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Background: To explore the significance of SAA in evaluating the severity and prognosis of COVID-19. 

Methods: A total of 132 patients with confirmed COVID-19 who were admitted to a designated COVID- 

19 hospital in Wuhan, China from January 18, 2020 to February 26, 2020 were collected. The dynamic 

changes of blood SAA, CRP, PCT, WBC, Lymphocyte (L), PLT, CT imaging, and disease progression were 

studied. All patients completed at least twice laboratory data collection and clinical condition assessment 

at three time points indicated for this study; The length of hospital stay was longer than 14 days prior to 

February 26, 2020. 

Results: COVID-19 patients had significantly increased SAA and CRP levels, while L count decreased, and 

PCT, WBC, and PLT were in the normal range. As disease progressed from mild to critically severe, SAA 

and CRP gradually increased, while L decreased, and PLT, WBC, and PCT had no significant changes; ROC 

curve analysis suggests that SAA/L, CRP, SAA, and L count are valuable in evaluating the severity of COVID- 

19 and distinguishing critically ill patients from mild ones; Patients with SAA consistently trending down 

during the course of disease have better prognosis, compared with the patients with SAA continuously 

rising; The initial SAA level is positively correlated with the dynamic changes of the serial CT scans. 

Patient with higher initial SAA level are more likely to have poor CT imaging. 

Conclusions: SAA and L are sensitive indicators in evaluating the severity and prognosis of COVID-19. 

Monitoring dynamic changes of SAA, combined with CT imaging could be valuable in diagnosis and treat- 

ment of COVID-19. 

© 2020 Published by Elsevier Ltd on behalf of The British Infection Association. 
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COVID-19, recently broke out in Wuhan, China, has spread

apidly throughout China and other countries. This new type of

oronavirus could cause severe acute respiratory syndrome and

njuries in other systems as well. The disease progresses rapidly,

eading to multiple organ failure and death. 1 , 2 Quite a few patients
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ave no specific symptoms/signs or radiological abnormalities at

he early stage, with only mild symptoms, making the early diag-

osis of disease difficult. Therefore, early identification of the infec-

ion and creating effective treatment plan are particularly imper-

tive. 3 , 4 A series of inflammation factors, such as serum amyloid

 (SAA), C-reactive protein (CRP), procalcitonin (PCT), white blood

ells (WBC), lymphocyte (L) and platelet (PLT) have been used in

linic as inflammation indicators. In this research, the authors want

o explore if these factors can also assist in the diagnosis of COVID-

9 infection and estimate of the disease severity. Thus, in this re-

earch, the authors systematically studied the dynamic changes of

bove inflammation indicators in patients infected with COVID-19,

n order to evaluate their clinical values in predicting the severity

nd prognosis of COVID-19. 
. 
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Methods 

Data sources 

We conducted a retrospective study focusing on the signifi-

cance of SAA in evaluating the severity and prognosis of COVID-

19. A total of 132 patients with COVID-19 were collected from

Tianyou Hospital of Wuhan University of Science and Technology,

from January 18, 2020 to February 26, 2020. Tianyou Hospital,

Wuhan University of Science and Technology, located in Wuhan,

Hubei Province, the endemic areas of COVID-19, is one of the ma-

jor tertiary teaching hospitals and is responsible for the treatments

for COVID-19 assigned by the government. All patients were tested

positive with SARS-CoV-2 and hospitalized. Patients completed at

least twice laboratory data collection and clinical condition assess-

ment at three time points indicated for this study. The length of

hospital stay was longer than 14 days prior to February 26, 2020.

The dynamic changes of blood SAA, CRP, PCT, WBC, Lymphocyte

(L), PLT, CT imaging, and disease progression were studied. At the

same time, clinical conditions were evaluated and CT scans were

obtained. Data were collected at three time points: admission, 3–5

days of hospitalization, and at the composite endpoint. Composite

endpoint is February 26, 2020.As of February 26, 2020, the num-

ber of hospital discharge, inpatients, and the number of dead were

counted. 

We extracted the medical records of patients and sent these

to the data collection center of Wuhan University of Science and

Technology. A team of doctors who had been treating patients with

COVID-19 collected and reviewed the data. Because of the urgent

need to collect data on this emerging pathogen, the requirement

for informed consent was waived. If information was not clear,

the working group in Wuhan University of Science and Technol-

ogy contacted the doctor responsible for the treatment of the pa-

tient for clarification. This case series was approved by the Medical

ethics Review Board of Wuhan University of Science and Technol-

ogy (No. 202009). 

Laboratory confirmation and treatment 

Sputum and throat swab specimens collected from all patients

at admission were tested by real time polymerase chain reaction

for SARS-Cov-2 RNA within three hours. Laboratory confirmation

of the virus was performed using real time reverse transcription

polymerase chain reaction. Virus detection was repeated twice ev-

ery 24 h. Laboratory tests were conducted at admission, includ-

ing a complete blood count, serum biochemistry, and identification

of other respiratory pathogens such as influenza A virus (H1N1,

H3N2, H7N9), influenza B virus, respiratory syncytial virus, parain-

fluenza virus, and adenovirus. According to the COVID-19 Diagnosis

and Treatment Plan issued by National Health Committee of China,

patients received supportive oxygen therapy, antiviral medication,

and other supportive treatments. 

Clinical condition assessment criteria 

(1) Clinical classification 

According to COVID-19 Diagnosis and Treatment Plan issued by

National Health Committee of China, clinical conditions are classi-

fied into four types: mild, moderate, severe, and critically severe. 

Mild: mild clinical symptoms, no radiological changes 

Moderate: fever, respiratory distress, CT scan indicating pneu-

monia signs 

Severe: Meet any of the following 

(1) Shortness of breath, RR > 30 times per minute; 

(2) At room air, SpO lower than 93%; 
2 
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(3) The partial pressure of Arterial blood oxygen (PaO 2 )/the frac-

tion of inspired oxygen (FiO 2 ) ≤ 300 mmHg; 

(4) CT chest imaging shows that lung damage develops signifi-

cantly within 24 to 48 h. 

Critically severe: Meet any of the following 

(1) Respiratory failure requiring mechanical ventilation; 

(2) Signs of septic shock; 

(3) Multiple organ failure requiring ICU admission. 

2) CT imaging classification: the imaging was classified into four

ypes of normal, mild, progressive, and severe, with scored at 0, 1,

, and 3, respectively. 

(1) Mild: the main manifestations are ground-glass opacities

and consolidation. Some cases show very thin, small patchy

subpleural ground-glass opacities or ground-glass nodules.

Lesions can be single or multiple, and both lung lobes can

be involved. Lesions are more common in the middle and

lower lobes, and mostly distributed in the outer zones of the

lung and subpleural areas. 

(2) Progressive: large lesions can be seen and multiple lung

lobes in both lungs can be involved. Consolidation and fi-

brosis of varying sizes are often seen within the lesions.

Some cases may be accompanied by bronchial retraction,

bronchiectasis, and interlobular pleural thickening. However,

pleural effusion and enlarged mediastinal lymph nodes are

rare in this type. 

(3) Severe: Lesions are diffuse in both lungs and uneven in den-

sity. Large areas of consolidation and ground-glass opacities

can be seen. The sign of “white lung” can be seen due to

large areas of the lung are involved. The interlobular pleura

and bilateral pleura are usually thickened, and pleural effu-

sion can be seen. 

3) Outcome of illness: According to clinical progression, cases

ere divided into four types: fully recovered, improved, exacerba-

ion, and death. 

tatistical methods 

Statistical analysis was performed using SPSS 25.0 software.

ruskal-Wallis H-test and independent sample chi-square test were

sed to analyze differences between groups. Due to unequal vari-

nce, Tamhane ’s T2 statistical method was a fair measure to per-

orm multiple comparisons among groups of mild, moderate, se-

ere, and critical severe patients for the value of SAA/L. Two-tailed

 value less than 0.05 was considered statistically significant. The

eceiver Operating Characteristic curve (ROC curve) was used to

alculate the area under the curve (AUC) of SAA, CRP, L, and SAA/L

n order to evaluate the sensitivity and specificity of these factors.

pearman correlation coefficient was utilized to measure the de-

ree of correlation between the hierarchically ordered variables in

his study. 

atient and public involvement 

This was a retrospective case series study and no patients were

nvolved in the study design, setting the research questions, or the

utcome measures directly. No patients were asked to advice on

nterpretation or writing up of results. 

esults 

emographic characteristics 

From January 18, 2020 to February 26, 2020, 693 patients with

OVID-19 was treated in Tianyou Hospital, and 132 patients met
yloid A is a biomarker of severe Coronavirus Disease and poor 
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Table 1 

Demographic characteristics. 

Demographic 

characteristics 

Condition at admission Outcome at composite endpoint 

Mild/moderate Severe Critically severe Total Discharge Improved Exacerbation Death Total 

Age 

x̄ ± s 57.32 ± 11.52 66.55 ± 12.05 64.06 ± 13.36 62.05 ± 12.68 59.50 ±12.30 61.16 ± 12.11 63.86 ± 13.70 72.25 ±9.91 62.05 ± 12.68 

Distribution- n (%) 

< 60 y 29 (22.0%) 11(8.3%) 5(3.8%) 45(34.1%) 32(24.2%) 9(6.8%) 1(0.8%) 3(2.3%) 45(34.1%) 

≥60 y 31(23.5%) 45(34.1%) 11(8.3%) 87(65.9%) 42(31.8%) 22(16.7%) 6(4.5%) 17(12.9.%) 87(65.9%) 

Total 60(45.5%) 56(42.4%) 16(12.1%) 132 74(56.1%) 31(23.5%) 7(5.3%) 20(15.2%) 132(%) 

Sex 

Male- n (%) 28(21.2%) 37(28.0%) 10(7.5%) 75(56.8%) 42(31.8%) 16(12.1%) 5(3.7%) 12(9.1%) 75(56.8%) 

Female- n (%) 32(24.2%) 19(14.4%) 6(4.5%) 57(43.2%) 32(24.2%) 15(11.4%) 2(1.5%) 8(6.1%) 57(43.2%) 

Total 60(45.5%) 56(42.4%) 16(12.1%) 132(%) 74(56.1%) 31(23.5%) 7(5.3%) 20(15.2%) 132(%) 

Table 2 

The 1st test of SAA, CRP, PCT, WBC, L, PLT, and clinical classification. 

Clinical classification SAA (mg/L) CRP (mg/L) 

n x̄ ± s < 10 ( n ) 10–200 ( n ) > 200 ( n ) n x̄ ± s < 3 ( n ) 3–100 ( n ) > 100 ( n ) 

Moderate 60 123.57 ±75.81 7 33 20 60 33.22 ± 32.21 6 49 5 

Severe 56 171.91 ±56.89 2 11 43 56 66.04 ± 44.89 2 39 15 

Critically Severe 16 181.00 ±40.66 0 4 12 16 97.44 ± 58.60 0 7 9 

Total 132 151.04 ± 69.12 9 48 75 132 54.93 ± 46.86 8 95 29 

H/p H = 22.80 p = 0.000 H = 26.19 p = 0.000 

χ 2 / p χ 2 = 25.32 p = 0.000 χ 2 = 19.90 p = 0.001 

Clinical classification WBC (10 9 /L) L (10 9 /L) 

n x̄ ± s < 3.5 ( n ) 3.5–9.5 ( n ) > 9.5 ( n ) n x̄ ± s < 1.1 ( n ) 1.1–3.2 ( n ) > 3.2 ( n ) 

Moderate 60 4.93 ± 1.91 14 44 2 60 1.04 ± 0.44 37 23 0 

Severe 56 5.81 ± 2.78 14 33 9 56 0.86 ± 0.54 44 11 1 

Critically severe 16 8.34 ± 4.74 3 7 6 16 0.53 ± 0.29 15 1 0 

Total 132 5.72 ± 2.93 31 84 17 132 0.90 ± 0.50 96 35 1 

H/p H = 8.122 p = 0.017 H = 22.51 p = 0.000 

χ 2 / p χ 2 = 14.50 p = 0.006 χ 2 = 10.24 p = 0.037 

Clinical classification PLT (ug/L) PLT (10 9 /L) 

n x̄ ± s ≤0.05 ( n ) 0.05–0.12 ( n ) > 0.12 ( n ) n x̄ ± s < 125 ( n ) 125–350 ( n ) > 350 ( n ) 

Moderate 60 0.08 ± 0.279 55 2 3 60 214.05 ± 91.34 7 46 7 

Severe 56 0.14 ± 0.353 48 3 5 56 199.04 ± 73.11 8 46 2 

Critically severe 16 0.44 ± 0.512 9 4 3 16 202.50 ± 85.19 4 12 0 

Total 132 0.15 ± 0.360 112 9 11 132 206.28 ± 82.98 19 104 9 

H/ p H = 8.073 p = 0.018 H = 0.513 p = 0.774 

χ 2 / p χ 2 = 13.79 p = 0.008 χ 2 = 5.73 p = 0.220 

Normal reference values: SAA ( < 10 mg/L); CRP ( < 3 mg/L); WBC (3.5–9.5 ×10 9 /L); L (1.1–3.2 ×10 9 /L); PCT ( < 0.05 ug /L); PLT (125–350 ×10 9 /L). 
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he requirements of this study. The patients were between 33–89

ears old, with an average age of 62 years. And 87 of 132 patients

ere over 60 years, accounting for 65.9%. Of these patients, 75

ere males, accounting for 56.8%, and 57 were females, account-

ng for 43.2%. ( Table 1 ) 

At the time of admission, 60 patients had mild or moderate

ymptoms, accounting for 45.5%; and 56 patients had severe symp-

oms, accounting for 42.4%. 16 of 132 patients were critically se-

ere, accounting for 12.1%. In this study, more patients were male

nd more patients were more than 60 years, consistently with pre-

ious literature reports [3]. ( Table 1 ) 

he first test results of SAA, CRP, PCT, WBC, L, PLT and clinical 

lassification 

1) The relationship between the levels of SAA, CRP, WBC, L, PCT

nd clinical classification at admission. 

According to the results showed in Table 2 , with disease pro-

ressing from mild to critically severe, SAA and CRP gradually

ncreased, while L gradually decreased ( p < 0.05). However, PLT,
Please cite this article as: H. Li, X. Xiang and H. Ren et al., Serum Am

prognosis, Journal of Infection, https://doi.org/10.1016/j.jinf.2020.03.035
BC, and PCT were all within the normal ranges, suggesting that

AA, CRP, and L are closely related to disease classification, while

BC, PCT, and PLT are of little significance. 

Due to unequal variance, Tamhane ’s T2 statistical method was

 fair measure to perform multiple comparisons among groups of

ild, moderate, severe, and critical severe patients for the value

f SAA/L. The SAA/L of severe/critically severe patients was signifi-

antly higher than that of mild/moderate ones, and p < 0.01 indi-

ates significant difference. ( Fig. 1 ). 

3) SAA/L,CRP,SAA,L and clinical classification 

To detect if SAA/L is more sensitive in predicting the severity of

isease, the authors used ROC curve analysis to calculate the area

nder the curve (AUC), regarding mild/moderate type as negative

hereas severe/critical severe type as positive. The results showed

hat AUC from high to low was SAA1/L1 > CRP1 > SAA1 > L1, with

he specific value at 0.748, 0.744, 0.718, and 0.700, respectively.

ext, the authors used the method of Jordan Index to calculate the

ritical values of SAA/L that could be utilized as the reference for

atient clinical classification ( Fig. 2 ). 
yloid A is a biomarker of severe Coronavirus Disease and poor 
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Fig 1. SAA/L and clinical classification. 

Fig 2. SAA/L,CRP,SAA,L and clinical classification. 

 

 

w  

l

 

g  
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Relationship between SAA, CRP, L, SAA/L levels and disease 

progression 

The dynamic changes of SAA, CRP, L, and SAA/L reflected the

change of patient condition at 3–5 day-hospitalization. Patients
Please cite this article as: H. Li, X. Xiang and H. Ren et al., Serum Am

prognosis, Journal of Infection, https://doi.org/10.1016/j.jinf.2020.03.035
ith decreased SAA2, CRP2, SAA2/L2 and elevated L2 were more

ikely to have improved conditions ( Table 3 ). 

To detect if SAA2/L2 is more sensitive in predicting the pro-

ression of disease, the authors used ROC curve analysis to cal-

ulate the AUC of SAA2, CRP2, L2, and SAA2/L2, with the criteria
yloid A is a biomarker of severe Coronavirus Disease and poor 
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Table 3 

Relationship between SAA, CRP, L, SAA/L levels and disease progression at the time point of 3–5 day-hospitalization (M ±SD). 

Clinical changes N SAA2 CRP2 L2 SAA2/L2 

Improved 26 72.32 ±66.46 18.01 ±24.88 1.25 ±0.48 101.97 ±191.98 

Stable 78 88.30 ±83.05 22.81 ±35.10 1.29 ±0.78 126.85 ±202.89 

Exacerbation 18 167.22 ±55.30 66.09 ±41.40 0.49 ±0.26 437.57 ±359.29 

Total 122 96.54 ±81.51 28.17 ±37.52 1.16 ±0.72 167.39 ±254.53 

H 15.655 20.119 27.313 29.787 

p 0.000 0.000 0.000 0.000 

Table 4 

Relationship between SAA, CRP, L, SAA/L dynamics and the progression of disease (M ±SD). 

Clinical changes N SAA2-SAA1 CRP2-CRP1 L2-L1 SAA2/L2-1 

Improved 26 −96.00 ±67.76 −40.09 ±38.24 0.46 ±0.52 −196.01 ±199.40 

Stable 78 −53.03 ±81.19 −23.97 ±40.85 0.29 ±0.49 −80.02 ±191.84 

Exacerbation 18 1.00 ±80.92 −12.89 ±61.76 −0.20 ±0.26 125.85 ±351.44 

Total 122 −54.21 ±83.02 −25.77 ±44.39 0.25 ±0.51 −74.37 ±241.15 

H 14.186 2.934 23.849 23.615 

p 0.001 0.231 0.000 0.000 

Fig 3. Relationship between SAA2/L2, SAA2, CRP2, L2 and the progression of disease. 
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f recovering as negative whereas exacerbation as positive. The re-

ults showed that AUC from high to low was SAA2/L2 > L2 > SAA2

 CRP2, with the specific value of 0.933, 0.909, 0.856, and 0.850,

espectively. Next, the authors used the method of Jordan index

o calculate the optimal critical values of them and obtained 199,

59, 24.65, and 0.87 for SAA2/L2, SAA2, CRP2, and L2, respectively

 Fig. 3 ). 

elationship between SAA, CRP, L, SAA/L dynamics and the 

rogression of disease 

The changes of SAA, CRP, L and SAA/L between the first and

econd time point. Patients with increased SAA2, CRP2, SAA2/L2

nd decreased L2 were more likely to have a worsening condi-

ion.Patients with decreased SAA2, CRP2, SAA2/L2 and elevated L2

ere more likely to have improved conditions ( Table 4 ). 

To detect if the dynamic changes of studied inflammation

actors were valuable in predicting the progression of disease,
Please cite this article as: H. Li, X. Xiang and H. Ren et al., Serum Am

prognosis, Journal of Infection, https://doi.org/10.1016/j.jinf.2020.03.035
he authors used ROC curve analysis to calculate the AUC of the

hanges of SAA, CRP, L and SAA/L between the first and second

ime point, regarding recovering as negative whereas exacerba-

ion as positive. The results showed that AUC from high to low

ere SAA2/L2-SAA1/L1 > L1-L2 > SAA2-SAA1 > CRP2-CRP1, with the

pecific value at 0.880, 0.846, 0.832, 0.622, respectively. Next, the

uthors used the method of Jordan index to calculate the optimal

ritical values according to sensitivity and specificity. 

ROC curve analysis results at three time points indicated SAA/L

as more sensitive in predicting the progression of disease, espe-

ially SAA2/L2 at the second time point, with the sensitivity high

t 0.933 ( Fig. 4 ). 

elationship between SAA3, CRP3, L3, SAA3/L3 levels and patient 

utcome at the composite endpoint 

The authors performed a multivariate analysis of variance

or SAA levels that were measured at three time points. The
yloid A is a biomarker of severe Coronavirus Disease and poor 
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Fig 4. Relationship between SAA, CRP, L, SAA/L dynamics and the progression of disease. 

Table 5 

Relationship between SAA3, CRP3, L3, SAA3/L3 levels and patient outcome at composite endpoint (M ±SD). 

Outcome N SAA3 CRP3 L3 SAA3/L3 

Discharge 51 11.02 ±26.83 2.52 ±3.61 1.43 ±0.41 8.60 ±21.79 

Improved 27 27.67 ±51.41 10.46 ±18.68 1.39 ±1.05 35.45 ±87.47 

Exacerbation 5 121.40 ±107.63 92.06 ±85.11 0.83 ±0.61 195.60 ±201.66 

Death 11 169.82 ±52.85 79.92 ±58.15 0.44 ±0.29 540.24 ±351.73 

Total 94 40.26 ±69.13 18.62 ±40.94 1.27 ±0.73 88.47 ±215.68 

H 37.412 38.405 29.919 38.280 

p 0.000 0.000 0.000 0.000 
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results showed a significant correlation of SAA dynamics and

patient outcome. Specifically, SAA3, CRP3, and SAA3/L3 levels

continued to increase whereas L consistently decreased in ex-

acerbating and deceased patients. While, the levels of SAA3,

CRP3, and L3 were within normal ranges in recovered patients

( Table 5 ) 

The relationship between the dynamic changes of SAA, CRP, l, SAA/L/ 

and clinical outcome at composite endpoint 

In patients who were discharged/well recovered, from the first

time point at admission to the third time point at composite end-

point, the levels of SAA, CRP, and SAA/L consistently decreased,

but L consistently increased. While, in exacerbating and deceased

patients, the levels of SAA, CRP, and SAA/L consistently increased,

whereas L decreased ( Table 6 ). 

To detect if SAA and L dynamic changes are valuable in pre-

dicting the patient outcome, the authors used ROC curve analy-

sis to calculate the AUC of the difference of SAA, L, and SAA/L

between the first and third time point, with the criteria of pa-

tient discharge as negative whereas patient death as positive. The

results showed that AUC from high to low were L1-L3 > SAA3-

SAA1 > SAA3/L3-SAA1/L1, with the specific value of 0.925, 0.884,

and 0.863, respectively ( Fig. 5 ). 
Please cite this article as: H. Li, X. Xiang and H. Ren et al., Serum Am
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he relationship between CT imaging and clinical outcome 

The CT imaging features were evaluated and scored as follows:

ormal (0 points), mild (1 point), progressive (2 points), and se-

ere (3 points). Of the CT scans performed at admission, 98.5%

130/132) showed abnormalities, and only two cases were normal. 

Figs. 6 and 7 showed the CT imaging changes and SAA dynamic

hanges of the two patients in different periods. SAA detection is

onsistent with CT in judging the change of the disease, even more

ensitive. 

Of ten exacerbating patients, seven of them had the second CT

can showing the worsening of disease; Of six deceased patients,

ve of them had the second CT imaging showing the worsening of

isease; Of six exacerbating or deceased patients, five of six had

he third CT scan showing the worsening of disease. Additionally,

ll of deceased patients had CT scans showing the worsening of

isease ( Table 7 ). 

he relationship between SAA level and serial CT scan 

According to the correlation analysis showed in Table 8 , the first

AA level at admission was correlated with the dynamic changes

f the first, second, and third CT scans. Specifically, for the patients

ith higher level of SAA1 at admission, the CT classification tended

owards severe. The correlation of the first SAA with the second CT
yloid A is a biomarker of severe Coronavirus Disease and poor 
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Table 6 

The relationship between the dynamic changes of SAA, CRP, l, SAA/L and the patient outcome at composite endpoint (M ±SD). 

outcome N SAA3-SAA1 CRP3-CRP1 L3-L1 SAA3/L3-SAA1/L1 

Discharge 51 −133.55 ±79.49 −39.35 ±36.39 0.43 ±0.41 −191.97 ±164.67 

Improved 27 −128.89 ±89.70 −39.73 ±38.84 0.44 ±0.68 −196.53 ±208.92 

Exacerbation 5 −45.00 ±154.37 4.46 ±119.26 0.08 ±0.40 −125.26 ±248.16 

Death 11 −3.55 ±90.00 −5.24 ±75.23 −0.27 ±0.30 198.19 ±399.65 

Total 94 −112.29 ±97.53 −33.14 ±50.56 0.33 ±0.54 −144.07 ±250.07 

H 17.218 4.012 20.406 14.598 

p 0.001 0.260 0.000 0.002 

Outcome N SAA3-SAA2 CRP3-CRP2 L3-L2 SAA3/L2-SAA1/L2 

Discharge 51 −59.84 ±76.34 −13.64 ±21.55 0.12 ±0.37 −76.09 ±139.69 

Improved 27 −76.96 ±87.36 −16.20 ±32.41 0.17 ±0.45 −88.40 ±116.62 

Exacerbation 5 −7.60 ±123.01 49.58 ±101.22 −0.04 ±0.41 3.44 ±291.33 

Death 11 0.82 ±82.50 20.03 ±64.78 −0.03 ±0.27 7.44 ±355.42 

Total 94 −54.88 ±85.39 −7.07 ±41.74 0.11 ±0.39 −65.62 ±180.63 

H 10.812 8.721 3.178 4.987 

p 0.013 0.033 0.365 0.173 

Table 7 

The relationship between CT imaging and clinical outcome. 

Outcome CT (2nd scan) CT (3rd scan) 

+ ( n ) — ( n ) 0 ( n ) n χ2 / p + ( n ) — ( n ) 0 ( n ) n χ2 / p 

r / p r/p 

Discharge 1 15 35 51 

χ 2 = 35.91 

1 25 14 40 χ 2 = 40.66 

Improved 6 2 19 27 p = 0.000 2 13 7 22 p = 0.000 

Exacerbation 2 1 1 4 r = 0.486 2 1 0 3 r = 0.302 

Death 5 0 1 6 p = 0.000 3 0 0 3 p = 0.013 

Total 14 18 56 88 8 39 21 68 

Fig 5. The correlation of SAA, CRP, L and SAA/L dynamics and patient outcome. 
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C  

m  
esult was higher than that with the first CT result, suggesting the

ignificance of SAA in estimating the progression of disease was

igher than CT scan alone ( Table 8 ). 

iscussion 

COVID-19 is an acute infectious disease caused by a new coron-

virus (SARS-CoV-2). The main initial symptom is mild to moderate
Please cite this article as: H. Li, X. Xiang and H. Ren et al., Serum Am
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ever. 3 , 5 Some patients may have multiple systematic symptoms

uch as chills, malaise, respiratory distress, or gastroenterological

isorders like nausea/vomiting. In some cases, the disease pro-

resses rapidly and patients develop acute respiratory distress

yndrome, septic shock, uncompensated acidosis, and coagulation

ysfunction within a few days. 5-8 The severity and prognosis of

OVID-19 are complicated by the diversity of symptoms, imaging

anifestations, and the degree of disease progression. 8 , 9 Therefore,
yloid A is a biomarker of severe Coronavirus Disease and poor 
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Fig 6. (64 year-old male patient, febrile and cough for 2 days): serial CT scans and SAA dynamic changes. 

Typical serial CT scans and SAA dynamic changes. 

Fig 7. (84 year-old male patient, febrile, hacking cough, short of breath for three days): serial CT scans and SAA dynamics, the first CT scan was mild, but SAA was more 

than 200 mg/L, and maintained at a high level, which suggest poor prognosis, the later two CT images showed severe (the patient died 21 days later after admission). 

Typical serial CT scans and SAA dynamic changes. 
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early diagnosis and appropriate treatment are essential in reducing

the morbidity and mortality of COVID-19-infected patients. 

Inflammatory factors, such as SAA, CRP, L, PCT, WBC, and

PLT are frequently used to predict, diagnose, and evaluate many

inflammatory diseases. SAA is a non-specific acute phase protein

mainly produced by cytokines IL-1 β , IL-6 and TNF- α in liver

cells. As a marker of inflammation, its clinical value is obtaining

more attention recently. 10-12 Studies report that patients with

severe acute respiratory syndrome had significantly increased

level of SAA, suggesting SAA could be used as a biomarker to

monitor the progression of respiratory diseases. 13 SAA is able to
Please cite this article as: H. Li, X. Xiang and H. Ren et al., Serum Am
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romote inflammatory response through activating chemokine and

nducing chemotaxis even at a very low concentration. 14 , 15 Studies

ave suggested that patients infected with COVID-19 had a large

mount of IL-1 β , IFN- γ , IP-10, MCP-1 and other cytokines present

n system, leading to the activation of Th1 cell. Compared with

ild patients, critically ill patients may have more IL-1 β , IL-6,

CP-1, MIP-1, TNF- α and other cytokines expressed, which boost

iver cells to produce SAA. 16 , 17 

Patients with respiratory virus infection usually have clinical

ymptoms after 36 to 48 h of infection, and SAA gradually in-

reases and reaches to peak at 3–4 day post infection. During the
yloid A is a biomarker of severe Coronavirus Disease and poor 

 

https://doi.org/10.1016/j.jinf.2020.03.035


H. Li, X. Xiang and H. Ren et al. / Journal of Infection xxx (xxxx) xxx 9 

ARTICLE IN PRESS 

JID: YJINF [m5G; April 16, 2020;13:56 ] 

Table 8 

The relationship between SAA level and serial CT scan. 

CT classification SAA1 

< 10 10–200 ≥200 �� r/p 

CT1 r = 0.382 

Normal 1 1 0 2 p = 0.000 

Mild 4 10 8 22 

Progressive 2 17 29 48 

Severe 0 4 18 22 

Total 7 32 55 94 

CT2 

Normal 1 0 0 1 r = 0.413 

Mild 6 13 8 27 p = 0.000 

Progressive 0 15 30 45 

Severe 0 4 11 15 

Total 7 32 49 88 

CT3 

Normal 0 0 0 0 r = 0.298 

Mild 5 17 22 44 p = 0.014 

Progressive 0 4 15 19 

Severe 0 1 4 5 

Total 5 22 41 68 
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hase of recovery, it is reported that SAA level continuously de-

reased and the decrease rate was faster than that of CRP. 18 CRP is

lso an acute phase protein produced when infection occurs. CRP

evel rises rapidly and the rate of increase is positively correlated

ith the severity of infection. Lymphocytes, as the key element

n immune response, have three types of cells including T cells,

 cells, and NK cells. Huang et al. 16 suggests that patients with

OVID-19 have a large amount of IL-1 β , IFN- γ , IP-10, and MCP re-

eased, causing the activation of Th1 cells, SAA, CRP, L, PCT, WBC,

nd PLT. These inflammatory factors can be used as indicators to

eflect the body’s response to infection. 

The authors of this study want to detect if these indicators

ave clinical value in COVID-19 infection. The results showed that

n COVID-19 infection, SAA and CRP levels increased significantly,

hile L decreased, and PCT, WBC, and PLT were in the normal

ange, it was consistent with Wang D’s results. 19 As the disease

rogressed from mild to critically severe, SAA and CRP gradually

ncreased, while L gradually decreased, but PLT, WBC, and PCT

ere all within the normal range. In this study, SAA < 10 mg/L was

sed as normal clinical reference value. Of 132 patients, 123 pa-

ients had SAA level above 10 mg/L. Almost all severe and critically

evere patients had SAA level greater than 10 mg/L, 12 of which

ere above 200 mg/L, suggesting that the SAA is a sensitive indi-

ator for the severity of COVID-19. ROC curve analysis shows that

UC that from high to low is: SAA/L > CRP > SAA > L, suggesting

hat SAA/L is a reliable indicator in distinguishing severe COVID-19

nfection cases from mild ones. 

Compared with the initial levels at the first time point, dynamic

hanges in SAA, CRP, L, and SAA/L levels at 3–5 day-hospitalization

second time point) and composite endpoint (the last time point)

eflected the change of patient’s condition. Patients with decreased

AA, CRP, SAA/L and elevated L had improved clinical conditions.

n addition, the results showed that SAA levels continued to in-

rease in exacerbating and deceased patients, whereas in patients

ho were discharged and well recovered, SAA fell below 3 mg/L.

he trend could be described as those patients with progressively

ecreased SAA are more likely to have a better prognosis than the

atients who have continuously high level of SAA, suggesting a

ignificant correlation between SAA dynamic change and progno-

is. This phenomenon may be related to the activation of body’s

nflammation response, which stimulates liver cells to produce a

arge amount of SAA. 20 , 21 

CT imaging has been proved to be one of the most significant

linical diagnostic methods for COVID-19. According to the corre-
Please cite this article as: H. Li, X. Xiang and H. Ren et al., Serum Am
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ation analysis in this study, the first SAA level at admission was

orrelated with the dynamic changes of the first, second, and third

T scan. Specifically, for the patients with higher level of SAA, the

T classification tended towards severe. The correlation of the first

AA with the second CT result was higher than that with the first

T result, suggesting the value of SAA in estimating the progression

f disease, especially when combined with serial CT scans during

he course of disease. 

This study also found that the ratio of SAA to L was more sensi-

ive than SAA or L used alone, as SAA/L had the highest AUC in ROC

nalysis, compared with SAA and L. The authors found there was

 significant statistical correlation of SAA/L with clinical classifica-

ion and outcomes when using these critical values as a reference

or patient categorization. 

imitations of this study 

One limitation of this study lies in it was performed in a single

edical facility, lacking the control group design due to the emer-

ent situation of COVID-19 breakout. In the future, the researchers

ill collaborate with a few medical facilities in the area and design

he control group to improve the reliability of the study. 

onclusion 

Based on the study results, SAA alone or combined with L

SAA/L) could be used as a significant marker to indicate and track

nflammation conditions in COVID-19 infected patients. SAA and L

re sensitive indicators in evaluating the severity and prognosis of

OVID-19. Monitoring dynamic changes of SAA, combined with CT

maging could be a valuable strategy in the diagnosis and treat-

ent of COVID-19. 
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