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Vitamin A status does not influence neopterin production during iliness or
health in South African children
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Excessive interferon-gamma (IFN-production appears to be a primary immunological lesion in
vitamin A-deficient experimental animals but comparable data from humans is lacking. We
investigated IFNy production in South African children by measurement of urinary excretion of
neopterin, a product of IFN-activated monocytes or macrophages. Preschool children were
examined during an acute inflammatory illness resulting from accidental ingestion of kerosene
and they and a neighbourhood control child were examined 3 months later when well. Vitamin A
status was assessed by the modified relative dose response (MRDR) test at 3 months and serum
retinol and acute phase proteins were measured at both time points. Urinary neopterin was
measured for forty cases in hospital, forty-six cases after recovery, and forty-one controls.
Significantly increased neopterin excretion was seen following kerosene ingestion and in
association with raised serum acute phase protein concentrations. There was no relationship
between neopterin excretion at either time point and vitamin A status as assessed by MRDR test.
Urinary neopterin was negatively correlated with serum retinol but no significant relationship was
observed when acute phase protein concentrations were included in a multiple regression,
suggesting the correlation was secondary to illness-induced changes in serum retinol. The results
indicate that, contrary to what is observed in rodents under experimental conditions, poor vitamin
A status is not associated with altered regulation of H-Nroduction in children.

Vitamin A: Neopterin: Interferon: Childhood

Community vitamin A supplementation trials have clearly cells from vitamin A-deficient mice (Carmest al. 1992;
shown the importance of adequate vitamin A status for Cantornaet al. 1994) and rats (Wiedermaret al. 1993,
resistance to infectious diseases (Beabal 1993). Studies  1996) exhibited excessive IFN-production in response
of the mechanisms of the beneficial effects of vitamin A on to polyclonal or specific antigen stimulation; however,
resistance to infection have been, for logistical reasons, decreased concanavalin A-stimulated spleen cell production
largely conducted using animal or cell culture models. The of IFN (Bowman et al. 1990) and normal plasma IFN
general consensus is that two main mechanisms are involvedtitres (Zhaoet al. 1994) have also been reported in vitamin
maintenance of epithelial integrity and promotion of immune A-deficient rats. Vitamin A-deficient mice exhibited con-
functions (Ross & Stephensen, 1996). However, there remainstitutive transcription and secretion of IFNwhich could be
unanswered questions regarding both of these mechanisms,educed to normal bin vivo retinoic acid supplementation
for example, the exact nature of the immunological defect, (Cantornaet al. 1995). Retinoic acid also decreased expres-
and the reason for the greatest benefits of vitamin A being sion of the IFNy gene in human peripheral blood T celhs
seen for diarrhoea whereas histological evidence indicates thevitro (Cippitelli et al. 1996). However, data on the effects of
gastrointestinal epithelium is relatively insensitive to vitamin vitamin A status on IFNy production in humans is lacking
A deficiency (Wolbach & Howe, 1925; Zilet al. 1981). and it is notable that in all thiea vitro studies, cultures were
Regarding immunological defects, recent studies from adjusted to equal cell nhumbers, obliterating information
several groups have indicated that altered regulation of about total IFNy productionin vivo. Thus, the resemblance
interferon (IFN) production may be a primary lesion in of the various animal and cell culture models to human
vitamin A deficiency. Spleen and mesenteric lymph node immune functionin vivo remains to be determined.

Abbreviations: AGP, «;-acid glycoprotein; CRP, C-reactive protein; IFN, interferon; MRDR, modified relative dose response.
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Measurement ofn vivo cytokine production in nhormal  mmol of creatinine, measured by the Jaffe method. Analytical
clinical conditions is difficult due to the short biological half procedures for retinol by HPLC (Filteaet al. 1993), 3,4-
lives of many cytokines making time of sampling critical, didehydroretinol for the MRDR test (Tanumihardgb al.
the presence of cytokine inhibitors in the samples, and 1996; Willumseret al. 1997), and AGP (Filteaat al. 1994)
problems of storage (Whiteside, 1994). Recent work hasand CRP (Gillespieet al. 1991) by ELISA have been
indicated, however, that neopterin, a product of activated described previously. The upper limit for AGP concentra-
macrophages, in urine or serum can be used as a measure dfon in healthy children was taken to b&6 g/l (Filteauvet al.
the degree of activation of macrophages by W-Nbroduced 1994).
largely by T cells (Fuchset al. 1992). Production of
neopterinin vitro is abolished by antibodies to IFi-

(Huberet al. 1984). Neopterin assessment has been found Statistical analyses

useful for monitoring infections, cancers, organ transplants, Statistical analyses were conducted using SPSS/PC (SPSS

and various inflammatory disorders (Fuchs al. 1992; Inc., Chicago, IL, USA). Neopterin and other biochemical
Iwagaki et al. 1995). Neopterin is produced relatively results were logarithmically transformed to normalize dis-

early in response to infection, is quantitatively excreted in tributions; therefore, results presented are geometric means

urine and is stable in frozen samples (Fuelsal. 1992). with 95% CI and correlations are between logarithmic
Therefore, we have used urine samples collected as part of avalues. Neopterin values were compared between groups
study of the effect of acute kerosene-induced respiratory at 3 months using the Mann-Whitney non-parametric test
inflammation on vitamin A metabolism and status of South and between case children at the two time points using the
African children to examine the effect of vitamin A status Wilcoxon signed rank test (Kirkwood, 1988). Multiple
on neopterin production during both illness and health. regressions were conducted to determine factors influencing
Although kerosene ingestion induces a fairly ‘sterile’ neopterin production, including age, anthropometry, illness
inflammation, it induces acute phase protein changes andas defined by acute phase protein concentrations, and
alterations in retinol distribution similar to those found in whether samples were from children in hospital or 3
infection (Willumsenet al. 1997). months later, and vitamin A status as defined by MRDR
test results. Since there was no effect of kerosene ingestion
. on MRDR test results at 3 months (Willumsenal. 1997),
Experimental methods it appeared that the illness, in spite of lowering serum retinol
Study design and increasing urinary retinol binding protein excretion
, _acutely, did not significantly affect vitamin A status in the
Children aged 1 to 5 years, presented at Baragwanath Hospitaljonger term; therefore, MRDR test results at 3 months were

Soweto, following accidental kerosene ingestion, a common considered to indicate vitamin A status at both time points.
and serious cause of childhood poisoning in South Africa (De

Wet et al 1994), and who required hospitalization at least
overnight, were eligible for the study. The study was approved Results

by the ethical review committees of the University of Witwa-  Selected descriptive, nutritional, and acute phase protein
tersrand, Johannesburg, and the Institute of Child Health, gata from the subset of children for whom neopterin was
London. Informed consent was obtained and, in addition to measured are shown in Table 1. Further details of vitamin A
standard clinical care, blood samples were taken at admissionmetabolism and morbidity of the children can be found in
and the following morning for measurement of serum retinol \illumsenet al. (1997).

and the acute phase proteiag;acid glycoprotein (AGP) and Urinary neopterin excretion was increased when the
C-reactive protein (CRP). Urine samples were collected the children were sick after kerosene ingestion but there was
following morning for measurement of retinol binding pro-  no lingering effect of this illness 3 months later, as con-
tein and these were later used for neopterin measurementcentration then did not differ from controls (Table 2). At 3
Children were followed up fortnightly in the community for 3 months, neopterin excretion correlated with CRFO5,
months at which time they and an apparently healthy neigh- p — 0.024,n 84) but not AGP(0-17,P = 0-13,n 84). The
bourhood control child of similar age came to the hospital for |ack of correlation between neopterin and either acute phase
clinical examination, a modified relative dose response proteins or duration of hospital stay (used as an indicator of
(MRDR) test of vitamin A status and further urine collection. illness Severity) at the first time point may have been due to
Further details of the study may be obtained from Willumsen the |ower sample size at this time. Similarly, there were no
et al (1997). Neopterin assays were performed only for the correlations at 3 months within case or control groups
children who completed the follow-up and for whom MRDR  considered separately. At both time points there was a
tests of vitamin A stores were available, that iS, forty-SiX of negative correlation of neopterin with age (|n months, at
the original fifty-seven case children and forty-one control the initial home visit 2 weeks post admission), as has been
children. There was insufficient urine for neopterin analysis gpserved previously (Fuchet al. 1992) and no significant
for hOSpitaI Samples from six of the fOfty-SiX case children. correlations with haemog|obin or We|ght for age or he|ght
for age Z scores (data not shown). Although the samples in
hospital were all taken in the morning and thus at various
times after kerosene ingestion, the time post-ingestion had
Urinary neopterin was measured using a commercial ELISA no significant effect on neopterin excretion.

kit (Brahms Diagnostica, Berlin, Germany) and expressed per Neopterin production at both time points was not influenced

Laboratory analyses
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Table 1. Description of control children and cases who ingested kerosene*
Cases Controls
Hospital 3 months 3 months
Variable Mean Cl Mean SD Cl Mean SD Cl
Age (months) 234 10-1 26-1 99
Sex (n females/n males) 11/35 17/25
Weight for age (Z score) —0-06 1-59 —-0-29 0-85
Height for age (Z score) 0-21 1-52 —0-38 112
Serum retinol (wmol/l) 0-38 0-30, 0:47t 1-04 0-92,1-17 1-15 1-02, 1-30
MRDR test result 0-087 0-075, 0-101 0-081 0-068, 0-097
Serum AGP (g/l) 0-75 0-62, 0-91 0:66 0-56, 0-78% 0-50 0-43, 0-57
Serum CRP (mg/l) 53 42,67t 073 0-47, 1-13 0-92 0-60, 1-42

AGP, «a;-acid glycoprotein; CRP, C-reactive protein; MRDR, modified relative dose response.

* Results are from case (n 46) and control (n 41) children and are presented as either mean (SD) or geometric mean (95 % CI). Age data were missing from five control
children, thus reducing sample size where relevant. Hospital samples were taken the morning after admission.

T Significantly different from cases at 3 months, paired t test, P < 0-001.

I Significantly different from controls, t test, P = 0-013.

by vitamin A status assessed by whether children had AGP, rather than CRP, was used since only eight children
normal (MRDR= 0:06) or abnormal (MRDR> 0-06) vita- had raised CRP (>5mg/l) at this time. The correlation was
min A stores (Table 3). Similarly, MRDR test results significant only for children with the raised AGP levels
expressed as a continuous variable were not correlatedcharacteristic of an acute phase response.

with urinary neopterin in hospitalr (0-10, P = 054, n
40), or 3 months later (0-06,P = 0-59,n 86). There was a
wide range of serum retinol values at admissior076-
1-60mol/l) and 3 months later (85—279mol/l). Neop- The present results indicate that in children, unlike in
terin excretion correlated with serum retinol during hospi- rodents studied in several laboratories, IffNsroduction
talization ¢ — 0-33, P = 0-046, n 37) and at 3 months is not affected by vitamin A status either when children are
(r —025,P = 0022, n 87). When multiple regressions well or when they are sick, that is, during hospitalization or
were run to determine factors influencing neopterin excre- whenever acute phase protein levels are raised. The correla-
tion, only age entered the equation at 5% significance attion between neopterin excretion and serum retinol vanished
both time points, explaining 1% of the variability in when acute phase proteins were accounted for, indicating
neopterin excretion during hospitalization ar@% 3 months that the relationship resulted from the well-documented
later. The only other dependent variable which reached 5% redistribution of retinol away from plasma during acute
significance in the multiple regression was CRP at 3 months phase responses (Ramsdagral. 1978; Rosalest al. 1996;
which explained & % of the variability in neopterin. Retinol ~ Willumsenet al. 1997).

and acute phase proteins were all highly intercorrelated and it The biological significance of our neopterin results is
appeared that the significant bivariate association betweensupported by the significant difference between production
serum retinol and urinary neopterin was secondary to acutein hospital and 3 months later when children were well and
phase changes in the former. This conclusion is supported byby the correlations with serum acute phase proteins. The
Fig. 1, in which the relationship between serum retinol and conclusions regarding vitamin A status are also strength-
neopterin excretion at 3 months is illustrated with data ened by the fact the study was conducted in a population of
subdivided according to whether children at that time had

normal &0-75¢g/l) or raised serum AGP concentrations.

Discussion

Table 3. Effect of vitamin A stores on urinary neopterin excretion by
South African children in hospital after kerosene ingestion and 3
months later*

Table 2. Urinary neopterin excretion by South African children in
hospital after kerosene ingestion or 3 months later*

Urine neopterin (nmol/mmol creatinine)

Urine neopterin

(nmol/mmol creatinine)t MRDR = 0-06 MRDR > 0-06
(normal stores) (deficient)
n Mean (o]
Mean (¢]] n Mean Cl n
Cases, hospital 40 1055 913, 1193
Cases, 3 months 46 646 553, 754 Hospital 1059 763, 1469 9 1054 896, 1240 31
Controls, 3 months 41 617 506, 752 3months 682 514, 904 22 592 516, 679 65

* Values are geometric means and 95 % CI.

T Urinary neopterin during hospitalization was significantly different from 3
months later, Wilcoxon signed rank test, Z 417, P < 0-0001, n 40, but there
was no difference between cases and controls at the 3-month follow-up,
Mann-Whitney U test 901, P = 0-72.

MRDR, modified relative dose response test result.

*Values are geometric means (95 % Cl, n). Urinary neopterin was not different
by Mann-Whitney non-parametric test between children with adequate or
deficient vitamin A stores either when in hospital, U 132, P = 0-81, or 3
months later, U 681, P = 0-74.
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Fig. 1. Relationship between serum retinol and neopterin excretion in children with normal and raised serum «;-acid glycoprotein (AGP)
concentration. Data are from case and control children at the 3 month follow-up and have been divided into those with AGP = 0-75 g/l (normal,
r—0-14, P = 0-28, n 64) or AGP > 0-75¢/l (raised, r — 0-50, P = 0-02, n 20).

highly variable vitamin A status, as indicated by MRDR test more children would have been needed to determine differ-
results, and widely varying serum retinol, although serum ences of, say, 20% between groups. Nevertheless, the
retinol was generally not as low as that of rodents in sample size was large enough to detect a biologically
commonly used models of vitamin A deficiency (Cantorna meaningful difference in production between sick and
et al. 1994; Weidermanret al. 1996). However, some  well children. Furthermore, our data showed no evidence
limitations of the study need to be mentioned. Most impor- of even a trend towards the increased Iff[droduction seen
tantly, the study was designed to measure vitamin A in vitamin A-deficient rodents in several laboratories.
metabolism and status, not neopterin, and the sample sizeéSecond, for logistical reasons, we measured neopterin
may not have been large enough to detect differencesrather than IFNy itself and, although neopterin is consid-
between neopterin excretion according to vitamin A ered dependent almost entirely on IRMactivated mono-
status. We had no data on neopterin production by youngcytes and macrophages (Huletral. 1984), there remains
children from a developing country on which to base sample the possibility that vitamin A deficiency induces some
size calculations initially but our data indicate that many abnormality in the link between IFN- production and
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macrophage synthesis of neopterin such that excessive IFN-Filteau SM, Morris SS, Tomkins AM, Arthur P, Kirkwood BR,

~ production might not be detectable through measurement Ross DA, Abbott RA & Gyapong JO (1994) Lack of association
of urinary neopterin. Parallel measurement of neopterin and between vitamin A status and measures of conjunctival epithe-
IFN-v production byin vitro-stimulated blood leucocytes of lial integrity in young children in northern Ghankuropean

: f . - P . . Journal of Clinical Nutrition48, 669—-677.
children of I§nown vitamin A status mlg_ht clarify this. Third, Fuchs D, Weiss G. Reibnegger G & Wachter H (1992) The role
these studies should be repeated in the context of an

. . i . . . of neopterin as a monitor of cellular immune activation in
infectious challenge which might induce considerably  yangpjantation, inflammatory, infectious, and malignant diseases.
higher IFN+y and neopterin production and might involve  critical Reviews in Clinical Laboratory Sciences, 307—-341.
separate vitamin A-dependent processes. Neverthelessgillespie SH, Dow C, Raynes JG, Berhens RH, Chiodini PL &
with these reservations, it seems that some of the rodent McAdam KPWJ (1991) Measurement of acute phase proteins
and cell culture models which have been used to investi- for assessing severity of Plasmodium falciparum malddarnal
gate how vitamin A deficiency impairs resistance to infec-  of Clinical Pathology44, 228—231. _ _
tious disease may not reflect well the common situation of Huber C, Batchelor JR, Fuchs D, Hausen A, Lang A, Niederwieser

vitamin A deficiency among children in less-developed D: Reibnegger G, Swetly P, Troppmair J & Wachter H (1984)
countries. Immune response-associated production of neopterin: release

from macrophages primarily under control of interferon-gamma.
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