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Summary

Background: The unpredictable course of Coronavirus
Disease 19 (COVID-19) is making good severity assess-
ment tools crucial. This study aimed to assess the useful-
ness of serum amyloid A (SAA) and other acute-phase
reactants (APRs) in ambulatory care COVID-19 patients
and identified relationships between these markers and dis-
ease outcomes.

Methods: From August to November 2020, patients seen
in the outpatient department of the Clinic for Infectious and
Tropical Diseases (Belgrade, Serbia) with confirmed
COVID-19 were included. Patients were classified into
mild, moderate, and severe disease groups based on World
Health Organization criteria. SAA, C-reactive protein
(CRP), interleukin-6 (IL-6), procalcitonin (PCT), ferritin, fib-
rinogen, D-dimer, albumin, and transferrin were measured.
The median values of all APRs were compared between
COVID-19 severity groups, hospitalized and non-hospital-
ized patients, and survivors and non-survivors. The
Receiver operator characteristic (ROC) curve analysis was
used for the classification characteristics assessment of
individual APRs for the severity of illness, hospitalization,
and survival.

Results: Higher levels of SAA, CRP IL-6, PCT, and lower
levels of transferrin and albumin were observed in severe
cases, hospitalized patients, and non-survivors. Based on
ROC curve analysis AUC for SAA has fair classification per-

Address for correspondence:

Boris Jegorovic¢

Clinic for Infectious and Tropical Diseases

»Prof. Dr. Kosta Todorovié«, University Clinical Center of
Serbia, No, 16 Bulevar Oslobodenja, Belgrade, Serbia
Phone: 062/375-906

e-mali: boris.jegorovic@ymail.com

Kratak sadriaj

Uvod: Tok koronavirusne bolesti 2019 (COVID-19) je
nepredvidiv, zbog ¢ega su neophodni dobri alati za procenu
tezine ove infekcije. Svrha ovog istraZivanja je procena
znacaja odredivanja serumskog amiloida A (SAA) i drugih
reaktanata akutne faze (RAF) kod ambulantnih pacijenata
sa COVID-19, kao i identifikacija veze izmedu ovih markera
i ishoda bolesti.

Metode: Od avgusta do novembra 2020. godine, u studju
su uklju¢eni pacijenti koji su pregledani u Prijemnoj ambu-
lanti Klinike za infektivne i tropske bolesti (Beograd, Srbija),
sa potvrdenim COVID-19. Pacijenti su bili klasifikovani u
grupe blage, umerene i teske bolesti na osnovu kriterijuma
Svetske zdravstvene organizacije. Odredivane su vrednosti
SAA, C-reaktivnog proteina (CRP), interleukina-6 (IL-6),
prokalcitonina (PCT), feritina, fibrinogena, D-dimera, albu-
mina i transferina. Medijane vrednosti RAF su poredene
izmedu grupa tezine bolesti, bolesnika koji su bili hospita-
lizovani i onih koji nisu, kao i prezivelih i preminulih.
Kori§¢ena je analiza Receiver operator characteristic (ROC)
krive i Area-under-curve (AUC) za analizu klasifikacionih
karakteristika pojedina¢nih RAF za tezinu bolesti, hospita-
lizaciju i prezivljavanje.

Rezultati: Visi nivoi SAA, CRP IL-6, PCT i nizZi nivoi trans-
ferrina i albumina su uoceni kod osoba sa teskim oblikom
bolesti, hospitalizovanih pacijenata i preminulih. Na osnovu
analize ROC krive, AUC za SAA je pokazao zadovoljavajuce
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formance for disease severity (0.794) and death (0.732)
and good performance for hospitalization (0.853).
Conclusion: SAA is a valuable marker in everyday practice
for assessing COVID-19 severity and prognosis in ambula-
tory patients.

Keywords: serum amyloid A, SAA, COVID-19, SARS-
CoV-2, ambulatory care, acute-phase reactants

Introduction

Coronavirus Disease 19 (COVID-19) is a new
viral infectious disease caused by Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2),
which first emerged in late December 2019 in China
in the city of Wuhan (1). This new disease spread
quickly worldwide, and on March 11, 2020, the
World Health Organization (WHO) pronounced the
pandemic (2). COVID-19 can have an extensive
range of possible clinical manifestations, from asymp-
tomatic infection to a fatal illness, with the tendency
of seemingly mild illness to become more severe in
some patients (3). Considering the unpredictability of
the clinical course, it became clear that there is a
need for good severity assessment tools for patients
with COVID-19 seeking medical care for the first
time.

Clinical manifestations of COVID-19 were
directly dependent on immune system activation. If
there is a dysregulated immune response to infection,
there could be excessive damage to organs and tis-
sues and the development of severe disease presen-
tation with organ failure, which can quickly lead to
death (4). Besides excessive inflammation, factors
such as coagulation abnormalities, endothelial dys-
function, and infiltration of organs by inflammatory
cells can lead to multiorgan failure (5). Acute-phase
reactants (APRs) are groups of various proteins whose
concentration changes as a response to cytokines
synthesized by local tissue-dwelling cells as a
response to tissue injury, infection, or other inflamma-
tory processes. APRs can be classified into two groups
based on their behavior during acute-phase response:
positive APRs whose concentration rises (e.g., serum
amyloid A [SAA], C-reactive protein [CRP], procalci-
tonin [PCT], interleukin-6 [IL-6], ferritin, fibrinogen,
and D-dimer) and negative APRs which concentration
gets lower (e.g., albumin, transferrin). Because APR
levels can be perceived as an indirect measure of
immune system activation, determining their levels
became a significant part of daily practice for different
inflammatory and infectious diseases (6). During
COVID-19, there is an innate and adaptive immune
system activation, which, if pronounced, leads to clin-
ical manifestations of the infection. The amount and
speed of changes in the production of various APRs
depend on the strength of the immune response, with
stronger responses leading to faster and more signif-
icant changes (7). Classification of APRs can also be

klasifikacione performanse za tezinu bolesti (0,794) i smrt-
ni ishod (0,732) i dobre performanse za hospitalizaciju
(0,853).

Zaklju¢ak: SAA je vredan marker u svakodnevnoj praksi za
procenu tezine i prognoze COVID-19 kod ambulantnih
pacijenata.

Kljuéne reéi: serum amiloid A, SAA, COVID-19, SARS-
CoV-2, ambulantno le¢enje, reaktanti akutne faze

based on the magnitude of change in their concentra-
tion: major APRs have a 10-100-fold or more
increase (e.g., SAA and CRP), moderate 2-10-fold
increase (e.g., a4-acid glycoprotein), and those with
less than a 2-fold increase are considered minor (e.g.,
fibrinogen) (8). The appeal of SAA in investigating
various inflammatory and infectious diseases, includ-
ing COVID-19, is due to its ability to rapidly increase
its concentration by more than 1000 times during the
first 24-36 hours after the onset of tissue injury and
subsequent inflammation. As a result, the serum lev-
els of SAA are closely linked to the severity of the dis-
ease process. SAA represents a group of several very
similar proteins that are synthesized in minimal
amounts in the absence of inflammation. In humans,
based on the amino acid sequence, SAA can be divid-
ed into SAA1, SAA2, and SAA4 (9). During the
acute-phase reaction, the serum concentrations of
SAA1 and SAA2 rise quickly due to accelerated tran-
scription of their respective genes (10) as a response
to proinflammatory cytokines such as tumor necrosis
factor-o. (TNF-a), interleukins (e.g., 1a, 1B, and 6),
transforming growth factor-§ (TGF-B), and interferon-
v (INF-y) (9). So far, many studies have evaluated
APRs to assess disease severity and prognosis of
SARS-CoV-2 infection (7, 11-19), mostly in hospital-
ized patients, where SAA showed a positive correla-
tion with disease severity and prognosis. It also
demonstrated better characteristics for the same pur-
pose when compared to other APRs (13, 20-22).

This study aimed to assess the usefulness of
SAA and other APRs in the cohort of ambulatory care
patients with COVID-19 to identify possible relation-
ships between these APRs and disease outcomes (dis-
ease severity, hospital admission, and survival).

Materials and Methods
Study setting and participants

We conducted the prospective cohort study in
the outpatient setting of the Clinic for Infectious and
Tropical Diseases »Prof. Dr. Kosta Todorovic«, Uni-
versity Clinical Center of Serbia, from August to
November 2020. In this period, institution was a part
of the so-called COVID system as a triage and treat-
ment center, which exclusively managed patients with
suspected or proven SARS-CoV-2 infection. After ini-
tial evaluation in the primary care setting, patients
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would be referred, at the discretion of a general prac-
titioner, to our outpatient department for further eval-
uation. Based on this evaluation, we would then
decide if a patient needed further inpatient treatment
or if it could be managed as an outpatient. The study
included only adult patients (age = 18 years), irre-
spective of gender, with symptomatic SARS-CoV-2
infection lasting less than 14 days, confirmed by real-
time polymerase chain reaction (RT-PCR) in nasopha-
ryngeal swab samples. The last inclusion criterion was
the absence of other co-infections at the moment of
evaluation.

During an evaluation, demographic parameters
such as age, gender, and additional information on
present chronic illnesses (hypertension, cardiovascu-
lar diseases [angina, previous myocardial infarction,
heart failure, arrythmia], asthma, chronic kidney dis-
ease, active malignancy, chronic liver disease, and
immunosuppression) were documented. Information
was also gathered on the presence or absence of 21
potential symptoms of COVID-19 infection, such as
fever, chills, malaise, easy fatiguability, loss of
appetite, cough, nasal discharge, sneezing, sore
throat, chest pain, chest pressure, shortness of
breath, anosmia, ageusia, headache, back pain,
myalgia/arthralgia, diarrhea, nausea, vomiting, and
abdominal pain. The length of SARS-CoV-2 infection
before seeking care at our institution was also docu-
mented as part of the data collection. After history
taking, a detailed physical examination with vital signs
assessment (body temperature, pulse rate, blood
pressure, respiratory rate), measurement of peripher-
al oxygen saturation by pulse oximetry, and anthropo-
morphic measurements (body height and weight)
were performed. Body mass index (BMI) was calculat-
ed by dividing weight (kg) by height squared (m?),
and the patients were classified into two groups (nor-
mal weight and overweight [BMI > 30 kg/m?]). After
that, the peripheral venous blood samples were col-
lected. For all blood samples, we determined positive
APRs, including SAA, CRP, IL-6, PCT, ferritin, fibrino-
gen, and D-dimer, and negative APRs, such as albu-
min and transferrin. The diagnosis of pneumonia was
made based on the combination of lung auscultation
and chest X-ray imaging findings. Based on the col-
lected data, patients were classified into severity
groups (mild, moderate, and severe disease) by crite-
ria established by WHO (23). Then, by the clinical
judgment of the examining physician, patients would
be hospitalized if they accepted inpatient treatment,
or they would be sent home if they refused hospital-
ization or if hospitalization was deemed unnecessary.
The disease outcomes were assessed immediately at
the end of inpatient treatment for hospitalized
patients and one month after the first encounter for
outpatients by insight into the Belgrade City Institute
for Public Health’s database of deceased persons.

This study was approved by the Ethics Com-
mission of the Faculty of Medicine, University of

Belgrade, under the number 1322/11-1, 2. We
acquired written consent from all the patients after a
detailed explanation of the study.

Determination of acute-phase reactants

APRs were examined in blood samples. Blood
samples were obtained by antecubital vein puncture
using standard operating procedures during collec-
tion (24). Closed systems for venipuncture (Becton &
Dickinson Vacutainer Systems, Franklin Lakes, New
Jersey) were used to obtain blood samples (vacutain-
ers, 22 Standard Wire Gauge [SWG], and reusable
adapters). Serum samples were obtained using vacu-
tainers with clot activator (BD Vacutainer® SST™
Tubes). Plasma samples were obtained using citrate
as an anticoagulant (BD Vacutainer® Plastic citrate
tube, Buffered sodium citrate [0.109 M, 3.2%]).
Excluding the measurement of SAA, all analyses were
done in the clinical laboratories of the University
Clinical Center of Serbia immediately after sampling.
CRP and albumin were determined on Dimension
RxL Max (Siemens Healthcare GmbH). Ferritin and
transferrin were measured in serum using an
immunoturbidimetry method on the Roche Cobas
c502 immunochemistry analyzer. In comparison, PCT
and IL-6 were quantified by electrochemilumines-
cence on Roche Cobas €602 automated immuno-
chemistry analyzer. Fibrinogen concentrations were
measured by photo-optic coagulometry, and D-dimer
concentrations by immunoturbidimetry on Sysmex
CA1500 automated hemostasis analyzer (Sysmex
Europe GmbH). For the determination of SAA, after
aliquoting, the samples were stored at -20 °C until
analysis. SAA was determined in serum samples at
the Institute of Medical Biochemistry of the Military
Medical Academy, Belgrade, Serbia, by a commercial
N Latex SAA Assay on a BNII™ System (Siemens
Healthcare GmbH) immunochemical nephelometric
analyzer. The reference values for SAA, CRP IL-6,
PCT, ferritin, fibrinogen, D-dimer, transferrin, and
albumin were 6.4 mg/L, 10.0 mg/L, 7 ng/L, 0.1
png/L, 30-400 pg/L (male) and 13-150 pg/L
(female), 1.8-3.5 g/L, 0.5 mg/L FEU (fibrinogen
equivalent units), 2.0-3.6 g/L, 34-55 g/L, respec-
tively. The operating procedures are closely followed,
including all the parameter settings and experimental
steps.

Statistical analysis

IBM SPSS statistical software version 26 (SPSS
26 Chicago, lllinois, USA) was used to analyze study
data. Data were described as counts (n) and percent-
ages (%). The numerical data were expressed as
means and standard deviations (SD) if normally dis-
tributed and as median/interquartile range for non-
normal distribution. To assess one-group proportion,
we used a binomial test. For the data distribution
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analysis, the Kolmogorov-Smirnov test was used. Two
and three independent samples with normally distrib-
uted data were analyzed with a t-test for independent
samples and ANOVA, respectively. For non-normally
distributed data, we used the Mann-Whitney U test for
two samples and the Jonckheere-Terpstra (J-T) test for
three ordered samples. A post hoc pairwise compari-
son between groups was performed if the ANOVA or
J-T test result was statistically significant. Categorical
variables were analyzed with a Chi-square test and
Fisher’s exact test. We used exact p-values obtained
through non-parametric tests and contingency table
analysis whenever it was computationally feasible
without exceeding the computer’s memory capacity.

On the other hand, when such a calculation was
impossible, we estimated p-values using the Monte
Carlo method. In this method, we set a confidence
interval of 99% and generated 1,000,000 samples to
estimate the p-value. Correlations between variables
were explored by the non-parametric Spearman’s rho

(p).

The APR levels were compared between disease
severity groups, hospitalized and non-hospitalized
patients, and survivors and non-survivors. For SAA,
CRP IL-6, PCT, fibrinogen, D-dimer, transferrin, and
albumin, we used values irrespective of gender. For
group comparison using ferritin levels, genders were
analyzed separately, considering different, gender-
specific reference values. Receiver-operating charac-
teristic (ROC) curve analysis was used to determine
the Area-under-the-curve (AUC) of APRs used in the
study. For optimal cut-off values and their correspon-
ding sensitivity and specificity determination, we used
the Youden index.

A p-value < 0.05 was considered statistically
significant, and a p-value < 0.01 was considered
highly statistically significant (two-sided tests). For
multiple tests, p-values were adjusted by Bonferroni
correction.

Results
Patient characteristics

The baseline patient characteristics have been
summarized in Table . The study included 192
patients, 82 (42.7%) women and 110 (57.3%) men,
with an average age of 53.0 (15.9) years, and a
range of 19-94 years. At least one comorbidity was
present in 118 (61.5%) patients, and the most com-
mon was arterial hypertension which was present in
74 (38.5%) patients. Comorbidities were significantly
more common in hospitalized than non-hospitalized
patients (y°[1] = 6.428, p = 0.012). However, there
was no difference between disease severity groups (x?
[2] = 4.410, p = 0.112) and between survivors and
non-survivors (y? [1] = 4.273, p = 0.053) in the
presence of comorbidities.

Fever was the most frequent symptom (174
[90.6%] patients), while malaise and cough were the
next most frequent (161 [83.9%] and 132 [68.8%],
respectively). With increasing disease severity from
mild over moderate to severe, there was a trend for
an increase in the median number of symptoms (6
[4-9] vs. 7 [4-10] vs. 9 [7-11], T)y = 6.228, z =
2.525, p = 0.011). Hospitalized patients had more
symptoms than outpatients (8 [4-9] vs. 6 [5-11], U
= 3640.0, p = 0.012). The median disease duration
before patients visited our institution was 6.0 (4-8)
days. Most patients had moderate disease (113
[58.9%]). Mean age was significantly different
between the mild, moderate, and severe disease
groups (40.2 [12.6] vs. 54.8 [15.1] vs. 62.2 [12.6]
years, F [2, 189] = 26.070, p < 0.001), between
hospitalized and non-hospitalized patients (44.6
[13.2] vs. 60.8 [14.1] years, t [190] = -8.201, p <
0.001), and between survivors and non-survivors
(51.7 [15.1] vs. 75.1 [11.3] years, t [190] = 5.048,
p < 0.001). After clinical and diagnostic evaluation,
100 (52.1%) patients were hospitalized, and the male
gender was predominant (64 [64.0%], p = 0.006).
Out of 192 patients, 5 (11.9%) with mild, 60 (53.1%)
with moderate, and 35 (94.6%) patients with severe
disease were hospitalized.

There were 11 (5.7%) patients who had a fatal
outcome. The mean age of non-survivors was signifi-
cantly higher when compared to survivors (75.1
[11.3] vs. 51.7 [15.1] years, t [190] = 5.048, p <
0.001). There were no fatal outcomes in the group of
non-hospitalized patients, so the mortality in a group
of hospitalized patients was 11%. Most patients who
died were male (10 [90.9%], p < 0.001). The mor-
tality in the mild, moderate, and severe disease
groups was 2.4%, 3.5%, and 16.2%, respectively, and
the difference between groups was statistically signif-
icant (y° = 7.270, p = 0.017). Post-hoc analysis
showed that mortality was significantly higher in the
severe disease group than in the moderate disease
group (p = 0.015). There was no difference in mor-
tality between the mild and moderate and mild and
severe disease groups.

Serum amyloid A

SAA was elevated (2 6.4 mg/L) in 148 (77.1%)
patients. Patients with normal SAA values were signif-
icantly younger compared to those who had abnor-
mal values (40.8%+13.2 years vs. 56.6+14.8 years, t
[190] = —6.375, p < 0.001). Also, the normal SAA
group had a higher proportion of female patients
(68.2% vs. 35.1%), fewer patients with comorbidities
(40.9% vs. 67.6%), and tended to have more patients
with mild disease (56.8% vs. 11.5%). There was no
difference between groups of patients with normal
and abnormal SAA values in the frequency of fatal
outcomes (2.3% vs. 6.8%, p = 0.462). Patients with
comorbidities had higher median SAA levels than
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Table | Demographics and baseline characteristics of patients with COVID-19.

Variable NA(L;)) 'GA ?CI,/S Fflr?cyaol)e p-value*
Gender 192 (100.0) 110 (57.3) 82 (42.7) 0.051
Age - years (SD) 53.0 (15.9) 54.8 (15.7) 50.6 (15.9) 0.066
Comorbidities (5 most common)

Hypertension 74 (38.5) 47 (42.7) 27 (32.9) 0.180
Cardiovascular diseaset 32 (16.7) 19 (17.3) 13 (15.9) 0.847
Obesity ( 30 kg/m?) 30 (15.6) 20 (18.2) 10 (12.2) 0.317
Diabetes mellitus 19 (9.9) 12 (10.9) 7 (8.5) 0.634
Asthma 9 (4.7) 2(1.8) 7 (8.5) 0.039
Clinical characteristics of COVID-19

Fever 174 (90.6) 101 (91.8) 73 (89.0) 0.618
Malaise 161 (83.9) 89 (80.9) 72 (87.8) 0.237
Cough 132 (68.8) 79 (71.8) 53 (64.6) 0.345
Myalgia/arthralgia 106 (55.2) 50 (45.5) 56 (68.3) 0.002
Easy fatiguability 104 (54.2) 59 (53.6) 45 (54.9) 0.885
Loss of appetite 83 (43.2) 47 (42.7) 36 (43.9) 0.884
Headache 75 (39.1) 30 (27.3) 45 (54.9) <0.001
Chills 60 (31.3) 32 (29.1) 28 (34.1) 0.529
Diarrhea 58 (30.2) 32 (29.1) 26 (31.7) 0.752
Sore throat 50 (26.0) 22 (20.0) 28 (34.1) 0.031
Anosmia 49 (25.5) 24 (21.8) 25 (30.5) 0.184
Back pain 46 (24.0) 23 (20.9) 23 (28.0) 0.306
Nasal discharge 45 (23.4) 18 (16.4) 27 (32.9) 0.010
Shortness of breath 45 (23.4) 24 (21.8) 21 (25.6) 0.606
Nausea 45 (23.4) 20 (18.2) 25 (30.5) 0.058
Ageusia 44 (22.9) 22 (20.0) 22 (26.8) 0.300
Chest pressure 43 (22.4) 23 (20.9) 20 (24.4) 0.602
Chest pain 33 (17.2) 18 (16.4) 15 (18.3) 0.847
Sheezing 20 (10.4) 8(7.3) 12 (14.6) 0.150
Vomiting 16 (8.3) 9(8.2) 7 (8.5) 1.000
Abdominal pain 16 (8.3) 10 (9.1) 6 (7.3) 0.794
Duration of illness in days- median (IQR) 6.0 (4.0-8.0) 6.0 (4.0-8.0) 6.0 (4.0-8.0) 0.507
COVID-19 severity

Mild 42 (21.9) 17 (15.5) 25 (30.5)

Moderate 113 (58.9) 71 (64.5) 42 (51.2) 0.042
Severe 37 (19.3) 22 (20.0) 15 (18.3)

Hospitalization

No 92 (47.9) 46 (41.8) 46 (56.1) 0.058
Yes 100 (52.1) 64 (58.2) 36 (43.9)

COVID-19 outcome after one month

Survived 181 (94.3) 100 (90.9) 1(1.2) 0.026
Died 11 (5.7) 10 (9.1) 81 (98.8)

SD, standard deviation; IQR, interquartile range
* Based on 2-test statistical analysis, except for age (binomial test), gender (t-test for independent samples), and duration of illness

(Jonckheere-Terpstra test).

T Ischemic heart disease, cardiomyopathy, atrial fibrillation, heart failure.
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Table Il Difference between disease severity groups, hospitalized and non-hospitalized, and survivors and non-survivors in median
values of acute-phase reactants.

COVID-19 severity Hospitalization COVID-19 outcome
Parameter All Mild Moderate Severe p-value No Yes p-value' Survived Died p-value'
median (IQR) median (IQR) median (IQR) median (IQR) | median (IQR) median (IQR) | median (IQOR)
Positive APRs
525 41 423 219.0 8.8 1435 30.1 231.0
Al (58218.0) | (3.5-11.6) | (11.0-202.0) | (70.4-557.5) |<0001| (3.5222.9) | (49.8-497.3) |00 (73°4753) | (98.7-503.0) | 008
SAA 955 7.6 1023 303.5 127 219.0 . 2505
ma/) | M|(13.2.335.7)| (3.5-12.7) | (18.7-342.0) | (143.2-985.6) |<O-00"| (a87883) | (75.3-607.5) |<0001| (11.5-325.8) | (94.2-538.5) | %17
15.7 35 171 96.2 5.0 66.2 15.5 134.0§
Fl 355660 | (3.5-9.7) (5.0-61.1) | (48.9-421.0) |<900 (357164) | (19.1-172.0) |90 (352577 - 0134
217 29 251 86.1 3.9 47.1 174 72.4
Al 34558 | (1.6-7.3) 43504) | (33.0-125.9) [<909N (1.9247.3) | (24.0-1008) <00 (34505 | 43.9-143.8) | 0002
CRP 335 35 526 917 144 722 313 80.2
ma/l) | M| 312881 | 24-140) | (145-76.6) | (60.6-146.1) | <900 (2.929.1) | (31.3129.9) [<O091| (114-81.9) | (40.5-150.1) | 000
6.2 23 6.3 38.1 29 243 6.1 56.65
Fl 19241) | (12260 3.02241) | (11.04101.0) [<009 1772y | (6.6-47.4) |00 (190235 Z 0471
19.9 25 216 50.9 53 37.9 18.2 63.4
Al 47-437) | (145.4) ©8-405) | (282-687) [<09° (20162 | o4-56.4) |90 o405 | 386254 |<0O0
IL-6 27.9 25 275 54.1 95 44.1 24.4 67.8
o) | M| 05511 | (1578 | (122-441) | @32-766) |<900 (25393) | (280-648 [0 (9.0-45.6) | (47.6-126.2) |<000T
8.8 27 11.0 286 3.9 252 8.5 38.65
Fl (3.0266) | (1.4-5.6) (4.8-23.9) (04-551) <0001 (19794 | (10.9-20.9) |<O0| (3.0.57.0) - 0341
0.07 0.04 0.07 0.1 0.05 0.09 0.06 017
Al (0.04-0.10) | (0.03-0.06) | (0.05-0.10) | (0.06-0.14) |<9P1| (0.03-0.07) | (0.06-0.14) |09 (0.04-0.09) | (0.13-0.22) |<0-001
PCT 0.09 0.05 0.09 013 0.06 0.11 0.08 0.16
o) | M| (0.06-0.13) | (0.04-0.06) | (0.06-0.13) | (0.08-0.16) |<9P% (0.05-0.09) | (0.07-0.18) |<9C°M (0.05-0.12) | (0.12-0.22) | @002
0.05 0.04 0.05 0.07 0.04 0.05 0.05 0.19§
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M, male; F, female; IQR, interquartile range; APRs, acute—phase reactants; SAA, serum amyloid A; CRP C-reactive protein; |L-6, interleukin-6;
PCT, procalcitonin.

* Based on Jonckheere—Terpstra test statistical analysis.

T Based on Mann-Withney U test statistical analysis.

1 Because of gender—specific reference values, descriptive statistics for the whole sample were not calculated.

§ Only one female patient died; therefore, measured values were given instead of the median; p-value should be interpreted with caution due to
the small sample size.



498 Jegorovic et al.: Serum amyloid A in ambulatory care COVID-19 patients

Sensitivity (SN)

0.2 0.4 0.6
1 - Specificity (SP)

0.8

e SEVETE disease

AUC 0.794
—— Hospitalization
AUC 0.853

Optimal cut-off points

A 40,1 mg/L
SN 91.9%
SP 62.6%

O 40.4 mg/L
SN 79.0%
SP 83.7%

O 79.8mg/L
SN 90.9%
SP 64.6%

Figure 1

those without (76.1 [11.5-233.6] vs. 15.1 [3.6-
80.3], U = 3045.0, p < 0.001). There was a trend
of higher median SAA levels from mild over moderate
to severe disease group (T, = 8442.0,z = 8.176, p
< 0.001). Post-hoc pairwise comparisons indicated
that the median SAA values significantly differed
between mild and moderate, mild and severe, and
moderate and severe groups (p < 0.001 for all three
comparisons). The SAA levels were significantly high-
er in patients who were hospitalized and who did not
survive (p < 0.001, and p < 0.001, respectively)
(Table Il).

ROC curves for SAA are shown in Figure 1.
Based on ROC curve analysis AUC for SAA has fair
classification performance for disease severity

Table Il Acute-phase reactants ROC curves analysis of for COVID-19 severity (non-severe = mild and moderate vs. severe disease).

Parameter AUC 95% Cl p-value Optimal*cut-off | SN (%) | SP (%)

Positive APRs

SAA (mg/L) 0.794 0.723-0.865 <0.001 >40.1 91.9 62.6

CRP (mg/L 0.789 0.709-0.869 <0.001 >38.0 75.7 76.1

IL-6 (ng/L) 0.800 0.729-0.871 <0.001 >22.60 86.5 63.9

Procalcitonin (ng/L) 0.685 0.594-0.777 <0.001 >0.07 75.7 56.5

Ferritin (ng/L) M 0.737 0.620-0.853 0.001 >637.0 81.8 63.6
F 0.731 0.591-0.871 0.005 >163.4 86.7 62.7

Fibrinogen (g/L) 0.704 0.607-0.801 <0.012 >4.7 64.9 72.3

D—dimer (mg/L FEU) 0.585 0.498-0.673 0.108 -

Negative APRs

Transferrin (g/L) 0.661 0.563-0.759 0.002 213 70.3 61.3

Albumin (g/L) 0.769 0.694-0.843 <0.001 37.5 83.8 69.0

M, male; F, female; AUC, area-under-the-curve; Cl, confidence interval; SN, sensitivity; SP specificity; APRs, acute-phase reactants; SAA,
serum amyloid A; CRP, C-reactive protein; IL-6, interleukin-6; PCT, procalcitonin.
* Optimal cut-off, sensitivity, and specificity were not calculated for AUC with p > 0.05.

Table IV Acute-phase reactants ROC curves analysis of for assessment outcome (hospitalization).

Parameter AUC 95% ClI p-value (zﬂr_?fil SN (%) SP (%)
Positive APRs
SAA (mg/L) 0.853 0.798-0.907 <0.001 >40.4 79.0 83.7
CRP (mg/L) 0.830 0.772-0.887 <0.001 >21.8 77.0 79.3
IL-6 (ng/L) 0.860 0.807-0.913 <0.001 >19.5 79.0 80.4
Procalcitonin (mg/L) 0.774 0.709-0.839 <0.001 >0.07 71.0 68.5
Ferritin (ug/L) M 0.747 0.654-0.839 <0.001 >537.0 76.6 65.2
F 0.714 0.601-0.828 0.001 >155.9 72.2 71.7
Fibrinogen (g/L) 0.673 0.597-0.748 <0.001 >4.1 63.0 65.2
D-dimer (mg/L FEU) 0.619 0.540-0.698 0.005 >0.59 54.0 68.5
Negative APRs
Transferrin (g/L) 0.698 0.625-0.771 <0.001 <2.03 50.0 80.4
Albumin (g/L) 0.767 0.700-0.834 <0.001 <38.5 68.0 72.8

M, male; F, female; AUC, area-under-the-curve; Cl, confidence interval; SN, sensitivity; SP specificity; APRs, acute-phase reactants; SAA,
serum amyloid A; CRP, C-reactive protein; IL-6, interleukin-6; PCT, procalcitonin.
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Table V Acute-phase reactants ROC curves analysis of for COVID-19 outcome (death).

Parameter AUC 95% Cl p-value OCinttg?fl* SN (%) SP (%)
Positive APRs

SAA (mg/L) 0.732 0.592-0.872 0.01 >79.8 90.9 64.6
CRP (mg/L) 0.769 0.640-0.899 0.003 >42 1 81.8 71.8
IL-6 (ng/L) 0.865 0.788-0.941 <0.001 >36.8 90.9 72.9
Procalcitonin (mg/L) 0.858 0.748-0.968 <0.001 >0.13 81.8 86.7
Ferritin (ug/L) 0.646 0.425-0.867 0.129 -

Fibrinogen (g/L) 0.517 0.373-0.661 0.847 -

D-dimer (mg/L FEU) 0.670 0.469-0.845 0.058 -

Negative APRs

Transferrin (g/L) 0.769 0.637-0.901 0.003 1.86 63.6 83.4
Albumin (g/L) 0.813 0.715-0.912 <0.001 37.5 90.9 61.9

M, male; AUC, area-under-the-curve; Cl, confidence interval; SN, sensitivity; SP specificity; APRs, acute-phase reactants; SAA, serum
amyloid A; CRR, C-reactive protein; IL-6, interleukin-6; PCT, procalcitonin.

* Optimal cut-off, sensitivity, and specificity were not calculated for AUC with p > 0.05.

T Only one female patient died; therefore, no ROC curve analysis can be performed.

(0.794) and death (0.732) and good performance
for hospitalization (0.853). Optimal SAA cut-off val-
ues for severe disease, hospitalization, and death
were 44.1 mg/L (sensitivity 91.9%, specificity
62.6%), 40.4 mg/L (sensitivity 79.0%, specificity
83.7%), 79.8 mg/L (sensitivity 90.9%, specificity
72.9%), respectively. Detailed results of ROC curve
analyses are shown in Tables IlI-V.

Other acute-phase reactants

CRP IL-6, fibrinogen, D-dimer, and ferritin levels
were elevated in 115 (59.9%), 131 (68.2%), 120
(62.5%), 101 (52.6%), and 119 (62.0%) patients,
respectively, while PCT levels were above the refer-
ence value of 0.1 pug/L in 56 (29.2%) and even in
fewer patients (11, 5.7%) above the standard cut-off
value for marked infection of 0.25 pg/L. Albumin and
transferrin levels were depressed in 22 (11.5%) and
58 (30.2%) patients. CRP IL-6, PCT, ferritin (male
and female), and D-dimer median levels were signifi-
cantly higher (p = 0.002, p < 0.001, p < 0.001, p
= 0.019, p = 0.010, and p = 0.041, respectively),
and albumin levels were significantly lower (p <
0.001) in the patients with comorbidities. In contrast,
median fibrinogen and transferrin levels were not sig-
nificantly different between patients with and without
comorbidities (p = 0.509, p = 0.061, respectively).
There was a significant difference in all APR median
values between severity groups and hospitalized and
non-hospitalized patients, but only for CRP, IL-6, PCT,
transferrin, and albumin between survivors and non-
survivors (Table Il). The ROC curve analysis showed
that only AUC for IL-6 had good classification per-
formance for severe disease (0.800), while CRP, fer-

ritin for both males and females, fibrinogen and albu-
min had fair performance (0.789, 0.737, 0.731,
0.704, and 0.769, respectively). PCT and transferrin
had poor performance (0.685 and 0.661, respective-
ly), and D-dimer failed to show any classification per-
formance (0.585, p = 0.108) (Table Ill).

For hospitalization, only AUC for CRP and IL-6
showed good classification performance (0.830 and
0.860, respectively), while AUC for PCT, ferritin for
both males and females, and albumin showed fair
(0.774, 0.747, 0.714, and 0.767, respectively) and
for fibrinogen, D-dimer and transferrin poor perform-
ance (0.671, 0.619, and 0.698, respectively) (Table
v).

Classification performance for death, based on
AUC, was good for IL-6, PCT, and albumin (0.865,
0.858, and 0.813, respectively) The fair performance
had AUC for CRP and transferrin (0.769 and 0.769,
respectively). AUC for ferritin in male patients, fibrino-
gen, and D-dimer failed to show any classification
performance (0.646, p = 0.129, 0.517, p = 0.847,
and 0.670, p = 0.058, respectively) (Table V).

Correlation between SAA and other APRs

There was a strong correlation between SAA
and CRP values (p = 0.862, p < 0.001) and SAA
and IL-6 values (p = 0.781, p < 0.001), moderate
correlation between SAA and albumin (p = -0.647, p
< 0.001), PCT (p = 0.634, p < 0.001), fibrinogen
(p = 0.647, p < 0.001), and transferrin (p = -0.634,
p < 0.001), but only weak correlation with D-dimer
(p = 0.342, p < 0.001).
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Discussion

After three years of the SARS-CoV-2 pandemic,
infection with this virus still presents a global chal-
lenge, especially because new viral variants are
expected. There is an unpredictability of the infection
course in different patients and a possibility of devel-
oping the severe disease in a matter of days and
hours. Therefore, it is of utmost importance to have
readily available clinical tools for assessing disease
severity with good sensitivity and specificity for the
unfavorable course, whether it is the need for hospi-
talization or a potentially fatal outcome. The meas-
urement of APR levels can help deliver appropriate
guidance in clinical management. This study exam-
ines the usefulness of SAA as a relatively rarely used
APR and other more commonly used laboratory
parameters in assessing COVID-19 in ambulatory
care patients.

When used in COVID-19 patients, the measure-
ment of SAA levels in our study proved useful in dis-
ease assessment, which is consistent with previous
findings (13, 20, 21, 25). Our finding showed that
the SAA outperformed many other APRs for detect-
ing patients with severe illness and those who need
hospitalization but not for predicting death from
COVID-19, which has a lower but still significant
value. Cheng et al. (13) showed that periodic meas-
urements of SAA during hospitalization based on
ROC curve analysis are suitable for predicting death
and that the value of SAA measurement has the low-
est sensitivity (80.6%) and AUC (0.588) on day 1 of
hospitalization, which is markedly lower than in our
study. However, their study included only hospitalized
patients with severe and critical forms of COVID-19.
Also, they compared SAA with CRP and found no dif-
ference in predictive value. In the study of Li et al.
(20), the results of the ROC curve analysis showed
that SAA's ability to predict disease severity, as meas-
ured by the AUC, was 0.718. This value was lower
than what was found in our study. This difference can
be attributed to the smaller number of patients in
their study and the unequal distribution of patients
across different levels of disease severity. Another
finding from Li et al. study, which deserves to be men-
tioned, is that SAA levels on admission correlate well
with CT lung findings and progression of lung involve-
ment on repeated imaging, even after a few days. In
their study, Chen et al. (21) showed that CRP has a
better predictive value for developing the severe dis-
ease (ARDS) than SAA, which is opposite to our study
findings. However, this can be explained partially by
the fact that their study included only hospitalized
patients who were seriously ill. In some studies, com-
bining SAA with other APRs improved diagnostic and
prognostic utility. For example, Chen et al. (20) com-
bined SAA, CRP and white blood cell count (WBC)
and got improvement in the AUC of SAA as an indi-
vidual marker for the detection of severe disease
(ARDS) from 0.712 to 0.878. Conversely, Liu et al.

(22) showed that a combination of SAA with IL-6 can
improve the AUC of SAA for severe disease from
0.865 to 0.904. When a patient presents with SARS-
CoV-2 infection in an outpatient setting, based on
these findings, physicians should remember that
patients with elevated SAA levels may have an
increased risk of becoming severely ill.

When compared to SAA for assessment of viral
infections, Miwata et al. (26) showed that the CRP
levels are not a reliable indicator of viral diseases
because, in more than half the cases, it was normal
while SAA levels are often elevated. Our findings
were similar, considering that more than one-third of
our patients had normal CRP levels. On the other
hand, only approximately one-fifth had normal SAA
levels, confirming SAA as more sensitive for detecting
even low-level inflammation. Our study results
showed that CRP is a useful marker during COVID-
19, both for illness severity assessment and disease
prognosis, consistent with previous studies (13, 25,
27). However, in our study and studies of Wang et al.
(25) and Cheng et al. (13), SAA has better diagnostic
characteristics for the severity of illness and disease
outcome than CRP. Zhang et al. (28) have shown that
in all patients with COVID-19, SAA levels were in-
creased, and there were statistically significant differ-
ences between mild and severe cases.

Our results showed that IL-6 is a helpful predic-
tor of the development of more severe disease was
consistent with previous studies (19, 22, 29). Santa
Cruz et al. (30) showed that IL-6 correlates well with
the development of respiratory failure and survival. In
their study, the kinetics of IL-6 levels is fundamental
because IL-6 levels could be just temporarily raised.
All this could help with early discrimination between
survivors and non-survivors and can have therapeutic
implications. ROC curve analysis for IL-6 in our study
showed good classification performance for severe
disease, hospitalization, and survival, outperforming
all other APRs investigated in the study. Sabaka et al.
(19) had similar results in their study, where IL-6 was
the best predictor for oxygen requirement among
APRs, with an AUC of 0.911. These findings could be
explained by the fact that IL-6 levels rise before other
APRs and that secretion of many APRs is IL-6-depen-
dent.

In most of our patients, PCT levels were
observed to be below the reference range and also
below 0.25 pg/L, which is consistent with previous
studies (13, 16, 21). Based on our and previous stud-
ies, significant PCT elevations are rarely seen, so this
indirectly can be used as a surrogate marker that
empiric antibiotics are not needed in most, if not all,
ambulatory care patients with SARS-CoV-2 infection.
Even at these low levels, slight variations of PCT con-
centration were proven useful in predicting severe dis-
ease and fatal outcomes in our study. Based on ROC
curve analysis, when compared to SAA, PCT had bet-
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ter specificity for predicting death, but the sensitivity
was lower than in SAA. The performance of PCT was
poorer compared to SAA for predicting disease sever-
ity and hospitalization. In the Tong-Minh et al. (31)
study, PCT has 95% specificity for hospital admission,
which is much higher than in our cohort of patients
even when we used a cut-off value of 0.25 as in their
study (specificity was 89%, but very poor sensitivity of
6%). Partially, this difference could be explained by a
greater number of patients included in the study and
a higher number of patients with severe diseases
included in the study. It should be remembered that
PCT baseline levels are influenced by preexisting
chronic diseases, such as chronic kidney disease (32).
Thus, in those patients, during COVID-19, PCT
should be interpreted with caution. During COVID-
19, in most patients with a non-complicated disease,
the PCT value remains within the reference range.
Any significant increase in its levels could reflect the

development of a severe disease or bacterial superin-
fection (33).

During COVID-19 infection, ferritin can mediate
immune dysregulation via pro-inflammatory effects,
contributing to the development of the cytokine storm
(34). Our findings showed that ferritin levels in men
and women correlate positively with disease severity
and are more elevated in hospitalized patients. This is
consistent with more pronounced inflammation in
persons with more severe disease. Interestingly, there
was no difference between survivors and non-sur-
vivors in median ferritin levels. Also, ROC curve analy-
sis showed that AUC for ferritin has no classification
performance for death, which is consistent with the
findings of Para et al. (15), while in the study of Lino
et al. (35), it has fair performance. However, we must
remember that both studies included only hospital-
ized patients. For hospitalization and severe disease,
the AUC of ferritin showed fair classification perform-
ance. Carubbi et al. (36) found that ferritin levels are
not associated with a worse prognosis but correlate
with the extensiveness of Ilung involvement.
Compared to SAA, ferritin had lower prognostic utility
in our study, which is consistent with previous studies
(37, 38). An interesting study by Abdelhakam et al.
(37) showed that a combination of SAA and ferritin
improved the performance characteristics of SAA by
increasing AUC from 0.928 to 1.000 and sensitivity
from 98.5 to 100%.

Fibrinogen levels slightly and slowly rise during
the acute-phase reaction. However, even this slight
increase was proven in previous studies to correlate
with inflammation extensiveness and disease severity
in COVID-19 patients (39, 40). We had a similar
observation in our patients, where fibrinogen levels
were significantly higher in hospitalized patients and
patients with moderate and severe disease. However,
interestingly, there was no difference in median val-
ues between survivors and non-survivors, which is
consistent with the study of Long et al. (39) but not in

the study of Siu et al. (40), so the data are conflicting.
An intriguing paper by Thachil et al. (41) states that
fibrinogen can be protective in COVID-19 infection
through inflammatory response regulation independ-
ently of the clotting function. Furthermore, the ability
of fibrinogen in high levels to saturate Mac-1 receptor
for double-strained ribonucleic acid (dsRNA), there-
fore reducing harmful effects from the virus.

COVID-19-associated coagulopathy is now a
well-known entity (42), so the elevation of D-dimer
values during COVID-19 is relatively common. Our
study showed that more than half patients had elevat-
ed D-dimer levels which is in accordance with the
study of Yormaz et al. (11). Even one-third of patients
with mild disease in our cohort have elevated levels of
D-dimer, which can be interpreted as low-level activa-
tion of the coagulation cascade and asymptomatic
coagulopathy. Also, hospitalized patients had higher
median values of D-dimer, which is consistent with
disease severity in this group of patients. We observed
that D-dimer levels were progressively higher with an
increase in disease severity, similar to previous studies
(11, 12, 29). Sayit et al. (12) reported that D-dimer
is a good marker of pneumonia severity, and their
study showed that D-dimer is elevated without obvi-
ous thromboembolism. Besides a good correlation
with disease severity and hospitalization, based on
ROC curve analysis in our study, D-dimer failed to
show any valuable addition for assessing COVID-19
patients in ambulatory care settings and, as such,
should be used with caution.

Albumin levels were normal in most of our
patients. However, even with albumin levels within the
reference range, there was a statistically significant
difference in median levels between disease severity
groups, hospitalized and non-hospitalized patients,
and survivors and non-survivors. These findings were
consistent with previous studies (17, 43, 44). In their
study, Huang et al. (45) found that low albumin can
predict mortality in COVID-19 patients. In the study
by Zhang et al. (46), it is found that albumin substi-
tution in patients with more severe diseases may
improve survival. When used in an outpatient setting,
Turcato et al. (17) found that albumin levels < 35 g/L
were independent risk factors for both severe infec-
tion and fatal outcome at 30 days, which was almost
identical to our findings.

It is shown that transferrin is a good marker for
COVID-19 severity (18, 47, 48). A study by Yadav et
al. (47) showed a trend for lower transferrin concen-
tration with increasing disease severity, as shown in
our study. However, contrary to our findings, no sig-
nificant difference existed between survivors and non-
survivors. This could be explained by the fact that
their study included only hospitalized patients, which
is supported by similar findings in the study by Shah
et al. (48). Considering poor classification perform-
ance for both severe illness and hospitalization and
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only fair performance for survival based on our analy-
sis, transferrin is not a reliable marker to use in every-
day practice for ambulatory care COVID-19 patients
assessment compared to other APRs investigated.

Conclusion

Although our findings should be validated
before SAA levels can be used to guide clinical deci-
sion-making about the management of COVID-19
patients, our study demonstrated that SAA and other
APRs could be valuable tools to use in everyday prac-
tice. When combined with good history, physical
examination, and other diagnostic modalities during
the evaluation of SARS-CoV-2-positive patients in an
outpatient setting, SAA levels significantly correlate
with the severity of COVID-19. As such, SAA levels
may serve as an early warning sign of an unfavorable
course and more severe disease, and also it could
help physicians decide which patients would need
more frequent follow-up visits. We found a significant
positive correlation between SAA and other parame-
ters for disease severity, hospitalization, and death.
Our study found that SAA has a high sensitivity in
detecting patients who may have more severe mani-
festations of SARS-CoV-2 infection, need hospitaliza-
tion, and may not survive. As a result, SAA levels may
help make clinical decisions for improved manage-
ment of COVID-19 patients.

Study limitations

Some associations between SAA and other APR
levels and different COVID-19 outcomes might not
have achieved significance due to some groups’ low
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icance of APRs for survival in female patients.
Another limitation of our study could be the unavail-
ability of data about SARS-CoV-2 variants in patients
included because different variants may induce differ-
ent intensities of immune responses and different
APR levels in different patient groups.
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