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Biochemically neopterin derives from guanosine 
triphosphate, and it is formed and released from 
human monocyte-derived macrophages and 
dendritic cells upon stimulation with the pro-
inflammatory cytokine interferon-γ [1]. Relevant 
concentrations of the low-molecular mass 
substance neopterin (molecular mass 253 Da) are 
detectable only in humans and primates. In 
agreement with the in vitro background, increased 
neopterin concentrations are commonly observed 
during diseases in which the cellular (Th1-type) 
immune system is involved. These include 
primarily infections with viruses and intracellular 
bacteria, autoimmune syndromes and 
malignancies, and allograft rejection episodes. 
Recent investigations show that neopterin 
derivates are able to modulate and amplify effects 
of reactive oxygen metabolites, which are also 
released during the immune response. Thus, 
increased neopterin concentrations in patients 
demonstrate an activated cell-mediated (= Th1-
type) immune system and the herewith connected 
development of oxidative stress [1-3]. 
 
Clinical relevance 
 
Infections: 
Particularly high neopterin concentrations are 
observed in acute virus infections, but also during 
infections with intracellular pathogens, e.g., 
pulmonary tuberculosis and malaria, and the 
neopterin concentration is an independent 
predictor for the future course of disease and 
outcome in, e.g., patients with HIV-infection. 
Neopterin alone or even better in combination 
with C-reactive protein is very well suited to 
support the differential diagnosis of viral versus 
bacterial infections [4]. 
 

 
Carcinoma: 
In patients with malignant tumors, neopterin 
concentrations correlate with the stage of the 
disease. Moreover, neopterin concentrations 
measured at diagnosis revealed independent 
prognostic information for the future disease 
course [5]. These include gynecologic and 
hematologic tumors as well as carcinoma of the 
lung, pancreas and stomach and malignant 
melanoma.  
 
Cardiovascular, neurodegenerative and other 
inflammatory diseases: 
Older age is often associated with increasing 
neopterin concentrations, whereby especially the 
development of atheroslerotic abnormalities and 
neurodegenerative disorders (e.g., Morbus 
Alzheimer) are associated with elevated neopterin 
concentrations. Recent investigations showed that 
the neopterin concentration is among the best 
prognostic parameters in patients with 
cardiovascular risks [6-8].  
In autoimmune syndromes like rheumatoid 
arthritis or systemic lupus erythematosus, 
neopterin concentrations correlate with the extent 
and particularly with the activity of the disease, 
therapeutic effects are indicated rapidly. 
 
Screening of blood donations: 
To further reduce the infection risk of blood 
transfusion, every blood donation with an elevated 
neopterin concentration is withdrawn from 
transfusion nationwide in Austria since 1994. 
With the introduction of additional neopterin 
screenings, the transfusion risk for an acute CMV, 
EBV or parvovirus B19-infection is significantly 
reduced. Some of the initially mainly at the 
Innsbruck   blood  donation  center  revealed data 



 have been confirmed by other researchers [9]. 
Investigations at the Technical University in Hong 
Kong show that also infections with SARS-virus 
or with Dengue virus can be detected sensitively 
[10, 11]. 
 
Methods for neopterin measurements: 
Quantitative: ELISA (manually or fully 
automated), radioimmunoassay, high pressure 
liquid chromatography (HPLC), mostly for the 
determination of neopterin concentrations in 
urines with concomitant quantification of 
creatinine concentrations  
Semi-quantitative: Rapid-test (at bed-side) 
 
Pre-analytics: 
Neopterin is sensitive to light. Therefore it is 
recommended to use dark tubes for collection of 
specimens or to wrap around an aluminum foil for 

transportation. Serum and plasma specimens are 
of equal value. For measurement of neopterin 
concentrations in urine it is useful to apply first 
morning specimens and to relate neopterin to 
creatinine concentrations. At 4°C neopterin 
content in specimens remains stable for up to 3 
days, in case when specimens are needed to be 
kept for longer periods, freezing is necessary 
(stability at -21°C: 3 months). 
 
Judgment of results: 
Upper limit of the normal (adults, 95th perc.): 
Serum/plasma: 8.7 nmol/L 
Cerebrospinal fluid: 5.5 nmol/L 
Urine, slightly age-dependent (adults, 97.5th 
perc.):  
Males: 176-229 µmol/mol creatinine; Females: 
208-251 µmol/mol creatinine  
 

 
 
References 

1. Fuchs D, Weiss G, Reibnegger G, Wachter H. The role of neopterin as a monitor of cellular immune activation in transplantation, 
inflammatory, infectious, and malignant diseases. Crit Rev Clin Lab Sci 1992;29:307-41. 

2. Murr C, Fuith LC, Widner B, Wirleitner B, Baier-Bitterlich G, Fuchs D. Increased neopterin concentrations in patients with cancer: 
indicator of oxidative stress? Anticancer Res 1999;19:1721-8. 

3. Murr C, Widner B, Wirleitner B, Fuchs D. Neopterin as a marker for immune system activation. Curr Drug Metab 2002;3:175-87. 

4. Ip M, Rainer TH, Lee N, Chan C, Chau SSL, Leung W, Leung MF, Tam TK, Antonio GE, Lui G, Lau TK, Hui DSC, Fuchs D, 
Renneberg R, Chan PKS. Value of serum procalcitonin, neopterin, and C-reactive protein in differentiating bacterial from viral 
etiologies in patients presenting with lower respiratory tract infections. Diagn Microbiol Infect Dis 2007;59:131-6. 

5. Sucher R, Schroecksnadel K, Weiss G, Margreiter R, Fuchs D, Brandacher G. Neopterin, a prognostic marker in human 
malignancies. Cancer Lett 2010;287:13-22, 2010 

6. Ray KK, Morrow DA, Sabatine MS, Shui A, Rifai N, Cannon CP, Braunwald E. Long-term prognostic value of neopterin: a novel 
marker of monocyte activation in patients with acute coronary syndrome. Circulation 2007;115:3071-8. 

7. Kaski JC, Consuegra-Sanchez L, Fernandez-Berges DJ, Cruz-Fernandez JM, Garcia-Moll X, Marrugat J, Mostaza J, Toro-Cebada 
R, González-Juanatey JR, Guzmán-Martínez G; SIESTA Investigators. Elevated serum neopterin levels and adverse cardiac 
events at 6 months follow-up in Mediterranean patients with non-ST-segment elevation acute coronary syndrome. 
Atherosclerosis 2008;201:176-83. 

8. Fuchs D, Avanzas P, Arroyo-Espliguero R, Jenny M, Consuegra Sanchez L, Kaski JC. The role of neopterin in atherogenesis and 
cardiovascular risk assessment. Curr Med Chem 2009;16(35):4644-53. 

9. Ziemann M, eger S, Maier AB, Unmack A, Goerg S, Hennig H. High prevalence of cytomegalovirus DNA in plasma samples of 
blood donors in connection with seroconversion. Transfusion 2007;47:1972-83. 

10. Zheng B, Cao KY, Chan CPY, Choi JWY, Leung W, Leung M, Duan ZH, Gao Y, Wang M, Di B, Hollidt JM, Bergmann A, 
Lehmann M, Renneberg I, Tam JSL, Chan PKS, Cautherley GWH, Fuchs D, Renneberg R. Serum neopterin for early 
assessment of severity of severe acute respiratory syndrome. Clin Immunol 2005;116:18-26. 

11. Chan CP, Choi JWY, Cao KY, Wang M, Gao Y, Zhou DH, Di B, Xu HF, Leung M, Bergmann A, Lehmann M, Cautherley GWH, 
Fuchs D, Renneberg R, Zheng B. Detection of serum neopterin for early assessment of dengue virus infection. J Infect 
2006;53:152-8. 

 
 
Contact: 
Prof.Dr.Dietmar Fuchs 
Division of Biological Chemistry 
Biocenter, Innsbruck Medical University  
Fritz Pregl Strasse 3 
6020 Innsbruck, Austria 
dietmar.fuchs@i-med.ac.at 


