groups are 
shown in Table 3. Among 118 hospitalized patients, white blood cell decreased in 20 cases (16.9%) and increased in 20 
cases (16.9%). Lymphocyte count decreased in 81 cases (69.5%), including 34 cases (89.5%) in severe group and 14 
cases (87.5%) in death group. The results showed that compared with non-severe and severe groups, the white blood cell 
count and neutrophil count were significantly higher in the death group (P=0.011 and P=0.008). The lymphocyte count, 
platelet count in the severe and death groups was significantly lower than that in the non-severe group (P<0.001). Based 
on the parameters of blood cell analysis, other parameters were derived, such as NLR, MLR, PLR and HALP to explore 
biomarkers for assessing the disease and prognosis of COVID-19. The final results showed that NLR (P<0.001), MLR 
(P=0.003) and PLR (P=0.002) were significantly higher in the severe and death groups than in the non-severe group, 
while HALP (P<0.001) was significantly lower than in the non-severe group.

Arterial blood of all patients was collected for blood gas analysis. The results showed that patients in the severe and 
death groups had lower PO2 (P<0.001), higher PCO2 (P=0.041) and lower Oxygenation index (P<0.001) compared with 
those in the non-severe group, and that the more severe the illness, the more significant the reduction in PO2 and 
Oxygenation index.

Liver and Kidney Function, Myocardial Enzyme Profile, and Coagulation Function in Patients with COVID-19
The analysis results of liver and kidney function, myocardial enzyme profile and coagulation function of patients in the 
three groups are shown in Table 3. The results showed that ALT (P<0.001) and AST (P<0.001) were significantly 
increased in the severe and death groups compared with the non-severe group, while serum total protein (P<0.001), 
serum albumin (P=0.003) and globulin (P=0.001) were significantly decreased in the severe and death groups. Fasting 
blood glucose (P<0.001) and triglycerides (P<0.001) were significantly higher in the severe and death groups than in the 
non-severe group. The levels of urea (P=0.003) and creatinine (P=0.008) were significantly higher in the severe and 
death groups than in the non-severe group, which increased as the disease progressed. CRP (P<0.001) was significantly 
higher in the severe and death groups than in the non-severe group, and PCT (P=0.003) was significantly higher in the 
death group than in the non-severe and severe groups. The increase of ESR was not statistically significant (P>0.05).

The myocardial enzyme profile and coagulation function of the three groups were statistically analyzed. The results 
showed that compared with the non-severe group, the myocardial markers CK (P<0.001), LDH (P<0.001), HBDH 
(P<0.001), CK-MB (P=0.003), Hs-cTn (P<0.001) and myoglobin (P<0.001) were significantly increased in the severe 
group and the death group, and the more severe the disease, the more pronounced the increase. The levels of B-type 
natriuretic peptide (P<0.001), D-dimer (P=0.002) and fibrinogen (P=0.015) in the severe and death groups were 
significantly higher than those in the non-severe group.

Immune Cell Subsets, CD4+T Cell Subsets, Cytokines and Immunoglobulins
The inflammatory storm produced by COVID–19 leads to multiple organ failure, which is an important pathogenic factor 
for COVID-19 critical illness and patients with long COVID-19. The T lymphocytes (P<0.001), B lymphocytes 
(P<0.001), Th cells (P<0.001), Ts cells (P<0.001) and NK cells (P=0.008) in the severe group and death group were 
significantly lower than those in the non-severe group. In CD4+T cell subsets, Th1 (P<0.001), Th2 (P=0.008), Th17 
(P<0.001) and Treg (P<0.001) cells were significantly lower than those in non-severe patients. In terms of cytokines, the 
levels of IL-4 (P<0.001), IFN-γ (P=0.020) and TNF-α (P=0.025) were decreased in the severe and death groups, while 
the levels of IL-10 (P=0.002) were increased compared with those in the non-severe group. Levels of plasma 
immunoglobulin IgA (P<0.001), IgG (P<0.001) and IgM (P<0.001) were significantly lower in the severe group and 
death group than in non-severe group (Table 3).
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Table 3 Laboratory Parameters in COVID-19 Patients Within 24 Hours After Admission

Normal Range All Patients (n=118) Non-Severe (n=64) Severe (n=38) Death (n=16) χ P-value

Blood cell analysis
WBC (×109/L)b 3.50–9.50 6.54(4.47–8.43) 6.51(4.83–7.60) 5.91(3.93–8.69) 8.5(7.15–11.04) 9.04 0.011*

Neutrophils (×109/L)b 1.80–6.30 5.17(3.59–7.20) 4.96(3.76–6.47) 4.79(3.11–7.95) 7.52(5.73–10.48) 9.69 0.008*

Lymphocytes (×109/L)b 1.10–3.20 0.67(0.46–1.16) 0.97(0.59–1.75) 0.58(0.40–0.71) 0.33(0.21–0.78) 28.07 <0.001*
Monocytes (×109/L)b 0.10–0.60 0.37(0.21–0.54) 0.35(0.18–0.54) 0.31(0.21–0.52) 0.48(0.42–0.58) 5.33 0.07

Platelet (×109/L)b 125.00–350.00 195.5(138.75–248.25) 205(172.75–277.00) 192.5(137.25–238.25) 130.50(95.00–202.75) 13.46 0.001*

Hemoglobin (g/L)b 130.00–175.00 132(119–143.25) 137(119.25–147.00) 130.50(118.5–141.50) 129(113.00–136.25) 2.89 0.235
NLR (%)b - 6.81(3.99–10.63) 4.99(3.19–7.48) 7.89(5.60–14.02) 20.92(8.34–40.76) 35.73 <0.001*

MLR (%)b - 0.51(0.23–0.80) 0.30(0.15–0.64) 0.61(0.34–0.84) 1.17(0.57–2.43) 25.60 <0.001*

PLR (%)b - 264.94(168.07–378.33) 250.01(138.01–291.00) 307.28(224.24–513.85) 373.67(176.42–728.13) 12.65 0.002*
HALP (%)b - 17.26(10.70–33.36) 20.58(15.69–38.21) 12.82(9.19–24.30) 9.45(6.06–22.93) 16.48 <0.001*

Arterial blood gas analysis

PHb 7.35–7.45 7.43(7.40–7.46) 7.43(7.41–7.46) 7.43(7.38–7.45) 7.40(7.19–7.48) 2.281 0.320
PCO2(mmHg)b 35.00–45.00 36(32.20–40.30) 35.10(33.90–37.50) 37.30(33.10–41.90) 33.50(26.50–70.90) 6.40 0.041*

PO2(mmHg)b 80.00–108.00 67.40(60.50–84.80) 84.2(63.25–93.40) 67(60.60–71.30) 46.40(30.43–63.83) 33.05 <0.001*

Oxygenation indexb 400–500 289(183–321) 295(264.50–322) 246(135–319) 141(132–228.75) 29.76 <0.001*
Liver function

ALT (U/L)b 9.00–50.00 22.15(17.60–34.93) 20.15(15.73–24.20) 27(20.93–37.7) 40.05(19.53–50.88) 16.52 <0.001*

AST (U/L)b 15.00–40.00 29.15(22.38–43.03) 26.40(18.35–35.03) 34.85(28.30–52.60) 43.15(30.50–110.85) 19.75 <0.001*
Total protein (g/L)b 65.00–85.00 67.95(63.58–72.30) 69.55(65.78–74.25) 67.15(63.28–68.95) 61.45(59.73–67.60) 20.57 <0.001*

Albumin (g/L)b 40.00–55.00 35.35(31.53–38.00) 36.30(33.88–38.10) 36(30.95–38.40) 31.60(30.13–34.00) 11.89 0.003*

Globulin (g/L)b 20.00–40.00 32.90(29.78–35.48) 34.10(31.95–36.80) 30.95(28.55–33.23) 29.95(28.70–35.90) 14.40 0.001*
Fasting plasma glucose (mmol/L)b 3.90–6.10 8.27(7.14–12.45) 7.21(6.21–9.26) 11.94(8.09–14.77) 10.10(8.15–13.28) 20.83 <0.001*

Triglycerides (mmol/L)b <1.70 0.90(0.71–1.27) 0.81(0.66–0.97) 1.17(0.77–2.24) 1.20(0.94–1.95) 21.91 <0.001*

Kidney function
BUN (mmol/L)b 3.60–9.50 6.15(5.30–10.23) 5.85(5.13–6.95) 8.15(5.75–11.58) 11.85(7.48–28.08) 22.67 0.003*

Cr (μmol/L)b 57.00–111.00 66(55.00–87.62) 63(54.25–72.00) 67.88(53.89–91.25) 89.50(69.61–105.50) 9.57 0.008*

PCT (ng/mL)b 0.00–0.51 0.57(0.36–1.21) 0.41(0.30–1.50) 0.52(0.40–0.89) 1.12(0.67–4.23) 11.55 0.003*
CRP (mg/L)b <5 41.61(9.85–99.18) 12.05(3.30–72.48) 73.06(29.74–128.88) 86(70.30–105.14) 29.95 <0.001*

ESR (mm/H)b 0.00–15.00 33(16.00–59.25) 32.5(16.00–55.75) 31(13.75–49.50) 48(32.25–76.50) 3.90 0.142

Urine sugar, n (%)a - 22(18.6) 6(9.4) 14(36.8) 2(12.5) 12.22 0.002*
Urinary protein, n (%)a - 12(10.2) 2(3.1) 6(15.8) 4(25.0) 8.57 0.014*

Myocardial enzyme profile

CK (U/L)b 50.00–310.00 88(52.75–154.75) 73(46.71–101.00) 97.12(72.75–229.25) 150.50(113.75–194.50) 22.46 <0.001*
LDH (U/L)b 120.00–250.00 270(221.00–362.73) 256(214.50–295.50) 299.75(231.50–369.70) 509.50(339.50–641.50) 22.50 <0.001*

HBDH (U/L)b 72.00–182.00 178.2(152.55–233.40) 164(143.00–178.80) 202(177.93–231.00) 312.7(243.75–343.00) 34.09 <0.001*
CK-MB (U/L)b <19.00 9.31(6.65–12.10) 8.5(6.23–10.18) 10.80(7.53–13.79) 12.45(9.20–15.43) 11.87 0.003*
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Hs-cTn (pg/mL)b 0.00–19.80 8.11(5.03–13.19) 5.96(2.73–8.71) 11.15(7.63–19.23) 10.80(9.13–16.87) 23.56 <0.001*

Myoglobin (ng/mL)b 17.40–105.70 50.05(34.78–82.00) 39(25.65–47.40) 77.50(56.45–89.83) 85.2(82.30–132.88) 46.85 <0.001*
Coagulation function

BNP (pg/mL)b 0.00–100.00 67.20(38.58–121.40) 41.8(24.70–82.70) 90.45(60.35–180.05) 86.7(65.20–187.45) 24.66 <0.001*

D-dimer (ng/mL)b 0.00–243.00 301(181.25–608.25) 262.5(161.75–420.00) 399.50(219.00–703.25) 456(285.50–2393.50) 12.29 0.002*
Fibrinogen (g/L)b 2.38–4.98 3.94(2.97–4.67) 3.43(2.90–4.15) 4.14(3.74–4.67) 4.45(3.48–5.58) 8.39 0.015*

PT (S)b 11.50–14.80 14.45(13.48–15.83) 14.35(13.23–15.48) 14.65(13.58–16.30) 14.60(13.23–17.18) 2.69 0.261

INR (%)b 0.80–1.20 1.07(1.00–1.15) 1.05(1.00–1.13) 1.09(1.00–1.15) 1.09(0.97–1.37) 1.82 0.403
Immune cell subsets

T Lymphocytes (pcs/uL)b 636.00–2040.00 395.74(219.36–516.23) 444.69(258.99–618.03) 344.90(218.73–451.73) 232.54(120.52–411.65) 17.99 <0.001*

B Lymphocytes (pcs/uL)b 90.00–423.00 83(52.95–110.45) 103.78(60.12–132.29) 60.91(50.79–106.38) 56.89(37.35–67.05) 15.43 <0.001*
Th (pcs/uL)b 378.00–1245.00 157(98.19–312.48) 211.65(110.50–330.89) 100.55(73.15–252.05) 95.95(48.42–160.15) 17.45 <0.001*

Ts (pcs/uL)b 128.00–993.00 137.20(102.70–233.73) 212.49(101.13–325.55) 134.83(120.69–168.44) 103.68(72.86–123.68) 17.66 <0.001*

NK (pcs/uL)b 93.00–580.00 144.86(105.15–248.30) 158.48(135.82–245.50) 104.95(76.09–235.97) 138.76(115.75–257.09) 9.60 0.008*
CD4+T cell subsets

Th1 (pcs/uL)b 5.52–182.00 34.90(18.70–55.97) 50.01(22.63–79.21) 15.38(10.32–30.20) 38.85(29.66–47.41) 25.23 <0.001*

Th2 (pcs/uL)b 4.04–21.00 2.52(2.15–4.62) 3.22(2.40–5.44) 2.33(1.15–4.36) 2.35(2.15–2.62) 9.68 0.008*
Th1/Th2 (%)b 0.73–18.50 11.44(5.78–19.45) 12.40(6.53–22.71) 7.74(4.31–16.53) 15.22(6.68–21.42) 6.11 0.047*

Th17 (pcs/uL)b 3.07–14.00 3.2(1.91–6.83) 5.45(2.64–8.15) 2.44(0.76–4.14) 2.53(1.61–6.55) 27.70 <0.001*

Treg (pcs/uL)b 17.70–54.20 5.42(3.89–9.16) 7.44(4.41–13.26) 4.71(3.30–8.11) 3.80(2.59–5.08) 20.92 <0.001*
Th17/Treg (%)b 0.09–4.47 0.54(0.32–0.88) 0.59(0.40–1.05) 0.38(0.24–0.56) 0.72(0.34–1.63) 16.74 <0.001*

Cytokines

IL-2 (pg/mL)b 0.08–5.71 2.01(1.66–2.52) 2.07(1.59–2.73) 2.11(1.60–2.52) 1.94(1.81–2.07) 0.30 0.861
IL-4 (pg/mL)b 0.10–2.80 1.73(0.97–3.34) 2.87(1.52–4.25) 1.35(0.95–2.32) 1.24(0.80–1.41) 17.72 <0.001*

IL-6 (pg/mL)b 1.18–5.30 6.13(3.35–15.30) 6.83(2.74–19.23) 5.46(4.29–9.30) 9.08(5.23–15.01) 1.99 0.370

IL-10 (pg/mL)b 0.91–4.91 3.80(3.43–4.97) 3.65(3.15–3.96) 4.76(3.51–6.25) 4.27(3.74–4.67) 12.60 0.002*
IL-17 (pg/mL)b <20.60 2.94(2.31–5.53) 4.12(2.45–5.47) 2.80(1.60–6.17) 2.93(1.75–5.48) 0.95 0.622

IFN-γ (pg/mL)b 0.16–7.42 2.85(2.12–3.66) 3.12(2.31–4.04) 2.57(2.03–3.24) 2.43(1.95–3.02) 7.88 0.020*

TNF-α (pg/mL)b 0.10–2.30 2.28(1.70–2.77) 2.42(1.73–2.89) 2.04(1.33–2.39) 2.33(1.90–2.55) 7.35 0.025*
Immunoglobulins

IgA (g/L)b 0.70–4.00 2.24(1.42–3.05) 3.02(2.64–3.52) 1.44(0.93–1.82) 1.32(0.96–2.10) 59.25 <0.001*

IgG (g/L)b 7.00–16.00 11.91(8.80–14.62) 14.47(13.21–15.23) 8.91(7.51–10.02) 8.94(8.05–10.53) 68.94 <0.001*
IgM (g/L)b 0.40–2.30 0.73(0.58–1.11) 0.96(0.77–1.54) 0.58(0.51–0.69) 0.61(0.51–0.72) 48.96 <0.001*

Notes: Numeric variables were reported as Med (iqr 25–75%). All statistically significant values are reported in bold. aFrequency (%) and χ test between non-severe versus (severe diseases or death); bMed (iqr 25–75%) and Kruskal– 
Wallis One Way ANOVA test. *P<0.05. 
Abbreviations: BMI, body mass index; Med, Median; iqr, Interquartile range; WBC, White blood cell; NLR, Neutrophil-to-lymphocyte ratio; MLR, Monocyte-to- lymphocyte ratio; PLR, Platelet-to-lymphocyte ratio; HALP, Hemoglobin, 
albumin, lymphocyte, and platelet score; ALT, Alanine transaminase; AST, Aspartate aminotransferase; BUN, Blood urea nitrogen; Cr, Creatinine; PCT, Procalcitonin; CRP, C-reactive protein; ESR, Erythrocyte sedimentation Rate; CK, 
Creatine kinase; LDH, lactic dehydrogenase; HBDH, α-hydroxybutyrate dehydrogenase; CK-MB, Creatine kinase-MB; Hs-cTn, High sensitivity troponin; BNP, B type natriuretic peptide; PT, Prothrombin time; INR, International 
Normalized Ratio; Th, Helper T cell; Ts, Suppressor T cell; NK, natural killer cell; IFN-γ, Interferon Gamma; TNF-α, Tumor necrosis factor-α.
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Chest CT and Treatment in 118 Patients with COVID-19
Among the 118 patients with COVID-19, there were obvious pulmonary inflammation, among which 116 (95.8%) 
patients showed double-sided pneumonia on chest CT admission, 38 severe patients and 16 death patients were both 
double-sided pneumonia. In addition, chest CT manifestations of COVID-19 patients also include pleural thickening, 
hydrothorax and interstitial pneumonia. In addition to conventional symptomatic and supportive treatment, all 118 
patients were given oxygen inhalation, anti-infection and antiviral therapy. The main forms of oxygen inhalation include 
nasal catheter oxygen inhalation, high-flow oxygen inhalation and non-invasive mechanical ventilation, in the non-severe 
group, nasal catheter oxygen inhalation was mainly used. With the development of the disease, only 10 patients (15.6%) 
needed high-flow oxygen inhalation. In the severe group, 12 patients (31.6%) needed high flow oxygen, with 4 of these 
patients (10.5%) requiring non-invasive mechanical ventilation as the disease progressed. In the death group, 14 patients 
(87.5%) required high-flow oxygen inhalation, of which 6 patients (37.5%) eventually received non-invasive mechanical 
ventilation. All patients received steroid therapy, including 108 (89.0%) patients with methylprednisolone sodium 
succinate and 10 (8.5%) patients with dexamethasone sodium phosphate. Due to the limited availability of Paxlovid,22 

Azvudine was the primary antiviral drug used by patients. Since the hospitalized patients were all elderly and had more 
chronic underlying diseases, antibiotics were administered prophylactically, and then antibiotics should be changed 
according to the results of drug sensitivity. There were 58 (49.2%) patients with bacterial infection, all patients in the 
death group with bacterial infection, the main infection bacteria were Pseudomonas aeruginosa and Klebsiella pneumo-
niae. Eight patients (6.8%) had candida albicans infection and were treated with fluconazole (Table S1).

ROC Analysis of Potential Markers of NLR, MLR, PLR, and HALP to Predict 
Non-Severe and Severe Patients
We analyzed ROC curves of the non-severe group, the severe group and the death group to predict the severity of 
COVID-19 (Figure 1, Table S2). Given that there is no unified laboratory reference value for NLR, MLR, PLR, and 
HALP to identify patients with non-severe or severe COVID-19, we performed ROC analysis to calculate the optimal 
threshold value. Increases in NLR, MLR, and PLR and decreases in HALP independently predicted the transition from 
non-severe to severe COVID-19 patients (all P<0.001). NLR had the highest AUC value and sensitivity, and HALP had 
the highest specificity.
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HALP:0.71(0.62-0.81)

Figure 1 ROC curve used to differentiate non-severe and severe COVID-19 patients. The area under the ROC curve (AUC) closer to 1 indicates the higher diagnostic 
accuracy. AUC data are presented as values (95% confidence intervals). 
Abbreviations: ROC, receiver-operating curve; AUC, area under the curve.
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Association of NLR, MLR, PLR, and HALP Results with Risk in Patients with 
COVID-19
The results showed that MLR [OR=0.188 (0.065–0.546), P=0.002] was an independent risk factor for the transition from 
non-severe to severe disease (Table 4). In addition, NLR, PLR and HALP are not independent risk factors for the 
transition from non-severe to severe disease.

Survival Analysis
To further identify factors affecting the progression of COVID-19, four factors (NLR, MLR, PLR, and HALP) were 
analyzed using Kaplan-Meier curves and a multi-factor Cox regression model. After patients were classified according to 
Youden cutoff values obtained by the ROC curve, survival analysis revealed a significantly increased risk of death for 
patients with NLR>6.326, MLR>0.481, PLR>299.7 and HALP<14.474. The results were NLR (HR=0.594, 95% CI 
0.377–0.933, P=0.024), MLR (HR=0.453, 95% CI 0.286–0.718, P=0.0007), PLR (HR=0.530, 95% CI 0.337–0.834, 
P=0.006), HALP (HR=0.479, 95% CI 0.305–0.754, P=0.002). The survival curves based on NLR, MLR, PLR and HALP 
are shown in Figure 2A–D. Multivariate Cox regression analysis (Figure 2E) showed that higher MLR was significantly 
correlated with shorter survival time (HR 0.616, 95% CI 0.402–0.943), suggesting that MLR may be an independent risk 
factor for predicting the likelihood of death in COVID-19.

Correlation Analysis of Potential Markers of NLR, MLR, PLR and HALP with Other 
Indicators
The four potential biomarkers of NLR, MLR, PLR, and HALP were evaluated for their correlation with clinical and 
biochemical parameters, and the results were shown in Figure S1. NLR is highly positively correlated with MLR 
(P<0.001), moderately positively correlated with PLR, WBC, neutrophils (P<0.001), and weakly positively correlated 
with BUN, LDH, myoglobin, D-dimer, and INR (P<0.001), and weakly negative correlated with lymphocytes, albumin, 
IgG, Th, PO2 and oxygenation index (P<0.001). MLR was moderately positively correlated with PLR and myoglobin 
(P<0.001), and was weakly positively correlated with WBC, neutrophils, monocytes, fasting plasma glucose, TG, LDH, 
D-dimer, INR and PCO2 (P<0.001), and weakly negative correlated with lymphocytes, IgA, IgG, T lymphocytes, PO2 
and oxygenation index (P<0.001). PLR was weakly negatively correlated with lymphocytes, HALP, IgA, T lymphocytes, 
Th and NK (P<0.001). HALP was highly positively correlated to lymphocytes (P<0.001), and weakly positively 
correlated to Th and NK (P<0.001). Details of correlation and significance between all the collected data are show in 
the Supplementary File (Tables S3 and S4).

Discussion
With the continuous evolution and mutation of SARS-CoV-2, the transmission, pathogenicity and immune escape of the 
mutant strains are increasing,23 posing serious challenges to the global epidemic prevention and control. Omicron 
COVID-19 became the main circulating strain in Shanxi, China in 2022. Compared to countries in North America and 
Europe, where previous infection combined with 1–3 doses of COVID-19 vaccines results in high levels of pre-existing 

Table 4 Multivariate Ordered Logistic Regression Analysis Used to Predict the Multivariate Predictors of 
Different Severity Levels

Indexes Regression Coefficient Standard Deviation OR 95% CI P-value

NLR −0.046 0.027 0.955 0.906–1.007 0.090

MLR −1.669 0.543 0.188 0.065–0.546 0.002
PLR 0.001 0.002 1.001 0.997–1.004 0.661

HALP 0.022 0.022 1.002 0.978–1.068 0.333

Notes: Statistically significant differences are emboldened. Odds ratios were given with 95% CI and p values. 
Abbreviations: OR, odds ratio; CI, confidence intervals. NLR, Neutrophil-to-lymphocyte ratio; MLR, Monocyte-to- lymphocyte ratio; 
PLR, Platelet-to-lymphocyte ratio; HALP, Hemoglobin, albumin, lymphocyte, and platelet score.
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humoral immunity, the strain that first infected the elderly was Omicron COVID-19 in China, and most of them had not 
received the fourth dose of COVID-19 vaccine against Omicron, and the pre-existing humoral immunity was weak. 
There have been some studies on the clinical characteristics of COVID-19 patients.24,25 However, due to differences in 
genetic background and social behavior, the demographic data and clinical characteristics of elderly patients with 
Omicron COVID-19 in Shanxi, China have not been reported so far. Our study collected demographic and clinical 
data from 118 elderly patients with Omicron COVID-19 pneumonia who were admitted to the Second Hospital of Shanxi 
Medical University from December 2022 to February 2023, and analyzed the factors that predict the severity and 
prognosis of COVID-19 by NLR, MLR, PLR, and HALP. The aim is to further explore the pathogenesis of COVID-19 

Figure 2 (A–D) Probability of survival curve based on risk factors. (E) Multivariate Cox analyses. (A) Kaplan–Meier curves of NLR for COVID-19 patients; (B) Kaplan– 
Meier curves of MLR for COVID-19 patients; (C) Kaplan–Meier curves of PLR for COVID-19 patients; (D) Kaplan–Meier curves of HALP for COVID-19 patients; (E) 
Multivariate Cox analyses of NLR, MLR, PLR and HALP. 
Abbreviations: WBC, white blood cell; NLR, Neutrophil-to-lymphocyte ratio; MLR, Monocyte-to- lymphocyte ratio; PLR, Platelet-to-lymphocyte ratio; HALP, 
Hemoglobin, albumin, lymphocyte, and platelet score; HR, Hazard ratio.
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and find biomarkers for COVID-19 disease assessment, so as to provide reference for the prevention and treatment of 
COVID-19.

Several studies have previously found changes in absolute lymphocyte counts in patients with COVID-19.16,26 In the 
diagnosis and treatment of COVID-19 pneumonia, analysis of peripheral blood lymphocyte subsets, especially T and 
B lymphocytes, has become an important reference indicator in the diagnosis and treatment of COVID-19 patients.27,28 

The results of blood cell analysis in 24 hours after admission showed that lymphocyte counts were significantly lower 
than normal in all three groups, but the decrease was more pronounced in the severe and death groups. In the immune cell 
subset, it was more clearly shown that T lymphocytes and B lymphocytes as well as Th and Ts cells were significantly 
lower in the severe and death groups than in the non-severe group, indicating that lymphocyte counts in patients with 
COVID-19 pneumonia correlate with the severity of the disease and decrease as the disease progresses. The greater the 
decrease in lymphocyte count, the more severe the patient’s disease, the more severe the lung damage, and the greater the 
risk of respiratory failure,29 which was also confirmed in this study. The specific mechanisms may include: (1) SARS- 
CoV-2 attacks the host’s immune system; (2) After SARS-CoV-2 infects the host, in order to avoid being recognized and 
cleared by the human immune system, the anti-inflammatory response increases and negatively regulates lymphocytes, 
which suppresses the function of lymphocytes and increases lymphocyte apoptosis, finally leading to a significant 
decrease in lymphocyte count.30 The results indicate that T lymphocytes decreased more significantly. T lymphocytes 
are important to prevent virus infection, and Balzanelli found31 that the CD4/CD8 ratio was low in COVID-19 patients, 
and Kuri-Cervantes L’s study illustrates that in COVID-19 patients, CD4+T cells may be mainly affected by pulmonary 
inflammatory.32 We further examined CD4+ T cell subsets in both groups of patients and found that compared with non- 
severe patients, Th1, Th2, Th17 and Treg cells were significantly lower in the severe and death groups. A characteristic 
feature of COVID-19 infection is a “cytokine storm”, or uncontrolled pro-inflammatory cytokine activity. “Cytokine 
storm”33,34 is associated with defects in the immune regulatory mechanisms of Treg cells, because Treg cells maintain 
normal self-tolerance and immune homeostasis.35–37 In patients affected by severe COVID-19, reduced Treg numbers 
further exacerbate the excessive inflammatory response.38,39 Host infection with SARS-CoV-2 induces virus-specific 
immune responses in vivo, producing large amounts of IgA, IgM and IgG in effector B cells, thereby inhibiting virus 
proliferation, transmission and reinfection.35 In this study, we found that the levels of IgA, IgM and IgG in the severe and 
death groups were significantly lower than those in the non-severe group, which may be due to the decreased number of 
B cells in the severe patients.

The present study also showed that patients with severe COVID-19 pneumonia were more likely to have abnormal 
liver and kidney function and abnormal glucose and lipid metabolism, which is consistent with the results of other 
studies.40,41 Therefore, elevated ALT, AST, glucose, triglycerides, and blood urea nitrogen may be indicators of poor 
prognosis in patients with COVID-19. In addition, we also found that CRP levels were significantly elevated in the 
severe and death groups, and other inflammatory markers (PCT, ESR) were also elevated to varying degrees, the more 
severe the disease, the more pronounced the elevation. Close monitoring of inflammatory markers is important to assess 
disease severity and prognosis. It has been found that patients with COVID-19 are prone to myocardial damage and even 
fulminant myocarditis.42 This study likewise confirmed that myocardial markers were significantly higher in the severe 
and death groups than in the non-severe group, therefore, it is important to prevent myocarditis during SARS-CoV-2 
infection and to closely monitor patients’ cardiac function in the clinical setting. Studies have shown that B-type 
natriuretic peptide, D-dimer and fibrin degradation products are significantly elevated in the severe and death groups 
and are effective predictors of prognostic outcome in severe COVID-19 patients. Elevated D-dimer levels are associated 
with local pulmonary thrombosis,43,44 therefore, early anticoagulation in these patients is very important.

Many studies have shown a very high mortality rate in patients with severe COVID-1945–47 and there is an urgent 
need to find early indicators that predict disease progression. In order to explore biomarkers for evaluating the 
condition and prognosis of COVID-19 patients, we selected relevant derived indicators (NLR, MLR, PLR and 
HALP) in blood cell analysis and analyzed them in three groups of patients. The results showed that the NLR, 
MLR and PLR in the severe and death groups were significantly higher than those in the non-severe group, while 
HALP was significantly lower than that in the non-severe group. Analysis of NLR, MLR, PLR and HALP for 
predicting the severity of COVID-19 by ROC curves revealed that NLR had the highest AUC value and sensitivity, 
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while the specificity of HALP was the highest. All of these four indexes have good predictive value for the severity of 
COVID-19 patients. MLR [OR=0.188 (0.065–0.546), P=0.002] was found to be an independent risk factor for the 
transition from non-severe to severe disease by multivariate ordered logistic regression analysis. Survival analysis 
showed that NLR, MLR, PLR and HALP were associated with the risk of death in patients, with statistical significance 
between the survival group (non-severe + severe) and the death group. Cox regression analysis suggested that MLR 
may be an independent risk factor for predicting the likelihood of death in COVID-19. Therefore, these four indicators 
can be used as biomarkers to evaluate the condition and prognosis of COVID-19 patients, and provide reference for the 
clinical diagnosis and treatment of COVID-19 patients. In addition, this study found that platelets were significantly 
lower in severe group than in non-severe group, which is consistent with other studies,48 probably because platelets 
play an important role in inflammatory signaling, and platelets prevent microbial invasion by combining thrombogen-
esis and immune recruitment functions to counteract infection factors.49

The limitation of this study lies in the single center, and the number of patients is relatively small, so further multi- 
center studies with a large sample size are needed to verify the results. Secondly, the subsequent quality of life of patients 
was not recorded in the article. We will continue to follow up and record the prognosis of these patients.

Conclusion
In summary, the analysis of Omicron COVID-19 patients with pre-existing weaker humoral immunity in Shanxi, 
China, found that severe COVID-19 patients were older, more likely to have related complications, lower lymphocyte 
count, liver and kidney function disorders, glucose and lipid metabolism disorders, myocardial damage, and abnormal 
coagulation function, suggesting the need for early anticoagulant therapy. Besides, the increase of NLR, MLR and 
PLR and the decrease of HALP can be used as biomarkers for the severity and prognosis in COVID-19 patients. Then, 
MLR is not only an independent risk factor for the transition from non-severe to severe disease, but also an 
independent risk factor for predicting the possibility of death in COVID-19 patients. Therefore, NLR, MLR, PLR 
and HALP can be used as practical tools to evaluate the prognosis and severity of clinical symptoms in COVID-19 
patients.
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