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ARTICLE INFO ABSTRACT

Keywords: Coronavirus Disease 2019 (COVID-19) can present with different grades of severity from mild to critical. Eval-
SARS-CoV-2 uation of biomarkers predicting severity is crucial to identify patients at high risk of disease progression and poor
Covid-19 . prognosis. Serum Amyloid A (SAA) is an acute-phase protein mainly produced by the liver in response to pro-
:::rzr::zlmd A inflammatory cytokines. In this study, we investigated SAA levels at admission (T1) and after 15 days (T2) of

hospitalization in two groups of patients: survivors and non-survivors. At T1, the non-survivors showed higher
SAA level than survivors (74 mg/dL vs 48.75 mg/dL). At T2, the survivor group value decreased to 6.55 mg/dL,
the non-survivor group still showed high levels (51.1 mg/dL). The SAA level in control group was 0.35 mg/dL.

Furthermore, a cut-off value of 63 mg/dL able to discriminate survivors from non-survivors was established by
ROC curve analysis at T1. At T2, the cut-off decreased to 30.9 mg/dL.

A similar decreasing trend was observed for D-Dimer, hsCRP, IL-6 and procalcitonin levels.

The results of this retrospective study suggest that SAA is a good marker of COVID-19 disease alone and/or in
combination with other inflammatory biomarkers. Identification of reliable prognostic analytes is of great
clinical relevance, as it would improve patient management besides being costs saving.

1. Introduction

In the late 2019 a novel human coronavirus emerged that caused a
severe acute respiratory syndrome (SARS) responsible for the disease
known as coronavirus disease 19 (COVID-19) [1]. Based on the sequence
analysis, this virus was classified as a f-coronavirus and named SARS-
CoV-2 [2]. Patients infected by SARS-CoV-2 may present a clinical pic-
ture ranging from mild to severe with a large part of the infected in-
dividuals being asymptomatic carriers.

In 15% of infected patients the clinical course of this pathology can
be complicated by the onset of a serious form of interstitial pneumonia,
which can therefore progress towards acute respiratory distress syn-
drome (ARDS), multi-organ failure (MOF) and death [3]. This virus has
led to the deaths of 1.760.000 people around the world to date [4].

Laboratory findings in COVID-19 patients show alterations of several
parameters including decrease in lymphocyte and eosinophils counts,

lower median hemoglobin values along with increases in white blood
cells (WBC), neutrophil counts, and serum levels of high sensitivity C-
Reactive Protein (hsCRP), lactate dehydrogenase (LDH), aspartate
aminotransferaese (AST) and alanine aminotransferase (ALT) [5]. Initial
hsCRP and neutrophil levels have been reported to be independent
predictors for the development of severe COVID-19 [6,7]. D-dimer levels
have also been associated with the severity of COVID-19: patients with
severe COVID-19 have higher value of D-dimer than those with milder
disease (weighted mean difference 2.97 mg/L; 95% CI: 2.47-3.46 mg/L)
with an increased risk of disseminated coagulopathy [8]. However,
predictors for severe COVID-19 are not well defined yet. Macrophages
activation can trigger the cytokine cascade by releasing tumor necrosis
factor a (TNF-a), interleukin 1 (IL-1), nitric oxide (NO), and reactive
oxygen species (ROS) to induce a severe inflammatory response, which
boost liver cells to produce Serum Amyloid A (SAA) [9]. Most cytokines
and CRP ere associated with variability of sex steroid hormones
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including both endogenous and exogenous molecules which could
explain the pro-inflammatory states that most postmenopausal women
suffer from [10-12].

SAA is an acute phase protein produced by hepatocytes in response
to pro-inflammatory cytokines, released during virus infection [13].
Recent investigations found that SAA might be a useful indicator of
disease severity in COVID-19 patients; descending levels of SAA corre-
lated with a better prognosis compared to patients with an ascending
trend. Furthermore, patients with initial high levels of SAA are more
likely to have worst chest computed tomography (CT) imaging [14]. The
utility of monitoring SAA levels as predictor of prognosis in COVID-19
patients is supported also by other observations where high levels of
SAA have been associated with unfavorable outcome [15].

The aim of this study intends to explore the possibility to use SAA in
the diagnosis of COVID-19 infection, in particular as predictor of disease
severity. The levels of serum amyloid A (SAA) were investigated in two
groups of patients diagnosed with COVID-19 and classified as survivors
or non-survivors, as well as in a control group (healthcare workers
screened for internal surveillance). The levels of SAA were monitored in
the patients on admission and on at least two weeks after hospital
admission. Preliminary data support SAA as a good potential biomarker
for predicting COVID-19 severity and prognosis.

2. Materials and methods
2.1. Patients

We conducted a retrospective study focusing on the significance of
SAA in evaluating the severity and prognosis of COVID-19 patients
admitted to our Institution (University Hospital Tor Vergata, PTV,
Rome, Italy) from March 1 to April 30, 2020. The study was approved by
the Hospital Ethics Committee (Registration Number: R.S.44.20) and
conducted according to the revised Declaration of Helsinki. At admis-
sion, all patients provided written informed consent to anonymous data
collection and analysis for research purposes. Confirmed COVID-19
patients were divided into two groups according to the outcomes of
survival (n = 20; mean age 63.5 years + 16.3 years) and death (n = 23;
mean age 66.4 years + 12.5 years), namely: survivors and non-survivors.
Control group (n = 30; mean age 46.4 years + 11.6 years) consists of
healthcare workers screened for internal surveillance with negative
nasopharyngeal swab.

2.2. Laboratory investigations

Suspected COVID-19 patients presenting clinical symptoms of cough,
fever, dyspnoea and/or anosmia), and imaging tests (chest X-ray and/or
computed tomography) suggestive of viral pneumonia were confirmed
by molecular test using the Allplex™ 2019-nCoV assay (Seegene, Seoul,
South Korea) run on the CFX96TMDx platform (Bio-Rad Laboratories,
Inc., CA, USA) and interpreted by Seegene Viewer Software. RNA
extraction and PCR set-up were performed on the NIMBUS platform, an
automated liquid handling workstation (Seegene, Soul, South Korea).

Serum levels of hsCRP (reference range: 0.0-5.0 mg/L), were
measured by immunoturbidimetric method (Abbott, Architect C-16000,
Illinois, USA). Serum levels of interleukin-6 (IL-6; reference range: 0-50
pg/mL), were measured by chemiluminescent immunoassay (IMMU-
LITE 2000XPi Immunoassay System, Siemens Healthcare Srl, Milan,
Italy). Serum levels of ferritin (reference range: 21.81-274.66 ng/mL)
and procalcitonin (PCT; reference range: 0.01-0.50 ng/mL) were
measured by chemiluminescent methods (Abbott, Architect C-16000,
Illinois, USA). Plasma fibrinogen concentrations (reference range:
200-400 mg/dL) were measured by the Clauss method (ACL-TOP
instrumentation, Werfen, Milan, Italy). Plasma D-dimer levels (reference
range: 0-500 ng/mL) were measured by latex enhanced immunoassay
ACL-TOP instrumentation (Werfen, Milan, Italy). Serum Amyloid A
(SAA) (reference range: <0.64 mg/dL) was measured by Siemens BN
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Fig. 1. SAA serum levels in control group and in non-survivors and survivors
groups at two different time points: hospital admission (T1), 15 days after
admission (T2) (p < 0.01; Kruskal-Wallis test). Control group value was
significantly different from all the other groups (* Kruskal-Wallis test).

ProSpec nefelometer, using the Siemens N Latex SAA assay (Siemens
Healthcare Srl, Milan, Italy).

All biochemical parameters were measured on survivors and non-
survivors groups at two different time points: hospital admission (T1)
and after 15 days from admission (T2).

2.3. Statistical analysis

Descriptive statistics such as frequency, percentage, mean and
standard deviation (SD), median and percentiles were calculated. The
normality of all the data were determined by Shapiro-Wilk normality
test. In case of normal distribution, parametric tests were used such as
Anova with Bonferroni post hoc test in case of more than two variables,
or t-test in case of two variables. Hence, non-parametric tests, such as
Kruskal-Wallis test and Mann-Whitney U test were used to test differ-
ences in groups. A p-value lower than 0.05 (p-value < 0.05) was
considered statistically significant. ROC curve analysis was performed to
assess sensitivity and specificity of different biochemical tests in survi-
vors ys non-survivors COVID-19 patients.

All analyses were performed using Med Calc Ver.18.2.18 (MedCalc
Software Ltd, Ostend, Belgium).

3. Results

We compared SAA levels in two groups of patients diagnosed with
COVID-19: survivors and non-survivors. SAA levels were monitored
upon admission to the hospital and two weeks after admission. Serum
Amyloid A levels were also assessed in a control group of physicians and
healthcare professionals with negative SARS-CoV-2 RT-PCR collected
for internal surveillance.

Data show a great increase of the SAA values compared to the normal
reference range (<0.64 mg/dL) in the two groups of patients at admis-
sion (T1), along with a significant difference in concentration between
them: the level of SAA in non-survivor group was significantly higher
than survivor group, median value 74 mg/dL vs 48.75 mg/dL, respec-
tively (Kruskal-Wallis test, p < 0.01; Fig. 1). The difference in SAA levels
was even more evident after 15 days (T2) of hospitalization: while in the
survivor group there was a reduction to a median value of 6.55 mg/dL,
the non-survivor group still showed high median value levels 51.1 mg/
dL (Kruskal-Wallis test, p < 0.01; Fig. 1). The SAA different levels
observed in the two groups of patients at admission (T1) and after 15
days (T2) were statistically significant (Kruskal-Wallis test, p < 0.01;
Fig. 1). The SAA levels in control group were in the reference range and
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Fig. 2. ROC curve analysis of serum SAA in non-survivors and survivors groups. Panel A: hospital admission (T1). Panel B: 15 days after admission (T2).

Table 1

Sensitivity, specificity, cut-off and area under curve (AUC) values of SAA, hsCRP, D-dimer, IL-6, Ferritin and Procalcitonin at two different time points: time of hospital

admission (T1) and after 15 days from admission (T2).

Time of hospital admission (T1)

n = 43; 20 survived, 23 Died SAA hsCRP D-Dimer IL-6 Ferritin Procalcitonin
Sensitivity (%) 67 61 44 28 78 52
Specificity (%) 75 80 100 92 70 80
Cut-off >63 >154,3 >5598 >151 >360 >0,23
Area under the ROC curve (AUC); 95% 0,710; 0,547 to 0,707; 0,548 to 0,746; 0,590 to 0,505; 0,332 to 0,754; 0,599 to 0,653; 0,493 to
Confidence interval 0,840 0,835 0,866 0,678 0,873 0,792
After 15 days from admission (T2)
n = 43; 20 survived, 23 Died SAA hsCRP D-Dimer IL-6 Ferritin Procalcitonin
Sensitivity (%) 67 83 53 84 70 100
Specificity (%) 80 75 75 62 920 48
Cut-off >30,9 >34,2 >1732 >31,4 >390 >0,09
Area under the ROC curve (AUC); 95% 0,737; 0,576 to 0,798; 0,648 to 0,707; 0,548 to 0,749; 0,565 to 0,870; 0,732 to 0,781; 0,627 to
Confidence interval 0,862 0,905 0,835 0,885 0,953 0,894

statistically different from all the other groups with a median value of
0.35 mg/dL.

Furthermore, by ROC curves analysis was established a cut-off value
for SAA levels able to differentiate the two groups of patients and
therefore to predict patients’ prognosis. At T1, the cut-off value was 63
mg/dL with a sensitivity of 67% and a specificity of 75%. At T2, the
group of survivors showed a marked decrease in SSA levels, confirmed
by a lower cut-off of 30.9 mg/dL with a sensitivity of 67% and a spec-
ificity of 80% (Fig. 2).

Finally, the cut-offs of other biochemical parameters such as hsCRP,
D-Dimer, IL-6, ferritin and procalcitonin were calculated. Data obtained
are shown in Table 1. Interestingly, even these parameters showed a
significant decrease in the cut-off values between T1 (hospital admis-
sion) and T2 (15 days after admission), with the exception of ferritin.

4. Discussion
Several biochemical parameters have been assessed as possible pre-

dictors of disease severity since the beginning of the COVID-19
pandemic. Elevated levels of IL-6, D-Dimer, hsCRP, neutrophils, and

low lymphocyte count have been associated with severe forms of
COVID-19 as well as high neutrophil-lymphocyte ratio [16]. Neverthe-
less, a clear and useful predictor of disease severity still needs to be
defined.

The clinical value of SAA, a marker of inflammation, has been
attracting increasing attention during COVID-19 pandemic. Several
studies showed that SAA levels in patients with severe respiratory syn-
drome are significantly high [17,18], suggesting that SAA may be an
important biomarker in monitoring respiratory diseases.

Macrophages recognize pathogen-associated molecular patterns and
trigger innate immunity and host defences. Macrophages activation can
release tumor necrosis factor o (TNF-a), interleukin 1 (IL-1), nitric oxide
(NO), and reactive oxygen species (ROS) to induce a severe inflamma-
tory response, which boost liver cells to produce SAA [9]. Patients with
severe acute respiratory syndrome had significantly increased level of
SAA, suggesting SAA could be used as a biomarker to monitor the pro-
gression of respiratory diseases [14]. SAA is able to promote inflam-
matory response through chemokines activation; thus, when SAA is
activated, even at low concentrations, it could promote inflammation by
activating chemokines and inducing chemotaxis [19,20].
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Therefore, SAA appears as a promising biomarker for predicting
disease severity [14,15]. Here, we show that SAA level can be infor-
mative since the admission of COVID-19 patients in the hospital. Actu-
ally, differences in the level of SAA between the groups of survivors and
non-survivors analyzed were found at the moment of their admission
with the last ones having a statistically significant higher level (74 mg/
dL vs 48.75 mg/dL). Afterwards, the level of SAA decreased in both
patient groups but the non-survivors continued to have high levels (51.1
mg/dL vs 6.55 mg/dL) respect to the survivor group. ROC curve analysis
confirmed this trend in the groups of patients as demonstrated by the
cut-off values of SAA determined at T1 and T2. During this 15 days
period, the SAA cut-off value dropped from 63 mg/dl to 30.9 mg/dl
corresponding to a sensitivity of 67% and a specificity of 80%. A similar
decreasing trend was observed for hsCRP (154.3 mg/L vs 34.2 mg/L), D-
Dimer (5598 ng/mL vs 1732 ng/mL), IL-6 (151 pg/mL vs 31.4 pg/mL)
and procalcitonin (0.23 ng/mL vs 0.09 ng/mL) values, except for ferritin
(360 ng/mL vs 390 ng/mL). Thus, a decline in the SAA levels after
hospital admission is suggestive of a favorable prognosis, in addition to
the decrease in D-Dimer, hsCRP, IL-6 and procalcitonin levels observed
in our patients.

The study has some limitations. The small sample size reduces the
power of the study; however, considering the data as whole they suggest
that the levels of SSA, D-Dimer, hsCRP, IL-6 and procalcitonin might be
used as a predictive algorithm of COVID-19 prognosis since the admis-
sion of the patients in the hospital. SAA predicts the severity of COVID-
19 and can distinguish critically ill patients from mild ones as already
reported [14,21]. SAA might be a useful biomarker to monitor the
complicated clinical course of the disease.

5. Conclusions

SAA might be a good prognostic marker in COVID-19 disease alone
and/or in combination with other inflammatory biomarkers such as D-
Dimer, hsCRP, IL-6 and procalcitonin. Identification of reliable prog-
nostic analytes is of great clinical relevance, as it would improve patient
management besides being costs saving.
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