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The novel biomarker, neopterin,
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Abstract. - OBJECTIVE: SARS-CoV-2 infec-
tion primarily affects T-lymphocytes, particular-
ly CD4+ and CD8+ T cells. However, there is a
need for simpler and less expensive laboratory
tests with predictive values comparable to CD4+
cell counts. Thus, the goal of this study was to
investigate the role of neopterin levels in predict-
ing intensive care and mortality in coronavirus
disease patients in 2019.

PATIENTS AND METHODS: This retrospective
study included 87 hospitalized patients who were
diagnosed with COVID-19. Patients were divided
into two groups: those receiving intensive care
(Severe COVID-19; S-COVID-19) and those re-
ceiving non-intensive care (Moderate COVID-19;
M-COVID-19). Patients’ clinical characteristics,
serum neopterin levels, and other laboratory data
were compared across groups.

RESULTS: The average age was 63.9x+155.2
years, and 44 (%) of the participants were male.
WBC (p = 0.008), neutrophil (p = 0.002), HDL (p
= 0.009), ferritin, calcium, albumin, LDH, APTT,
lymphocyte, INR, D-dimer, troponin, prothrom-
bin time sedimentation, and PaO, (p = 0.001)
were all associated with death. The neopter-
in level in the M-COVID-19 group was 3 (min-
max; 3.1-5.9) and 3.2 (2.3-7) in the S-COVID-19
group, with no statistically significant differ-
ence (p = 0.456). Gender differences between
groups were not significant (p = 0.183). Accord-
ing to the ROC analysis, if parameters such as
age, D-Dimer, troponin, ferritin, albumin, LDH,
CRP, procalcitonin, and PaO, exceed the cut-off
values and lymphocyte levels are below, it can
predict the need for intensive care and mortali-
ty in COVID-19 patients.

CONCLUSIONS: Although we did not find
statistically significant results with neopter-
in in terms of mortality in COVID-19 individu-
als in our study, more thorough, prospective,
randomized controlled studies with expanded
patient populations at various phases of the
disease are needed.
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Introduction

COVID-19 causes severe interstitial pneumonia,
acute respiratory distress syndrome (ARDS), and
multiorgan failure in a large number of people, es-
pecially the elderly and those at high risks, such as
those with morbidities. As a result of all of this, it is
clear that patient mortality rates are high'~.

Hyperinflammatory states are clearly connect-
ed to death and the severity of illness in COVID-19
patients. This syndrome is caused by excessive pro-
duction of cytokines such as IFN- y and IL-6*°. The
relationship between IFN- y and neopterin synthesis
suggests that IFN- y will be a marker for cell-mediat-
ed immune activation’®. The level of neopterin steadi-
ly drops during the course of COVID-19 in moderate
cases, but it is more dramatic in severe ones. The bio-
marker neopterin can be used to predict the severity of
COVID-19 disease’. Measurements of neopterin not
only provide insight into the condition of the cell-me-
diated immune response, but also aid in the monitor-
ing of disease severity and prognosis'®!?. We aimed to
examine the role of neopterin alone or in combination
with other inflammatory markers such as C-reactive
protein (CRP), IL-6 and procalcitonin (PCT) in pre-
dicting the clinical course and mortality of SARS-
CoV-2 infection in hospitalized patients.

Patients and Methods

In this retrospective, cross-sectional, single-cen-
ter investigation, 87 patients in critical care and
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non-intensive care units with mild severity of
COVID-19 were included. The clinical presenta-
tion and positive results from real-time reverse tran-
scription-polymerase chain reaction nucleic acid
testing of the throat or nasal swab specimens led to
a conclusive diagnosis of COVID-19 in all of the
patients. The patients were divided into two groups:
those admitted to the critical care unit, known as
S-COVID-19 patients, and those admitted to the in-
ternal medicine clinic, known as M-COVID-19.

The immunoturbidimetric approach was used
to measure biochemical parameters and CRP levels
using an Olympus AUS5800 auto analyzer (Beck-
man Coulter, Inc. Brea, CA, USA). The ferritin
level was determined by the chemiluminescence
method using Abbott Architect I 2000 SR (Abbott
Laboratories, Lake Bluff, IL, USA). The CELL-
DYN 3700 CD-3700SL (Abbott Laboratories Lake
Bluff, IL, USA) was used to identify CBC param-
eters using laser measurements and the LED flow
cell technique. The prothrombin time, activated
partial thromboplastin time, and fibrinogen were
measured using an immunoturbidimetric approach
utilizing an optical method and the latex agglu-
tination method was also used to detect D-dimer
using the instrument Diagon Coag XL (Baross, Bu-
dapest, Hungary). The immunoassay method was
used to measure procalcitonin, and Roche Cobas e
411(Hitachi, Tokyo Japan). The serum was stored
at -80°C until the day of the neopterin test. All sam-
ples were brought to room temperature (15—18°C)
before being combined and homogenized.

Serum neopterin (nmol/L) assay: The serum
neopterin levels were determined using a double
antibody enzyme-linked immunosorbent assay
(ELISA) kit by Elabscience, Bioassay Technol-
ogy Laboratory (Shanghai, China) and ELISA
reader by ELx800 (Winooski, VT, USA). A stan-
dard curve is drawn, and the concentration of
neopterin in the sample is calculated using in-
terpolation from the standard curve. The ref-
erence level for neopterin is 0,1-38 nmol/l. The
CV percent of the kits inter and between studies
was indicated as 10% in the precision study con-
ducted by the manufacturer. The study was ap-
proved by Sakarya University Medicine Faculty
Ethics Committee and performed in accordance
with the Helsinki Declaration (22.09.2020-8407-
71522473/050.01.04/520).

Statistical Analysis
The data was transferred to IBM SPSS Statis-
tics 23 (IBM, Armonk, NY, USA) and processed.

Frequency distribution (number, percentage) for
categorical variables and descriptive statistics
(mean, standard deviation, median, IQR 25%-
75%) for numerical variables were provided
while assessing the study data. The Kolmogor-
ov-Smirnov test was used to determine if numer-
ical variables followed a normal distribution. For
normal distribution variables, the Student’s ¢-test
was employed to see if there was a difference
between the two groups. For variables that did
not fit a normal distribution, the Mann-Whitney
U test was utilized. To assess the association be-
tween two category variables, the Chi-square test
was performed. In addition, the cut-offs for the
variables were determined using ROC analysis.
The statistically significant two tailed p-value was
considered as <0.05.

Results

The study included 87 COVID-19 patients,
with 47 (54%) having M-COVID-19 [(mean
age 58.4 years, (SD 14.3)] with mild symptoms
and 40 (45.9%) having S-COVID-19 (mean age
70.4 years, (SD 13.7)) with severe symptoms (p
=0.001). Gender differences across the groups
were not significant (p = 0.183). The most prev-
alent symptoms in the M-COVID-19 group
were fever, cough, and sore throat, whereas the
most common symptoms in the S-COVID-19
group were sputum, dyspnea, and headache (Ta-
ble I). Only chronic arterial disease (CAD) was
shown to be statistically significant when comor-
bidities were evaluated in terms of mortality (p
=0.043) (Table I). To examine if neopterin levels
were associated with the severity of COVID-19
disease, we analyzed serum neopterin concen-
trations between patients in the M-COVID-19
group and the S-COVID-19 group. Patients in
the S-COVID-19 group (mean value 3.2 nmol/L
(2.3-3.7)) had no significant difference in neop-
terin (0.1-38 nmol/l) value compared to those in
the M-COVID-19 group (3 nmol/L (2.2-4.9) (p
=(0.456) (Table I). WBC (p =0.008), neutrophil
(»p =0.002), high-density lipoprotein cholester-
ol (HDL) (p =0.009), ferritin, calcium, albumin,
lactate dehydrogenase (LDH), activated partial
thromboplastin time (APTT), lymphocyte, INR,
D-dimer, troponin, prothrombin time sedimenta-
tion, PaO, (p =0.001), were significantly associ-
ated with mortality. The M-COVID-19 group had
a neopterin level of 3 (min-max; 3.1-5.9), while
the S-COVID-19 group had a neopterin level of
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Table I. Sociodemographic, comorbidities and distribution of laboratory data of the patients.

M-COVID-19 S-COVID-19 Total
(n=48) (n=40) (n=88) p

Age, Mean+SD 58.4+14.3 70.4+13.7 63.9+15.2 0.000*
Gender, n (%)
Male 23 (47.9) 21 (52.5) 44 (50) 0.183***
Chronic diseases, n (%)
Chronic diseases 34 (70.8) 32 (80) 66 (75) 0.323%**
Diabetes Mellitus 19 (39.6) 10 (25) 29 (33) 0.147%**
Hypertension 27 (56.3) 22 (55) 49 (55.7) 0.906***
Chronic Arterial Disease 5(10.6) 11 (27.5) 16 (18.4) 0.043%%*
Chronic Heart Failure 1(2.1) 4(10) 5(5.7) 0.172%**
COPD 5(10.4) 4 (10) 9(10.2) 1.000%***
Asthma 2(42) 0(0) 2(2.3) 0.498***
Chronic Renal Failure 2(4.2) 5(12.5) 7(8) 0.238***
Malignancy 0(0) 2(5) 2(2.3) 0.209%**
Cerebrovascular Discase 2(4.2) 6 (15) 8(9.1) 0.134%**
Atrial Fibrillation 0 (0) 2(5) 2(2.3) 0.204***
Symptoms, n (%)
Fever 25 (52.1) 10 (25) 35(39.8) 0.010%**
Cough 25 (52.1) 19 (47.5) 44 (50) 0.669%**
Sputum 0(0) 6 (15) 6(6.8) 0.007%%*
Sore throat 4 (8.3) 3(7.5) 7(8) 1.000%**
Dyspnea 15(31.3) 28 (70) 43 (48.9) 0.0071 ***
Headache 3(6.3) 3(7.5) 6 (6.8) 1.000%**
Laboratory results, median (IQR 25%-75%) or mean+sd
White Blood Cell, (K/uL) 6 (5-8.1) 7.7 (5.5-11.4) 6.7 (5.1-9) 0.008**
Hemoglobin, (g/dL) 12.7+1.2 12.2+1.8 12.5+1.5 0.093*
Hematocrit, (%) 40.8+3.8 38.1+5.6 39.6+4.9 0.015*
Lymphocyte, (K/uL) 1.3 (1-2.1) 0.8 (0.5-1.2) 1.1 (0.8-1.6) 0.001**
Neutrophil, (K/uL) 3.8(2.9-5.2) 5(4-9.2) 4.7 (3.3-6.5) 0.002%*
Platelet, (K/uL) 195.7+87.9 224.4+128.2 208.7+108.4 0.218*
Prothrombin time, (sn) 12 (11-13.5) 13.3 (12.4-14.4) 13 (11.7-14) 0.001**
APTT, (sn) 25.4 (24-27.3) 26.2 (24.1-29.2) 26 (24-28) 0.174**
INR 1.1 (1-1.3) 1.2 (1.2-1.3) 1.2 (1.1-1.3) 0.001**
D-Dimer, (Ug/FEu) 512.5 (260.5-807) 1055 (712-2010) 712 (399-1465) 0.001**
Troponin, (ng/L) 4(2.2-8) 13.4 (7-40.9) 6.6 (3.1-15.4) 0.001**
HDL, (mg/dL) 36.3+9.9 30.1£10.0 33.4+104 0.009*
Ferritin, (mg/dL) 168.5 (71.5-353) 560 (292.5-1097) 313.5(113.5-679) 0.001**
Urea, (mg/dL) 31 (28-37) 57 (39-78) 42 (31-66) 0.001**
Creatinine 0.8 (0.7-1) 1(0.7-1.2) 0.8 (0.7-1.1) 0.180%*
Uric acid, (mg/dL) 4.2 (3.5-6) 6.1(4.3-7.7) 4.8 (3.9-6.9) 0.002**
Calcium, (mg/dL) 9(8.5-9.2) 8.4 (8-8.8) 8.7 (8.2-9) 0.001**
AST, (U/L) 28.5 (24.5-38) 43 (29.5-64.5) 32 (26-47) 0.002**
Albumin, (U/L) 3.5(3.3-3.7) 30.3 (27-33.2) 4 (3.5-30.2) 0.001**
Globulin, (U/L) 2.9 (2.7-3) 31.9 (27.5-35.7) 3.4 (2.9-30.5) 0.000**
LDH, (U/L) 293.8+94.9 456.9+174.0 368.0+158.4 0.001*
CRP, (mg/L) 24.2 (7.8-72.3) 110 (62.5-172.5) 64 (19-141) 0.001**
Procalcitonin, (ng/mL) 0.1(0.1-0.2) 0.2 (0.1-0.4) 0.1 (0.1-0.3) 0.003%*
Sedimentation, (mm/s) 30 (20.5-49.5) 66 (53-73) 49 (24-71) 0.001**
Fibrinogen, (mg/dL) 318 (298-387) 409 (337-472) 348.5 (302-434) 0.003**
CK, (U/L) 74 (51-121) 108 (74-394) 85 (57-182) 0.017%*
PH 7.4 (7.4-7.4) 7.4(7.3-7.5) 7.4 (7.4-7.4) 0.129%*
PO,, (mmHg) 30.9 (23.4-42) 41.8 (34.8-72.2) 35.5(26-52) 0.001**
PCO,, (mmHg) 43.2+7.5 41.5+11.0 42.4+9.2 0.408*
SpO, Saturation 58.94+23.7 71.1+£24.7 64.5+£24.8 0.023*
HCO,, (mmol/L) 23.7+3.3 24.6+4 .4 24.1+3.8 0.299*
Lactat, (mmol/L) 1.8+0.6 1.9+0.7 1.8+0.7 0.403%*
Neopterin (0.1-38 nmol/l) 3(2.2-4.9) 3223-7) 3.1(2.2-5.9) 0.456**

Data depicted in bold indicate significant differences between groups.

Abbreviations: APTT: Activated Partial thromboplastin time, HDL: High Density Lipoproteins, AST: Aspartate aminotrans-
ferase, ALT: Alanine aminotransferase, LDH: Lactate dehydrogenase, CRP: C-Reactive Protein, CK: Creatine Kinase, pO,:
Oxygen partial pressure, SpO,: peripheral capillary oxygen saturation.

*: Student t-test, **: Mann-Whitney U test, ***: Chi-square test.
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Table II. Cut-off values of the parameters predicting the need for Intensive Care in COVID-19 patients.

Area  Std. Error P Area 95% CI Sensitivity Specificity Cut-off point
Lower Upper

Age 0.737 0.055 <0.001 0.630 0.844 0.700 0.729 66.5
Lymphocyte 0.728 0.056 <0.001 0.618 0.837 0.744 0.708 1.085
D-dimer 0.768 0.052 <0.001 0.666 0.870 0.775 0.708 682
Troponin 0.816 0.046 <0.001 0.726 0.906 0.816 0.708 6.05
Ferritin 0.772 0.051 <0.001 0.672 0.872 0.725 0.708 3345
Albumin 0.966 0.024 <0.001 0.919 1.000 0.975 0.978 12.45
LDH 0.810 0.048 <0.001 0.716 0.904 0.775 0.729 365.5
CRP 0.795 0.049 <0.001 0.700 0.891 0.725 0.723 67.7
Procalcitonin 0.693 0.060 0.003 0.576 0.810 0.703 0.714 0.11
PaO, 0.712 0.057 <0.001 0.600 0.824 0.744 0.696 35.35
Neopterin 0.546 0.062 0.456 0.424 0.669 - - -

LDH: Lactate dehydrogenase, CRP: C-Reactive Protein.

3.2 (2.3-7) (no statistically significant difference)
(Table I). The S-COVID-19 group also had con-
siderably higher rates of coronary artery disease
(CAD) and troponin increase. CAD and troponin
elevation were also observed to be significantly
greater in the S-COVID-19 group. The INR and
D-Dimer readings in the S-COVID-19 group
were found to be considerably higher. The serum
ferritin level in the S-COVID-19 group was found
to be statistically substantially greater than that
in the M-COVID-19 group. In our study, serum
CRP, PCT, D-dimer, and ferritin levels were sig-
nificantly higher in the S-COVID-19 group than
in the M-COVID-19 group (Table I). The effect of
neopterin on mortality in COVID-19 hospitalized
patients was investigated using the ROC curve.
While age, D-Dimer, troponin, ferritin, albumin,
LDH, CRP, procalcitonin, and PaO, all exceed the
prescribed cut-off values, if lymphocyte is below
the cut-off value, it can be predicted as an inde-
pendent risk factor for intensive care and mor-
tality, according to the ROC analysis in Table II.
The neopterin parameter, however, was found to
be unreliable in predicting this requirement. The
sensitivity and specificity of the neopterin mortal-
ity predicted cut-off value in COVID-19 disease
could not be determined using the ROC curve
analysis.

Discussion

In the present study, we investigated whether
there was a significant difference in serum neopter-
in levels between the two groups (M-COVID-19
and S-COVID-19 groups). We found that serum
neopterin blood levels measured from patients

with moderate pneumonia and severe pneumonia
at their hospitalization were not closely associated
with the mortality of the disease (p >0.05). More-
over, no correlation was found between neopterin
levels and CRP, procalcitonin and ferritin. There
is currently no viable predictive biomarker for
COVID-19 patients that can predict disease se-
verity and prognosis'*.

Several infectious and non-communicable
diseases are caused by cytokine storms (CS).
The term “cytokine storm” was initially used in
1993 in a paper on graft-versus-host disease, and
then later in viral infectious disorders such as cy-
tomegalovirus, EBV-associated hemophagocyt-
ic lymphohistiocytosis, and SARS-CoV'. The
cytokine storm is a COVID-19 patient profile
characterized by low interferon levels and strong
IL-6 expression in the presence of high chemo-
kines's. Acute respiratory distress syndrome
causes damage to lung parenchyma tissue, and
a cytokine storm develops after monocyte-mac-
rophage activation, resulting in morbidity and
mortality in COVID-19 infection. In serious-
ly affected SARS-CoV-2 patients, prolonged
monocyte-macrophage activation could lead to
respiratory failure'’. Neopterin is a cytokine pro-
duced by macrophages in response to interfer-
on-gamma activation, and it can be used to pre-
dict the severity of disease in COVID-19 cases.
The level of serum neopterin indicates where the
cellular immune system is in its activation pro-
cess. Neopterin could be a useful biomarker for
COVID-19’s MAS immunopathology as a mac-
rophage activation marker'®.

Neopterin has been related to disease activity,
clinical course prediction, and bacterial infection
differentiation, and it has been recommended
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as a biomarker for a range of viral infections'’.
According to other studies, severe clinical pa-
tients have a substantially higher prevalence
than mild clinical patients®®. T-cell activation
has a vital role in commencing severe pulmo-
nary inflammation and decreasing breathing in
SARS-CoV-2 infections, as evidenced by pa-
tients with high neopterin levels?'. Because the
patients were at the peak of COVID-19 disease,
hospitalizations were delayed, and the neopter-
in level fell due to its typical characteristic, no
significant difference in serum neopterin was
identified between the groups in our study. The
amount of neopterin declined progressively in
both mild and severe patients, according to one
study, while high levels lingered longer in severe
cases’. A reduction in neopterin levels may have
happened after a length of time following the on-
set of symptoms in our investigation. COVID-19
infection is linked to systemic inflammation, a
pro-inflammatory cytokine storm, and sepsis,
which can lead to multiorgan failure and death.
Furthermore, various comorbidities have been
linked to poorer clinical outcomes in COVID-19
patients®*%,

Limitations

The data were obtained from a single clinical
research center, not from more than one clinical
research center. Fewer patients were included in
the study. This study may differ from the results
of other scientists at home and abroad and should
be further developed in clinical cases. Due to the
limitations highlighted above, more comprehen-
sive, prospective, randomized controlled studies
with bigger patient populations are needed to rep-
licate these investigations at various phases of the
disease.

Conclusions

The COVID-19 pandemic has the potential
to spread quickly. The clinical symptoms of
this disease can differ even among people who
have the same viral infection. Furthermore, the
severity of the disease is a predictor of progno-
sis on its own. Despite the fact that neopterin
did not play a role in predicting the severity of
COVID-19 infection and the outcome of the ill-
ness in our investigation, it is evident that more
research is required.

5572

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

Acknowledgements

We thank all the medical and nursing equipment of Sakarya
University Education and Training Hospital, for their dedi-
cated care of our patients during the COVID-19 pandemic.

Informed Consent

Informed consent was obtained from all individual partici-
pants included in the study.

Funding

This research did not receive any specific grants from any
funding agency in the public, commercial, or not-for-profit
sectors.

Authors’ Contributions

Conceptualization, C.K.; Data curation, S.Y., and K.I.; For-
mal analysis, T.D. and H.S.; Methodology, E.C., C.K; Su-
pervision, C.V; Writing—original draft, C.K.; Writing—re-
view and editing, A.N., K.O.S, and T.K. All authors have
read and agreed to the published version of the manuscript.

ORCID ID

Cengiz Karacaer: 0000-0002-7164-4810; Selcuk Yaylaci:
0000-0002-6768-7973; Kubilay Issever: 0000-0002-1376-
1488; Havva Sert: 0000-0002-1658-6515; Kezban Ozmen
Suner: 0000-0002-9822-4031; Erdem Cokluk: 0000-0002-
6205-5109; Ahmet Nalbant: 0000-0003-4756-3575; Taner
Demirci: 0000-0002-9579-4530; Ceyhun Varim: 0000-
0002-8369-0857; Tezcan Kaya: 0000-0003-0483-2333

References

1) Zhu N, Zhang D, Wang W, Li X, Yang B, Song J,
Zhao X, Huang B, Shi W, Lu R, Niu P, Zhan F, Ma
X, Wang D, Xu W, Wu G, Gao GF, Tan W. A Novel
Coronavirus from Patients with Pneumonia in Chi-
na, 2019. N Engl J Med 2020; 382: 727-733.

2) Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX,
Liu L, Shan H, Lei CL, Hui DSC, Du B, Li LJ, Zeng
G, Yuen KY, Chen RC, Tang CL, Wang T, Chen
PY, Xiang J, Li SY, Wang JL, Liang ZJ, Peng YX,
Wei L, Liu Y, Hu YH, Peng P, Wang JM, Liu JY,
Chen Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ,
Zhu SY, Zhong NS. China Medical Treatment Ex-
pert Group for COVID-19. Clinical Characteristics
of Coronavirus Disease 2019 in China. N Engl J
Med 2020; 382: 1708-1720.

3) Liu K, Chen Y, Lin R, Han K. Clinical features of
COVID-19 in elderly patients: A comparison with



The novel biomarker, neopterin, can predict the severity of COVID-19

young and middle-aged patients. J Infection 2020;
80: e14-18.

4) Webb BJ, Peltan ID, Jensen P, Hoda D, Hunter
B, Silver A, Starr N, Buckel W, Grisel N, Hummel
E, Snow G, Morris D, Stenehjem E, Srivastava R,
Brown SM. Clinical criteria for COVID-19-associ-
ated hyperinflammatory syndrome: a cohort study.
Lancet Rheumatol 2020; 2: e754-e763.

5) Merad M, Martin JC. Pathological inflammation in
patients with COVID-19: a key role for monocytes
and macrophages. Nat Rev Immunol 2020; 20:
355-362.

6) Zhang N, Zhao YD, Wang XM. CXCL10 an import-
ant chemokine associated with cytokine storm in
COVID-19 infected patients. Eur Rev Med Phar-
macol Sci 2020; 24: 7497-7505.

7) Schoedon G, Troppmair J, Adolf G, Huber C, Nied-
erwieser A. Interferon-y enhances biosynthesis of
pterins in peripheral blood mononuclear cells by
induction of GTP-cyclohydrolase | activity. J Inter-
feron Cytokine Res 1986; 6: 697-703.

8) Muller TF, Vogl M, Neumann MC, Lange H, Grimm
M, Mdller MM. Noninvasive monitoring using se-
rum amyloid A and serum neopterin in cardiac
transplantation. Clin Chim Acta 1998; 276: 63-74.

9) Robertson J, Gostner JM, Nilsson S, Andersson
LM, Fuchs D, Gisslen M. Serum neopterin levels
in relation to mild and severe COVID-19. BMC In-
fect Dis 2020; 20: 942.

10) Chauvin M, Larsen M, Quirant B, Quentric P,
Dorgham K, Royer L, Vallet H, Guihot A, Comba-
diere B, Combadiére C, Barallat J. Elevated Neop-
terin Levels Predict Fatal Outcome in SARS-CoV-
2-Infected Patients. Front Cell Infect Microbiol
2021; 11: 709893.

11) Al-Kuraishy HM, Al-Gareeb Al, Alzahrani KJ,
Cruz-Martins N, Batiha GE-S. The potential role
of neopterin in COVID-19: a new perspective. Mol
Cell Biochem 2021; 476: 4161-4166.

12) Undvar S, Girgin G, Palabiyik SS, Karaagag T,
Ozcebe Ol, Sahin G, Baydar T. Spot analyses of
serum neopterin, tryptophan and kynurenine lev-
els in a random group of blood donor population.
Pteridines 2013; 24: 41-46.

13) Weiss G, Fuchs D, Hausen A, Reibnegger G, Wer-
ner ER, Werner-Felmayer G, Semenitz E, Dierich
MP, Wachter H. Neopterin modulates toxicity me-
diated by reactive oxygen and chloride species.
FEBS Lett 1993; 321: 89-92.

14) Yan L, Zhang HT, Goncalves J, Xiao Y, Wang M,
Guo Y, Sun C, Tang X, Jing L, Zhang M, Huang
X. An interpretable mortality prediction model for
COVID-19 patients. Nat Mach Intell 2020; 283-288.

15) Ferrara JL, Abhyankar S, Gillland DG. Cytokine
storm of graft-versus-host disease: a critical effec-
tor role for interleukin-1. Transplant Proc 1993; 25:
1216-1217.

16) Blanco-Melo D, Nilsson-Payant BE, Liu WC, Uhl
S, Hoagland D, Mgller R, Jordan TX, Oishi K,
Panis M, Sachs D, Wang TT, Schwartz RE, Lim
JK, Albrecht RA, Tenoever BR. Imbalanced Host
Response to SARS-CoV-2 Drives Development of
COVID-19. Cell 2020; 181: 1036-1045.

17) Goémez-Rial J, Rivero-Calle |, Salas A, Mar-
tinon-Torres F. Role of Monocytes/Macrophages
in COVID-19 Pathogenesis: Implications for Ther-
apy. Infect Drug Resist 2020; 13: 2485-2493.

18) Huber C, Batchelor JR, Fuchs D, Hausen
A, Lang A, Niederwieser D, Reibnegger G,
Swetly P, Troppmair J, Wachter H. Immune
response-associated production of neopterin.
Release from macrophages primarily under
control of interferon-gamma. J Exp Med 1984;
160: 310-316.

19) Prat C, Dominguez J, Andreo F, Blanco S, Pallarés
A, Cuchillo F, Ramil C, Ruiz-Manzano J, Ausina V.
Procalcitonin and neopterin correlation with aetiol-
ogy and severity of pneumonia. J Infect 2006; 52:
169-177.

20) Zheng B, Cao KY, Chan CP, Choi JW, Leung W,
Leung M, Duan ZH, Gao Y, Wang M, Di B, Hollidt
JM. S erum neopterin for early assessment of se-
verity of severe acute respiratory syndrome. Clin
Immunol 2005; 116: 18-26.

21) Shady MM, Fathy HA, Ali A, Youness ER, Fathy
GA. Association of neopterin as a marker of im-
mune system activation and juvenile rheumatoid
arthritis activity. J Pediatr 2015; 91: 352-357.

22) Uznanska-Loch B, Cieslik-Guerra U, Rechcinski T,
Trzos E, Kasprzak JD, Kurpesa M. One patient -
many faces of myocardial ischaemia. Kardiol Pol
2013; 71: 631-633.

23) Maffia P, Guzik TJ. When, where, and how to tar-
get vascular inflammation in the post-CANTOS
era? European heart journal 2019; 7: 2492-2494.

24) Lagadinou M, Zareifopoulos N, Gkentzi D, Samp-
sonas F, Kostopoulou E, Marangos M, Solomou E.
Alterations in lymphocyte subsets and monocytes
in patients diagnosed with SARS-CoV-2 pneumo-
nia: a mini review of the literature. Eur Rev Med
Pharmacol Sci 2021; 25: 5057-5062.

25) Soy M, Keser G, Atagiindiiz P, Tabak F, Atagtinduz
I, Kayhan S. Cytokine storm in COVID-19: patho-
genesis and overview of anti-inflammatory agents
used in treatment. Clin Rheumatol 2020; 39: 2085-
2094.



