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Abstract
Neopterin (NPT) is a member of pteridines group, synthesized by macrophages when stimulated by interferon gamma (INF-
γ). NPT is regarded as a macrophage stimulation indicator, marker of cellular immune activation and T helper 1 (Th1) type 
1 immune response. Here, we aimed to provide a view point on the NPT features and role in Covid-19. Serum NPT level 
is regarded as an independent prognostic factor for Covid-19 severity, with levels starting to increase from the 3rd day of 
SARS-CoV-2 infection, being associated with severe dyspnea, longer hospitalization period and complications. Also, early 
raise of NPT reflects monocytes/macrophages activation before antibody immune response, despite the NPT level may also 
remain high in Covid-19 patients or at the end of incubation period before the onset of clinical symptoms. On the other 
hand, NPT attenuates the activity of macrophage foam cells and is linked to endothelial inflammation through inhibition 
of adhesion molecules and monocytes migration. However, NPT also exerts anti-inflammatory and antioxidant effects by 
suppressing NF-κB signaling and NLRP3 inflammasomes. NPT can be viewed as a protective compensatory mechanism to 
counterpoise hyper-inflammation, oxidative stress, and associated organ damage.
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Background

Coronavirus disease 2019 (Covid-19) is a global pandemic 
infectious disease caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), having its entry 
through interaction with angiotensin converting enzyme 2 
(ACE2) receptors, which expressed mainly in lung type II 
alveolar cells [1]. Moreover, the SARS-CoV-2 entry into 
target cells is facilitated by cellular transmembrane protein 
serine (TMPRSS2) through proteolytic cleaving of spike 

protein [2]. As a consequence, the SARS-CoV-2 binding to 
the ACE2 receptors expressed in lung alveolar cells, along 
with macrophages and endothelial cells leads to down-
regulation of these receptors with induction a momentous 
dysregulation of renin-angiotensin system (RAS) [3]. Dys-
functional RAS with high angiotensin II (AngII) has been 
linked to acute lung injury (ALI) through intensification of 
inflammatory changes and lung vascular permeability [4]. 
Moreover, SARS-CoV-2 triggers a local immune response, 
through recruiting monocytes and macrophages to the site 
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of infection with activation of cellular immune response [5]. 
However, an abnormal immune response and high viral rep-
lication may cause pyroptosis (inflammatory program cell 
death) through induction of IL-1β release [6]. Likewise, 
severe SARS-CoV-2 and abnormal immune response may 
propagate to induce the development of cytokine storm (CS) 
[7]. At molecular level, SARS-CoV-2 infection is thoroughly 
analogous to that of SARS-CoV with strong inflammatory 
response-induced ALI, and acute respiratory distress syn-
drome (ARDS) [8]. In this sense, the disease severity is not 
solely linked to viral infection but also to an exaggerated 
immune response, as evident in previous SARS-CoV and 
Middle East Respiratory Syndrome coronavirus (MERS-
CoV) [9]. In the previous pandemic (SARS-CoV, in 2003) 
an exaggerated immune response was observed, where high 
neopterin (NPT) serum levels were linked to disease severity 
and poor clinical course [10]. In this sense, here we provide 
a critical view on the NPT features and its role in Covid-19.

Characteristics and role of neopterin

Neopterin (NPT) is a member of a chemical group named 
as pteridines, synthesized by macrophages from dihydro-
NPT when stimulated by interferon gamma (INF-γ). NPT is 
regarded as an indicator of macrophage stimulation, marker 
of cellular immune activation and T helper 1 (Th1) type 1 
immune response. NPT is quietly differed from biopterins, 
which are pterin derivative act as cofactor for endogenous 
enzymes mainly amino acid hydroxylase for synthesis of dif-
ferent molecules such as nitric oxide [11]. Briefly, NPT is an 
oxidized form of dihydroneopterin during antioxidant reac-
tions, where high NPT levels in serum and other biological 
fluids is linked to an elevated production of reactive oxygen 
species (ROS) and induction of oxidative stress (OS) during 
intense activation of cellular immunity [12].

Different studies have shown that high NPT serum level 
is linked to diverse infectious diseases and immunological 
disorders, including autoimmune diseases [13], malignancy 
[14], and viral infections, like rubella, cytomegalovirus, 
hepatitis C, and dengue fever [15]. Also, Omma et al. [16] 
observed that NPT serum level is correlated with disease 
severity. However, El-Lebedy et al., [17] showed that NPT 
serum level is not correlated with the disease’ severity in 
patients with rheumatoid arthritis. Indeed, various types of 
viral infections are able to activate the formation and release 
of INF-γ from infected cells, where INF-γ stimulates mac-
rophages to produce and release of NPT. Therefore, NPT 
concentrations reflect an underlying cell-mediated immune 
activation [18].

Macrophages have a crucial role in innate immune 
response during viral infections. Two types of monocyte-
derived macrophages are developed: classically activated 

macrophages (M1) and alternatively activated macrophages 
(M2). M1 macrophages have pro-inflammatory role, are 
stimulated by tumor necrosis alpha (TNF-α), INF-γ, and 
pathogen-associated molecular patterns (PAMPs), while M2 
macrophages have anti-inflammatory role and activated by 
IL-13 and IL-4 [19]. Specifically, NPT serum level is cor-
related with activation of M1 macrophages and associated 
hyper-inflammation-induced tissue damage [20]. Moreover, 
T cells through TNF-α, natural killer (NK) cells through 
interferon gamma (INF-γ) and viral infections through 
pathogen-associated molecular patterns (PAMPs) activate 
classical macrophage (M1) for the release of neopterin 
(NPT), which inhibit release of adhesion molecules [21]. As 
a consequence, a high release of NPT leads to the negative 
feedback inhibition of macrophage activity with macrophage 
polarization’ induction from pro-inflammatory M1 to the 
anti-inflammatory M2 type [22].

On the other hand, NPT has a protective effect against 
plaque generation in patients with carotid atherosclerosis 
through inhibition of vascular cell adhesion molecule-1 
(VCAM-1), intercellular adhesion molecule-1 (ICAM-1), 
and monocyte chemotactic protein-1 (MCP-1) to endothe-
lial cells. Likewise, NPT derivatives improve endothelial 
function via activation of nitric oxide (NO) synthase. Tet-
rahydrobiopterin is regarded as derivative of NPT also act 
as a cofactor for endothelial nitric oxide synthase (eNOS) 
suppresses vascular injury and improve endothelial function 
[23]. Similarly, Shira et al. [24] observed that NPT might 
be conceived as a new therapeutic line in the management 
of ischemic heart disease and atherosclerosis through sup-
pressing inflammation-induced endothelial dysfunction and 
atherogenesis. Indeed, it has been stated that elevated NPT 
in paraquat-induced ALI might be a compensatory mecha-
nism due to development of OS and reduction of antioxi-
dant capacity [25]. Therefore, there is a strong controversy 
regarding the potential role of NPT in cardio-pulmonary 
disorders. The net-effect of NPT is shown in Fig. 1.

Role of neopterin in Covid‑19

At present, different studies have tried to address the criti-
cal role of NPT in Covid-19 severity and clinical outcomes. 
In a retrospective study with 115 hospitalized patients with 
severe Covid-19, Bellmann–Weiler et al. [26] illustrated that 
NPT serum levels above 45 nmol/L at time of admission 
predict both severity and the need for mechanical ventila-
tion at intensive care unit (ICU), since high NPT serum lev-
els reflect exaggerated T cells activations-induced ALI and 
ARDS in SARS-CoV-2 pneumonia [27]. Similarly, Robert-
son et al. [28] showed that NPT serum levels are regarded 
as an independent prognostic factor for Covid-19 severity. 
Besides, in SARS patients, the NPT level started to increase 
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from the 3rd day of infection and was linked to severe dysp-
nea, longer hospitalization period and associated complica-
tions. Thus, early increase of NPT reflects monocytes/mac-
rophages activation before antibody immune response [10]. 
In a prospective study, Ozge et al. [29] confirmed that NPT 
serum level has higher sensitivity (100%) and specificity 
(76%) in severe Covid-19 patients compared to mild ones. 
Thus, NPT serum level can be a helpful biomarker to recog-
nize Covid-19 patients at an elevated risk of a deteriorated 
outcome. In addition, it has been reported that NPT serum 
level may be a diagnostic biomarker in viral infections of 
lower respiratory tract as it increased more than 10 nmol/L 
in 96% of patients. Also, NPT serum level can be able to dif-
ferentiate a viral infection of lower respiratory tract from that 
of bacterial one, being stated an increase two times higher 
in case of viral when compared to bacterial infection. Also, 
in viral infections, elevation of NPT serum level is associ-
ated with high CRP as compared with bacterial infection, 
in which C-reactive protein (CRP) is slightly increased [30, 
31]. In addition to this, NPT serum level is correlated with 
viral load, infectivity, and mortality in infected patients with 
HIV [32], hepatitis C and B [33]. Indeed, NPT level in cer-
ebrospinal fluid (CSF) is elevated in patients with severe 
SARS-CoV-2 infection with neurological disorders suggest-
ing a remarkable pattern of CSF inflammation and central 

nervous system (CNS) pathobiology in Covid-19-induced 
brain injury [34].

Despite these findings confirmed strong associations 
between NPT serum level and Covid-19 severity, none of 
studies follow NPT level at the end course of Covid-19 
severity. The NPT level may remain high in patients with 
Covid-19 or elevated at the end of incubation period before 
the onset of clinical symptoms, but none of the studies fol-
low NPT level at the end course of Covid-19 severity [35, 
36]. In addition, severe cases of Covid-19 have been linked 
to a high-risk of acute kidney injury (AKI) in about 50% of 
cases [37]. In AKI, NPT level is correlated with elevated 
blood urea and serum creatinine levels [38]. Furthermore, 
the correlation between NPT level and blood urea and/or 
serum creatinine levels was not evaluated in most studies 
that concern NPT level in Covid-19. Therefore, linking NPT 
level with Covid-19 severity seems to be a compensatory 
protective mechanism against SARS-CoV-2 rather than a 
causal factor. In fact, during viral infection, macrophages 
synthesize dihydro-NPT upon IFN-γ activation, which oxi-
dized to form NPT. Therefore, NPT is an oxidized form of 
dihydro-NPT during macrophage-induced inflammatory 
changes and OS. Free radicals, ROS and other oxidants 
agents during OS increase conversion of 7,8-dihydro-NPT 
to NPT. Therefore, measurement of total NPT (NPT plus 
dihydro-NPT) is a more accurate measure than NPT alone in 
assessment of macrophage activity [15]. It has been shown 
that the generated 7,8-dihydro-NPT during macrophages 
activation exert antioxidant activity against local oxidizing 
inflammatory environment [39]. Undeniably, NPT is not 
always a reflex of the disease activity and severity, as shown 
by a systematic review and meta-analysis, illustrating that 
NPT level has no any role or substantial effect on disease 
activity and severity of RA [40].

Nonetheless, most studies that confirmed the potential 
benefit of NPT as a biomarker of Covid-19 severity did not 
discuss why it increases and do it exert harmful or protec-
tive effects during the clinical course in Covid-19 patients. 
It has been revealed that SARS-CoV-2 infection leads to 
endotheliitis which provoke the release of pro-inflammatory 
cytokines [41]. As a consequence, endothelial inflammation 
activates the production of IL-6 and adhesion molecules, 
like ICAM-1, MCP-1, and VCAM-1 that encourage T cells 
and monocyte adhesions and infiltrations into vascular 
neointima with secretion of TNF-α [42]. Yan et al. [43] illus-
trated that NPT attenuates the activity of macrophage foam 
cells and is linked with endothelial inflammation through 
inhibition of adhesion molecules and monocytes migration. 
Therefore, high NPT levels in Covid-19 patients can display 
a protective effect to counteract the SARS-CoV-2-induced 
endotheliitis and endothelial dysfunctions. Into the bargain, 
SARS-CoV-2 infection is associated with macrophage acti-
vation with acquisition of pro-inflammatory phenotype 

Fig. 1  Activation of neopterin release and inhibition of adhesion 
molecules: T cells through tumor necrosis alpha (TNF-α), natural 
killer (NK) cells through interferon gamma (INF-γ) and viral infec-
tions through pathogen-associated molecular patterns (PAMPs) acti-
vate macrophage (M1) for release of neopterin (NPT), which inhibit 
release of adhesion molecules, monocyte chemoattractant protein-1 
(MCP-1), intracellular adhesion molecule-1(ICAM-1), and vascular 
cell adhesion molecule-1 (VCAM-1)
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(M1) and activation of NF-κB and nods like receptor pyrin 
3 (NLRP3) inflammasomes leading to hyper-inflammatory 
status [44]. Different studies have shown that NPT exert anti-
inflammatory effects through suppressing NF-κB signaling 
and NLRP3 inflammasomes [22]. The inhibitory effect of 
NPT on the NLRP3 inflammasomes is mediated through 
activation of anti-inflammatory IL-10 and nuclear transloca-
tion of transcription factor-2 (Nrf-2). As well, a prolonged 
NPT effect accelerates the development of M2 over M1 
leading to an anti-inflammatory status to counterbalance the 
M1-mediated pro-inflammatory response [45].

On the other hand, SARS-CoV-2 infection-induced 
complications are linked to OS induction, resulting from 
an overproduction of ROS from neutrophils and activated 
monocytes/macrophages axis [46]. Laforge et al. [47] illus-
trated that ROS and OS in SARS-CoV-2 infection led to high 
neutrophil–lymphocyte ratio, dysfunction of red blood cell, 
thrombosis, and tissue damage. Thus, antioxidants, like vita-
mins C, D and E may attenuate Covid-19 severity through 
modulation of glutathione level, immune response and tissue 
oxygenations [48]. It has been documented that NPT and 
7,8-dihydro-NPT have antioxidant effects comparable to that 
of melatonin [49]. Similarly, high NPT level reflects a poor 
endogenous antioxidant capacity and deregulated immune 
response [50]; herein, NPT may attenuate Covid-19-asso-
ciated inflammatory and OS-derived disorders as well as 
tissue damage (Fig. 2).

Furthermore, the NPT level is also increased in patients 
with type 2 diabetes mellitus (T2DM) [51], cardiovascular 
disorders [52] and in elderly [53] due to OS and depletion 
of antioxidant capacity. In a recent study, old age patients 

with T2DM and cardiovascular disorders were regarded as 
high-risk group for Covid-19 severity [54]. In this sense, 
NPT level in those risk groups with Covid-19 should be 
reevaluated, despite high NPT level in patients with Covid-
19 seems to be a protective compensatory mechanism to 
counterbalance the hyper-inflammatory response, OS, and 
associated organ damage through its anti-inflammatory and 
antioxidant effects. Furthermore, the development of NPT 
agonist agents either drugs or analogues of phytomedicine 
may be of a great value in the management of Covid-19.

Conclusion

An elevated NPT serum level in Covid-19 patients is 
regarded as a protective compensatory mechanism to coun-
terpoise the hyper-inflammatory response, OS, and associ-
ated organ damage through its anti-inflammatory and antiox-
idant effects. Thus, prospective and randomized, controlled 
clinical trials should be warranted to confirm and reevalu-
ate the association between serum NPT level and Covid-19 
severity mainly in high-risk patients.
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