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Abstract

INTRODUCTION: This study was designed to assess the levels of human serum amyloid A (SAA) among COV-
ID-19 patients.

MATERIAL AND METHODS: A systematic review and meta-analysis were conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analysis. A comprehensive literature search was
performed (PubMed, Web of Science, Scopus, and Cochrane network), and studies comparing SSA levels in:
(A) with non-severe vs severe COVID-19; (B) severe vs critical COVID-19 condition; (C) survived vs died due
to COVID-19 in-hospital treatment period — were included. Random-effects meta-analyses were performed
to obtain pooled estimates.

RESULTS: Thirty studies met the criteria and were included in the meta-analysis. Pooled analysis showed
that SAA levels were statistically significantly lover in non-severe group 58.7 + 53.9 mg/L compared to
154.5 = 169.6 mg/L for patients with severe condition (MD = -120.29; 95% ClI: -135.35 to -105.22;
p < 0.001). SAA levels among patients with critical condition were 89.5 + 90.4 mg/L compared to
195.3 + 206.2 mg/L (MD = -56.66; 95% Cl: -101.81 to -11.51; p = 0.01). SAA levels in patient who survived
were 108.7 = 157.3 mg/L, and 206.8 = 58.8 mg/L for patients who not survived (MD = -85.04; 95% Cl:
-145.78 to -24.29; p = 0.006).

CONCLUSIONS: In conclusion, this updated meta-analysis suggests that SAA concentrations are positively
correlated with the severity of the COVID-19. Therefore, SAA can be considered a biomarker for predicting
the severity and prognosis of COVID-19. Measurement of this parameter might assist clinicians in monitoring
and evaluating the severity and prognosis of COVID-19.
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INTRODUCTION

According to recent estimations, as of August 11,
2021, there have been about 6 million deaths due
to respiratory coronavirus 2 (SARS-CoV-2) [1]. Initial-
ly, the global, combined research power of numer-
ous scientists worldwide has focused on developing
safe and effective vaccines. Simultaneously, inves-
tigators aimed to establish a successful treatment
scheme. As new drugs were developed to overcome
the acute phase of the disease, the direction of fur-
ther research has shifted. With growing knowledge
about the pathophysiological background, more at-
tention has been brought to the significant hetero-
geneity of the disease’s course, as well as assessing
the prognosis of individual patients. Several ongo-
ing studies aimed at determining the prognostic
factors, in order to recognize the most vulnerable
patients. Therefore, an individually tailored therapy
could be suggested. Several biomarkers have been
investigated, most of which are associated with the
inflammatory state. Other suggested underlying bi-
ological pathways may involve endothelial dysfunc-
tion, as well as epithelial cell injury. The proposed
molecules include IL-6, procalcitonin, ferritin, D-di-
mer, and C-reactive protein [2]. Some of them have
prognostic value, while others reflect the severity of
the disease. Marking serum concentrations of such
biomarkers may define the subsequent therapeutic
approach, as certain levels must be observed in or-
der to initiate specific treatment. Recent studies have
highlighted the potential role of another promising
biomarker — serum amyloid A (SAA).

SAA is an acute-phase protein, contributing to
the deposition of amyloid in tissues, as its precursor.
The role of SAA in the pathophysiology of amyloido-
sis has been well studied [3]. As Covid-19 is associat-
ed with an increased inflammatory state, increased
levels of certain cytokines can be observed. As a re-
sult, the liver is then stimulated to the production of
SAA, resulting in its increased concentrations in the
acute phase of the disease. However, data regard-
ing the exact clinical value and significance of SAA
concentrations in COVID-19 patients remain under
investigation.

MATERIAL AND METHODS
The study was designed and performed as a sys-
tematic review and meta-analysis and was conduct-
ed according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis guidelines [4].

Study selection

We conducted a computerized search of PubMed,
Web of Science, Scopus, and Cochrane network from
database inception to April 27, 2022, using the fol-
lowing keywords: “SARS-CoV-2" OR “COVID-19" OR
“coronavirus” OR “covid” AND “SAA” OR “serum
amyloid A’. In addition, a manual search of the in-
cluded studies and review reference lists on the topic
was performed to identify additional eligible studies.

The study included articles indicating SAA levels
in patients: (A) with non-severe vs severe COVID-19;
(B) with severe vs critical COVID-19 condition; (C)
survived vs died due to COVID-19 the in-hospital
treatment period. Animal studies, reviews, case
reports, letters, conference or poster abstracts, or
articles not containing original and not published
in English were excluded.

Two reviewers (M.P. and B.F) independently re-
view each report found by the searching strategy
and the results obtained by them were compared
and discussed. Potential disagreements were re-
solved by discussion with a third reviewer (L.S.).

Data extraction

Two reviewers independently perform data extrac-
tion. Any disagreements were resolved by discussion
with a third author (L.S.). In order to extract the data,
the authors used a questionnaire form for the study,
which contained data on (A) parametric data of
the article (first author's name, year of publication,
country of the study, study design); (B) the level of
AAS in the patient groups (non-severe vs severe COV-
ID-19 and/or severe vs critical COVID-19 condition
and/or survived vs died due to COVID-19).

Additionally, the same reviewers perform the
quality assessment of each study. For randomized
controlled trials, the revised tool for risk of bias
in randomized trials (RoB-2 tool) was used [5]. On
the other hand, for non-randomized trials tool to
determine the risk of bias in non-randomized studies
of interventions was used (the ROBINS-I tool) [6].
The risk of bias assessments was visualized using the
Robvis application [7].

Statistical analysis

All analyses will be performed using Sta-
ta V.15 (StataCorp, College Station, Texas, USA).
The results for dichotomous outcomes were pre-
sented as odds ratios (ORs) or risk ratios (RRs) with
95% confidence intervals (Cls). A random-effects
model was used to pool study results independently
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FIGURE 1. Database search and selection of studies according to PRISMA guidelines

of the P-value for heterogeneity or I [8]. All the
P-values are two-sided, and a p < 0.05 was consid-
ered statistically significant. Subgroup analysis will
be performed using the Q-test based on ANOVA.
We will assess the presence of publication bias using
funnel plots and Egger’s test [9].

RESULTS

Study selection

Figure 1 depicts the flow diagram for the search
process. The initial search retrieved 612 publica-
tions. Upon removing duplication and title and ab-
stract screening, 62 were deemed ineligible. The full
texts of 62 sources were screened against the inclu-
sion/exclusion criteria. Finally, thirty studies met the cri-
teria and were included in the meta-analysis [10-39].

Among the 30 studies, 28 showed SAA levels
in non-severe vs severe COVID-19 patients, six
showed SAA levels among severe and critical condi-
tion patients, while four had comparisons of survival
and non-survival COVID-19 patients. The assessment
of their risk of bias is provided in Figures S1-S2 (see
Supplementary file).

Meta-analysis
28 studies reported SAA levels in non-severe vs
severe COVID-19 patients. Pooled analysis showed

that SAA levels were statistically significantly lover
in non-severe group 58.7 + 53.9 mg/L compared to
154.5 + 169.6 mg/L for patients with severe condi-
tion (MD = -120.29; 95% Cl: =135.35 to -105.22;
p < 0.001; Fig. 2).

Six studies reported SAA levels among severe
and critical condition patients. Pooled analysis
showed that SAA levels among patients with crit-
ical condition were 89.5 + 90.4 mg/L compared
to 195.3 = 206.2 mg/L (MD = -56.66; 95% ClI:
-101.81 t0 -11.51; p = 0.01; Fig. 3).

Four studies reported SAA levels in patients
who survived or died. Pooled analysis showed
that SAA levels in patient who survived were
108.7 = 157.3 mg/L, and 206.8 + 58.8 mg/L for
patients who not survived (MD = -85.04; 95% ClI:
—-145.78 t0 —-24.29; p = 0.006; Fig. 4).

DISCUSSION

The initial clinical picture of several patients with
COVID-19 is non-specific making the early diagnosis
of the disease difficult. The signs and symptoms
can range from minimal symptoms and lack of ra-
diological abnormalities to rapid disease progres-
sion, ARDS (acute respiratory distress syndrome),
and even death [40]. Early identification and predic-
tion of severe patients are of great importance for
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Mild Severe Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Abdelhakam 2022 9.8 1.4 58 47.5 7.2 66 4.0% -37.70 [-39.47, -35.93] -
Chen 2020 (A) 156.9 34.4 345 198.7 17.1 203 4.0% -41.80 [-46.13, -37.47] -3
Chen 2020 (B) 109.5 85.6 47 1699 66.6 24 3.2% -60.40 [-96.58, -24.22]
Dong 2020 126.1 53.9 94 582.3 129.4 53 3.2% -456.20[-492.70, -419.70]
Fu 2020 89.8 54.8 22 1443 573 13 3.1% -54.50 [-93.16, -15.84]
Gong 2020 1 0.3 104 4 0.2 20 4.0% -3.00[-3.10, -2.90]
Haroun 2021 105.57 17.32 98 171.89 51.96 52 3.9% -66.32 [-80.85, -51.79] —
Li 2020 (A) 129.7 53.5 60 260.6 42.7 12 3.5% -130.90 [-158.59, -103.21] ¢
Li 2020 (B) 1236 75.8 60 173.9 53.6 72 3.7% -50.30 [-73.13, -27.47]
Liu 2020 (A) 6.9 2.9 194 143.9 132.8 31 2.9% -137.00 [-183.75, -90.25] +
Liu 2020 (B) 16.4 6.1 59 65.9 29.9 25 3.9% -49.50 [-61.32, -37.68] e
Liu 2020 (C) 62.2 329 27 573.1 849 13 2.8% -510.90[-558.69, -463.11] ¢
Liu 2020 (D) 149.7 67.9 43 202 13.8 79 3.7% -52.30[-72.82, -31.78] . —
Ma 2020 10.8 4.3 64 51.2 43.8 20 3.7% -40.40 [-59.62, -21.18] _
Mo 2020 40.4 52.6 102 198.3 55.1 16 3.5% -157.90[-186.76,-129.04] ¢
Tufa 2022 1442 913 58 466.6 214.9 68 2.5% -322.40[-378.62,-266.18] ¢
Wang 2020 (A) 58.9 21.2 72 540.1 131.2 71 3.4% -481.20[-512.11, -450.29]
Wang 2020 (B) 83.7 25.4 100 134.8 65.5 25 3.6% -51.10 [-77.25, -24.95]
Wang 2021 60.6 26.8 448 103.2 18.4 190 4.0% -42.60 [-46.21, -38.99] -
Xia 2020 172.7 75.7 32 273.7 303 31 3.5% -101.00[-129.31, -72.69] +——
Xu 2020 95.3 31.8 80 277.5 32.8 107 3.9% -182.20[-191.54, -172.86]
Y 2020 53.1 253 150 220.6 29.2 14 3.8% -167.50[-183.32,-151.68] ¢
Yang 2021 69.8 17 61 150.9 59.8 11 3.3% -81.10[-116.70, -45.50] +——
Yu 2020 33.1 19.6 2115 66 40.5 1150 4.0% -32.90 [-35.39, -30.41) -
Zeng 2020 110.1 67.6 36 1243 66.5 41 3.4% -14.20 [-44.23, 15.83] L.
Zhang 2020 20.7 14.2 47 107.9 33.4 27 3.9% -87.20 [-100.44, -73.96] +——
Zhang 2020 (A) 92.8 23.1 82 108 30.9 56 3.9% -15.20 [-24.71, -5.69] —
Zhao 2020 65.5 27.1 19 821 450.7 31 0.7% -755.50[-914.62, -596.38] ¢
Zhou 2020 84.36 80.92 30 92.06 94.68 30 2.9% -7.70 [-52.27, 36.87] —
Total (95% CI) 4707 2551 100.0% -119.12 [-133.97, -104.28] «
Heterogeneity: Tau? = 1435.81; Chi® = 7418.70, df = 28 (P < 0.00001); I* = 100% + |

-50 0 50 100

Favours [Mild] Favours [Severe]

Test for overall effect: Z = 15.72 (P < 0.00001) -1o00

FIGURE 2. Forest plot of SAA levels in non-severe vs. severe COVID-19 groups. The center of each square represents the weighted stan-
dard mean differences for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds
represent pooled results

Severe Critical Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Chen 2020 (A) 198.2 14.8 155 200.2 23.3 48 19.8% -2.00[-8.99, 4.99] =
Li 2020 (B) 171.9 56.9 56 181 40.7 16 18.8% -9.10 [-34.00, 15.80] —_—1
Xu 2020 259.7 42.7 45 290.4 12.2 62  19.6% -30.70 [-43.54, -17.86] —_—
Y 2020 209.4 18.2 8 235.6 35.8 6 18.2% -26.20 [-57.50, 5.10] - = |
Yu 2020 459 20.7 862 126.2 20.7 288 19.9% -80.30 [-83.06, -77.54] -
Zhao 2020 509 117.8 18 1,253 374.1 13 3.7% -744.00 [-954.51, -533.49] ¢
Total (95% CI) 1144 433 100.0% -56.66 [-101.81, -11.51] = ——
Heterogeneity: Tau® = 2664.86; Chi? = 518.79, df = 5 (P < 0.00001); I* = 99% :_100 _5:0 3 1

50 100

Test for overall effect: Z = 2.46 (P = 0.01) Favours [Severe] Favours [Critical]

FIGURE 3. Forest plot of SAA levels among severe and critical condition groups. The center of each square represents the weighted
standard mean differences for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds
represent pooled results

Survivors Non-survivors Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% Cl IV, Rand 95% CI
Chen 2020 (A) 164.6 31.4 445 2008 14 103 25.3% -36.20 [-40.18, -32.22] -
Cheng 2020 171.9 324 53 132.8 394 36 25.0% 39.10 [23.55, 54.65] —
Liu 2022 72 1958 858 200 83.8 75 24.6% -128.00 [-151.05, -104.95] 4
Xu 2020 153.9 44.9 117 291.8 10.6 28  25.2% -137.90[-146.93, -128.87] ¢
Total (95% CI) 1473 242 100.0% -65.58 [-134.92, 3.75] w—
Heterogeneity: Tau? = 4949.49; Chi? = 580.07, df = 3 (P < 0.00001); I* = 99% =_100 -éo 5’0 J

100
Test for overall effect: Z = 1.85 (P = 0.06) Favours [Survivors] Favours [Non-survivors]

FIGURE 4. Forest plot of SAA levels in patients who survived or died groups. The center of each square represents the weighted stan-
dard mean differences for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds
represent pooled results

effectively allocating medical resources and provid-
ing adequate interventions to improve the survival
chances of patients with COVID-19.

110

Laboratory indicators can anticipate the pro-
gression of the disease and adverse events in COV-
ID-19 patients. SAA is an important potential bi-
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omarker that is commonly elevated in the acute
phase of inflammatory diseases, mainly viral,
and several conditions like obesity, diabetes, liver,
and cardiovascular diseases independently associ-
ated with significantly worse outcomes in patients
with COVID-19 [41].

It has been two years since the World Health
Organization declared the COVID-19 pandemic.
The purpose of this meta-analysis is to draw updat-
ed conclusions about the relationship between chang-
es in SAA levels and the severity and prognosis of
COVID-19 patients. Many observational studies have
been performed on the relevance of elevated SAA and
COVID-19 severity and prognostic value. The first me-
ta-analysis on the associations of a series of inflamma-
tory markers with the severity of COVID-19 published
in 2020, highlighted the need for further investigating
the association of SAA and the severity of COVID-19,
as it included only 3 studies [42].

In our meta-analysis 30 studies involving
8,445 COVID-19 patients were included. 28 stud-
ies reported SAA levels in non-severe vs severe
COVID-19 patients. Pooled analysis showed that
SAA levels were statistically significantly lower in
the non-severe group 58.7 = 53.9 mg/L compared
to 154.5 = 169.6 mg/L for patients with severe
conditions. Three previously published meta-anal-
yses investigating SAA in severe vs non-severe
COVID-19 patients showed that the SAA of pa-
tients with severe COVID-19 was higher than those
in the non-severe types of grousp, which is consistent
with the pooled results of our meta-analysis. Two of
mentioned meta-analyses involved nine studies [43,
44] and one included only five papers [45].

Six studies reported SAA levels among se-
vere and critical condition patients. Pooled analysis
showed that SAA levels among patients with the crit-
ical condition were 89.5 = 90.4 mg/L compared to
195.3 = 206.2 mg/L. Compared to a meta-analysis
published in 2021, SAA concentrations were also sig-
nificantly higher in patients with critical COVID-19 com-
pared with those with severe COVID-19 [46].

Four studies reported SAA levels in patients
who survived or died. Pooled analysis showed
that SAA levels in patients who survived were
108.7 = 157.3 mg/L, and 206.8 + 58.8 mg/L for
patients who did not survive. A previous meta-anal-
ysis that among 19 involved studies included two
studies on survival status in COVID-19 (included also
in our meta-analysis) also showed that SAA concen-
trations were significantly higher in COVID-19 pa-

tients with more severe disease and in those who
did not survive during follow-up when compared
to patients with milder forms of COVID-19 or those
who survived during follow-up [47].

Altogether, our meta-analysis suggests that SAA
levels can be used to determine COVID-19 severity
and prognosis.

The present meta-analysis has some limita-
tions. Firstly, significant heterogeneity of the includ-
ed studies should be mentioned. There were cer-
tain differences regarding the basis for establishing
COVID-19 diagnosis among the investigators. Some
of the researchers did not include control groups,
whereas others did not assess ICU patients. As some
of the studies were conducted during the severe
period of the epidemic, a considerable number of
patients were self-isolating at home and could not
be admitted immediately for corresponding treat-
ment. Only a few papers investigated the impact of
the examined biomarkers on deaths, therefore data
regarding the clinical significance of the acquired
findings is scarce. What is more, most of the includ-
ed papers were single-center experiences. It is worth
noting, that some studies included patients with
various comorbidities, which themselves may be as-
sociated with a poorer outcome of COVID-19. All
of these factors may bias the statistical results to
some extent.

CONCLUSIONS

In conclusion, this updated meta-analysis sug-
gests that SAA concentrations are positively corre-
lated with the severity of the COVID-19. Therefore,
SAA can be considered a biomarker for predicting
the severity and prognosis of COVID-19. Meas-
urement of this parameter might assist clinicians
in monitoring and evaluating the severity and prog-
nosis of COVID-19.
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