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Abstract. – OBJECTIVE: Global health re-
sources have faced huge challenges from the 
pandemic coronavirus disease 2019 (COVID-19) 
since December 2019. Numerous clinical re-
ports have focused on the association of serum 
amyloid A (SAA) levels with severe COVID-19. 
However, a systematic analysis synthesizing 
these findings has not been performed. This 
meta-analysis aims to systematically review the 
role of SAA levels in distinguishing among pa-
tients with mild, severe, and critical COVID-19.  

MATERIALS AND METHODS: A comprehen-
sive literature search was conducted in the 
PubMed, Embase, and Web of Science data-
bases from the beginning of the COVID-19 out-
break to February 1, 2021. Two investigators in-
dependently reviewed suitable studies. Pooled 
standardized mean differences (SMDs), 95% 
confidence intervals (CIs), and correlation co-
efficients (r) were computed using a random-ef-
fects model.

RESULTS: We included 19 of 317 titles identi-
fied by our search, involving a total of 1806 mild 
cases and 1529 severe cases. Compared with 
the mild group, the severe group had marked-
ly higher SAA levels (SMD=1.155, 95% CI 0.89, 
1.42). Subgroup analysis revealed that the SAA 
level differences between the severe group and 
the mild group were associated with age, sam-
ple size, and detection method. Sensitivity anal-
yses showed the credibility and robustness of 
our results. In addition, in six studies involving 
1144 patients with severe COVID-19 and 433 pa-
tients with critical COVID-19, SAA was signifi-
cantly higher in patients with critical COVID-19 
(SMD=0.476, 95% CI 0.13, 0.82).

CONCLUSIONS: High circulating SAA levels 
were markedly associated with COVID-19 se-
verity, especially for subjects aged less than 
50 years, compared with patients with mild 

COVID-19. SAA concentrations were also signifi-
cantly higher in patients with critical COVID-19 
compared with those with severe COVID-19. Fur-
ther studies in large cohorts are needed to con-
firm whether the SAA is a useful tool in discrim-
inating among patients with stable COVID-19, 
those with acute exacerbations, and subjects 
without disease.

Key Words:
Serum amyloid A (SAA), Severe coronavirus disease 

2019 (COVID-19), Systematic review, Meta-analysis.

Introduction

Severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) caused the pandemic co-
ronavirus disease 2019 (COVID-19) for the first 
time in Wuhan, China, in December 2019. As of 
April 17, 2021, 139 501 934 cases of COVID-19 
have been confirmed, with 2 992 193 deaths wor-
ldwide1. The pneumonia and accompanying mul-
tiple organ dysfunction syndrome and respiratory 
distress syndrome associated with COVID-19 can 
rapidly progress and lead to death2,3. To date, the 
anti-SARS-CoV-2 immunoglobulin M (IgM) and 
reverse transcription-PCR (RT-PCR) targeting 
different SARS-CoV-2 genomic regions, inclu-
ding the ORF1B and nucleocapsid (N), are the 
most commonly used laboratory diagnostic tests 
for COVID-194, However, they do not appear to 
play a role in monitoring the progress of the dise-
ase. Increased serum amyloid A (SAA) has been 
reported in COVID-19, and the degree of increase 
is correlated with disease severity5. However, to 
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date, the causative, independent, and quantita-
tive contributions of SAA levels to COVID-19 
have not yet been thoroughly elucidated. In this 
study, we conducted a systematic review and me-
ta-analysis of published studies in an attempt to 
identify the relationship between SAA levels and 
COVID-19 patients and subsequently investigate 
the possible roles of SAA in disease monitoring. 

Materials and Methods

Search and Selection
We performed a systematic literature search in 

the PubMed, Web of Science, and Embase data-
bases, with the following medical subject headin-
gs and keywords: “serum amyloid A” or “SAA” 
and “betacoronavirus” or “betacoronavirus 1” 
or “coronavirus infection” or “coronavirus” or 
“SARS-CoV-2 OR COVID-19”. We did select 
language restrictions. We also included titles 
cited in other systematic reviews on SAA and 
COVID-19. This report reflects the state of the 
literature as of January 31, 2021.

Three authors (D.Z., W.H., and M.L.) inde-
pendently selected eligible studies in two stages: 
(1) screening titles and abstracts and (2) reading 
full-text articles. We obtained full texts from 
interlibrary loans and databases or by contacting 
the corresponding authors. At the end of each 
stage, the reviewers compared their decisions and 
resolved discrepancies.

We included all the studies that have addressed 
inflammatory-related laboratory factors in moni-
toring severe COVID-19 infection, including re-
trospective and prospective studies. We excluded 
duplicate reports, reviews, case reports, animal 
trials, studies in the form of conference procee-
dings, and abstracts (Supplementary Materials, 
Excluded with reasons). The exclusion criteria 
included: (1) insufficient data for detailed analy-
sis, (2) studies that did not differentiate between 
mild and severe COVID-2019, (3) coronavirus 
strains other than SARS-CoV-2, and (4) studies 
with unusable data. In addition, the diagnostic 
criteria for COVID-2019 were based on RT-PCR. 
When two or more studies were published by the 
same authors or institutions, the study having the 
largest sample size was selected.

Data Extraction
Two reviewers (F.G. and Y.L.) filtered the 

abstracts and collected data independently. Fur-
thermore, a third reviewer (C.T.) assessed these 

articles and solved any arisen argument. The 
following data from each study were collected: 
(1) first author and publication year; (2) characte-
ristics of the study, such as gender and age; (3) 
study design type; (4) grouping data (mild and 
severe case, N, the mean ± SD of SAA); and (5) 
SAA detection method.

The included studies all were performed in 
China. Patient status was defined based on the 
New Coronavirus Pneumonia Prevention and 
Control Program (6th and 7th editions) published 
by the Chinese National Health Committee6,7. 
Patients with uncomplicated illness were those 
without radiologic findings of pneumonia, whe-
reas those with mild disease had respiratory 
symptoms, fever, and findings consistent with 
pneumonia upon chest imaging examination. A 
severe case was defined clinically as having re-
spiratory distress with a respiratory rate of ≥ 30/
min, an oxygenation index (oxygen partial pres-
sure/fraction of inspired oxygen) of ≤ 300 mm 
Hg, and a resting pulse oxygen saturation (SpO2) 
of ≤ 93%. A critically ill case was defined as 
patients with shock, respiratory failure requiring 
mechanical ventilation, or simultaneous failure 
in another organ requiring intensive care unit 
monitoring.

Literature Quality Assessment
We used the Newcastle-Ottawa Scale (NOS) to 

assess the quality of literature8. Three indepen-
dent reviewers (C.T., L.S., and Y.S.) assessed the 
risk of bias according to the recommendations of 
PRISMA. The NOS evaluated nine questions, wi-
th one point for each satisfactory answer. Studies 
achieving six or more points were considered to 
be of high quality.

Statistical Analysis
The main outcome of the meta-analysis was 

the difference in SAA values among patients 
with mild, severe, and critical COVID-19. In this 
regard, the standard mean differences (SMDs) 
with 95% confidence intervals (CIs) of the con-
tinuous data extracted from eligible studies were 
calculated. p < 0.05 was considered statistically 
significant. In some studies, mean and standard 
deviation were estimated from the median and 
quartiles of SAA levels9,10.

Heterogeneity of SMDs across studies was 
assessed using the Q statistic (p < 0.10 was con-
sidered statistically significant). Heterogeneity 
between studies was assessed using the I2 statistic 
(I2 < 25%, no heterogeneity; I2 between 25% and 
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50%, moderate heterogeneity; I2 between 50% 
and 75%, large heterogeneity; I2 > 75%, extreme 
heterogeneity)11,12. A random-effects model was 
applied to calculate the corresponding 95% con-
fidence intervals and pooled SMDs. Funnel plots, 
means of Begg’s adjusted rank correlation tests, 
and Egger’s regression asymmetry tests were 
used to assess potential publication bias (p < 0.05 
was considered statistically significant)13. Sensiti-
vity analysis was applied to determine reliability 
and stability14. Subgroup analysis and meta-re-
gression analyses were also performed to further 
assess the sources of heterogeneity according to 
age, SAA detection method, sample size, and ci-
ty. All statistical analyses were performed using 
Excel and STATA statistical package version 12.0 
(STATA version 12.0, Stata Corporation, College 
Station, TX, USA).

Results

Characteristics of Eligible Studies
A flow chart describing the study selection is 

presented in Figure 1. The characteristics of the 
nineteen studies investigating the SAA in severe 
COVID-19 versus mild cases are presented in 
Table I15-33. These studies consisting of seventeen 
retrospective studies and two cross-sectional stu-
dies. All included studies were published as full 
articles in 2020. SAA concentrations were tested 

by immunonephelometry in two of the articles, 
cytometry in one article, and via colloidal gold in 
one article. The nineteen studies included eight 
conducted in Wuhan and eleven in other regions 
of China. High methodological quality was found 
in the studies of Zeng et al15, Liu et al18, Li et al19, 
Yang et al20, Chen et al21, Li et al23, Xu et al25, 
Wang et al27, Liu et al29, Yu et al31, Fu et al33. The 
studies of Shi et al16, Xu et al17, Mo et al22, Xia et 
al24, Zhao et al26, Zhang et al28, Dong et al30 and 
Chen et al32 had low methodological quality.

Meta-Analysis
The random-effects meta-analysis showed 

that patients with severe COVID-19 exhibited 
increased SAA levels compared with mild cases 
(SMD=1.155, 95% CI 0.89, 1.42; Figure 2). No si-
gnificant change was found when any study was 
excluded using a random-effects model during 
sensitivity analyses, which indicated that the re-
sult was statistically robust (Figure 3). Subgroup 
analyses were performed to find the heteroge-
neity source (Table II). When divided by sample 
size, the number of participants more or less 
than 100 both showed average SAA levels that 
were markedly increased in patients with severe 
COVID-19 compared with mild cases (SMD 
1.07, 95% CI 0.77 to 1.36, p < 0.001; SMD 1.4 6, 
95% CI 0.78 to 2.14, p < 0.001). When stratified 
by age, SAA levels in the severe group with me-
an age ranges of 39–50 (SMD 1.53, 95% CI 1.10 

Figure 1. Flow chart show-
ing the Literature Search and 
Selection. Specific reasons 
for exclusion of studies are 
also shown.
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Table I. Characteristics of 19 studies included in the meta-analysis.

						          COVID-19 mild group 			           	COVID-19 severe group		

		  Study			   Age	 Gender	 SAA mean ± SD/median		  Age	 Gender	 SAA mean ± SD/median	 Detection
	Author	 design	 NOS 	 N	 (years)	 (F/M)	 (IQR)	 N	 (years)	 (F/M)	 (IQR)	 methodt

Zeng JK	 R	 7	   36	 54 (22-86)	 16/20	 99.5 (3.6-237.9)	   41	 62 (29-88)	 13/28	 115.4 (17.9-248.3)	 Immunonephelometry
Shi YL 	 R	 5	 150	         -	 84/66	 25.78 (4.63-156.15)	     8	 -	 4/4	 200 (187.35-250.33)	 Immunonephelometry
Xu B 	 R	 5	   80	 56 (44-67)	 50/30	 83.62 (11.59-202.50)	   45	 60 (46-67)	 14/31	 292.32 (153.03-301)	 Cytometry
Liu SL 	 R	 6	 194	 43 (33-57)	 103/91	 3.91 (1-18.79)	   31	 64 (45-66)	 14/17	 48.57 (9.3-469.16)	 Colloidal Gold
Li H 	 R	 6	   60	 57.32 ± 11.52	 32/28	 123.57 ± 75.81	   56	 66.55 ± 12.05	 19/37	 171.91 ± 56.89	 -
Yang RR 	 R	 6	   61	         -	 -	 67.04 (43.14-102.06)	   11	         -	 -	 140.20 (58.21-265.18)	 -
Chen MQ 	 R	 6	   47	 42.04 ± 15.96	 23/24	 109.52 ± 85.63	   24	 56.92 ± 15.87	 4/20	 169.92 ± 66.56	 -
Mo XN 	 R	 5	 102	         -	 -	 40.42 ± 56.62	   16	         -	 -	 198.32 ± 55.12	 -
Li L 	 R	 7	   22	 39.1 ± 12.2	 10/12	 96.53 ± 31	   12	 52.1 ± 14.2	 5/7	 260.58 ± 54.58	 -
Xia XT 	 R	 5	   32	 62.25 ± 15.07	 17/15	 176.59 (37.833-300)	   31	 64.55 ± 14.88	 13/18	 300 (194.83-300)	 -
Xu J 	 R	 6	 125	 39.84 ± 15.09	 57/67	 87.64 ± 34.85	   30	 50.97 ± 13.55	 10/20	 137.00 ± 70.23	 -
Zhao K 	 R	 5	   19	 49 (36-65)	 12/9	 57 (27-121)	   18	 55(46-63)	 4/14	 501 (313-721)	 -
Wang D 	 C	 7	   72	 44 (32-60)	 43/29	 40.6 (13.6-141)	   71	 65 (53-69)	 27/44	 477.7 (209-996)	 -
Zhang QH 	 R	 5	   47	 61(54-67)	 29/18	 10.84 (5.99-55.15)	   27	 72 (58-81)	 9/18	 106.05 (52.05-167.62)	 -
Liu Q 	 C	 7	   59	 49 (33-57)	 28/31	 14.7 (7.43-28.69)	   25	 52 (45-67)	 11//14	 65.75 (14.3-117.8)	 -
Dong YL 	 R	 5	   94	 40 (32-56)	 60/34	 71.25 (19.08-342.93)	   53	 60 (49-64)	 24/29	 685.5 (282.05-730.25)	 -
Yu YL 	 R	 6	 239	         -	 -	 5.42 (4.39-7.87)	 862	         -	 -	 24.74 (5-129.3)	 -
Chen RH 	 R	 5	 345	 67.3 ± 12.1	 163/182	 166.65 (43.93-250.3)	 155	 60.9 ± 13.8	 62/93	 198.8 (153.2-241.8)	 -
Fu J 	 R	 6	   22	 40.77 ± 9.06	 11/11	 89.78 ± 54.75	   13	 60.08 ± 15.51	 11/2	 144.29 ± 57.33	 -

SAA, serum amyloid A; IQR, interquartile range; COVID-19, coronavirus 2019; NOS, Newcastle-Ottawa quality assessment scale; R, retrospective; C, cross-sectional.
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Figure 2. Forest Plot of serum amyloid A level differences between severe COVID-19 group and mild group. The pooled 
effect size was estimated using random-effects model.

Figure 3. Sensitivity Analysis of SAA level difference between severe COVID-19 group and mild group by excluding one 
study at a time. The horizontal axis represented the SMD value and its 95% confidence interval. The SMD effect size was 
estimated using random-effects model.
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to 1.97, p < 0.001) and 51–59 (SMD 0.7, 95% CI 
0.16 to 1.24, p < 0.001) years were higher than 
those in the mild group, but not in patients > 60 
years old. When stratified by outbreak city, re-
gardless of whether patients were from Wuhan, 
the severe groups had significantly higher avera-
ge SAA levels than mild cases (SMD 1.17, 95% 
0.82 to 1.53, p < 0.001; SMD 1.14, 95% 0.65 to 
1.83, p < 0.001). Meta-regression was performed 
to further identify the sources of heterogeneity 
(Table III). The p values from meta-regression 
analysis with the covariate of SAA detection 
method, age, city, sample size, and study desi-
gn were 0.757, 0.266, 0.858, 0.442, and 0.922, 
respectively. Thus, no covariate significantly 
contributed to the between-study heterogeneity. 
Egger’s or Begg’s test was used to assess for 
publication bias, and a trend toward publication 
bias was observed (Begg, p = 0.142; Egger, p 
= 0.001). When the trim-and-fill method was 

used to correct the results, eight potential mis-
sing studies were required in the left side of the 
funnel plot to ensure symmetry (Figure 4). The 
adjusted SMD was reduced (SMD 0.68, 95% CI 
0.40 to 0.97, p < 0.001). 

Subsequently, the meta-analyses of SAA le-
vels between the critical COVID-19 group and 
the severe group were performed in six studies 
(Figure 5, Table IV). They comprised a total of 
1144 patients with critical COVID-19 (mean age 
66.36 ± 13.29 years) and 433 patients with severe 
COVID-19 (mean age 61.09 ± 14.18). Compared 
with the severe group, the critical group had 
significantly higher average SAA levels (SMD 
0.476, 95% 0.13 to 0.82, p = 0.001). Significant 
heterogeneity was found between studies (I2 = 
76.6%, p < 0.001). Sensitivity analysis indicated 
that pooled SMD values were not substantially 
altered when single studies were removed, indi-
cating that the results of the meta-analysis were 

						      Heterogeneity
			   Study
	 Variable	 Subgroup	 number 	 SMD (95% CI)	 X2	 I2	 p-value

Total	 All studies	 19	 1.18 (1.00 to 1.36)	   30.75	 57.7%	 0.004
Sample size	﹥  100	 13	 1.07 (0.77 to 1.36)	 111.47	 89.2%	 < 0.001
	 ≤ 100	   6	 1.46 (0.78 to 2.14)	   32.99	 84.8%	 < 0.001
Age	 ≤ 50	   9	 1.53 (1.10 to 1.97)	   47.19	 83%	 < 0.001
	 51-59	   4	 0.70 (0.16 to 1.24)	   31.84	 90.6%	 < 0.001
	 ≥ 60	   3	 0.87 (0.44 to 1.30)	     5.06	 60.5%	 0.08
	 Unknown	   3	 1.11 (0.37 to 1.86)	   11.82	 83.1%	 0.003
City	 Wuhan	 11	 1.17 (0.82 to 1.53)	   77.54	 87.1%	 < 0.001
	 Others	   8	 1.14 (0.65 to 1.63)	   72.63	 90.5%	 < 0.001
Detection	 Unknown	 15	 1.10 (0.84 to 1.38)	   107.9	 87%	 < 0.001
	 Immunonephelometry	   2	 0.68 (-0.57 to 1.92)	     8.5	 88.2%	 0.004
	 Cytometry	   1	 1.22 (0.82 to 1.62)	 -	 -	 -
	 Colloidal Gold	   1	 4.03 (2.82 to 5.25)	 -	 -	 -
Study design	 Retrospective	 17	 1.16 (0.87 to 1.46)	 146.03	 89%	 < 0.001
	 Cross-sectional	   2	 1.15 (0.86 to 1.44)	     0.07	 0.0	 0.790

Table II. Subgroup of serum amyloid A (SAA) level differences between severe group and mild group.

The SMD effect size estimated using random-effects model; SAA, serum amyoid A; SMD were SAA level difference between 
severe group and mild group.

Table III. Meta-regression of serum amyloid A level differences between severe group and mild group.

	 Covariates	 β	 SE	 T	 p values	 95% Cl	 Tau2	 Adjusted R2 (%)

Detection	 1.06	 0.20	   0.31	 0.757	 0.70 to 1.59	 0.50	 -7.29%
Age	 0.83	 0.14	 -1.15	 0.266	 0.59 to 1.17	 0.45	   2.93%
City	 0.93	 0.36	 -0.18	 0.856	 0.41 to 2.10	 0.51	 -9.47%
Sample size	 0.75	 0.26	 -0.79	 0.442	 0.36 to 1.59	 0.50	 -6.08%
Study design	 0.94	 0.57	 -0.10	 0.922	 0.26 to 3.39	 0.51	 -9.72%

β, regression coefficients; SE, standard error of regression coefficients; Tau 2, study between the component of variation size; 
adjusted R2(%), the current covariate can explain the size of heterogeneity.
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robust (Figure 6). No evidence of publication 
bias was observed (Begg, p = 1.000; Egger, p = 
0.235). 

Discussion

COVID-19 has rapidly spread across the world 
since December 2019 and precipitated a global 
crisis. The most common initial clinical symp-

toms of patients with COVID-19 are cough, fever, 
fatigue, and the usual development of bilateral 
multiple lobular and subsegmental areas of con-
solidation within 15 days after symptom on-
set34,35. The consolidation usually clears quickly 
but progresses to bilateral ground-glass opacity34. 
Serial chest radiographs are helpful in the scre-
ening and monitoring of the clinical course36,37, 
but their interpretation can be confounded by a 
lack of available experienced radiologists, similar 
imaging characteristics as pneumonia caused by 
other viruses, inter-observer variability, and the 
frequently suboptimal quality of images photo-
graphed in isolation wards to avoid the epidemic 
spreading to other patients38,39. 

A great amount of COVID-19 studies repor-
ted that the abnormalities in clinical laboratory 
parameters were related to COVID-19 severity, 
particularly in severe and critically ill patients40. 
SARS-CoV-2 antibody is usually increased at a 
later stage of COVID-1941 and is therefore un-
suitable as a marker for monitoring disease pro-
gression. An increased neutrophil-to-lymphocyte 
ratio, a fairly common occurrence in disease 
severity42, is a potential marker for disease acti-
vity. However, lymphocyte counts are affected 
by treatment with intravenous immunoglobulins 
and steroids, as well as the presence of bacterial 
infections or other superimposed viral infections, 
making it less meaningful for monitoring the 

Figure 4. Funnel plot of studies investigating severe 
COVID-19 group and mild group after trimming and fill-
ing. Dummy studies and genuine studies are represented by 
enclosed circles and free circle, respectively.

Figure 5. Forest Plot of serum amyloid A level differences between critical COVID-19 group and severe group. The pooled 
effect size was estimated using random-effects model.
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Table IV. Summary of the studies on critical COVID-19 vs severe group included in the meta-analysis.

						      COVID-19 severe group			           	COVID-19 critical group	

		  Study	 NOS		  Age	 Gender	 SAA mean ± SD/median		  Age	 Gender	 SAA mean ± SD/median	 Detection
	Author	 design	 (stars)	 N	 (years)	 (F/M)	 (IQR)	 N	 (years)	 (F/M)	 (IQR)	 methodt

Shi YL 	 R	 5	 8	 -	 4/4	 200 (187.35-250.33)	 6	 -	 1/5	 234.77 (174.28-298.38)	 Immunonephelometry
Xu B 	 R	 5	 45	 60 (46-67)	 14/31	 292.32 (153.03-301)	 62	 70 (60.25-76.75)	 20/42	 301 (258.48-301)	 Cytometry
Li H 	 R	 6	 56	 66.55 ± 12.05	 19/37	 171.91 ± 56.89	 16	 64.06 ± 13.36	 6/10	 181 ± 40.66	 -
Zhao K 	 R	 5	 18	 55 (46-63)	 4/14	 501 (313-721)	 13	 66 (56-74)	 4/9	 1359 (499-1795)	 -
Yu YL 	 R	 6	 862	 -	 -	 24.74 (5-129.3)	 288	 -	 -	 117.4 (72.76-197.1)	 -
Chen RH 	 R	 5	 155	 60.9 ± 13.8	 62/93	 198.8 (153.2-241.8)	 48	 64.1 ± 13.6	 10/38	 191.25 (162.5-255.8)	 -

SAA, serum amyloid A; IQR, interquartile range; COVID-19, coronavirus 2019; NOS, Newcastle-Ottawa quality assessment scale; R, retrospective; C, cross-sectional.
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disease activity of COVID-19. Other biomarkers, 
including lactate dehydrogenase (LDH), aspartate 
aminotransferase (AST), and alanine aminotran-
sferase (ALT), have been associated with severe 
and critically ill disease40,43,44. Because these en-
zymes can originate from different organs, such 
as the liver, heart, and skeletal muscles, disease 
conditions in these organs also result in their ab-
normal elevation. Thus, a change in LDH, AST, 
and ALP activities may not be specific enough for 
monitoring COVID-19 infection.

During the progression from mild to severe/
critical COVID-19 disease, an increasing trend 
of ferritin, SAA, procalcitonin, IL-6, PCT, and 
CRP and a decreasing trend of prealbumin and/
or albumin have been frequently observed45,46, 
indicating the crucial role of these markers in 
predicting COVID-19 course and severity. SAA, 
one of the normal constituents of blood serum, is 
synthesized prominently in the liver. SAA com-
prises four families of molecules, among which 
SAA1 and SAA2 are the most prominent mem-
bers of the acute phase response proteins; their 
serum levels rise sharply with infection, trauma, 
and other stimuli (including the acute inflamma-
tory stimulus)47. Yip et al39 performed profiling 
technology combining mass spectrometry with 
a surface-enhanced biochip and found that SAA 
was substantially higher in patients with SARS 
compared with control patients with different 
bacterial or viral infections; furthermore, SAA 
concentrations correlated well with the extent of 
pneumonia39. Circulating SAA is approximately 
10-fold greater than CRP levels in physiologic le-

vels, suggesting that SAA may be more sensitive 
than CRP in detecting minor inflammation48.

The precise mechanism for the increase of SAA 
concentration in patients with COVID-19 remains 
unknown. These patients are characterized by 
diffuse alveolar damage49, Multiple inflammatory 
factors, including IL-6 and IL-1, are produced 
and secreted by diffuse alveolar damage stimuli. 
Given that IL-6 and IL-1 can rapidly induce a 
1000-fold increase in SAA in a synergistic man-
ner50, we postulated whether SAR-CoV-2 targets 
alveolar macrophages and causes increased IL-6, 
which subsequently results in increased SAA le-
vels. However, further investigations are needed.

In this meta-analysis, we found that (a) SAA 
levels were significantly higher in patients with 
severe COVID-19 compared with mild subjects, 
and the magnitude of the differences (278%) was 
enough to allow clear discrimination; and (b) 
SAA levels were significantly higher in patients 
with critical COVID-19 compared with severe 
groups. Further studies in large cohorts are ne-
eded to determine whether the SAA is useful to 
discriminate among patients with mild, severe, 
and critical COVID-19 and subjects without di-
sease. Notably, the differences in the SAA levels 
between patients with severe and critical CO-
VID-19 observed in our study (163% in critical 
COVID-19) suggest that this biomarker may be 
particularly useful for the identification of patien-
ts with critical COVID-19. 

This review has some limitations worth noting. 
First, the studies evaluated in the present review 
often involved small sample sizes and were lar-
gely limited to cases in a single country. Second, 
most of the studies were less likely to include 
healthy controls, with a predominant patient po-
pulation from China. Furthermore, Egger’s tests 
and funnel plots showed strong publication bias, 
which may originate from the tendency of resear-
chers and editors to report positive results. Third, 
the exact timeline of laboratory sample collection 
and serial sample measurements is lacking. Fi-
nally, most of the studies were retrospective in 
design, incomplete, and failed to report final 
outcomes due to the need for rapid publishing 
during the current pandemic.

Conclusions

Our results demonstrate that circulating SAA 
levels are significantly higher in patients with 
severe COVID-19 compared with mild cases. 

Figure 6. Sensitivity Analysis of SAA level difference 
between critical COVID-19 group and severe group by ex-
cluding one study at a time. The horizontal axis represented 
the SMD value and its 95% confidence interval. The SMD 
effect size was estimated using random-effects model.
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However, the magnitude of the reported diffe-
rence was reduced after trim-and-fill adjustment. 
Furthermore, SAA levels in patients with critical 
COVID-19 are significantly higher than those 
in severe patients. These findings suggest that 
high SAA levels are closely associated with CO-
VID-19 disease conditions. SAA and the other 
biomarkers discussed may be used to monitor 
disease activity and treatment in patients with 
COVID-19.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding Acknowledgments
This study was supported by the Youth Science Fund 
Project of Guangxi medical university (Grant no. GX-
MUYSF201939).

References

  1)	 World Health Organization. WHO coronavirus 
disease (COVID-19) dashboard. https://covid19.
who.int/. Accessed April 17, 2021. 

  2)	 Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, 
Chen L, Li M, Liu Y, Wang G, Yuan Z, Feng Z, 
Zhang Y, Wu Y, Chen Y. Reduction and functional 
exhaustion of T cells in patients with Coronavirus 
disease 2019 (COVID-19). Front Immunol 2020; 
11: 827.

  3)	 Wang W, Liu X, Wu S, Chen S, Li Y, Nong L, Lie 
P, Huang L, Cheng L, Lin Y, He J. Definition and 
risks of cytokine release syndrome in 11 critical-
ly ill COVID-19 patients with pneumonia: analysis 
of disease characteristics. J Infect Dis 2020; 222: 
1444-1451.

  4)	 Carter L, Garner L, Smoot J, Li Y, Zhou Q, 
Saveson C, Sasso J, Gregg AC, Soares DJ, 
Beskid TR, Jervey SR, Liu C. Assay techniques 
and test development for COVID-19 diagnosis. 
ACS Cent Sci 2020; 6: 591-605.

  5)	 Akbari H, Tabrizi R, Lankarani KB, Aria H, Va-
kili S, Asadian F, Noroozi S, Keshavarz P, Fara-
marz S. The role of cytokine profile and lympho-
cyte subsets in the severity of coronavirus dis-
ease 2019 (COVID-19): a systematic review and 
meta-analysis. Life Sci 2020; 258: 118167-118167.

  6)	 National Health Commission of the People’s Re-
public of China and National Administration of 
Traditional Chinese Medicine. Diagnosis & Treat-
ment Scheme for Novel Coronavirus Pneumonia 
(Trial) 6th Edition., (n.d.). 

  7)	 Zhong Z, Huang J, Yang X, Peng J, Zhang X, Hu 
Y, Fu N, Lin H, Jiang B, Tian Y, Yao H, Deng L, 
Tang X, Zhou J, Tang J, Xie X, Liu Q, Liu J, Dou 

C, Dai R, Yan B, Yang X. Epidemiological and 
clinical characteristics of COVID-19 patients in 
Hengyang, Hunan Province, China. World J Clin 
Cases 2020; 8: 2554-2565.

  8)	 Stang A. Critical evaluation of the Newcastle-Ot-
tawa scale for the assessment of the quality of 
nonrandomized studies in meta-analyses. Eur J 
Epidemiol 2010; 25: 603-605.

  9)	 Hozo SP, Djulbegovic B, Hozo I. Estimating the 
mean and variance from the median, range, and 
the size of a sample. BMC Med Res Methodol 
2005; 5: 13-13.

10)	 Luo D, Wan X, Liu J, Tong T. Optimally estimating 
the sample mean from the sample size, median, 
mid-range, and/or mid-quartile range. Stat Meth-
ods Med Res 2018; 27: 1785-1805.

11)	 Higgins JP, Thompson SG. Quantifying heteroge-
neity in a meta-analysis. Stat Med 2002; 21: 1539-
1558.

12)	 Bowden J, Tierney JF, Copas AJ, Burdett S. 
Quantifying, displaying and accounting for het-
erogeneity in the meta-analysis of RCTs using 
standard and generalised Q statistics. BMC Med 
Res Methodol 2011; 11: 41-41.

13)	 Begg CB, Mazumdar M. Operating characteris-
tics of a rank correlation test for publication bias. 
Biometrics 1994; 50: 1088-1101.

14)	 Xuan C, Tian Q, Li H, Zhang B, He G, Lun L. Lev-
els of asymmetric dimethylarginine (ADMA), an 
endogenous nitric oxide synthase inhibitor, and 
risk of coronary artery disease: A meta-analysis 
based on 4713 participants. Eur J Prev Cardiol 
2016; 23: 502-510.

15)	 Zeng Z, Hong X, Li Y, Chen W, Ye G, Li Y, Luo Y. 
Serum-soluble ST2 as a novel biomarker reflect-
ing inflammatory status and illness severity in 
patients with COVID-19. Biomark Med 2020; 14: 
1619-1629.

16)	 Shi Y, Ou J, Chen X, Tan M, Li F, Liu Y. Expres-
sions of multiple inflammation markers in the pa-
tients with COVID-19 and their clinical values. 
Chinese Journal of Laboratory Medicine 2020; 
43: 346-351.

17)	 Xu B, Fan C, Wang A, Zou Y, Yu Y, He C, Xia W, 
Zhang J, Miao Q. Suppressed T cell-mediated im-
munity in patients with COVID-19: a clinical retro-
spective study in Wuhan, China. Journal of Infec-
tion 2020; 81: E51-E60.

18)	 Liu S, Wang S, Sun Y, Jia Q, Yang C, Cai P, Li J, 
Wang L, Chen Y. Expressions of SAA, CRP, and 
FERR in different severities of COVID-19. Eur Rev 
Med Pharamacol Sci 2020; 24: 11386-11394.

19)	 Li H, Xiang X, Ren H, Xu L, Zhao L, Chen X, Long 
H, Wang Q, Wu Q. Serum Amyloid A is a biomark-
er of severe Coronavirus Disease and poor prog-
nosis. J Infect 2020; 80: 646-655.

20)	 Yang R, Gui X, Gao S, Ke H, Xiong Y. Clinical 
progression and changes of chest CT findings 
among asymptomatic and pre-symptomatic pa-
tients with SARS-CoV-2 infection in Wuhan, Chi-
na. Expert Rev Respir Med 2021; 15: 411-417.



Association between serum amyloid A levels and predicting disase severity in COVID-19 patients

4637

21)	 Chen M, Wu Y, Jia W, Yin M, Hu Z, Wang R, Li 
W, Wang G. The predictive value of serum amy-
loid A and C-reactive protein levels for the sever-
ity of coronavirus disease 2019. Am J Transl Res 
2020; 12: 4569-4575.

22)	 Mo X, Su Z, Lei C, Chen D, Peng H, Chen R, 
Sang L, Wu H, Li S. Serum amyloid A is a predic-
tor for prognosis of COVID-19. Respirology 2020; 
25: 764-765.

23)	 Li L, Chen C. Contribution of acute-phase reac-
tion proteins to the diagnosis and treatment of 
2019 novel coronavirus disease (COVID-19). Epi-
demiol Infect 2020; 148: e164-e164.

24)	 Xia X, Wen M, Zhan S, He J, Chen W. An in-
creased neutrophil/lymphocyte ratio is an early 
warning signal of severe COVID-19. J South Med 
Univ 2020; 40: 333-336.

25)	 Xu J, Zhao F, Han M, Ma L, Zhang T. Analysis 
of the clinical characteristics and early warning 
model construction of severe/critical coronavi-
rus disease 2019 patients. Zhonghua Wei Zhong 
Bing Ji Jiu Yi Xue 2020; 32: 401-406.

26)	 Zhao K, Huang J, Dai D, Feng Y, Liu L, Nie S. Se-
rum iron level as a potential predictor of Corona-
virus Disease 2019 severity and mortality: a ret-
rospective study. Open Forum Infect Dis 2020;7: 
ofaa250. 

27)	 Wang D, Li R, Wang J, Jiang Q, Gao C, Yang J, 
Ge L, Hu Q. Correlation analysis between dis-
ease severity and clinical and biochemical char-
acteristics of 143 cases of COVID-19 in Wuhan, 
China: a descriptive study. BMC Infect Dis 2020; 
20: 519-519.

28)	 Zhang Q, Wei Y, Chen M, Wan Q, Chen X. Clin-
ical analysis of risk factors for severe COVID-19 
patients with type 2 diabetes. J Diabetes Compli-
cations 2020; 34: 107666-107666.

29)	 Liu Q, Dai Y, Feng M, Wang X, Liang W, Yang F. 
Associations between serum amyloid A, interleu-
kin-6, and COVID-19: a cross-sectional study. J 
Clin Lab Anal 2020; 34: e23527-e23527.

30)	 Dong Y, Zhou H, Li M, Zhang Z, Guo W, Yu T, Gui 
Y, Wang Q, Zhao L, Luo S, Fan H, Hu D. A nov-
el simple scoring model for predicting severity of 
patients with SARS-CoV-2 infection. Transbound 
Emerg Dis 2020; 67: 2823-2829.

31)	 Yu Y, Liu T, Shao L, Li X, He C, Jamal M, Luo Y, 
Wang Y, Liu Y, Shang Y, Pan Y, Wang X, Zhou F. 
Novel biomarkers for the prediction of COVID-19 
progression a retrospective, multi-center cohort 
study. Virulence 2020; 11: 1569-1581.

32)	 Chen R, Sang L, Jiang M, Yang Z, Jia N, Fu W, 
Xie J, Guan W, Liang W, Ni Z, Hu Y, Liu L, Shan 
H, Lei C, Peng Y, Wei L, Liu Y, Hu Y, Peng P, 
Wang J, Liu J, Chen Z, Li G, Zheng Z, Qiu S, Luo 
J, Ye C, Zhu S, Zheng J, Zhang N, Li Y, He J, Li J, 
Li S, Zhong N, Med Treatment Expert Grp C. Lon-
gitudinal hematologic and immunologic variations 
associated with the progression of COVID-19 
patients in China. J Allergy Clin Immunol Pract 
2020; 146: 89-100.

33)	 Fu J, Huang P, Zhang S, Yao Q, Han R, Liu 
H, Yang Y, Zhang D. The value of serum amy-
loid A for predicting the severity and recovery of 
COVID-19. Exp Ther Med 2020; 20: 3571-3577.

34)	 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, 
Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia 
J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao 
Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao 
Z, Jin Q, Wang J, Cao B. Clinical features of pa-
tients infected with 2019 novel coronavirus in Wu-
han, China. Lancet 2020; 395: 497-506.

35)	 Zheng Y, Sun L, Xu M, Pan J, Zhang Y, Fang 
X, Fang Q, Cai H. Clinical characteristics of 34 
COVID-19 patients admitted to intensive care unit 
in Hangzhou, China. J Zhejiang Univ Sci B 2020; 
21: 378-387.

36)	 Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, Tao 
Q, Sun Z, Xia L. Correlation of Chest CT and 
RT-PCR Testing for Coronavirus Disease 2019 
(COVID-19) in China: A Report of 1014 Cases. 
Radiology 2020; 296: e32-e40.

37)	 Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang 
P, Ji W. Sensitivity of Chest CT for COVID-19: 
Comparison to RT-PCR. Radiology 2020; 296: 
e115-e117.

38)	 Abou Ghayda R, Li H, Lee KH, Lee HW, Hong SH, 
Kwak M, Lee M, Kwon M, Koyanagi A, Kronbichler 
A, Jacob L, Smith L, Shin JI. COVID-19 and Ad-
verse Pregnancy Outcome: A Systematic Review 
of 104 Cases. J Clin Med 2020; 9: 3441-3441.

39)	 Yip T, Chan J, Cho W, Yip T, Wang Z, Kwan T, 
Law S, Tsang DN, Chan J, Lee K, Cheng W, Ma 
V, Yip C, Lim C, Ngan R, Au JS, Chan A, Lim WW. 
Protein chip array profiling analysis in patients 
with severe acute respiratory syndrome identified 
serum amyloid a protein as a biomarker potential-
ly useful in monitoring the extent of pneumonia. 
Clin Chem 2005; 51: 47-55.

40)	 Xu L, Mao Y, Chen G. Risk factors for 2019 nov-
el coronavirus disease (COVID-19) patients pro-
gressing to critical illness: a systematic review 
and meta-analysis. Aging 2020; 12: 12410-12421.

41)	 Iyer AS, Jones FK, Nodoushani A, Kelly M, Beck-
er M, Slater D, Mills R, Teng E, Kamruzzaman 
M, Garcia-Beltran WF, Astudillo M, Yang D, Mill-
er TE, Oliver E, Fischinger S, Atyeo C, Iafrate AJ, 
Calderwood SB, Lauer SA, Yu J, Li Z, Feldman 
J, Hauser BM, Caradonna TM, Branda JA, Tur-
bett SE, LaRocque RC, Mellon G, Barouch DH, 
Schmidt AG, Azman AS, Alter G, Ryan ET, Har-
ris JB, Charles RC. Dynamics and significance 
of the antibody response to SARS-CoV-2 in-
fection. medRxiv [preprint] 2020; 20: 20155374-
20155374. 

42)	 Liao D, Zhou F, Luo L, Xu M, Wang H, Xia J, Gao 
Y, Cai L, Wang Z, Yin P, Wang Y, Tang L, Deng 
J, Mei H, Hu Y. Haematological characteristics 
and risk factors in the classification and progno-
sis evaluation of COVID-19: a retrospective co-
hort study. Lancet Haematol 2020; 7: e671-e678.

43)	 Bloom PP, Meyerowitz EA, Reinus Z, Daidone M, 
Gustafson J, Kim AY, Schaefer E, Chung RT. Liv-



D. Zhang, W.-J. Huang, M.-Q. Lan, F.-R. Gan, Y.-Y. Liu, L. Sun, J.-L. Chen, Y.-F. Sun, C.-M. Tao

4638

er Biochemistries in Hospitalized Patients With 
COVID-19. Hepatology 2021; 73: 890-900.

44)	 Higuera-de la Tijera F, Servín-Caamaño A, 
Reyes-Herrera D, Flores-López A, Robiou-Vive-
ro EJA, Martínez-Rivera F, Galindo-Hernán-
dez V, Chapa-Azuela O, Chávez-Morales A, Ro-
sales-Salyano VH. Impact of liver enzymes on 
SARS-CoV-2 infection and the severity of clinical 
course of COVID-19. Liver Res 2021; 5: 21-27.

45)	 Ji M, Yuan L, Shen W, Lv J, Li Y, Li M, Lu X, Hu 
L, Dong W. Characteristics of disease progress in 
patients with coronavirus disease 2019 in Wuhan, 
China. Epidemiol Infect 2020; 148: e94-e94.

46)	 Wang L, Cheng X, Dong Q, Zhou C, Wang Y, 
Song B, Li W, Wang M, Qin R, Long Q, Liu J, Li J, 
Li D, Li G, Ba Y. The characteristics of laboratory 
tests at admission and the risk factors for adverse 

clinical outcomes of severe and critical COVID-19 
patients. BMC Infect Dis 2021; 21: 371-371.

47)	 Sack GH, Jr. Serum Amyloid A (SAA) Proteins. 
Subcell Biochem 2020; 94: 421-436.

48)	 Yamada T. Serum amyloid A (SAA): a concise re-
view of biology, assay methods and clinical use-
fulness. Clin Chem Lab Med 1999; 37: 381-388.

49)	 van Haren FMP, Page C, Laffey JG, Artigas A, 
Camprubi-Rimblas M, Nunes Q, Smith R, Shute 
J, Carroll M, Tree J, Carroll M, Singh D, Wilkin-
son T, Dixon B. Nebulised heparin as a treat-
ment for COVID-19: scientific rationale and a call 
for randomised evidence. Crit Care 2020; 24: 
454-454.

50)	 Uhlar CM, Whitehead AS. Serum amyloid A, the 
major vertebrate acute-phase reactant. Eur J Bio-
chem 1999; 265: 501-523.


