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Abstract

Background: The severity of Coronavirus Disease-2019 (COVID-19) cases is associated with
hyperinflammation. Patients with critical and severe COVID-19 have been observed to have
high amounts of circulating cytokines. Neopterin, a crucial cytokine in the antiviral immune
response that is released by macrophages upon stimulation with interferon-gamma, can be
utilized to forecast the severity of illness in COVID-19 patients. Methods: The study included
185 patients with COVID-19. The patients with COVID-19 were divided into three groups
according to disease severity as critical disease (n=51), severe disease (n=81), and moderate
disease (n=53). All basic demographic and clinical data of the patients were recorded and blood
samples were collected. Results: Neopterin levels were significantly higher in critical COVID-19
patients compared with severe and moderate COVID-19 patients (p < 0.0001). Further,
neopterin showed significantly higher levels in the age group =50 years of patients with COVID-
19 than in the age group <50 years. Neopterin levels were correlated with WBCs, Platelet, CRP,
D-Dimer, Ferritin, Fibrinogen, IL-6, and Procalcitonin levels positively (p= 0.569, 0.474, 0.338,
0.696,0.605,0.77,0.727, and 0.585; p < 0.01 respectively), and correlated with BMI, SpOz, and
lymphocyte negatively (p=- 0.165; p < 0.05, p=- 0.754, - 0. 548; p < 0.01 respectively). A cutoff
value of 23.62 nmol/L for neopterin predicted COVID-19 with a sensitivity of 95.7% and a
specificity of 95.5% (AUC: 0.986; p < 0.0001). Conclusion: Neopterin may be a useful

prognostic biomarker for assessing the severity of COVID-19.
Keywords: Neopterin, IL-6, age, COVID-19, disease severity.

1- Introduction

Since it first surfaced in China in late 2019, the severe
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) infection has spread quickly around the
world. According to the statistics, about 80% of
COVID-19 patients have moderate illness, 20% need
hospitalization, and roughly 5% require admission
into intensive care (1). In patients who are elderly,
male, and have concomitant conditions such
diabetes, cardiovascular disease, or chronic
obstructive pulmonary disease, the prognosis for
COVID-19 is poor (2,3). Hyperinflammation and
coagulopathy are linked to illness severity and
mortality in SARS-CoV-2 infected individuals (4,5).
The severity of the illness and mortality from COVID-
19 are correlated with higher levels of inflammatory
markers, including as C-reactive protein, ferritin, D-
dimer, inflammatory cytokines, and chemokines (6),
as well as elevated neutrophil to lymphocyte ratios.
When compared to moderate COVID-19 instances,
severe cases have been shown to have higher levels
of circulating cytokines, deep lymphopenia, and
significant mononuclear cell infiltration in the lungs
and other organs (7).

Prior research has demonstrated that the percentage
of mononuclear phagocytes in severe instances,
macrophage composition altered in favor of
macrophages produced from monocytes. As a result,
patients with SARS-CoV-2 have been found to have
elevated levels of cytokines associated to
macrophage activation, such as interferon-y (8).
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The activation of monocytes and macrophages is
frequently a component of inflammatory diseases. One
of the byproducts of these cells, neopterin, has received
much research as a potential biomarker for illnesses
including viral infection, cancer, and autoimmune
disorders like inflammatory bowel disease. Neopterin
has been associated with disease severity in various
disorders (9). A plethora of evidence about COVID-19
indicates that inflammatory responses play a crucial role
in disease progression. Rapid SARS-CoV-2 multiplication
and cellular degeneration trigger an inflammatory
response that attracts monocytes and macrophages and
leads to the production of cytokines and chemokines,
which in turn causes immunological mayhem (8,9).

Neopterin targeting in SARS-CoV-2 infection may thus
play a crucial role in the early diagnosis of disease
progression and timely treatment of affected people.
Few studies have been performed among those
infected with SARS-CoV-2, despite the fact that serum
neopterin levels have been tested to evaluate
immunological activation in a number of disorders.
Determining the importance of neopterin as a
diagnostic and prognostic marker in COVID-19
patients, whether alone or in association with other
inflammatory indicators such C-reactive protein (CRP),
IL-6, and procalcitonin, was the goal of this study.

2- Materials and Methods

A case-control study was conducted on COVID-19
patients admitted to COVID-19 Al-Amal specialized
hospital for infectious diseases in an Al-Najaf
governorate, Iraq during May and August 2022 after
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obtaining approval of the Ethics Committee of the
Iragi Ministry of Health and Environment and written
consent of the participants. A total number of 297
subjects were included: 185 COVID-19 patients
(mean age = 50.57 years; standard deviation = 5.28
years; range = 35-65 years; 58.38% males) and 112
controls (mean age = 49.16 years; standard deviation
= 6.53 years; range = 36-63 years; 59.82% males).
SARS-CoV2 was identified in patient nasopharyngeal
swabs using the Realline SARS-CoV2 test (Bioron
Diagnostics GmbH). To confirm the diagnosis, a
chest tomography (CT) scan was also completed.
Patients who had a positive molecular test, a COVID-
19-positive CT scan, and were more than 18 years
old were included in the study.

Chronic disease, pregnant women, and obese were
excluded. Patients were evaluated in terms of disease
severity, and in this context, three categories were
adopted; moderate (evident clinical and/or radiological
observations of lower respiratory tract infection with
>94% oxygen saturation), severe (<94% oxygen
saturation and =30 breaths/minute respiratory rate) and
critical (respiratory failure) illness.

Laboratory tests for hemoglobin (Hb), platelet count,
white blood cell count (WBC), lymphocyte, C-
reactive protein, D-dimer, ferritin, and fibrinogen
were also profiled for patients. Blood donors and
healthcare workers who were healthy and free of
respiratory and chronic illnesses made up the control
group. They tested negative for C-reactive protein
and anti-COVID19 IgG and IgM antibodies.

Venous blood samples were collected from both the
patient and control groups. | took blood samples
using two tubes. Allow the sample to clot for 10 to
15 minutes at room temperature before centrifuging
3 ml at 3000 Xg for 10 minutes to extract serum. The
serum samples were then divided into tubes and
kept in the refrigerator at a temperature of -20°C
until they were ready for analysis. The remaining
blood (2 ml) was utilized to calculate the complete
blood count. Fibrinogen was measured using an
immunoturbidimetric approach utilizing an optical
method. Fluorescence immunoassay was used to
determine serum ferritin, C-reactive protein, and D-
dimer levels were measured by (ichroma™). An
autohematology analyzer was used to determine the
whole blood count (linear, Spain). | used Melsin
Medical Co. (Jilin, China) ELISA kits to measure
serum neopterin, IL-6, Procalcitonin.

Statistical Analysis

The statistical studies were conducted using IBM SPSS
Statistics 26 software. The analyses' findings were
presented as mean standard deviation. The cutoff point
for statistical significance was p < 0.05. The Spearman’s
correlation coefficient (rho, p) analysis was used to assess
the nonparametric variables. Analysis of variance
(ANOVA) was employed in the study to examine any
variations in scale variables between categories. To
establish the cutoff value for neopterin, the receiver
operating characteristic (ROC) analysis approach was
used. The area under curve (AUC) value was calculated
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using the ROC curve.
3- Results

The 185 patients enrolled in this study were
categorized according to severity of COVID-19. Fifty-
three patients had moderate disease, while
remaining patients experienced either critical or
severe illness (51 and 81 patients, respectively). The
latter two groups of patients had a significantly
higher mean age compared to patients with
moderate disease (54.84 + 5.31 and 49.48 + 3.77 vs.
48.12 = 4.91 years, respectively; p < 0.056). In fact,
more than 60% of moderate cases were classified
under the age group < 50 years (68.81%), while
76.47% and 45.68% of critical and severe cases were
above the age of 50 years, respectively. These
differences were significant (p < 0.01). Patients were
also defined by the laboratory parameters listed in
Table 1. Means of these parameters showed higher
significantly differences between the three disease
severity groups as well as when compared with
control group (Table 1 and Figure 1 A and B).
Serum levels of neopterin showed higher significant
differences between COVID-19 patients and
controls. Similarly, patients stratified by disease
severity and age group show significant differences
between neopterin levels in each stratum. Further,
patients with critical disease tended to have a higher
mean of neopterin than in patients with severe and
moderate disease (Table 1 Figure 1).

To examine the concurrent effect of disease severity and
patient-related parameters on serum levels of neopterin,
each of the three disease severity groups (medium,
severe, and critical) were classified into subgroups for
each parameter (age: <50 and =50 years). Neopterin
tended to show higher levels in the age group =50 years
of patients with severe or critical illness than in the age
group <50 years (Figure 1 C and D).

ROC curve analysis demonstrated that neopterin was
a poor predictor of COVID-19 as the estimated AUC
was 0.986 (Sensitivity 95.7%, specificity 95.5%, cutoff
value 23.62 and p < 0.0001). A similar predicting
good was indicated when the patients stratified by
age group (AUC= 0.897, Sensitivity 82.6%,
specificity 80.8%, cutoff value 37.38 and p < 0.0001).
In the case of disease severity a significant AUC was
observed in critical versus severe illness (AUC= 0.99,
Sensitivity 94.1%, specificity 93.8%, cutoff value
46.24 and p < 0.0001), and severe versus moderate
(AUC= 0.956, Sensitivity 90.1%, specificity 86.8%,
cutoff value 31.56 and p < 0.0001) (Figure 2).
Spearman's rank order correlation analysis was
performed to calculate correlation coefficients (p)
between neopterin and laboratory parameters in
COVID-19 patients. Neopterin showed negative
correlation with BMI (p = - 0.165; p < 0.05), SpO;, and
lymphocyte (p = - 0.754, - 0. 548; p < 0.01 respectivily),
while it was positively correlated with WBCs, platelet,
CRP, D-Dimer, ferritin, fibrinogen, IL-6, and procalcitonin
(p = 0.569, 0.474, 0.338, 0.696, 0.605, 0.77, 0.727, and
0.585; p <0.01 respectivily) (Table 2 and Figure 3).
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Variables COMSTSkases; n = 185 Hathy/crid oialle
Critical @50 Severe 80D | Moderate (3 (@ i)
Age (years) 54.84 4531 VA S S Sy B1T2A91 R2IEEE | <0.056
Age group, <50 12 (23.53) 39 44 (54.32) 37 37 (68.81) 16 52 (46.43) 60 <001
(years) > 50 (76.47) (45.68) (30.19) (53.57) ’
Male 30 (58.82) 21 45 (55.56) 36 33 (62.26) 20 | 67 (59.82) 45
Semeer S (41.18) (44.44) (37.74) @o.18) | <900%7
BMI (kg/m?) 23.99-0.76 24.17 108 24.45-+.06 254132 | <0.949
SpO,% 71.72+7.39 86.73 253 93.01+3.66 98.86=8.46 | <0.000
Hb (g/dL) 12.51+1.19 12.6331.41 12.51+1.27 12.7+1.25 <0.773
WBCs; x10%/L 13.13+1.58 11.74=%.27 10.33+£1.57 8.59+1.14 < 0.000
Lymphocyte; x10%/L 2.37+0.69 2.94-0.83 3.95+0.77 3.99+0.62 < 0.000
Platelets; x10%/L 309.24+35.47 AP A | 242.29+39.41 |301.45+61.98| < 0.000
CRP (mg/L) 39.44+6.69 31.59 =02 28.82+7.08 3.91+1.28 <0.000
D-Dimer (ng/mL) 3487.91+863.62 | 2512.364731.21| 1078.55+356.01 | 204.81+95.07 | < 0.000
Ferritin (hg/mL) 692.09+111.08 ARE3H2.56 437.17+£72.84 |132.61=23.62| <0.000
Fibrinogen (mg/dLl) 525.79+63.11 FIREGIES S 233.63+£65.52 |187.48+78.09| < 0.000
IL-6 (pg/ml) 17.4+2.05 14.89+1.72 10.36+1.84 4.55+1.74 < 0.000
Procalcitonin (ng/mL) 0.47+0.18 0.33+0.03 0.27+0.15 0.09+0.051 | <0.000
Neopterin (nmol/L) 57.64+6.38 36.95+4.97 28.01+3.56 15.88+4.45 | < 0.000
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Figure 1. Comparison between groups, (A) All (W[ 3Fxases and controls, (B) Disease severity, (C) Age, and (D)
Disease severity for age of neopterin levels.
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Figure 2. Receiver operating characteristic curve analysis of neopterin serum levels in all cases of COVID-19 versus
controls, age group and in COVID-19 cases stratified by disease severity.
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Figure 3. Correlation between neopterin level and (A)

Age, (B) BMI, (C) SpO:%, (D) Hemoglobin, (E) WBCs,

(F) Platelet, (G) Lymphocytes, (H) D-Dimer, (i} Ferritin,
(J) CRP, (K) Fibrinogen, (L) IL-6, (M) Procalcitonin.

4- Discussion

The macrophage-derived neopterin, which is
generated by the cytokine IFN-y, has established
status as a marker in a variety of viral diseases,
including HIV and influenza, where it was associated
with disease activity, clinical course prediction, and
distinction from bacterial infections. Additionally,
diverse viral and/or inflammatory disorders' severity
and outcomes were correlated with neopterin levels
(12). According to research, SARS-CoV-2 infection
causes endotheliitis, which in turn causes the
production of cytokines that promote inflammation
(13). Endothelial inflammation therefore stimulates
the production of IL-6 and adhesion molecules such
as ICAM-1, MCP-1, and VCAM-1 that promote T cell
and monocyte adhesions and infiltrations into
vascular neointima with TNF-a release (14,15).
Neopterin reduces the activity of macrophage foam
cells and is associated with endothelial inflammation
through inhibition of adhesion molecules and
monocyte migration, as shown by Yan et al. (16).
Therefore, elevated neopterin levels in COVID-19
patients may have a protective impact to combat
endotheliitis and endothelial dysfunctions brought
on by SARS-CoV-2. In addition, SARS-CoV-2
infection is linked to macrophage activation and
phenotypic acquisition of the pro-inflammatory
state.

Neopterin has been suggested as a biomarker for a
variety of viral infections and has been linked to
disease activity, clinical course prediction, and
bacterial infection differentiation (17). Other studies
have found that the prevalence of severe clinical
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patients is much greater than that of mild clinical
patients. According to patients with high neopterin
levels, T-cell activation is crucial for starting severe
pulmonary inflammation and reducing respiration in
SARS-CoV-2 infections (18,19). Neopterin is a useful
biomarker of immunological activation of the central
nervous system in several viral pathogenic situations,
such as HIV-1 infection and influenza (20). Patients
with neurological problems and moderate to severe
COVID-19 disease had elevated neopterin levels in
their blood and cerebrospinal fluid (CSF).
Encephalopathy, excessive weariness, memory loss,

personality ~changes, minor neck stiffness,
photophobia, sleepiness, dysgeusia, and
disorientation were among the neurological
symptoms (21).

A strong systemic inflammatory response brought on
by SARS-CoV-2 infection may be the cause of high
CSF neopterin (22). This finding could clarify the
brain damage and CSF inflammation brought on by
COVID-19[21,23]. Regarding the pathophysiological
underpinnings of profoundly high CSF neopterin in
COVID-19 infection and its utility as a predictive
indicator for the emergence of neurological
symptoms, there is still a great deal of uncertainty
(24,25).

The COVID-19-causing SARS CoV-2 virus has also
been linked to increased cytokine levels, organ
damage, increased phagocytes, and activated
macrophages. Neopterin, a macrophage-produced
protein that is involved in viral infections and the
immune system, can thus be employed in the early
detection of disease severity in COVID-19 patients
(26-28).

Neopterin has a diagnostic advantage since it is
generated by the Th-1 cytokine IFN-y, which more
accurately reflects immunological activation resulting
from T-helper cell type 1 and stimulates the effector
actions of monocytic cells. This is consistent with
previous findings that T-cell activation contributes

significantly to the development of severe
pulmonary  inflammation and  compromised
breathing in  SARS-CoV-2 infections (29,30).

Neopterin is recommended as a reliable parameter
for predicting the prognosis of SARSCoV-2-infected
patients and adapting the treatment algorithm for
such patients with an increased risk of adverse
outcomes due to the associations between high
neopterin levels and an increased risk of needing
mechanical ventilation, intensive care unit (ICU)
treatment, and adverse outcomes. To decrease the
possibility of mechanical breathing and ICU
hospitalization, which are linked to possible
problems and long-term care, patients with high
neopterin levels at initial presentation require
increased surveillance and early referral to
noninvasive ventilation. The relationship between
high levels of neopterin and a poor clinical outcome
is consistent with the theory that more advanced, T-
cell-triggered immunological activation is a primary
contributor to unfavorable results.

5- Conclusion
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Neopterin may be utilized as a biomarker to gauge
the severity of the COVID-19 condition. This might
lead to an earlier identification of the condition,
better monitoring of it, and a reduction in fatalities
never before seen.
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