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Abstract 
Background: Serum Amyloid A (SAA) is an acute-phase reactant downstream of the pro-

inflammatory cytokines released during virus infection. However, the role of this inflammatory 

marker in SARA-CoV-2 infection is yet to be elucidated. Here, we explored the potential use 

of SAA in serum as a biomarker for monitoring the clinical course of COVID-19 patients. 

Methods: The subjects included 95 COVID-19 patients discharged from the hospital with acute 

and / or convalescent phases data, among them 69 patients had paired data. Mann-Whitney U 

statistics and Wilcoxon signed-rank test were used to compare SAA level in the acute and 

convalescent phases. A subgroup of COVID-19 patients (n=9) participated in a follow-up 

examination with repeated blood collection reach five times during the hospitalization. The 

correlations of SAA levels with laboratory testing were then analyzed using the Spearman test. 

Results: The results of the data analysis show that the media SAA levels at acute phases were 

significantly higher (P < 0.05) compared to that at baseline. Furthermore, ascensional range of 

SAA were associated with the degree of COVID-19 severity. Media SAA levels at convalescent 

phases were significantly decreased (P < 0.05) compared to that at acute phases. The same 

phenomenon was seen in patients with and without comorbidities and with fever patients except 

without fever patients. Furthermore, The SAA concentration change in 9 COVID-19 patients 

of longitudinal follow-up along with the CT score and SARS-CoV-2 nucleic acid change. In the 

course of the disease, SAA changes were greater than CRP, lymphocytes, and neutrophils. 

Conclusions: The serum SAA levels were found to be significantly correlated with course of 

the COVID-19, and may serve as a useful biomarker to monitor the complicated clinical course 

of the disease.  
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Background  

In December 2019, an outbreak of severe respiratory disease was reported in Wuhan, Hubei 

province of China, and the cause was a new coronavirus, referred to as SARS-CoV-2 [1]. This 

virus has spread nationally and to other countries as well as raised world concern because of its 

high transmissibility [2]. 

The typical symptoms of human infected with SARS-CoV-2 are fever, dry cough, dyspnea, 

myalgia, fatigue, headache, and pneumonia. In severe cases, the disease can rapidly progress 

into acute respiratory distress syndrome, septic shock, and metabolic acidosis, coagulation 

dysfunction, and even death [3]. Reverse transcription-PCR (RT-PCR) of respiratory or stool 

samples is the most commonly used laboratory diagnostic test for SARS-CoV-2 infection [4],  

as well as subsequently serological studies of anti-SARS-CoV-2 antibodies clinically applied 

[5], but they do not seem to play a role in monitoring the course of disease. Although the current 

series of chest radiographs are helpful in monitoring disease course [6], more objective and 

simple markers have not been well reported. 

SAA is primarily produced by hepatocytes in response to the inflammatory cytokines tumor 

necrosis factor–α (TNF-α), interleukin (IL)-1β and IL-6 [7]. In healthy individuals, plasma SAA 

level is within 0–10 mg/L. However, under inflammatory conditions, plasma SAA levels can 

increase exponentially, even reaching 1000 mg/L or more in some cases[8]. The upregulation 

of SAA expression has been demonstrated in several animal models of viral infection[9]. 

Similarly, human SAA expression is upregulated during the acute phase of various viral 

infections, including cytomegalovirus, herpes simplex virus, measles virus, mumps virus, 

rubella virus and varicella-zoster virus, and returns to normal during the convalescent phase of 

infection[10]. Pertaining to acute infection, enhanced SAA expression might serve as a 

mechanism by which the innate immune system attempts to control the infection.  

Changes in disease status during the treatment of COVID-19 are closely related to measures 

taken, which means that it is important to conduct appropriate monitoring of patients after 

diagnosis of COVID-19, while objective, simple and economical monitoring indicators are still 

unknown. In this study, we analyzed the serum SAA in COVID-19 patients to subsequently 

investigate the possible role in disease monitoring. 

 

Methods 

Study population and characteristics 

We performed this retrospectively study in Taizhou Public Health Medical Center (TPHMC), 

Taizhou Hospital, Zhejiang province, China, which was the designated hospital of Taizhou city. 

Between January 17, 2020 and February 27, 2020, 144 patients who fulfilled the Diagnostic 



Criteria (trial version 5) for confirmed SARS-COV-2 infection were admitted to the TPHMC. 

In 99 of these patients (69%) met discharge standards and Successful discharged. Two patients 

(2%) were excluded from this study due to a concurrent acute illness on presentation and two 

patients (2%) were absence of a recorded outcome. Consequently, the final study cohort 

comprised 95 patients whose serum SAA levels were obtained on admission and discharge, and 

whose sole acute illness was a confirmed diagnosis of SARS-COV-2 infection (Figure 1). 

COVID-19 patients’ mean age was 45.1 ± 14.1 years. There were 56 (59%) male and 39(41%) 

female patients. The most common symptoms on presentation were fever (n = 63, 66%), couch 

(n = 51, 54%), and fatigue (n = 18, 19%). The median time from symptom onset until 

presentation to the TPHMC was 5 days (IQR 3-8). The median length of hospitalization was 

15 days (IQR 10-21) (Table 1). Ninety-two (97%) patients were with abnormal chest radiograph 

and fifty (53%) patients had coexisting conditions. Older age and hospitalization days were linked 

with severe disease (Table 2; P = 0.06, P =0.000).  

 

Study Design  

To simplify data analysis, the patients were only classified as either general or severe clinical 

symptom groups based on the guideline newly released by Chinese government. General 

disease (n = 79) included patients with symptoms of fever, cough, and headache, and with 

radiological evidence of pneumonia. Severe disease (n=16) comprised patients who met any of 

the following: 1. Respiratory distress, RR≥30/min; 2. In resting state, oxygen saturation ≤93%; 

3. Partial arterial oxygen pressure (PaO2)/oxygen absorption concentration (FiO2) ≤300mmHg. 

In this study, the acute phase was defined as the period of 24 hours after presentation; the 

convalescent phase was defined as the period of 48 hours before discharge. 

Chest CT evaluation: the major CT demonstrations were described using internationally 

standard nomenclature defined by the Fleischner Society glossary and peer-reviewed literature 

on viral pneumonia, using terms including ground glass opacity (GGO), crazy-paving pattern, 

and consolidation [11, 12]. A semi-quantitative scoring system was used to quantitatively 

estimate the pulmonary involvement of all these abnormalities on the basis of the area involved 

[13]. 

 

Statistical Analysis 

Statistical analysis was performed using Prism version 7.0 software (GraphPad, San Diego, 

California). Values are presented as means ± SD or median and interquartile range (IQR) for 

the continuous variables and as number of individuals (and the percentage in each group) for 



the categorical variables. The comparison of continuous variables between groups was by 

independent samples Student’s t-test for normally distributed variables and by the Mann-

Whitney U statistics for non-normally distributed variables. The Wilcoxon signed-rank test 

were used to compare the paired samples. Correlation analysis was carried out using the 

Spearman test. Differences were considered statistically significant at P < 0.05. 

 

 

Results 
Serum SAA concentrations in the acute and convalescent Phases 

The serum concentration of SAA was significantly elevated at the acute phase of infection (8.9-, 

4.8-, and 48-fold increase in all patients, general illness and severe illness, respectively), the 

extent of which was correlated with disease severity, and significantly declined at the 

convalescent phase though did not reach to basal levels ( in all patients, general illness and 

severe illness, P= 0.000 ) (Figure 2a, Table 2). In addition, the increased SAA was observed in 

patients with severe, especially at the acute phase of infection (median and interquartile range 

(IQR) of SAA in severe vs general at acute and Convalescent phase: 480.6(118.5-1064.8) vs 

47.9(14.1-167.2) and 33.2(12.6-113.7) vs 11.3(7.1-21.8), P= 0.000 and P= 0.003, respectively). 

Similarly, the same phenomenon that the serum concentration of SAA was significantly 

elevated at the acute phase of infection and significantly declined at the convalescent phase was 

seen in patients with and without comorbidities and with fever patients except without fever 

patients (Table 2). The increased SAA was observed in patients with fever, especially at the 

acute phase of infection (120.5(31.7-246.6) vs 14.8(7.4-117.9) and 15.8(7.9-42.7) vs 9.1(6.7-

17.9), P= 0.000 and P= 0.047 in acute and Convalescent phase respectively). The same 

laboratory observation was noted in regard to patients who had coexisting conditions compared 

to those who did not; however, in this comparison, the difference was not statistically significant. 

 

Serum SAA concentrations in the acute and convalescent phases of matched 
patients 

We also analyzed serum SAA concentrations in 69 matched patients in the acute and 

convalescent phases. As shown in Figure 3, SAA expression was significantly different in the 

acute phase and the convalescent phase in the same patient, whether in all patients or in a variety 

of grouping. 
 

Dynamic changes of Serum SAA concentrations and CT score in the course of 
disease 

After admission, 9 patients were continuously monitored for five times (within 24 hours of 



admission, treatment course 1, treatment course 2, after the negative conversion of real-time 

RT-PCR and within 48 hours of discharge), we correlated its concentrations with the clinical 

findings and serial chest radiographic scores in 9 COVID-19 patients. 

After SARS-CoV-2 infection was diagnosed, the radiographic score median of these patients 

under longitudinal follow-up started to increase from a value of 9.3 to a peak of 11.2 and then 

gradually decreased to 10.1, 8.3, and finally to 5.8, demonstrating a progressive recovery (Fig. 

4). The SAA concentration showed an increase that peaked later than the radiographic score but 

then also gradually decreased along with the radiographic score to a nadir when the patient was 

discharged. 

 

Dynamic changes of Serum SAA concentrations and laboratory testing in the 
course of disease  

Among the laboratory markers, CRP, neutrophils, lymphocytes, and monocytes were followed. 

As shown in figure 5, SAA has a significant trend of change, reaching a peak in treatment 

process 3 and then rapidly decreasing. CRP slowly peaks at treatment 2 and then slowly declines. 

Neutrophils have a similar trend, but they peak at treatment 3 and change more slowly. Because 

the range of change is very small that lymphocytes can hardly see the trend, and monocytes 

have no regular trend at all. 

In the course of disease, the concentration of SAA decreased from the peak in treatment process 

3 and to a nadir in line with SARS-Cov-2 nucleic acid changed from positive to negative in 

treatment process 3 (Fig. 5). 

 

Serum SAA association with the laboratory testing in COVID-19 patients 

We analyzed the correlation between SAA levels and laboratory tests in the acute and 

convalescent phases. As shown in figure 6, CRP and lymphocytes were significantly correlated 

with SAA in both the acute phase and the convalescent phases (P<0.01). Neutrophils were 

significantly associated with SAA only in the acute phase (P=0.01). However, there was no 

significant correlation between mononuclear cells and SAA in both the acute phase and the 

convalescent phases. 
 

Discussion 

Changes in disease status during treatment in COVID-19 mean that it is important that patients 

are appropriately monitored after a diagnosis of COVID-19; therefore, the discovery of acute-

phase proteins that are strongly associated with inflammatory events is expected and entirely 

matches with the theme of this study in disease monitoring. Serial chest radiographs are helpful 



in the diagnosis and monitoring of the clinical course [6], but these explanations can be 

confusing because of the lack of experienced radiologists, the differences between observers, 

and the often sub-optimal quality of portable film taken in isolation wards to prevent the 

infection from spreading to other patients. SARS-CoV-2 antibody is usually increased at a later 

stage of disease [5] and therefore cannot be a good marker for monitoring disease levels. 

Because high titers predict the need for intensive care, it has been suggested that quantitative 

real-time RT-PCR to determine the viral load may have prognostic value [14, 15]. However, 

because the damage of SARS-CoV-2 appears to be more related to the immunopathology of the 

host reaction than to the replication of the virus, its application in disease surveillance may be 

limited or at least unclear.  

As an acute-phase protein synthesized by the liver, SAA has been reported to be increased in 

infectious and arthritic diseases and malignancies [16]. Our observations confirmed a 

significant increase in serum SAA levels during the acute phase, thus strengthening the 

association. Thus, the elevated serum levels of SAA, which are associated with inflammatory 

process and recruitment of inflammatory cells, could reflect the ongoing inflammation at the 

infection site. Pulmonary fibrosis were found in the COVID-19 patients [17]. It is also widely 

known that such damage can serve as stimuli for the production and secretion of a variety of 

inflammatory cytokines. COVID-19 patients have been shown to have markedly increased 

plasma concentrations of two inflammatory cytokines, interleukin-6 (IL-6) [3]. Knowing that 

IL-6 can rapidly induce 1000-fold increases in SAA in a synergistic manner, it thus perhaps 

explains the possible rapid induction of this acute-phase reactant at the time of SARS-CoV-2 

infection. 

Additionally, the elevation of SAA was associated with disease severity and fever. Interestingly, 

the plasma level of SAA was detected to be no difference between with and without 

Comorbidities irrespective of disease state. It is possible that underlying diseases have little 

effect on the inflammatory response induced by sras-cov-2.  

As the treatment progressed, the condition gradually improved and SAA levels significantly 

decreased at the convalescent phase. However, when discharged from the hospital, SAA levels 

did not decline to normal levels. We speculate that although the condition has recovered to the 

discharge standard, the inflammatory response of the body continues. The precise mechanism 

for the changes of SAA concentrations in COVID-19 patients remains to be investigated and 

further studies will be needed to address these possibilities. 

Using clinically useful chest radiograph scores, we found a good correlation between SAA 

concentration and the degree of pneumonia in 9 patients. However, the inflection point of its 



decline was later than the CT score, this is contrary to the change of SAA concentration in 

SARS patients earlier than the CT score reported by Timothy T.C. Yip. We speculate that this 

late decrease of SAA might be associated with the systemic inflammation, not confined to the 

lungs, although this remains to be confirmed in subsequent studies. 

Apart from SAA, other candidate acute-phase proteins, such as C-reactive protein, exist in 

various mammals[18]. SAA was found to be more sensitive than C-reactive protein in detecting 

minor inflammatory stimuli in certain viral infections [19] and in noninvasive and early 

invasive bacterial infections[20]. A study of feline disease conditions also showed that SAA 

was the earliest marker induced when compared with C-reactive protein[18].  

SAA and other biomarkers that may be discussed can be used to monitor the course of disease 

and response to treatment in COVID-19 patients as the disease progresses and as the remaining 

serum biomarkers increase or decrease in relation to the possible association with the disease 

state. Our study had limiting factors. The design of this study was retrospective study, which 

did not allow us to accurately determine when seroconversion occurred or when viral RNA 

ceased to be detectable. 

 

Conclusions 

In the current sample of patients with pandemic SARS-Cov-2 infection, the serum SAA levels 

obtained at admission and discharge were found to be significantly correlated with impending 

course of the disease. Based on this finding, it is plausible that this measurement may serve as 

a useful biomarker to monitor a complicated clinical course of the disease. 
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Figures, tables 

Fig 1 Study flowchart 

Figure 2: Serum SAA concentrations in the acute and convalescent phases  

Serum SAA concentrations of 95 COVID-19 patients in the acute and convalescent phases, (a) in all patients, general 

disease and sever disease; (b) in patients with fever and without fever; (c) in patients with and without comorbidities. 
Figure 3: Serum SAA concentrations in the acute and convalescent phases of matched patients  

Serum SAA concentrations of 95 COVID-19 patients in the acute and convalescent phases of matched patients, (a) in 

all patients, general disease and sever disease; (b) in patients with fever and without fever; (c) in patients with and 

without comorbidities. 

Figure 4: Dynamic changes of Serum SAA concentrations and CT score in the course of disease  

Course of COVID-19, (a) SAA level and CT score of nine COVID-19 patients; (b) a typical continuous CT image of a 

patient. Sputum/Throat Swab CoV +ve or -ve:  RT PCR positive or negative for SARS-CoV-2 in sputum/throat swab.  

Course of disease, 1: Admission; 2: Treatment course 1; 3: Treatment course 2; 4: After the negative conversion of real-

time RT-PCR; 5: Discharge. 

Figure 5: Dynamic changes of laboratory testing in the course of disease 

SAA level and laboratory testing of nine COVID-19 patients in the course of COVID-19.  

Sputum/Throat Swab CoV +ve or -ve:  RT PCR positive or negative for SARS-CoV-2 in sputum/throat swab. Course 

of disease, 1: Admission; 2: Treatment course 1; 3: Treatment course 2; 4: After the negative conversion of real-time 

RT-PCR; 5: Discharge. 

Figure 6: Serum SAA association with the laboratory testing in COVID-19 patients 
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Figure 1

Study �owchart



Figure 2

Serum SAA concentrations in the acute and convalescent phases Serum SAA concentrations of 95
COVID-19 patients in the acute and convalescent phases, (a) in all patients, general disease and sever
disease; (b) in patients with fever and without fever; (c) in patients with and without comorbidities.



Figure 3

Serum SAA concentrations in the acute and convalescent phases of matched patients Serum SAA
concentrations of 95 COVID-19 patients in the acute and convalescent phases of matched patients, (a) in
all patients, general disease and sever disease; (b) in patients with fever and without fever; (c) in patients
with and without comorbidities.



Figure 4

Dynamic changes of Serum SAA concentrations and CT score in the course of disease Course of COVID-
19, (a) SAA level and CT score of nine COVID-19 patients; (b) a typical continuous CT image of a patient.
Sputum/Throat Swab CoV +ve or -ve: RT PCR positive or negative for SARS-CoV-2 in sputum/throat
swab. Course of disease, 1: Admission; 2: Treatment course 1; 3: Treatment course 2; 4: After the negative
conversion of real-time RT-PCR; 5: Discharge.



Figure 5

Dynamic changes of laboratory testing in the course of disease SAA level and laboratory testing of nine
COVID-19 patients in the course of COVID-19. Sputum/Throat Swab CoV +ve or -ve: RT PCR positive or
negative for SARS-CoV-2 in sputum/throat swab. Course of disease, 1: Admission; 2: Treatment course 1;
3: Treatment course 2; 4: After the negative conversion of real-time RT-PCR; 5: Discharge.



Figure 6

Serum SAA association with the laboratory testing in COVID-19 patients


