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Abstract

Objectives: To distinguish between primary mild COVID-19 patients and the patients with recovery positive virus detection
after discharge (recovery positive patients), the clinical characteristics and biochemical indicators were analyzed. Methods: By
evaluation of correlations between biochemical indicators and serum ferritin (FE) through univariate and multivariate analyses,
we evaluated the differences of FE index and analyzed the effectiveness of the FE* pre-albumin (PA) on discrimination between
primary mild and recovery positive COVID-19 patients. The area under curve (AUC) and a predictive nomogram were further
employed to evaluate the effectiveness of discrimination. Results: In comparison with recovery positive patients, liver damage-
related indicators such as serum FE and PA were significantly lower in primary COVID-19 patients with mild symptoms. Area
under the ROC curve values of FE, PA and FE*PA were 0.81, 0.78 and 0.83, respectively. In combination with multivariate
analysis and nomogram, FE and FE*PA can be considered as reasonable evaluation systems for predicting primary mild and
recovery positive patients. Conclusions: FE*PA was an independent predictive biomarker for distinguishing primary mild and

recovery positive COVID-19 cases.

Introduction

The new coronavirus pneumonia is a serious respiratory disease, and its causative agent is Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), a betacoronavirus!!!. Currently, this disease has been
formally termed COVID-19 by the World Health Organization (WHO)?. Due to its rapid onset, strong
infectivity, general susceptibility to the population, and rapid changes in disease conditions!® 4, it has been
classified as a serious infectious disease all over the world. Previous studies have confirmed that COVID-19
can be transmitted from person to person, mainly through droplets, contact, and possibly through feces
and aerosols. After infection with SARS-CoV-2 virus, more than 80% patients appear to be with mild
symptom/®!, however, while these mild patients have the risk to get worse, they have considerable ability to
spread the disease, suggesting necessary protective measure for these mild cases.

Recently there are some clinical reports in China that some recovery patients’ RT-PCR tests for COVID-19
are positive again during the 2-week home isolation after discharge from hospital. However, these recovery
positive patients have not been observed the ability to spread the infection once more. Therefore, during the
pandemic period, different diagnosis and treatment schemes should be adopted for the primary mild patients
and the recovery positive patients by distinguishing the types of diseases, thereby reducing the social and
medical burden to combat with this disease. Although the best and most reliable test to distinguish them
with other groups and to assess their infectivity is the antibody test, specific antibodies against COVID-19
already exist in the serum of both primary and recovery positive patients, so serology can prove whether or



not COVID-19 has been infected, but it cannot help us effectively distinguish the primary patients from the
recovery positive patients. Therefore, biochemical indicators may be more helpful to distinguish primary
mild COVID-19 and the patients with recovery positive virus detection.

Studies on patients with severe symptoms showed that COVID-19 induced a large number of inflammatory
factors and also led to damage to the liver and kidney [6/. The conditions were worse and the mortality rate
was higher in elder patients in severe situation(”). However, organ damage caused by COVID-19 in primary
mild and recovery positive patients still remains unclear. In our work, we analyzed and compared biochemical
indicators and internal organs damage caused by COVID-19 between the primary mild and recovery positive
patients. Through the evaluation of liver injury related serological indicators, we investigated whether liver
damage in patients with mild symptoms was more severe than those in recovery positive cases.

Serum ferritin (FE) and pre-albumin (PA) serological markers closely related to liver function!®. When liver
damage occurs, the levels of FE and PA significantly decrease. In the cases of liver fibrosis or liver cancer,
due to the dysregulation of synthetic function in the liver, the levels of synthesis related serum protein, such
as serum ferritin, pre-albumin, and hemoglobin decrease, and the coagulation weakens!® 1. Therefore, these
significantly changed serological indicators can be used as predictive biomarkers to distinguish the types of
patients and judge the disease severity. Considering that FE and PA were biomarkers of liver damage, we
employed FE * PA as an indicator to distinguish between primary mild and recovery positive COVID-19
patients.

In this work, through a comparative analysis of the serological indicators of two types COVID-19 patients,
we found that the degree of liver damage in primary mild COVID-19 patients was greater than that in
recovery positive patients, and evaluation of FE and PA levels was effective to discriminate between primary
mild and recovery positive cases. Our study will provide guidance for doctors to develop effective treatment
plans specifically for patients in different infection status and prevent the COVID-19 transmission.

Research Design and Methods
Research Design

A total of 184 patients including 149 primary mild and 35 recovery positive COVID-19 cases were admitted to
the Central Hospital of Xiaogan City between January 2020 and March 2020. The study was a retrospective
study of hospitalized patients with a definitive diagnosis of mild and recurrent positive COVID-19 patients
by the diagnostic criteria. The main basis for the diagnosis of primary mild patients was positive viral nucleic
acid test accompanying with or without multiple patchy shadows in both lungs in the CT test,fever, mild
digestive tract symptoms (nausea, vomiting, diarrhea, abdominal pain and anorexia), and mild respiratory
symptoms (cough, sputum, difficulty breathing, chest tightness and throat discomfort). After the primary
patients’ nucleic acid test twice were negative at intervals of 2 days during treatment, the CT results showed
no lung infection and the clinical symptoms were significantly improved or disappeared, these patients were
thought recovered from the COVID-19 infection and were isolated at home after discharge from hospital.
All discharged patients need to undergo nucleic acid testing every five day for at least two weeks. The
patients were classified as recovery positive patients if there are positive RT-PCR test results during the
2-week isolation period at home, no matter whether the patients were accompanied by clinical symptoms. In
addition, patients did not consume any drugs affecting levels of FE and PA and liver function during home
quarantine.

For the primary or recovery positive patients, the biochemical parameters used for statistical analysis in
this study were collected from the initial biochemical detection after admission. The medical history records
of patients before admission were reviewed to exclude cases failed to meet the criteria. In order to reduce
the impact of primary disease on biochemical indicators, the following strict exclusion criteria were applied
based on the medical history: previous suffering from primary pancreatic benign and malignant tumors; pri-
mary hepatitis, liver benign and malignant tumors; primary cholecystolithiasis, cholecystitis and gallbladder
cancer; primary nephritis, renal failure, kidney benign and malignant tumors; primary autoimmune diseases
such as SLE, HIV, etc. The study was conducted in accordance with the Declaration of Helsinki of the



World Medical Association and approved by the ethics committee of the Army Military Medical University.
All patients signed informed consent forms.

Data Collection, Definitions, and Quantitative Determination of FEPA

To standardize the blood test results, the data of the first routine blood examination and biochemical test
were carried out within two days of admission. Laboratory test results, clinical features, epidemiological
and pathological test results were obtained from the official website of the Central Hospital of Xiaogan and
analyzed independently by two physicians. Blood FE*PA was calculated by multiplying the FE and the PA.
The biological parameters of all the data for statistical analysis in this study were in consistence with the
experimental data of the hospital. To make a more reasonable predictive nomogram, FEPA was defined as
FE*PA divided by 1000.

Statistical Analysis

Data analysis was performed by SPSS 22.0 and GraphPad Prism 6.0 software packages. Continuous variables
with normal distributions were shown as mean + standard deviation (SD). Counting data was analyzed by
the ¥ test and multivariate analysis was performed using multivariate logistics analysis. Odds ratios (ORs)
and 95% confidence intervals (CIs) were determined for variables of interest. Spearman R correlations were
used to analyze correlations between FE and other serum indictors. ROC curves were used to analyze
the efficacy of FE, PA and FEPA for diagnosis of pancreatitis types. P values < 0.05 were considered as
statistically significant.

Results
Clinical Characteristics

A total of 184 patients were investigated in this study, including 149 mild COVID-19 patients and 35
recovery positive patients. The clinical characteristics of mild COVID-19 patients and recovery positive
patients were shown in Table 1 . The probability of primary COVID-19 patients accompanied by the
gastrointestinal symptoms, respiratory symptoms and fever are 38.93%, 79.19%, and 82.55%, respectively.
The probability of recovery positive COVID-19 patients accompanied by the gastrointestinal symptoms,
respiratory symptoms and fever are 20%, 48.57%, and 22.86%, respectively. The probability of occurrence of
gastrointestinal symptoms, respiratory symptoms and fever was significantly different between the primary
and recovery positive patients (P<0.05). The detection data of biochemical indicators were shown in Table
2 Excluding significantly increased in Fibrinogen, APTT and TT, serological indicators in primary mild
COVID-19 patients for RBC, HGB, EO, TCa, FE, TP, ALB, PA, CRE and UA are significantly decreased
compared to the serological indicators in recovery positive patients. Moreover, FE*PA was significantly
higher in recovery positive patients. In addition, a differential analysis of serum levels of APTT, HGB, ALB,
FE, PA and FE*PA related with liver damage for the two types of COVID-19 disease was shown in Figure
1.

Relationships between FE level and other biomarkers

The correlations between various serum indicators and FE level were analyzed by Pearson’s correlations
(Table 3 ). Among the primary mild and recovery positive COVID-19 patients, the FE level positively
correlated with the levels of serum indicators of liver injury including RBC, HGB, TCa, TP, ALB, PA and
TBIL, which weaken the synthesis function. However, FE negatively correlated with the levels of coagulation
function indicators such as PT, APTT and fibrinogen. Moreover, PA was the highest correlated factor with
FE with R value at 0.5.

Multivariate analysis and nomogram prediction

Multiple logistic regression analysis was applied to evaluate the differences between mild and recovered
COVID-19 patients. Statistically significant variables were shown in the Table 4 . PT[OR 0.55, (95% CI,
0.36-0.85), P 0.007], FE[OR 1.22, (95% CI, 1.12-1.32), P 0.000], ALT[OR 0.97, (95% CI, 0.94-1.00), P 0.026],
TBIL[OR 0.79, (95% CI, 0.94-1.00), P 0.031], LYMPH[OR 0.32, (95% CI, 0.12-0.84), P 0.020], DBIL[OR



1.76, (95% CI, 1.15-2.69), P 0.009] and FE*PA[OR 1.00, (95% CI, 1.00-1.01), P 0.000] were found to be
independent predictors in distinguishing the two subtypes of patients. Furthermore, the nomogram was
developed to predict the probability of primary mild and recovery positive COVID-19 patients (Fig. 2)
. Through comprehensive statistical analysis of various parameters in multivariate analysis, FE, LYMPH,
DBIL and FEPA indicators have been demonstrated to be effectively distinguish and predict primary and
recovery positive cases.

The validation of nomogram performances

Although multiple differences between primary mild and recovery positive COVID-19 patients were identified
by univariate analysis of clinical characteristics, FE*PA values exhibited great potential to be the most
powerful indicator to distinguish between two kinds of cases according to the statistic analysis. To valid
the developed nomogram, values of FE, PA and FE*PA in both COVID-19 groups were analyzed. The
AUC value for distinguishing between two types of patients by FE*PA was 0.83, and the selecting optimal
sensitivity and specificity were 0.77 and 0.58, respectively. The AUC values of FE and PA were 0.81 and
0.77 respectively, which were lower than that of FE*PA. Similarly, the sensitivity and specificity of FE and
PA were lower than those of FE*PA (Figure 3 ). Our results showed that FEPA was an efficient indicator
for distinguishing primary mild COVID-19 patients from recovery positive patients.

Discussion

The COVID-19 patients commonly presented with fever, gastrointestinal and respiratory symptoms, despite
the incidence of these symptoms reflected significant differences between primary and recurrent patients,
clinical characteristics are not reliable to distinguish and predict primary mild and recovery positive COVID-
19 patients precisely. In severe cases, COVID-19 can lead to obvious respiratory distress and/or hypoxemia,
ARDS, septic shock and even death™. Previous studies reported that COVID-19 could cause the higher
incidence of liver injury and dysfunction of multiple organs due to the excessive inflammatory reactions in
severe patients rather than mild COVID-19 patients. This was indicated by abnormal ALT/AST levels as
well as slightly increased bilirubin levelsl® 2l Recent studies confirmed that besides infecting the lungs and
causing liver damage, COVID-19 can also induce blood vessels and kidney damage by binding the angiotensin
converting enzyme 2 (ACE2)['3 I, Studies conducted in hospitalized COVID-19 patients demonstrated that
nearly 40% patients were presented with proteinuria and hematuria. Moreover, a CT scan of the kidney
showed a reduced density suggesting the kidney experienced inflammatory responses and edema. Up to date,
there is no study of comparison of differences in liver and kidney injury between primary mild and recurrent
COVID-19 patients. In the present study, we found that the indicators associated with liver damage, such
as RBC, HGB, EO, TCa, FE, TP, ALB, PA, were significantly lower in the primary infected cases compared
with recovery positive patients. Whereas, the biochemistries PT and APTT in primary COVID-19 patients
elevated. In terms of renal function indicators, serum CRE and UA levels were significantly higher in primary
cases, indicating that primary patients suffered from more severe kidney injury, and the specific antibodies
against COVID-19 in recovered positive patients serum played a crucial role in alleviating the organ damage.

Although the recovered patients were tested with the positive virus detection, the inflammatory response
and vascular injury effects caused by the COVID-19 were greatly reduced leading to the production of
protective antibodies and significant reduction of the damage to patients. FE is involved in the storage and
digestion of iron['l. The level of FE is not only related to the hemoglobin production, but also a biomarker
of liver-specific damagel'6l. Spearman R correlations were performed to analyze the correlation between FE
levels and other biochemistries. In summary, our results indicated that in patients with mild COVID-19
symptoms, the function of synthetic serum FE and PA weakened after liver damage, and the two indicators
were correlated to each other.

According to the current data research, recovery positive patients may not have the ability to spread the
disease to others, but primary mild COVID-19 patients, including some asymptomatic patients, have a
stronger ability to spread the disease. Moreover, compared with recovery positive patients, the symptoms
of the primary mild patients were significantly worse, and the prognosis may be worse. Therefore, during



the COVID-19 outbreak, development and management of specific treatment strategies to different types
of patients were important to limit the virus spreading. For primary COVID-19 patients, treatments need
to be applied to reduce the potential risks for severe disease. For recovery positive patients, self-isolate at
home was recommended, which could reduce the pressure on hospitals and society. Moreover, discrimina-
tion between primary and recovery positive cases was also important to clarify the ability and intensity of
disease spreading among primary and recovery positive patients, and provide guidance for epidemiological
prevention. Therefore, clinical symptoms or serological indicators were initially selected to distinguish be-
tween primary and recovery positive COVID-19 patients. However, discrimination between primary mild
and recurrent positive patients based on clinical manifestations is not reliable since both types of cases show
similar mild symptoms. To predict and distinguish between the primary and recovery positive COVID-19
cases, the differences of the serological indicators in patients were analyzed in this study. This will provide
helpful information to the clinical diagnosis and development of suitable treatment plans during the epidemic
outbreak. Multivariate analysis was employed to seek serum indicators related to discrimination. The sig-
nificant parameters in the multivariable analysis were further selected for nomogram analysis, FE, LYMPH,
DBIL and FEPA were proved to be capable of effectively predicting and distinguishing different types of
patients indicating nomogram was reliable and easily accessible. Combining FE and PA (FE*PA) showed
the highest correlation values implying the potential to be an indicator to distinguish between primary mild
and recurrent patients. Furthermore, the analysis of AUC value, sensitivity and specificity demonstrated
FE*PA was the optimal predictor compared with PA and FE, and the developed nomogram exhibited an
acceptable performance for patient discrimination and prediction

In conclusion, our study suggested that liver and kidney damage in COVID-19 patients with mild symptoms
was significantly more severe than that in recovery positive patients. Moreover, FE*PA has potential to be
an independent predictive biomarker for distinguishing COVID-19 patients. This may provide an alternative
method to rapidly diagnose mild and recovered COVID-19 patients without nucleic acid tests, CT tests, and
medical history and improve treatment efficiency.
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Tables

Table 1 Univariate analysis of clinical characteristics of mild COVID-19 patients and recovery positive
Patients

Digestive tract symptoms Respiratory symptoms Fever(>37) Positive
COVID-19 Patients Positive cases/Total Positive cases/Total cases/Total

Primary



Digestive tract symptoms

Respiratory symptoms

Fever(>37) Positive

COVID-19 Patients Positive cases/Total Positive cases/Total cases/Total
Cases (n) 58/149 118/149 123/149
Rate (%) 38.93 79.19 82.55
Recovery positive

Cases (n) 7/35 13/35 8/35

Rate (%) 20 48.57 22.86

P value 0.035 <0.001 <0.001

Digestive tract symptoms: Nausea, vomiting, diarrhea, abdominal pain and anorexia

Respiratory symptoms: Cough, sputum, difficulty breathing, chest tightness, throat discomfort

Table 2 .

Patients

Univariate analysis of serological indicators of mild COVID-19 patients and recovery positive
Variables Mild COVID-19 Patients Recovery positive Patients P
Number 149 35
Age (years) 51.124+16.23 45.69+14.54 0.18
Gender (F/M) 78/71 22/13 0.26
PT 13.78+2.13 12.2240.90 0.001
Fibrinogen 2.58+0.77 2.24+0.59 0.01
APTT 32.114+6.06 29.9844.99 0.011
TT 13.57+£2.07 13.20+1.05 0.08
WBC 5.37+£1.81 5.28+1.23 0.73
RBC 4.02+0.59 4.4140.74 <0.001
HGB 119.604+18.93 127.8+15.03 0.001
PLT 223.45+79.06 234.72+71.96 0.28
NEUT 3.48+1.85 3.1240.90 0.052
LYMPH 1.49+0.61 1.59+0.59 0.29
MONO 0.44+0.25 0.44+0.12 0.85
EO 0.079+0.086 0.15+0.20 0.008
TCa 2.154+0.23 2.26+0.11 <0.001
FE 10.07+6.53 17.03+6.62 <0.001
ALT 25.904+25.94 21.50+16.13 0.19
AST 25.43+18.01 20.99+11.27 0.06
ALP 70.10+28.06 71.37+33.04 0.77
GGT 31.44+25.34 27.57+16.12 0.24
TP 69.324+5.79 72.4745.78 0.001
ALB 39.274+4.79 41.03£3.63 0.007
GLO 34.854+34.52 31.444+4.05 0.41
A/G 1.53+1.74 1.324+0.18 0.33
PA 275.68+88.94 344.71+50.43 0.001
TBIL 8.93+4.54 8.73+2.87 0.74
DBIL 2.46+2.87 2.15+1.13 0.39
TBA 6.50+2.64 6.5842.48 0.82
5’-nucleotide 5.17£6.01 4.154+2.08 0.17
BUN 4.26+1.79 4.49+2.82 0.55
CRE 62.99+31.12 53.194+17.62 0.015
UA 279.26+84.30 309.23+71.74 0.011
FE*PA 2838.46+2255.32 5969.25+2546 <0.001




NE, Neutrophils; TP, Total protein; ALB, Albumin; GLO, Globulin; PA, Pre-albumin; CRE, Creatinine;
UA, uric acid; LYMPH, Lymphocyte; FE, Ferritin; DBIL, Direct bilirubin.

Table 3 . Correlation coefficients for the relationships between FE and various parameters of mild COVID-19
patients and recovery positive Patients

Factors R P value
PT -0.26  <0.001
Fibrinogen -0.24 0.001
APTT -0.34 <0.001
RBC 0.33 <0.001
HGB 0.40 <0.001
LYMPH 0.27  <0.001
EO 0.19  0.008
TCa 0.35 <0.001
TP 0.18 0.017
ALB 0.16 0.031
PA 0.5 <0.001
TBIL 0.15 0.042
TBA 0.31 <0.001
UA 0.38  <0.001

Table 4. Multivariate analysis of factors associated with mild COVID-19 patients and recovery positive
Patients

Factors Odds ratio 95% CI P value
PT 0.55 0.36-0.85 0.007
FE 1.22 1.12-1.32 <0.001
ALT 0.97 0.94-1.00 0.026
TBIL 0.79 0.64-0.98 0.031
LYMPH 0.32 0.12-0.84 0.020
DBIL 1.76 1.15-2.69 0.009
FE*PA 1.00 1.00-1.01 <0.001

Figure Legends

Figure 1 Scatter diagram of (A) FE, (B) PA, (C) FE*PA, (D) APTT, (E) ALB and (F) HGB
distribution between the primary mild and recovered COVID-19 patients.

Figure 2 Predictive nomogram for differentiation between primary mild and recovery positive
COVID-19 patients.

Figure 3 The value of FE*PA levels was effective to discriminate between primary mild and
recovery positive cases. A, The analysis of receiver operating characteristics (ROC) curve for FE. B, The
analysis of ROC curve for FE. C. The analysis of ROC curve for FE*PA.
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