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Abstract: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection has 
rapidly spread across the world since its first emergence in China in late 2019. It is a major 
public health concern with no effective treatct 3ments. The immunopathology of SARS-CoV- 
2 is associated with an excessive inflammatory response. Macrophage activation syndrome 
(MAS) is also associated with the severity of the disease in SARS-CoV-2-infected patients. 
Neopterin is a macrophage activation marker produced by monocytes and macrophages upon 
activation by interferon-gamma (IFN-γ). Neopterin is a well-established marker in a variety 
of diseases, and recent evidence indicates that it could be helpful in early prediction of the 
severity of COVID-19 disease and serve as a prognostic marker. Here, we outline the role of 
macrophage activation syndrome in the pathogenesis of SARS-CoV-2 and suggest that 
neopterin could be used as a biomarker for progression of COVID-19. 
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Introduction
Since the first report in Wuhan, China on December 30, 2019, coronavirus disease 2019 
(COVID-19) has evolved into a global pandemic. As of December 11, 2020, more than 
69.5 million COVID-19 cases have been confirmed as well as more than 1.5 million 
deaths.1 It is now known that COVID-19 is caused by infection with severe acute 
respiratory syndrome corona virus 2 (SARS-CoV-2). The clinical course of SARS- 
CoV-2 infection appears to be wide-ranging, involving asymptomatic infection, mild 
upper respiratory tract illness to severe respiratory distress syndrome, and death.2 

Furthermore, a study has also shown that the highest risk of disease severity and 
death is in people aged 60 and above and those with prior co-morbidities, including 
cancer, diabetes, and hypertension.3 The disease is relatively mild in pediatrics, since 
children had shown better prognosis, and deaths were extremely rare.4

It is now evident that hyper-inflammatory syndrome is a major cause of disease 
severity and death in SARS-CoV-2 infected patients. This includes higher produc-
tion of cytokines, such as IFN-γ and IL-6. Extensive cellular infiltration, mostly by 
macrophages, has been found in post-mortem lungs of SARS-CoV-2 patients.5 

Recent understanding of the immunopathology of COVID-19 indicates that there 
is uncontrolled monocyte and macrophage activation, which is largely mediated by 
IFN-γ in response to SARS-CoV-2. This situation has been shown to play a key role 
in subsequent inflammatory response and organ injury.6

The elevated levels of inflammatory markers, including C-reactive protein, ferri-
tin, D-dimer, inflammatory cytokines, and chemokines, and increased neutrophil to 
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lymphocyte ratio have been linked with disease severity and 
death in COVID-19.5 The discovery of how different bio-
markers behave during the course of the disease could help 
clinicians in unraveling information about its progression. 
Hence, clinical symptoms could be interpreted more con-
fidently with the use of such biomarkers and patients could 
be categorized into mild, severe or critical conditions.7

Neopterin has been utilized as a marker for early assess-
ment of disease severity in a variety of diseases.8–11 It was 
first discovered in pigments of bee larvaeand was later 
recognized as a marker of macrophage activation primarily 
released by activated monocytes and macrophages. The 
main trigger for neopterin production is the pro-inflamma-
tory cytokine IFN-γ, released from activated T cells.12 

Macrophage activation syndrome (MAS) has also been 
shown to be associated with disease severity in patients 
with SARS-CoV-2.5 Therefore, targeting of neopterin in 
SARS-CoV-2 infection may be critical in the early predic-
tion of disease progression and provision of timely manage-
ment of infected individuals. Although the level of serum 
neopterin has been measured to assess the immune activa-
tion in several diseases, few studies have been done among 
individuals infected with SARS-CoV-2. Therefore, this 
review was intended to describe the significance of neop-
terin as a diagnostic and prognostic marker in COVID-19 
patients.

Biosynthesis of Neopterin
Neopterin belongs to a group of pteridine compounds 
containing 2-amino, 4-oxo, pyrimidino-pyrazino (pteridine 
ring), with a 3-carbon side-chain on carbon-6.13 Neopterin 
is biosynthetically derived from guanosine triphosphate 
(GTP) as shown in Figure 1. The GTP cyclohydrolase-I 
(GTP-CH-I) first cleaves GTP to synthesize 7, 8-dihydro-
neopterin triphosphate (NH2TP). This intermediate is then 
converted by 6-pyruvoyl-tetrahydropterin synthase (PTPS) 
yielding dihydrobiopterin in the biosynthetic pathway of 
5.6.7.8-tetrahydrobiopetrin. Since humans and primates 
are the only species with a deficiency of PTPS enzyme, 
the NH2TP accumulates in the form of neopterin.14,15

Neopterin is mainly produced by human monocytes and 
macrophages and its potent stimulus is IFN-γ, through the 
activation of GTP cyclohydrolase-I.16 It is also produced by 
monocytic derived dendritic cells, and its production rises 
upon stimulation with IFN-γ.17 In distinction from mono-
cytes and macrophages, neopterin production is highly sen-
sitive to IFN-α and IFN-β in dendritic cells. LPS is also an 
effective inducer of neopterin release in dendritic cells.17,18 

After stimulation dendritic cells degrade tryptophan via the 
tryptophan kynurenine pathway, N-formyl kynurenine is the 
first intermediate formed in response to indoleamine (2,3)- 
dioxygenase enzyme (IDO).19 It has been shown that kynur-
enine could play a physiological role by suppressing the 
immune functions of T cells and NK-cells. IDO is produced 
by vascular endothelial cells and activated via IFN-γ 
released by dendritic cells and T cells.20,21 IDO regulates 
the tryptophan kynurenine pathway by degradation of tryp-
tophan. Neopterin formation is related to tryptophan catabo-
lism, considering that both are stimulated by IFN-γ.22,23 

Thus, the accumulation of neopterin and reduction of tryp-
tophan could reflect IFN-γ induced macrophage activation. 
As IFN-γ is primarily produced by T helper 1 cells (Th1) 
after activation, the accretion of neopterin can be an indica-
tor of systemic immune activation, particularly cell- 
mediated immunity (Figure 1).

Neopterin may also be used as a marker of oxidative 
stress. It has been shown that GTP-CH is inhibited during 
oxidative stress and results in significant inhibition of 
neopterin biosynthesis.24 Elevated serum neopterin plays 
a major role in modulation of reactive oxygen substance 
(ROS) mediated processes by modulating intracellular sig-
nal transduction cascade and activates the ROS sensitive 
transcription factor nuclear factor κB (NF-κB). NF-κB 
induces pro-inflammatory genes such as inducible nitric 
oxide synthase (iNOS) and cyclooxygenase-2 (COX-20) 

Figure 1 Biosynthesis of neopterin: IFN-γ activates GTP cyclo-hydrolase that 
further cleaves GTP to 7, 8-dihydro-neopterin triphosphate and phosphatases in 
turn change this intermediate to neopterin. Since humans lack PTPS, an enzyme 
which converts DHNTP into 5.6.7.8-tetra hydrobiopetrin, the DHNTP is only 
biosynthesized to neopterin. On the other hand IFN-γ initiates tryptophan degra-
dation to kynurenine by activating IDO enzyme. Thus, there is a direct correlation 
between increased neopterin and tryptophan degradation. The figure is created 
with https://app.biorender.com. 
Abbreviations: IDO, indoleamine (2,3) deoxygenase; IFN-γ, interferon gamma; 
GTP, guanosine triphosphate; GTP-CH, guanosine triphosphate cyclo-hydrolase; 
DHNTP, 7, 8-dihydro-neopterin-triphosphate; PTPS, 6-pyruvoyl-tetrahydropterin 
synthase.
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and further enhances inflammatory processes.25,26 

Neopterin derivatives have been shown to induce pro-
grammed cell death which is mediated by reactive oxygen 
intermediates. Neopterin stimulates iNOS gene expression 
at the mRNA level and subsequent nitric oxide (NO) 
production which facilitates cytotoxic capability of 
immune cells.27

Clinical Utility of Neopterin
Neopterin is one of the biochemical markers used to assess 
the intensity of the cell-mediated immune response. The 
increased concentration of serum neopterin above the cut- 
off value of ≤ 10 nmol/l is observed in irregular conditions 
with the involvement of cell-mediated immune response.28 

Considering its significance, stability and simplicity of 
measurement in various body fluids, currently neopterin 
utility is rising more widely in clinical practice.29

Neopterin is associated with activity of monocytes and 
macrophages and is released into body fluids such as 
serum, cerebrospinal fluid, synovial fluid, pancreatic 
juice, urine, saliva and ascites fluid. Neopterin concentra-
tion reflects level of oxidative stress caused by immune 
activation since its production is correlated to cells’ hydro-
gen peroxide (H2O2) release.30 Neopterin measurements 
not only provide an insight into the state of the cell- 
mediated immune response but also allow monitoring 
and prognosis of disease progression. The level of neop-
terin is elevated in infections, autoimmune diseases, 
malignancies, allograft rejection, cardiac and renal failure, 
coronary artery disease and myocardial infarction.27

Elevated levels of serum neopterin have been observed 
in the early stages of various viral infections. These include 
dengue, hepatitis B, Ebola, and influenza viruses.31–34 In the 
case of HIV, on top of CD4 and viral load, it has shown to be 
linked with the progression of HIV infection and identified 
as a prognostic marker.35,36 In addition to being a marker of 
viral infection, neopterin has a wide range of applications in 
bacterial and parasitic infectious diseases, cardiovascular 
diseases, and cancer.37–40

COVID-19 and Macrophage 
Activation Syndrome
The immune response to SARS-CoV-2 is usually hyperac-
tive in symptomatic patients. Particularly, in patients with 
acute respiratory distress syndrome (ARDS), this is charac-
terized by an excessive inflammatory response in the lung. 
This is largely mediated by the release of a high level of pro- 

inflammatory cytokines, such as IL-6, TNF-α, and IL-1, 
together with an increase in expression of cell adhesion 
molecules.41 Subsequently, the recruitment of neutrophils 
and inflammatory monocytes to the lung is uplifted.42

Similar to SARS-CoV and Middle East respiratory 
syndrome coronavirus (MERS-CoV), SARS-CoV-2 has 
been shown to infect alveolar macrophages, through 
angiotensin converting enzyme-2 (ACE2). Antibody- 
dependent enhancement (ADE) has also been revealed 
to facilitate the infection of macrophages via FcR. In 
patients with critical stages of acute respiratory distress 
syndrome (ARDS), a massive infiltration and activation 
of alveolar macrophages were evident.43 Although the 
viral replication is still not observed, macrophages pro-
duce an extensive amount of inflammatory mediators 
that support COVID-19 related local tissue inflammation 
and systemic inflammatory response.44 MAS is defined 
as a state of hyper-inflammation with the up-regulated 
expression of pro-inflammatory cytokines, including 
TNF-α, IL-6, and IL-1 upon stimulation. The extraordin-
ary aggregation and activation of these macrophages and 
their byproducts could contribute to the detrimental form 
of inflammatory response, the most frequently reported 
COVID-19 associated pathogenesis.

Furthermore, the continuous monocyte-macrophage 
activation may lead to respiratory failure in severely 
affected patients with SARS-CoV-2.45 Besides this, MAS 
associated life-threatening complications have been 
reported in several auto-immune diseases. These are 
related to hemophagocytic lymphocytosis (HLH), by 
which uncontrolled proliferation of the well-differentiated 
macrophages leads to widespread hemophagocytosis and 
cytokine production.46,47 Taken together, as a macrophage 
activation marker, neopterin could be a promising biomar-
ker for the MAS immunopathology of COVID-19.48 The 
lower right part of Figure 2 shows how MAS occurs in 
COVID-19 and the resulting release of neopterin from 
macrophages induced by IFN-γ (Figure 2).

Neopterin in COVID-19 Patients
Inflammatory diseases are often accompanied by the activa-
tion of monocytes and macrophages. Neopterin, one of the 
products of these cells, has been widely studied as a possible 
marker for diseases, such as viral infection, malignant dis-
ease, and autoimmune diseases including inflammatory 
bowel disease. In these illnesses, neopterin has been shown 
to be linked with disease severity.49 Regarding COVID-19, a 
stockpile of evidence signifies that inflammatory responses 

Journal of Inflammation Research 2021:14                                                                                 submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
247

Dovepress                                                                                                                                                   Hailemichael et al

http://www.dovepress.com
http://www.dovepress.com


play a critical role in disease progression. The inflammatory 
response prompted by rapid SARS-CoV-2 replication and 
cellular destruction recruits monocytes and macrophages, 
resulting in the release of cytokines and chemokines, 
which in turn results in immunological chaos.50,51

A recent meta-analysis and review showed that inflam-
matory markers are positively correlated with severity of 
COVID-19. It recommended measurement of C-reactive 
protein (CRP), procalcitonin, IL-6 and erythrocyte sedi-
mentation rate (ESR) might help clinicians to evaluate 
severity and prognosis of COVID-19.52,53 Although neop-
terin was not included in these studies, it is a well-estab-
lished and reliable inflammatory marker that could give 
similar and even much better benefit.54

According to a recent study, neopterin has been shown 
to increase in acute stages of viral infections. In addition to 
its increment in the acute stages, neopterin has been shown 
to appear before the onset of clinical symptoms.55 In the 
2002 SARS outbreak, a study reported that serum neopterin 

levels were raised in SARS patients on the day of symptom 
onset.56 Furthermore, the neopterin level was also deter-
mined along with CRP, the most common acute phase 
reactant that indicates inflammation. In patients with acute 
SARS infection, the level of neopterin was shown to be five 
times higher than in recovered individuals and four-fold 
higher compared with healthy controls. However, CRP 
concentration did not show any significant difference 
between the groups. Elevated neopterin concentration in 
SARS patients was associated with a longer fever period 
and thus a more severe course of the disease.56 Given 
SARS-CoV-2 infection is closely related to previous 
SARS in several aspects, it might be beneficial for monitor-
ing patients in the current COVID-19 pandemic.55

Even though COVID-19 is associated with activation of 
the inflammatory response, only a few studies have assessed 
the level of neopterin in COVID-19 patients. A recent study 
found a two-fold higher mean concentration of neopterin in 
severely ill patients compared with patients with mild 

Figure 2 The relationship between MAS, neopterin, and COVID-19 pathogenesis: The SARS-CoV-2 spike protein binds to ACE, on the surface of macrophages (in the top 
left corner). Macrophages then release pro-inflammatory cytokines and chemokines to infiltrating immune cells and ignite the inflammation. As shown in the top right corner, 
T cells followed by B cells are activated, release of SARS-CoV-2 specific antibodies facilitates the entry of the virus into monocytes and macrophages via FcR. Macrophages 
are also activated by the T cell-derived cytokine IFN-γ, leading to the release of a high number of cytokines resulting in a cytokine storm and eventually ARDS (in the lower 
right corner). Meanwhile, neopterin production is stimulated in activated macrophages with cytokines, mainly IFN-γ from T cells. The figure is created with https://app. 
biorender.com. 
Abbreviations: ACE, angiotensin-converting enzyme; ADE, antibody-dependent enhancement; ARDS, acute respiratory distress syndrome; IL-6, interleukin-6; IL-8, 
interleukin-8; TNF, tumor necrosis factor; CX-CL-10, chemokine ligand 10.
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symptoms. The level of neopterin was gradually decreasing in 
both mild and severely ill patients, however, severe cases 
maintained the elevated levels for a longer time.57 Likewise, 
a similar report showed that patients with severe COVID-19 
had higher levels compared with mild cases on hospital admis-
sion and a four-fold increase compared with healthy controls.58

CSF inflammatory biomarkers including neopterin 
were assessed in COVID-19 patients with neurological 
signs and symptoms by Magnus et al. In line with the 
above observations CSF and serum neopterin concentra-
tions were elevated in all patients. This outlines that 
marked elevation of inflammatory biomarkers such as 
neopterin may be associated with neurological manifesta-
tions in COVID-19. The profound CNS immune activation 
reflected by high CSF neopterin may be driven by an 
intense systemic inflammatory response induced by 
SARS-CoV-2 infection. The pathophysiological bases of 
markedly elevated CSF neopterin in SARS-CoV-2 infec-
tion remain uncertain and need to be explored.59

Neopterin level has been shown to be positively correlated 
with parameters determined for COVID-19 patients such as 
IL-6, CRP, and PCT. It is also further correlated with oxygen 
saturation and requirement. Regarding predictive potential, 
patients with neopterin level > 45 nmol/l upon admission 
had four times higher risk for death, 14 times higher rates of 
ICU admission and 16- fold need of mechanical ventilation 
during hospital stay compared with patients with neopterin ≤ 
45nmol/l.60 All current studies have observed elevated neop-
terin in COVID-19 patients, particularly severely ill patients. 
Table 1 summarizes study reports of neopterin levels in 
COVID-19 patients. Based on the above-mentioned evidence 
neopterin may allow early identification of patients at risk of 
needing mechanical ventilation and ICU treatment. These 
pieces of evidence indicate that neopterin can serve as a 
prognostic marker for following progression of COVID-19 
(Table 1).

Conclusion
MAS, which results in systemic inflammation and ARDS, are a 
major pathology of COVID-19. Confirming experience with 
SARS, recent reports in SARS-CoV-2 patients showed an 
elevated level of neopterin concentration in severe COVID-19 
compared with mild cases. The level of neopterin gradually 
decreases with the clinical course of COVID-19 in mild cases; 
however, it is consistently prominent in severe cases. Thus, 
neopterin could be used as a biomarker for the prediction of 
COVID-19 disease severity. This has an implication in early 
diagnosis and monitoring of the illness and could prevent 
unprecedented loss of lives. Although few studies have shown 
the increment of neopterin in COVID-19 patients, it has to be 
noted that further larger studies are needed to be conducted.
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