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Chapter 7  

ABSTRACT 
Neopterin, a low molecular weight pteridine produced by macrophages, is closely 
associated with activation of the cellular immune system. Neopterin biosynthesis 
during inflammatory disease is primarily derived from interferon-activated 
monocytes/macrophages. Neopterin concentrations may be significantly 
increased in a particular disease state compared to controls. A follow-up of serum 
neopterin concentrations during the course of an infectious disease could be 
useful to measure the activity of the disease and the influence of the treatment. 
We have developed a simple dipstick assay for the semi-quantitative detection 
of the neopterin concentration in serum of patients during the course of an 
infectious disease with a performance comparable with an ELISA, but which 
does not require specialised equipment. 

Keywords: neopterin, dipstick, ELISA 
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INTRODUCTION 
Neopterin, a low molecular weight pteridine produced by macrophages, is closely 
associated with activation of the cellular immune system. Neopterin biosynthesis 
during inflammatory disease is primarily derived from interferon-activated 
monocytes/macrophages (1). T lymphocytes play a role in nearly all skin diseases 
in which defence mechanisms are involved, or where primary intrinsic aberrations 
in the immune system are operative. Neopterin levels provide an especially 
valuable picture concerning clinical activity in diseases which show rapid and 
acute changes in severity of the disease. Therefore, neopterin estimations may 
under these circumstances be more useful than ESR (Erythrocyte Sedimentation 
Rate) estimation, which has a long latency period (2). Neopterin concentrations 
may be significantly increased in a particular disease state compared to controls, 
serial measurements of neopterin concentrations in a particular patient may be 
useful in monitoring the course of a condition. Patients undergoing immuno-
stimulatory treatment showed increased levels of neopterin, probably due to 
the induction of immunoregulatory cascades which stimulate release of 
interferon-y. The opposite has been observed during immunosuppressive 
therapy. Neopterin levels decrease under treatment with cyclosporine A or 
corticosteroids (3,4) The extent and activity of infections with intracellular 
bacterial infections e.g. tuberculosis, leprosy and leishmaniasis correlate 
significantly with elevated neopterin levels (5,6). Currently, neopterin levels in 
body fluids are determined with either RIA or ELISA. Both techniques require 
specific expertise and a specialised laboratory setting. Wider application of 
neopterin measurement, especially in developing countries, requires a simple 
test allowing early detection of an infection and a fast determination for a useful 
treatment. Here, we describe the development of a simple dipstick assay for the 
semi-quantatative determination of neopterin in serum and compare its results 
with that of ELISA. 

MATERIALS AND METHODS 
Sera. 
The sera used in this study were obtained from the serum bank of the Department 
of Dermatology of the Academic Medical Centre, Amsterdam. The sera (n=18) 
were from untreated patients suffering from pulmonary tuberculosis (n = 5), 
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cutaneous (n=l) and visceral leishmaniasis (n = 4), pulmonary sarcoidosis, 
toxoplasmosis (n= 1), and from 2 healthy persons. 

ELISA Neopterin 
Quantitative determination of neopterin in serum was performed using a 
competitive enzyme immunoassay (ELISA) (ELItest®, Brahms Diagnostica, 
Berlin, Germany) (7). In brief, in non- coated plates, 50 ml of neopterin standards 
(n=6) (human serum spiked with 2-250 nmol/1 neopterin), controls (n=2)(mean 
values of 7.3 ± 1.4 nmol/1 and 71.1 ± 16.1 nmol/1, respectively) and serum samples 
(n=18) were mixed with 150ml of neopterin conjugated with alkaline 
phosphatase. The mixtures were transferred to microtiter plates pre-coated with 
polyclonal anti-neopterin-antibodies and incubated in the dark for 2 hours. 
During this incubation, the neopterin of the patient samples competes with the 
neopterin enzyme conjugated for the binding sites of these antibodies forming 
an immune complex bound to the solid phase. This step was followed by intensive 
washing to ensure the removal of all unbound components. Enzyme reaction 
was allowed for 30 minutes after addition of 100 ml of 4-nitrophenylphosphate 
per well. The reaction was stopped adding 100 ml of sodium hydroxide 2N. The 
intensity of the colour was measured in optical densities (OD) at a wavelength 
of 405 nm. The OD value depends on the amount of enzyme bound in the wells at 
a constant reaction time and is inversely proportional to the neopterin concen
tration in the patient sample. Thus, the higher the neopterin concentration in the 
sample the lower the OD value. The results were calculated using a curve created 
by plotting the OD values against the 6 standard concentrations of neopterin on 
semi-logarithmic paper. 

Neopterin Dipstick 
The dipsticks were prepared essentially as described before (7). Nitro-cellulose 
strips were coated with polyclonal sheep anti-neopterin serum in dilution's of 
1:10, 1:20 and 1:40. Sera (n= 18), neopterin standards (n=6) (human serum spiked 
with 2-250 nmol/1 neopterin) and control sera (n=2)(mean values of 7.3 ± 1.4 
nmol/1 and 71.1 ± 16.1 nmol/1, respectively), each 50 ml, were mixed with 
neopterin-alkaline phosphatase conjugate (150 ml) and the dipsticks were 
incubated with this mixture for 2 h in the dark at ambient temperature. Next, 
dipsticks were washed with running tap water and incubated with the 
precipitating substrate Fast Blue BB (Sigma, St.Louis, USA) for 10 min at 
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ambient temperature. At the end of the incubation period the dipsticks were 
rinsed with tap water and, after removal of excess of liquid with a paper towel, 
air-dried at ambient temperature. Results of the dipsticks from unknown samples 
were compared with those obtained with the neopterin standards and ranked 
from 1 to 6, where 1 corresponded best with the colour intensity of the lowest 
neopterin standard and 6 with the highest neopterin standard. The three 
different coating concentrations of anti-neopterin on the dipsticks facilitated 
the reading of the results. 

Statistical evaluation. 

The correlation between the ELISA and dipstick for neopterin concentration 
determination was determined by the Spearman Rank Correlation test. The inter-
observer variation between two experimenters was determined by calculating 
kappa values with 95% confidence intervals (CIs). Kappa values express the 
agreement beyond chance. Generally a kappa value of > 0.80 represents almost 
perfect agreement beyond chance . Values below 0.40 represent slight agreement 
and values between 0.40 and 0.80 represent fair to good agreement. 

RESULTS 
Figure 1 shows the results of the dipstick using 6 standards consisting of human 
sera spiked with known amounts of neopterin, and the 2 control sera. It clearly 
shows that the colour of the dipsticks is inversely related to the neopterin 
concentration in the sample. The colour of the band with the lowest antibody 
coating concentration is the first to become faint. The colour intensity of the 
dipstick with control serum nr.l corresponded best with that of standard nr. 2 
(6.4 nmol/1) and that of control serum nr.2 with nr. 5 (100 nmol/1). Table 1 shows 
the ELISA and dipstick results obtained with 18 sera from different patients and 

Fig.1. Dipstick results using sera spiked 
A with 250 (stick 11), 100 (stick 2), 40 

(stick 3), 16 (stick 4), 6.4 (stick 5) and 2 
(stick 6) nmol/L of neopterin and two 

B sera with an concentration of 71.1 
(stick I) and 7.3 (stick II) nmol/L of 

•
H^^ neopterin. The sticks were coated with 

C polyclonal sheep anti-neopterin serum 
in dilution's of 1:40 (band A), 1:20 (band 

5 6 B) and 1:10 (band C). 
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healthy persons. The dipstick results corresponded well with those of the ELISA: 
the Spearman's Rank correlation coefficient comparing ELISA and dipstick results 
was 0.77 (p=0.00006). As expected, the sera from the patient with cutaneous 
leishmaniasis and from the two healthy persons had low neopterin levels, as 
evidenced by both ELISA and dipstick results. Reading of the assay by two 
different experimenters resulted in an agreement of 80% (kappa value = 0.75). 

DISCUSSION 

Table 1. Comparison of ELISA and dipstick results. 

Classification ELISA (neopterin in nmol/I) Dipstick (ranking 1-6) 

Control 1 (7.3 nmol/1) 
Control 2 (71.1 nmol/1) 
Vis. Leishmaniasis nr. 1 

7.0 
76.3 
70.1 

2 
5 
4 

Vis. Leishmaniasis nr. 2 63.8 5 
Vis. Leishmaniasis nr. 3 80.0 6 
Vis. Leishmaniasis nr. 4 26.7 3 
Cut. Leishmaniasis nr. 5 6.5 1 
Tuberculosis nr. 1 37.8 4 
Tuberculosis nr. 2 63.1 4 
Tuberculosis nr. 3 70.1 3 
Tuberculosis nr. 4 25.9 2 
Tuberculosis nr. 5 67.7 4 
Sarcoidosis nr. 1 18.8 2 
Sarcoidosis nr. 2 84.0 4 
Sarcoidosis nr. 3 34.1 4 
Sarcoidosis nr. 4 54.3 5 
Sarcoidosis nr. 5 45.5 3 
Toxoplasmosis 
Healthy control nr. 1 
Healthy control nr. 2 

68.5 
3.4 
3.6 

3 
1 
1 

Although serum neopterin is not disease specific, an elevated serum neopterin 
concentration above the upper-limit of the normal range (10 nmol/L) gives an 
indication of the activation of cell-mediated immunity (9). A follow-up of serum 
neopterin concentrations during the course of an infectious disease could be 
useful to measure the activity of the disease and the influence of the treatment 
(10). We have developed a simple dipstick assay for the semi-quantitative 
detection of the neopterin concentration in serum of patients during the course 
of an infectious disease with a performance comparable with an ELISA, but 
which does not require specialised equipment. We found high agreement 
between the dipstick assay and the ELISA on an individual specimen basis. 
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Seropositivity rates obtained with the dipstick assay in different groups of patients 

with infectious diseases and controls did not significantly differ from the ELISA. 

Although the dipsticks results are assessed by the human eye as positive or 

nega t ive , in c o n t r a s t w i th E L I S A re su l t s , w h i c h a r e d e t e r m i n e d by a 

spectrophotometer, the interpretation of the dipstick results was unequivocal, as 

illustrated by the high agreement between different test observers. In conclusion, 

the dipstick assay described here is an easy-to-perform method for the semi

quantitative measurement of serum neopterin concentrations in patients with 

inflammatory diseases. An internal control validates the performance of the assay. 

Due to its robustness and simplicity the dipstick assay seems to be highly suitable 

for application under field conditions and may prove to be suitable to quickly and 

easily assess elevated serum neopterin concen-trations in different inflammatory 

diseases. 

REFERENCES 
1. Huber C, Batchelor J R, Fuchs D et al. Immune response associated production of 

neopterin. Release from macrophages primarily under control of interferon-gamma. J 
Exp Med 1984: 160: 310-316. 

2. Aukrust P, Muller F, Nordy I, Haug CJ, Friland SS. Modulation of lymphocyte and 
monocyte activity after intravenous immunoglobulin administration in vivo. Clin Exp 
Immunol 1997: 107: 50-56. 

3. 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 Sei 1992: 29: 307-341 

4. Fuchs D, Hausen A, Kofler M et al., Neopterin as an index of immune response in 
patients with tuberculosis. Lung 1984: 162: 337-346. 

5. Schafer A J, Daniel V Dreikorn K and Opelz G. Assessment of plasma neopterin in 
clinical kidney transplantation. Transplantation 1986: 41: 5454-5459. 

6. Wehrmann W, Bauer R, Fuchs R et al. Role of activated T lymphocytes in mycosis 
fungoides. Eur. J. Clin. Microbiol. 1987, 6:210-211. 

7. ELItest® Neopterin Enzyme immunoassay for the quantitative determination of 
neopterin in serum, plasma and urine. 1995 Brahms Diagnostica GMBH, Berlin, 
Germany. 

8. Gussenhoven CG, van der Hoorn MAWG, Goris MGA, Terpstra WJ, Hartskeerl RA, 
Mol BW, van Ingen CW, Smiths HL. LEPTO Dipstick, a dipstick assay for detection of 
Leptospira-specific immunoglobulin M antibodies in human sera. J Clin Microbiol 1997, 
35: 92-95. 

9. Werner ER, Bichler A, Daxenbichler G et al. Determination of neopterin in serum and 
urine. Clin Chem 1987 33:1: 62-66. 

10. Hamerlinck, F., Faber, W.R., Klatser, RR., Bos, J.D. 1992. Neopterin as a marker for 
reactional leprosy. Experimental Dermatol. 1992, 1:101. 

83 




