1' frontiers
In Medicine

ORIGINAL RESEARCH
published: 26 June 2020
doi: 10.3389/fmed.2020.00374

OPEN ACCESS

Edited by:
Abdallah Samy,
University of Kansas, United States

Reviewed by:

Vijaya Anand,

Bharathiar University, India
Jianxiong Zeng,

University of Southern California,
United States

Mehmet Demirci,

Beykent University, Turkey

Rusliza Basir,

Universiti Putra Malaysia, Malaysia

*Correspondence:

Feng Wang
fengwang@tjh.timu.edu.cn
Ziyong Sun
zysun@tjh.timu.edu.cn

Specialty section:

This article was submitted to
Infectious Diseases - Surveillance,
Prevention and Treatment,

a section of the journal

Frontiers in Medicine

Received: 14 May 2020
Accepted: 18 June 2020
Published: 26 June 2020

Citation:

Luo Y, Xue Y, Mao L, Yuan X, Lin Q,
Tang G, Song H, Wang F and Sun Z
(2020) Prealbumin as a Predictor of
Prognosis in Patients With
Coronavirus Disease 2019.

Front. Med. 7:374.

doi: 10.3389/fmed.2020.00374

Check for
updates

Prealbumin as a Predictor of
Prognosis in Patients With
Coronavirus Disease 2019

Ying Luo’, Ying Xue?, Liyan Mao, Xu Yuan', Qun Lin', Guoxing Tang', Huijuan Song’,
Feng Wang ™ and Ziyong Sun™

" Department of Laboratory Medicine, Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan, China, 2 Department of Clinical Immunology, Tongji Hospital, Tongji Medical College, Huazhong
University of Sciences and Technology, Wuhan, China

Background: The predictive value of prealoumin for the prognosis of coronavirus
disease 2019 (COVID-19) has not been extensively investigated.

Methods: A total of 1,115 patients with laboratory-confirmed COVID-19 were enrolled
at Tongji hospital from February to April 2020 and classified into fatal (n = 129) and
recovered (n = 986) groups according to the patient’s outcome. Prealbumin and other
routine laboratory indicators were measured simultaneously.

Results: The level of prealbumin on admission was significantly lower in fatal patients
than in recovered patients. For predicting the prognosis of COVID-19, the performance
of prealbumin was better than most routine laboratory indicators, such as albumin,
lymphocyte count, neutrophil count, hypersensitive C-reactive protein, d-dimer, lactate
dehydrogenase, creatinine, and hypersensitive cardiac troponin |. When a threshold of
126 mg/L was used to discriminate between fatal and recovered patients, the sensitivity
and specificity of prealoumin were, respectively, 78.29 and 90.06%. Furthermore, a
model based on the combination of nine indexes showed an improved performance
in predicting the death of patients with COVID-19. Using a cut-off value of 0.19, the
prediction model was able to distinguish between fatal and recovered individuals with a
sensitivity of 86.82% and a specificity of 90.37%.

Conclusions: A lower level of prealbumin on admission may indicate a worse outcome
of COVID-19. Immune and nutritional status may be vital factors for predicting disease
progression in the early stage of COVID-19.

Keywords: coronavirus disease 2019, severe acute respiratory syndrome coronavirus 2, prealbumin, routine
laboratory tests, prognosis, immune status, fatal patients, recovered patients

INTRODUCTION

Coronavirus disease 2019 (COVID-19) as a rampant disease caused by the emerging infection of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the outbreak of which has initiated
an extreme health concern (1, 2). Many patients might progress to acute respiratory disease or other
complications in a short period of time (3, 4). Since no effective vaccine or anti-viral treatment is
currently available, this epidemic is difficult to manage and control. As of 7 May 2020, the number
of patients infected with SARS-CoV-2 has exceeded 3.5 million globally, and there has been more
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FIGURE 3 | The comparison of predictive values between PAB and other route laboratory markers for the prognosis of COVID-19. (A) Scatter plots showing the levels
of WBCH#, LYM#, NEU#, PLT#, PCT, hsCRP, PT, DD, LDH, AST, CR, and hs-cTnl in fatal (n = 129) and recovered (n = 986) patients. Horizontal lines indicate the
median. **P < 0.001 (Mann-Whitney U test). (B) ROC analysis showing the performance of PAB, WBC#, LYM#, NEU#, PLT#, PCT, hsCRP, PT, DD, LDH, AST, CR,
and hs-cTnl in distinguishing fatal patients from recovered patients. COVID-19, coronavirus disease 2019; PAB, prealoumin; WBC#, white blood cell count; LYM#,
lymphocyte count; NEU#, neutrophil count; PLT#, platelet count; PCT, procalcitonin; hsCRP, hypersensitive C-reactive protein; PT, prothrombin time; DD, d-dimer;
LDH, lactate dehydrogenase; AST, aspartate aminotransferase; CR, creatinine; hs-cTnl, hypersensitive cardiac troponin I; ROC, receiver operating characteristic
curve; AUC, area under the curve.
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FIGURE 4 | Establishment of prediction model for prognosis of COVID-19
based on the combination of PAB and other routine laboratory indexes. (A)
Scatter plots showing the score of prediction model in fatal patients (n = 129)
and survived cases (n = 986). Horizontal lines indicate the median. **P <
0.001 (Mann-Whitney U test). Blue dotted lines indicate the cutoff value in
distinguishing these two groups. (B) ROC analysis showing the performance
of the prediction model in distinguishing fatal patients from recovered cases.
COVID-19, coronavirus disease 2019; ROC, receiver operating characteristic
curve; AUC, area under the curve.

mg/L, hsCRP was able to distinguish fatal patients from recovered
patients with a sensitivity of 58.14% and a specificity of 90.06%
(Table 2). Moreover, with a threshold of 15.1s, PT had an AUC
of 0.839 (95% CI, 0.798-0.879) with a sensitivity of 58.14% and
a specificity of 91.48% (Table 2). The predictive utility of PAB
was better than WBC#, LYM#, NEU#, PLT#, hsCRP, PT, DD,
LDH, AST, CR, and hs-cTnl, and was comparable to PCT for the
prognosis of patients with COVID-19 (Table 2).

Establishing a Model for Predicting the
Death of Patients With COVID-19

To establish a prediction model based on the combination
of PAB and other routine laboratory markers on
admission for distinguishing fatal patients from recovered
individuals, all variables with statistical significance were
used for multivariable logistic regression analysis. A

prediction model was built as the following: P = 1/[1 +
o—(—0.016* PAB—0.908* LYM#-+0.067*NEU#--0.06* PCT-+0.005*hsCRP+0.154* PT

+0.003*LDH+0.002*CR+0.001*hs—cTnI—3.036)] P predictive value: e

natural logarithm (Supplementary Table1). ROC analysis
showed that the AUC of the prediction model was 0.955 (95% CI,
0.941-0.970) (Figure 4). When the cutoff value was set at 0.19,
the following diagnostic parameters of the model were obtained:
sensitivity, 86.82% (95% CI, 80.98-92.66%); specificity, 90.37%
(95% CI, 88.52-92.21%) (Table 2). These data suggested that our
established model, based on the combination of a nine-indicator
biosignature, had good performance for predicting the death of
patients with COVID-19.

DISCUSSION

The rapidly increasing number of laboratory-confirmed COVID-
19 cases worldwide has put a heavy burden on the medical

resources in countries with large outbreaks (29-31). The World
Health Organization has declared COVID-19 to be a public
health emergency of international concern. The determination
of the outcome of the disease is of crucial importance in
regulating limited medical resources and providing better care
for patients (32, 33). Meanwhile, progression at the early stage is
very important to the outcome or the prognosis of the disease.
Therefore, after patient admission, identifying predictors that
can predict the likelihood of disease progression would help
physicians to decide which group of patients can be managed
safely at district hospitals and who needs early transfer to
tertiary centers.

Although previous studies have found that a series of
parameters on admission are correlated with mortality risk
(34), there is limited information in the existing literature
regarding the relationship between nutrition indexes and disease
progression in SARS-CoV-2-infected patients. Several studies
have reported the value of nutritional indicators represented by
PAB on determining the severity of viral infections and predicting
the prognosis of patients (35, 36). In addition, there is some
literature describing the roles of inflammatory indicators (hsCRP
and PCT), coagulation indicators (DD), and the number of
lymphocytes in monitoring the disease progression during viral
infection and prediction of disease outcome (36-38). Our study
comprehensively described the differences in PAB and other
routine laboratory parameters between the patients who died of
COVID-19 and those who recovered from the disease. It was
found that a low level of PAB on admission may indicate a
poor prognosis and that the predictive value of PAB is superior
to most routine laboratory indicators that reflect functional
impairment or disorder of organs for prognosis of COVID-19.
To our knowledge, this is the first study to report the relationship
between PAB level and the outcome of COVID-19.

Host factors trigger an immune response against the
pathogens during viral infection (39-41). Immune insufficiency
may contribute to viral replication and cause tissue damage,
resulting in a bad outcome (42, 43). The systematic
overwhelming inflammation and multi-organ dysfunction
are more common in deceased COVID-19 patients than in
recovered patients (44). This may be caused by the poor
basic immune status of patients. In accordance with recent
reports, advanced age and comorbidities such as diabetes and
hypertension are believed to be risk factors of death from
COVID-19 (45). This suggests that immune and nutritional
status may be critical in predicting disease progression at the
early stage of COVID-19. In other words, poor immunity may
play a role in COVID-19-related death. Thus, early vigilant
monitoring along with high quality supportive care are needed
for patients at high risk of death. Although the number of
lymphocytes can partially reflect the host’s immune function, our
data indicates that the nutritional indicators represented by PAB
may show this effect better. A single use of PAB could achieve a
modest prediction performance for the prognosis of COVID-19.
When combined with other conventional laboratory indicators,
PAB could produce a better performance.

In addition, opposite trends were found in PAB level between
fatal and recovered groups. The level of PAB gradually decreased
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with growing hospital stay in fatal patients but had an increased
trend in recovered patients (Supplementary Figure 1). These
data suggest that the dynamic monitoring of PAB provides a
potential value for mastering the process of the disease. These
findings would also alert clinicians to pay special attention
not only to inflammatory indexes but also to nutritional and
immune status.

Some limitations in this study should be addressed. First,
since the number of participants recruited in this one-center
study is limited, a further design with a large multicenter cohort
will provide more conclusive and valuable data. Second, some
indicators, such as PAB and DD, were over the detection limit,
which would lead to bias. Finally, medical history such as
malnutrition and the use of steroid drugs were not included in
the regression analysis and it would affect our results.

Collectively, our study provides the evidence that PAB
level on admission could be used to predict in-hospital
mortality in patients with COVID-19. The information
provided in our study shows potential value in enriching
knowledge about this critical disease, helping clinicians
to identify patients with poor prognosis at an early stage
before they die from COVID-19, guiding appropriate and
effective management for future patients, and consequently
helping to improve patients outcomes and decrease the
fatality rate.
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