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die relatiewe viskositeit te praat nie. ,Apparent viscosity'
word in Engels gebruik, en dit moet omskryf word deur
die skuiftempo's waarby dit gemeet is, te vermeld. Die
viskositeit van bloed word deur verskeie faktore beinvloed,
waarvan die volgende die beiangrikste is: sy selinhoud of
hematokriet, en tot 'n mindere mate sy proteien-inhoud;
die temperatuur; die vloeispoed, of, meer akkuraat, die
skuif-tempo; die grootte van die vaat waardeur dit vloei,
wanneer dit minder as 0·3 mm. is; en in die haarvate, deur
saamklomping van rooi selie. Ten spyte van groot vorder
ing Lv.m. die kennis van die reologie van bloed, bly daar
nog sovee! faktore oar wat 'n invloed kan uitoefen en
sovee! ander waarvan die uitwerking nog onbekend is, dat
hierdie kennis nie matematies sekuur nie, maar alleen by
benadering toegepas kan word. Op hierdie basis wil dit tog
voorkom dat pogings om die nadelige uitwerking van ver
koeling op die vloeikenmerke van bloed uit te skakel,
lonend mag wees.

OPSOMMING
Die uitwerking van verkoeling op die vloeikenmerke van
bloed en verwante vloeistowwe is met behulp van 'n
Ostwald viskosimeter ondersoek. Die betekenis van die
bevindings ten opsigte van die viskositeit van die bloed is
bespreek en die moontlike praktiese toepassings daarvan
oorweeg.

Hiermee word dank betuig aan die W.N.N.R. vir finansiele
hulp in verband met die werk; aan prof. V. Pretorius, van die
departement Fisiese Chemie van die Universiteit van Pretoria,
vir raad en apparaat; aan prof. B. J. Meyer, van die departe
ment Fisiologie, vir hulp; en aan die departemente Hematolo
gie en Biochemie, van die Instituut van Patologie van die
Universiteit van Pretoria, vir hulp in verband met die nodige
bloedondersoeke.
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In 1956 Broquistl first used the formiminoglutamic-acid
(Figlu) test in clinical medicine as a parameter of folic
acid deficiency. To improve the sensitivity of the test,
Luhby et af.2 suggested the use of histidine loading. Within
6 years, reports were readily available on the value of the
Figlu test in the assessment of folic-acid deficiency,s.9 but
little had been written concerning its use following histi
dine loading in infancy.lo, 11

In December 1962 we investigated the haemopoietic
deficiencies existing in non-White infants with gastro
enteritis. The histidine-loading (Figlu) test was used as one
parameter in the assessment of folic-acid deficiency. At
the commencement of the study, as the publications on
this test in infancy were not available to us, a load of
2-5 G of histidine was decided upon by inference from the
adult dose of 15 G.12 Since this load could well have been
excessive, especially in infants where enzyme function
might be suspect, it was considered necessary to evaluate
the test in asymptomatic infants.

MATERIAL AND MElHODS
The Figlu test was perfonned on 34 asymptomatic non-White
infants attending welfare clinics, day creches or admitted to
the surgical wards for minor surgical procedures. Using the
classification of malnutrition of Gomez et al,13 apolied to the
Boston 50th· percentile, 21 of these infants were well-nourished;
10 suffered from first-degree malnutrition and 3 from second
degree malnutrition.

Urinary Figlu was estimated by the method of Kahn et al.12

using conventional voltage electrophoresis on cellulose acetate
strips. The Figlu spot was graded from a trace to 4+. Any
thing above a traCe was regarded as positive.

18 infants were given a histidine load of I G and 16 a load
of 2·5 G before the determination of Figlu excretion (Table I).
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Where the urinary Figlu test was negative, those who were
initially loaded with 1 G of histidine received a subsequent

TABLE I. INCIDENCE OF POSITIVE FIGLU'S IN WELL BABIES UNDER ONE
YEAR OF AGE

Group A Group B
Initial load ofhistidine I G Initial load ofhistidine 2·5 G

Age No. of No. of No. of .No. of
months cases positives cases positives
Under 3 5 1 5 4
3-6 5 4 4 4
6-9 5 1 4 2
9-12 .. 3 1 3 2

Total .. 18 7 16 12

TABLE 11. EFFECT OF AN INCREASED HISTIDINE LOAD ON CHILDREN
WITH INITIALLY NEGATIVE FIGLU'S

Group A Group B

Age Initial Increased Initial Increased
months load I G load 2·5 G load2'5G load 4-5 G

No. of No. of
negative Resultant negative Resultant
Fif!lu's positives Fight's positives

Under 3 4 1
3-6 1 I
6-9 4 1 2 0
9-12 2 0 I 0

Total .. 11 3 3 0
One infant under three months of age (group B, Table 1) who had a negative

Figlu test did not receive an increased histidine load.

load of 2·5 G and those who had previously received 2·5 G of
histidine were given a 4 G or 5 G load (Table 11). All infants
who at any stage showed a positive Figlu test received 0-4 mg.
of folic acid daily for 14 - 28 days, when the urinary Figlu
test was repeated using a 2·5 G load of histidine in all cases
(Table Ill).
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TABLE m. THERAPEUTIC TRIAL OF FOUC ACID 0·4 MG. DAILY FOR
14-28 DAYS·

Complete follow-up Incomplete follow-up

the Figlu test in these cases was converted to negative on
the basis of a folic-acid overload.

In one instance the Figlu test remained positive despite
large doses of folic acid. This case is being further in
vestigated and may well be similar to cases described by
Chanarin.18

The specificity of a positive Figlu test as an indication
of folic-acid deficiency has been questioned.6• 12, 19 Using
tiIe method of Kohn et al.I2 a positive Figlu test might
have resulted from the presence of either iron deficiency
or B'2 deficiency in these infants. In view of the effective
ness of the therapeutic trial it is unlikely that these
deficiencies were responsible for the positive Figlu tests.

It is not clear whether the Figlu test indicated significant
folic-acid deficiency in these asymptomatic infants as no
other parameters of folic-acid deficiency were investigated.
In a series of infants with gastroenteritis, 70% agreement
was found when the results of bone-marrow examinations
and Figlu tests were compared.20

Dormandy et al.21 found a 75% incidence (12 out of 16
cases) of positive Figlu tests in control infants under 1 year
of age following a histidine load of 3 G. In 5 out of 12
cases the serum-folate level was Iow. The evidence from
the study on infants with gastroenteritis and that of
Dormandy et al.21 suggests that the Figlu tests following
histidine-loading in infancy may be a significant criterion
of folic-acid deficiency.

The development of folic-acid deficiency in non-White
infants under 1 year of age is not difficult to understand.
Invariably the infants are on a diet containing very little
folic acid. Cow's milk or breast milk with a folic-acid
content of 2 p-g.n.22 was the only source of folic acid in
most of these infants. Proprietary milks contain even less
folic acid, thereby further reducing the intake of this
vitamin, when this form of feeding is used.

Ascorbic-acid deficiency is thought to contribute to the
development of megaloblastic anaemia.23 In South Africa,
oroprietary milk products (with the exception of a few
brands which are too expensive to be pooular with low
income grouns) are not supolemented with vitamin C.24
No clear differentiation could be drawn between breast-
feo and artificially-fed infants in this trial. .

It mav be argued that, because 13 of these infants were
underweight for al,!e, the results obtained could be attri
buted to generalized undernutrition and not to a simple
dietarY denciency of folic acid. That this is not so is
suggested bv the finding of positive Figlu tests in 71 %
of the well-nourished group and only 54% in the lese;
well-nourished group.

It is interesting to note that the maximal incidence of
positive Fi<>lu tec;ts was obtained in the 3 - 6 months age
group (fable IV). At this stage enzyme function should
be aouroaching normal, maternal' supplies have . been
utilized, growth has increased the d~mand for folic acid
and locally the milk diet is usuallv still not supplemented.

The interoretation of the histidine-loading (Figlu) test
and the significance to be attached to it when done in
very young infants must be approached with caution.
Obviously much more exoerience of the test in a variety
of circumstances and under critical survey must be built
uo before a positive test is acceptable by itself as an
indication of folic-acid deficiency.

64·7%

Under 3
3---{j
6-9
9-12

Age No. of Resulting
(months) positive negative No. of Result

Figlu's Figlu's cases
Under 3 3 3 3 Figlu test

less positive
in all three

3:"6 9 8
6-9 4 4
9-12 3 3
·One case received 5 mg. daily for 10 days.

TABLE rv. RE-ASSESSED INCIDENCE OF POSITIVE FIGLU'S IN EACH AGE
GROUP ON A LOAD OF 2·5 G OF IDSTIDINE

Age (months) Incidence %
60%

100%
44%
50%

Over-all incidence

RESULTS

The Figlu test was positive in 64·7% of cases.
The incidence of positive Figlu tests found at 3-monthly age

intervals up to 1 year is recorded (Table IV). Three infants
negative on a loading dose of 1 G of histidine became positive
on increasing the loading dose to 2·5 G. In the group given an
initial load of 2·5 G of histidine, 3 showing negative results,
who were subsequently loaded with 4 G and/or 5 G of
histidine, remained negative (Table 11).

All except 1 of the 19 infants who were given a therapeutic
trial of folic acid showed negative Figlu tests when retested
after 14 - 28 days. In a further 3 cases where follow-up was
incomplete, there was a reduction in the amount of Figlu
excreted (fable 111).

In the 21 well-nourished infants, 71 % had positive Figlu
tests and in 13 of the infants who were first- or second-degree
malnourished, 54% were positive.

DISCUSSIONS

It is apparent from Table 11 that the size of the histidine
load to some extent influenced the number of positive
results obtained in the Figlu test, since increasing the load
(group A) to 2-5 G resulted in a further 3 positive results.
What is not clear is whether the loading dose of 2·5 G of
histidine was excessive or whether it is in fact an optimum
dose in infants of this age for the demonstration of folic
acid deficiency. The almost complete reversal of positive
tests to negative following a therapeutic trial with folic
acid, when a 2·5 G histidine load was used in the repeat
test, would seem to suggest that the original loading dose
even at the 2·5 G level was not too great (Table Ill).

The therapeutic dose of 0·4 mg. of folic acid daily was
selected on the basis of the work of Marshall and Jandl.I4

Subsequently several authors have claimed that 0-4 mg.
may be an excessive dose in the treatment of folic-acid
deficiency and have recommended doses of the order of
0·1-0·2 mg. a day.I5• 16 Even smaller dosage has been
recommended by others.17 On the other hand, Hansen and
Weinfeld16 have reported that patients with a positive
Fi~lu test owing to folic-acid deficiency sometimes required
fairly large doses of folic acid to convert a positive Figlu
test to a negative one. On the whole it seems unlikely that
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If it can subsequently be proven that a positive Figlu
test in infants under 1 year of age has significance, it
would mean that 64·7% of asymptomatic non-White in
fants are folic-acid deficient. This is an unexpected finding
and requires further investigation before folic-acid
supplementation is generally advised.

SUMMARY

In 64·7% of asymptomatic non-White infants under 1 year of
age, positive urinary-Figlu tests were obtained following histi
dine loading. These became negative following a therapeutic
trial of folic acid, suggesting that the histidine load of 2·5 G
was not excessive. The implications of a positive Figlu test in
infancy are discussed.

We wish to thank Prof. F. J. Ford for reading the manu
script; Dr. J. F. W. Mostert, Superintendent of the Red Cross
War Memorial Children's Hospital, for permission to publish;
Dr. I. Robertson of the City Health Department, Cape Town,
and Dr. F. Mitchell, Divisional Council MOH, and members
of their staff for assistance in clinics and creches. The ward
sisters and social workers are thanked for their cooperation.
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FOLIC-ACID DEFICIENCY IN INFANTILE GASTRO-ENTERITIS
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Reports from different centres show considerable variation
in the type of anaemia found in association with protein
malnutrition,l, 2, 14, 19-21, 23, 2;), 28-30, 32 The reason for these
conflicting opinions may be that the anaemia is perhaps a
reflection of associated haemopoietic deficiencies preva
lent in a local population group rather than a manifesta
tion of protein depletion itself. As a preliminary to the
investigation of the anaemia of kwashiorkor, infants with
gastroenteritis were studied to see how their haemopoietic
deficiencies compared with those in kwashiorkor. Only
findings relevant to folic-acid deficiency are presented in
this paper.

MATERIAL AND METHODS

Investigations were carried out on 51 non-White infants
suffering from gastroenteritis between November 1962 and
February 1963. All these infants were dehydrated and required
intravenous therapy in the outpatient resuscitation unit. The
ages ranged from 2 to 27 months. The investigations were
carried out on the first 3 days of their treatment. On the first
day peripheral blood smears, reticulocyte counts, bone-marrow
examinations, and histidine-loading forminIinoglutamic acid
(Figlu) tests were performed. Serum-iron, iron-binding capa
city, and serum vitamin-B12 levels were estimated on blood
drawn on the second and third days of treatment. Haemoglo
bin and mean corpuscular haemoglobin concentration (MCHC)
were determined on venous blood on the third day, by which
time it was hoped that rehydration would have been achieved.

The bone marrows were assessed by one of us (D.McK.),
who had no knowledge of the results of the other tests. The
parameters for assessment of folic-acid deficiency were com
plete in 40 cases, and the remaining 11 cases were excluded.

When the malnutrition classification of Gomez et al.s was
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applied to the Boston 50th percentile, 12 of these infants fell
in the well-nourished class, 11 suffered from first-degree mal
nutrition, 10 from second-degree malnutrition, and 7 from
third-degree malnutrition. The 40 cases were subdivided into
a better nourished group of infants who all showed normal
serum-albumin levels (greater than 3·3 G per lOO ml.) and
weighed more than 80% of the Boston 50th percentile-13
cases; a poorly nourished group who, while not clinically in
the kwashiorkor category, showed abnormally low serum
albumin levels Oess than 3·3 G per lOO ml.) and weighed less
than 75% of the Boston 50th percentile-12 cases; and 15
infants who, by these criteria, were unqualified for inclusion
in either group and were not considered further, since no
conclusions could be drawn from their intermediate nutritional
status. This subdivision afforded the opportunity of assessing
folic-acid deficiency in 2 separate nutritional groups within
the same series.

Standard methods were used in determining haemoglobin
and MCHC values and in preparing reticulocyte, peripheral
blood, and bone-marrow smears. The diagnosis of megaloblas
tosis was based on leukocyte changes in most instances.20, 34 In
all cases so diagnosed giant metamyelocytes or giant stab cells
above 18 p. were found,6 and in 2 of them intermediate mega
loblasts were also present.

Serum proteins were measured with the biuret reagent of
Wolfson et al.,31 standardized by Kjeldahl. Serum albumin was
separated by the ether-centrifugation method12 after precipi
tating the globulins with 27% sodium sulphate.24 Mean
normal albumin in a series of 31 controls was 3-89 (±0·26)
G per 100 ml.

Serum-iron levels and serum iron-binding capacity were
estimated by the methods of Trinder27 and Henry et al.9

respectively.
Serum vitamin-B12 estimations were carried out by the

method of Hutner et al.n Normal serum-B12 concentration was
taken as being between 140 and 900 p.p.gjml.25

Figlu estimations were determined by conventional voltage
electrophoresis on cellulose-acetate strips.I3 A loading dose of
2·5 G of histidine was chosen, by inference, from the adult




