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Absorption of xylose, glucose, glycine, and folic
(pteroylglutamic) acid in Zambian Africans
with anaemia
G. C. COOK'

From the Department of Medicine, The University ofZambia, Lusaka, Zambia

SUMMARY Rates of glucose, glycine, and folic (pteroylglutamic) acid absorption were determined for
a 30 cm jejunal segment in vivo, with a double-lumen tube perfusion system, in 10 Zambian African
women with a mean haemoglobin concentration of 5d1 (3.5-9.2) g/dl. In four the anaemia was mega-
loblastic (due to folate deficiency) and in six hypochromic. Perfusion solutions contained (1) glucose
200 mmol/l, (2) glycine 100 mmol/l, and (3) folic acid 250 ,ug/l. D-xylose absorption after a 25 g oral
load was determined in them, and also in 18 additional patients (11 had megaloblastic and seven
either hypochromic or haemolytic anaemia). Xylose absorption tests were significantly impaired in
the patients with megaloblastic compared with hypochromic or haemolytic anaemia (p < 0.001);
those with untreated megaloblastic anaemia had a greater abnormality than those who had started
treatment. Mean glucose, glycine, and folic acid absorption rates were similar to those in controls,
and the rates in patients with megaloblastic and hypochromic anaemia were not significantly
different. Correlation between glucose absorption rate and xylose excretion was, however, significant
(p < 0 02). If more patients had been studied it seems likely therefore that a significant impairment
of glucose absorption rate in the presence of megaloblastic anaemia would also have been demon-
strated. In this investigation anaemia per se did not affect glucose, glycine, or folic acid absorption
rates or xylose absorption, but xylose absorption was reduced in patients with megaloblastic anaemia.
That abnormality was probably related to folate deficiency, and the underlying mechanism seems to
be different from that causing impairment of monosaccharide absorption in patients with systemic
bacterial infections. Mean glycine and folic acid absorption rates were not altered by megaloblastic
anaemia, indicating that folate deficiency does not cause a general depression of absorption.

Glucose and D-xylose malabsorption is widespread
in indigenous people of Zambia and other tropical
countries (Cook, 1967, 1974a). Systemic infection is
an important aetiological factor (Cook, 1971a,
1972a), but the mechanism is unknown. An inverse
association between serum y-globulin and IgG con-
centrations, and absorption of glucose and xylose
has been demonstrated in the absence of overt in-
fection (Cook, 1973a, 1974b).
Anaemia is very common in tropical Africa. In

Lusaka it is usually hypochromic (due to hookworm
infestation) or haemolytic (due to malaria or
haemoglobinopathy). Subclinical folate deficiency
is widespread and megaloblastic anaemia, usually
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associated with pregnancy and the puerperium
accounts for numerous hospital admissions in the
latter part of the dry season.
The present study was undertaken to determine

whether anaemia and subclinical malabsorption,
both common in Africans, are associated. Xylose
absorption tests were performed in 28 anaemic
patients. With the use of a double-lumen tube
jejunal perfusion system, glucose, glycine, and folic
(pteroylglutamic) acid absorption rates in 10 of
them were compared with non-anaemic controls.

Methods

Table 1 summarizes details of 10 consecutively
admitted cases of severe anaemia (haemoglobin <
10 g/dl) in the Department of Medicine, The Uni-
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Aneamia and absorption in man

Table 1 Clinical and laboratory details of JO Zambian African women who hadjejunal perfusions ofglucose, glycine,
andfolic acid (main investigation)

Patient Age Body- Tribe, Haemo- Serum protein (gll) Stool Serum D-xylose Tube Order of
no. (yr) wi (kg) globin parasites urea excretion position perfu-

(g'dl) Albumin Total y- (mmol/I) (g/5 h) (distance sions'
globulin globulin ofproximal

opening
past duo-
denojejunal
flexure)
(cm)

Megaloblastic anaemia
1 23 47 Tonga 4-8 33 37 16 Chilomastix 3-8 5-0 6 CBA
2 18 44 Chikunda 6-0 35 47 26 None 5 3 5 7 2 BAC
3 21 48 Tonga 3 9 35 33 16 None 5 8 3-1 20 BAC
4 19 50 Tumbuka 4-1 32 36 17 None 2-5 3 0 20 BAC
Hypochromic anaemia
5 23 47 Lala 3 5 35 50 28 Hookworm 3-6 5-6 1 ACB
6 13 45 Tonga 5 6 42 40 14 None 3-8 6-3 26 BCA
7 21 46 Lenje 9-2 24 33 17 Hookworm 2-7 6-6 20 ABC
8 17 41 Nsenga 4 5 34 39 16 Hookworm 2-0 9 4 23 BCA
9 18 46 Lozi 3-8 36 47 21 None 4-1 91 19 CBA
10 33 73 Shona 5 7 40 31 12 None 2-5 4-3 14 CAB

1Brelsford (1965).
'A, glucose (200 mmol/l); B, glycine (100 mmolil); C. folic acid (250 gg/l).

versity Teaching Hospital, Lusaka, between mid-
November, 1973 and mid-January, 1974 (main in-
vestigation). All had jejunal infusions of glucose,
glycine, and folic acid, and xylose tests. They
agreed to the procedure after the purpose of the
study had been fully explained through an inter-
preter. None had clinical evidence of malnutrition or
gastrointestinal disease; body temperatures were
normal. None drank excess alcohol. The type of
anaemia was confirmed by sternal-marrow ex-
amination; those with megaloblastic anaemia
seemed to have adequate iron stores, and all of
those with hypochromic anaemia had evidence of
iron deficiency. Four, who had recently delivered a
live infant (in no. 2 four months, and in the others ap-
proximately one month before) had megaloblastic
anaemia. Numbers 1 and 2 had ankle swelling, and
2, 3, and 4 mild diarrhoea for several days before
admission; all were initially pyrexial (in nos. 2 and 3
at least 40°C). Numbers 2 and 4 had splenomegaly,
and no. 4 a urinary infection. Numbers 3 and 4 had
had tetracycline and chloroquine before the in-
vestigations, which were done three to 12 (mean
eight) days after admission. Six cases had hypo-
chromic anaemia; in nos. 5 and 6 there was a sug-
gestion of folate deficiency in the marrow specimen.
Numbers 5 and 7 had delivered three and one month
before, respectively, and no. 10 had had a spon-
taneous abortion one month before. Number 8 had
had abdominal pain and diarrhoea; nos. 9 and 10
were initially pyrexial. Numbers 5 and 8 had spleno-
megaly, and nos. 5 and 9 hepatomegaly. Number 7
had a Schistosoma haematobium infestation. Number

8 had had an oral sulphonamide, and no. 10 an
intramuscular iron injection and oral folic acid two
days before the investigations, which were done one
to nine (mean four) days after admission. Table 2
summarizes haematological data for those 10
patients. Number 4 had a reticulocyte response to
oral folic acid; nos. 1-3 were discharged before
adequate evaluation. Mean serum immunoglobulin
concentrations in those with megaloblastic and
hypochromic anaemia were (g/l): IgG 19 (16-26)
and 18 (13-25), IgA 2-8 (2 2-3.5) and 2-2 (1.1-4.2),
IgM 1P2 (0'6-1-8) and 1-9 (1-6-2-3), and IgD 0-13
(0-0 28) and 0-17 (0 02-050) respectively. In no. 4
the xylose test was repeated after two weeks of oral
folic acid therapy; haemoglobin was 6-8 g/dl.

Table 3 summarizes details of the controls, who
were also inpatients at The University Teaching
Hospital, Lusaka. Haemoglobin concentration was
more than 10 0 g/dl. They were clinically well-
nourished and had no evidence of gastrointestinal
disease or systemic bacterial infection. Glucose
(Cook, 1971b; 1972b, c; 1973b), glycine (Cook,
1971b; 1972b, c; 1973c), and folic acid (Cook et al.,
1974) absorption rates have been reported.
Table 4 summarizes data for 18 anaemic patients

who had xylose tests (additional investigation). The
type of anaemia was confirmed by sternal-marrow
examination; those with megaloblastic anaemia
seemed to have adequate iron stores, and those with
hypochromic anaemia had evidence of iron defici-
ency. Body temperatures were normal. Six patients
(a) had untreated megaloblastic anaemia; one had
delivered a normal infant two months before and
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606 G. C. Cook

Table 2 Haematological detailsl of JO Zambian African women who hadjejunal perfusions ofglucose, glycine, and
folic acid (main investigation)

Paticnt no. PCV2 Serum folate Red-cellJolate Serum iron Total iron- Reticulocyte Polymorpho-
concentration concentration (,umol/l) binding capacity count (%) nuclear leucocyte
( tg/l) Gig/l) (,umol/l) count ( x 109/10

Megaloblastic anaemia
1 0-18 1-8 114 44-7 53 7 5-8 4-7
2 0-22 1-8 - 12 5 - 3-2 2-4
3 0-13 0-8 72 17-9 43-0 - 0-6
4 0-16 3-2 158 25-9 37-6 3-4 21-1
Hypochromic anaemia
5 0-12 4-8 582 5-4 80-5 2-0 2-9
6 0-22 4-2 512 4-5 94-0 4-2 3 5
7 0-32 3-2 112 6-3 40-3 - 1-8
8 0-18 8-8 404 4-5 61-7 3-3 33
9 0-14 4-8 242 3-6 94-0 - 4-4
10 0-18 14-2 602 18-8 96-7 4-3 4-1

"Determined on fasting samples obtained on the morning of perfusion.
'Packed cell volume.

Table 3 Clinical and laboratory details of non-anaemic controls' who had no evidence of malnutrition,
gastrointestinal disease, or systemic infection

Solution No. Sex Age Body-wt Haemo- Serum protein (g/I) Tube position
perfused studied (yr) (kg) globin (distance of

M F (gldl) Albumin Total y-globulin proximal
globulin opening pas&

duodeno-
jejunalflexure)
(cm)

Glucose 14 9 5 39 57 13-8 33 44 22 10
(200 mmol/1) (16-60) (43-79) (11-5-17-0) (27-44) (29-54) (14-30) (1-36)
Glycine 17 13 4 38 53 12-9 36 40 20 20
(100 mmol/l) (16-65) (43-70) (10-4-16-7) (30-44) (28-52) (15-26) ( 1-31)
Folic acid 5 4 1 43 64 13-5 38 40 20 14
(250 Mg/l) (20-60) (55-75) (11-9-15-5) (33-43) (16-28) (16-28) ( 3-27)

'Mean (and range) are shown for each index.

Table 4 Clinical and laboratory details of 18 anaemic patients' who had xylose tests (additional investigation)

No. Sex Age Body-wt Haemo- Reticu- Serum protein (g/l) Stool Serum
studied (yr) (kg) globin locyte parasites urea

M F (gldl) count (%) Albumin Total y- (mmol/l)
globulin globulin

Megaloblastic anaemia (untreated)
6 3 3 35 48 6-2 2-1 39 34 17 Hookworm 5-8

(16-60) (31-60) (3-0-8-0) (1-3-3-2) (28-46) (28-40) (13-21) in 3 (n = 5) (4-0-10-8)
Megaloblastic anaemia (treated)
5 3 2 43 55 8-6 7-7 37 43 21 Hookworm 4-6

(23-56) (50-62) (3-9-10-9) (5-0-10-6) (34-38) (37-49) (15-26) in 1 (2-7-6-5)
Hypochromic or haemolytic anaemia
7 3 4 24 48 6-6 2-5 33 46 23 Hookworm 5-1

(17-41) (32-60) (4-3-9-7) (2-5-2-6) (28-37) (35-55) (15-28) in 2; Ascaris (3-0-10-6)
(n = 2) lumbricoides and

hookworm in one

"Mean (and range) are shown for each index.

another was eight months pregnant. Ankle swelling
and excessive tiredness were prominent symptoms in
1 and 3 respectively. Two drank excess alcohol.
Three had splenomegaly and hepatomegaly. All had
evidence of an infection when admitted: two of the
urinary tract, two acute diarrhoea (which was prob-

ably infective), one cellulitis of the left leg, and-one
glandular tuberculosis. They were all initially
pyrexial. One had had penicillin, and another ampi-
cillin, vitamin B complex, and ferrous sulphate be-
fore investigation. Mean polymorphonuclear leuco-
cyte count was 4-5 (1-6-14-2) x 109/l. Mean serum
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Anaemia and absorption in man

folate concentration in four was 2-6 (2.0-3.8) ,ug/l.
Mean serum iron and iron-binding capacity in four
were 35 8 (17.0-56.4) and 49-2 (32 2-64 4) ,umol/l
respectively. All subsequently responded to oral
folic acid; one also had an antibiotic and another
specific treatment for tuberculosis. Haematological
response was slow in the patient with tuberculosis.
Xylose tests were done 0 5-six (mean two) weeks after
admission, and repeated in one after three weeks of
oral folic acid and antibiotic therapy; haemoglobin
concentration had risen from 3 0 to 7-3 g/dl. Five
patients (b) were undergoing treatment for mega-
loblastic anaemia. Two of them had had ankle
swelling and two weight loss; none had evidence of
gastrointestinal disease. Two drank excess alcohol.
One had splenomegaly and three hepatomegaly.
Three had evidence of infection at admission: one of
the urinary tract, one acute bronchitis, and in one
the site was not determined. All were initially
pyrexial. The mean polymorphonuclear leucocyte
count was 3-4 (1-2-6-5) x 109/1. Serum folate con-
centration in two was 1-0 and 2-7 ,g/l, and in three
mean serum B12 concentration was 311 (105-560)
ng/l. Mean serum iron and iron-binding capacity in
four were 20-6 (3 6-36 7) and 40.3 (37 6-43 0) ,umol/l
respectively. All showed a haematological response
to oral folic acid at investigation; two had also
had an antibiotic. Xylose tests were done one to
eight (mean five) weeks after admission. Seven
patients (c) had a non-megaloblastic anaemia (five
hypochromic and two haemolytic). Hypochromic
anaemia in two was associated with early pregnancy,
and in three with malaria (Plasmodium malariae),
Salmonella typhi (convalescent), and hookworm in-
fections. Two patients with haemolytic anaemia had
P. falciparum and P. malariae infections. One had
had ankle!swelling. Two had splenomegaly and three
hepatomegaly. Four were initially pyrexial. Mean
polymorphonuclear leucocyte count was 5-4 (1.7-
11 6) x 109/l. Mean serum iron in four was 9-8 (5 4-
20 6) and iron-binding capacity 66 2 (53.7-75.2)
jumol/l. Three were receiving oral iron when in-
vestigated. Xylose tests were done two to 15 (mean
eight) days after admission. Mean serum immuno-
globulin concentrations in groups (a), (b), and (c)
were (g/l): IgG 15 (12-18), 20 (16-23) and 23 (17-27),
IgA 2-4 (0-9-4.8), 3-2 (1-0-5-8) and 2-9 (2-2-3 7),
IgM 1.1 (0.8-1.7), 1-7 (1-5-2-1) and 19 (1-1-3-8) and
IgD 0-06 (0-0K16), 0 07 (0.01-0.22) and 0 07 (0-0-18)
respectively.

EXPERIMENTAL PROCEDURES
The perfusion technique has been described (Cook,
1971a, 1972b). A double-lumen tube was swallowed
on the evening before the investigations; they took
place after a 14-18 hour overnight fast, during which
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sips of water were permitted. The position of the
tube was checked radiographically before (Table 1)
and after the studies (Cook and Carruthers, 1974);
the proximal (infusion) opening had moved distally
by a mean of 5 (maximum 9) cm by the end of the
study. The perfusion fluid was infused at a constant
rate of 12-0 ml/min from the proximal opening, and
intestinal content was obtained by siphoning
through the distal opening 30 cm further along the
tube. The perfusion solutions contained (A) 200
mmol/l glucose (Hopkin & Williams Ltd., England),
(B) 100 mmol/l glycine (Hopkin & Williams Ltd.,
England), and (C) 250 ,ug/l folic (pteroylglutamic)
acid (Boots Ltd., Nottingham, England A4155). All
solutions were made iso-osmotic with sodium
chloride and contained 5 0 g/l polyethylene glycol
(PEG) 4000 as a non-absorbable marker. The solu-
tions were infused in varying order (Table 1). After
an equilibration period of 35 minutes, three succes-
sive 10-minute collections of intestinal content were
made. Samples during the glucose and glycine in-
fusions were immediately frozen solid. All perfusion
solutions were treated in an identical way to the
intestinal contents. Serum samples were obtained
mid-way through the folic acid infusion-that is,
50 minutes after the start-for folate concentration.
Methods for glucose, glycine, and PEG determina-
tion have been described before (Cook, 1971a;
1972b) and that for folate below. Glucose and PEG
determinations were made in duplicate and those
for glycine in triplicate. Calculations of absorption
rates (Cook, 1971a) and reproducibility of those re-
sults for the three 10-minute collections (Cook,
1972b) have been described. For glucose absorption
rate the standard deviation was 0 05 g/30 cm of
jejunum/min, and the coefficient of variation 21-2y%
(n = 10). For glycine, the corresponding figures
were 4-1 mg and 7 5% (n = 10), and for folic acid
0 196,g and 8-6%y (n = 10). For net water absorp-
tion the SD was 1- 12 ml/30 cm of jejunum/min
(n = 30).

Folate concentrations in serum, red-cells, perfu-
sion solutions, and intestinal contents were deter-
mined by a Lactobacillus casei technique (Waters and
Mollin, 1961; Hoffbrand et al., 1966). Ascorbic acid
(5 mg/ml) was added to the serum samples imme-
diately after separation, and the red-cells were im-
mediately haemolyzed by dilution of the blood
(1:10) in a 10-0 g/l ascorbic acid solution. Volatile
preservative was added to all of the samples (0 04
ml/ml), which were immediately frozen solid and
transported, by air, to London surrounded by C02
ice.
Methods for the xylose test and serum urea

(Cook, 1972a), and protein (Cook, 1973a) concentra-
tions have been described. Serum immunoglobulin
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concentrations were determined using immuno-
diffusion plates (Meloy Laboratories, Inc., Spring-
field, Virginia, U.S.A.); standard curves were con-
structed with serum samples prepared by the same
laboratory.

Jejunal biopsy-specimens were taken from six
patients (nos. 1, 4, 5, 7, 8, and 9): the site was 1-34
(mean 19) cm past the duodenojejunal flexure.
They all had a normal dissecting-microscope ap-
pearance, histology and disaccharidase, brush-
border lactase and acid and hetero-,B-galactosidase
concentrations for Africans in Africa (Cook et al.,
1969; Cook et al., 1973). In nos. 1, 5, and 8 maltase,
iso-maltase, sucrase, and trehalase concentrations
were towards the lower limit of normal; all total and
brush-border lactase concentrations were low co-
pared with northern European subjects. In one
additional patient with treated megaloblastic anae-
mia a jejunal biopsy specimen was also normal.
Detailed results are being published separately.

Significance was determined by Student's t test.
Figures shown means ± 1 SEM.

Results

Figure 1 shows the results of xylose tests in the 28
patients. The mean for those with hypochromic and
haemolytic anaemia (617 (4 3-9 4)g/5 h) is similar to
that in non-anaemic Zambian African patients
(Cook, 1972a). Those with megaloblastic anaemia
(treated and untreated) had a significantly lower
mean excretion than those with hypochromic and
haemolytic anaemia (p < 0 001). Mean values for
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Fig. 1 Xylose excretion (g/5 h) after a 25 g oral load
in 28 anaemic (@, untreated megaloblastic; A, treated
megaloblastic; 0, hypochromic or haemolytic) patients.
Difference between means for megaloblastic (treated +
untreated), and hypochromic and haemolytic is significant
(t = 4-82; df = 26; p < 0 001). Difference between
means for untreated megaloblastic, and hypochromic
and haemolytic is significant (t = 543; df = 21;
P < 0 001).

those with untreated and treated megaloblastic
anaemia were 3-6 (1-4-5-7) and 5 0 (2 9-6 7) g/5 h
respectively. After starting folic acid, excretion in-
creased from 3 0 to 5 8 and from 2-7 to 4-8 g/5 h in
the two patients studied.

Figure 2 shows glucose absorption rates in the 10
anaemic patients, and controls; difference between
means is not significant. Mean values for the patients
and controls were 0-23 (0-14-0-28) and 0-22 (0-15-
0 35) g/min respectively. Lowest absorption rates
were in nos. 3 and 10. Figure 3 shows glycine
absorption rates in the 10 anaemic patients, and
controls; difference between means is not significant.
Mean values for the patients and controls were 56
(38-70) and 50 (32-60) mg/min respectively. Highest
absorption rates were in nos. 4, 6, 7, and 9, and the
lowest in no. 5. Figure 4 shows folic acid absorption
rates in the 10 anaemic patients, and controls;
difference between means is not significant. Mean
values for the patients and controls were 2 25 (1 06-
2 97) and 2 58 (2-31-2'96) ,g/min. Lowest absorp-
tion rates were in nos. 5, 6, and 8 (in no. 8 the rate
was 1 06 ,ug/min). Mean serum folate concentra-
tion during the folic acid infusions was 5 5 (2.0-
15-5) ,g/l; in eight of them that was slightly higher
than the fasting concentration. Figures 2, 3, and 4
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Fig. 2 Glucose absorption rate (g/30 cm ofjejunuml
min) from a 200 mmol/l solution in 10 anaemic patients
(, megaloblastic; 0, hypochromic) and 14 controls
(A). Difference between means is not significant (t =
0.38; df = 22; P < 080). Mean net water absorption
rate in the anaemic patients (0) and controls (A) is
also shown; difference between means is not significant
(t = 0-52; df = 22; p < 0 70).

T
0

-I I
on I

608

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.17.8.604 on 1 A

ugust 1976. D
ow

nloaded from
 

http://gut.bmj.com/


Anaemia and absorption in man

0 60

Ez
0
::40-

a

a

02
<

20
uJ
z
U

0

'., 2-0

Ha
L/)-

z00

0
00

00S"
4L
AAI

A

A

Fig. 3 Glycine absorption rate (mg/30 cm ofjejunuml
min) from a 100 mmol/l solution in 10 anaemic patients
(-, megaloblastic; 0, hypochromic) and 17 controls
(A). Difference between means is not significant
(t = 1-55; df = 25; p < 0-20). Mean net water
absorption rate in the anaemic patients (0) and controls
(A) is also shown; difference between means is not
significant (t = 0-17; df = 25; p < 0-90).
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Fig. 4 Folic (pteroylglutamic) acid absorption rate
(ng/30 cm ofjejunum/min) from a 250 ug/l solution in
10 anaemic patients (*, megaloblastic; 0, hypochromic)
and S controls (A). Difference between means is not
significant (t = 1-29; df = 13; p < 0-30). Mean net
water absorption rate in the anaemic patients (0) and
controls (A) is also shown; difference between means is
not significant (t = 0-68; df = 13; p < 0-60).

summarize mean net water absorption rates; differ-
ences are not significant.

Figure 5 shows a significant positive correlation
between glucose absorption rate and xylose excretion
in the 10 patients in the main investigation.

Patients nos. 1, 2, 4, 6, 7, and 10 had diarrhoea (up
to three fluid stools) soon after the three perfusions.

Discussion

A high proportion of Africans in tropical Africa is
anaemic, and that applies especially to women. The
present study shows that anaemia per se does not
significantly alter glucose, glycine, or folic (pteroyl-
glutamic) acid absorption rates, or the xylose test;
apart from low folic acid absorption rates in a mino-
rity, those compounds were absorbed normally in the
presence of hypochromic and haemolytic anaemia.
However, megaloblastic anaemia (due to folate
depletion) was associated with impairment of the
xylose test. The patients who were undergoing treat-
ment had a higher mean xylose excretion than those
who were untreated, and, furthermore, two indivi-
duals tested serially showed an improvement after
treatment had started. Those results suggest that
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Fig. 5 Significant correlation between xylose excretion
(g/5 h) after a 25 g oral load and glucose absorption
rate (g/30 cm ofjejunum/min) from a 200 mmol/l
solution in 10 anaemic patients (0, megaloblastic;
0, hypochromic). (y = 0-136 + 0-016 (x); r = +
0-720; P < 0-02).
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610 G. C. Cook

folate depletion may be an important factor in xylose
malabsorption. Although a minority of the patients
with megaloblastic anaemia and folate deficiency in
the present study drank alcohol, most did not;
folate deficiency combined with high alcohol in-
take is known to produce functional abnormality of
the small intestine (Halsted, 1975). A significant
depression of glucose absorption in association with
megaloblastic anaemia has not been demonstrated,
but that might well be due to the small numbers
studied; a significant positive correlation between
glucose absorption rate and xylose excretion
(Figure 5) (Cook, 1971a) lends support to that sug-
gestion. Jejunal morphology, and glycine and folic
acid absorption were in those tested similar to con-
trols; that indicates that the present results are not
the outcome of a general absorptive defect due to the
megaloblastic anaemia.

Previous investigations of intestinal function in
nutritional folate deficiency unassociated with
alcoholism have yielded conflicting results (Halsted,
1975). Thus, although Forshaw (1969) and Dawson
(1971) demonstrated xylose malabsorption in nutri-
tional folate deficiency, which returned to normal
after treatment with folic acid, Winawer et al.
(1965) were unable to detect a functional ab-
normality. In Kuala Lumpur, Tasker (1961) found
that mean xylose excretion after a 5 g oral load was
071 g/5 h in 36 patients with nutritional megalo-
blastic anaemia, and 1-43 g/5 h in 21 controls.
However, in Singapore Siang et al. (1966) demon-
strated xylose malabsorption in only two out of
eight patients with megaloblastic anaemia associated
with malnutrition and accompanied by folate de-
ficiency. The evidence from Africa is limited. A sig-
nificant correlation between haemoglobin con-
centration and xylose excretion after a 5 g oral load
has been demonstrated in patients with megaloblastic
anaemia in Nairobi, Kenya; as in the present study,
folate depletion was largely dietary, had a seasonal
incidence, was often associated with pregnancy and
the puerperium, and responded rapidly to oral folic
acid (Foy and Kondi, 1971).
The mechanism of monosaccharide malabsorption

in folate depleted subjects is unknown. In the pre-
sent study, jejunal morphology and disaccharidase
concentrations were normal in three patients with
megaloblastic anaemia, despite the fact that entero-
cytes have a high turnover rate and folate require-
ment (Halsted, 1975). Minor alterations in jejunal
mucosal integrity have not however been ruled out.
Relative anoxia of the enterocyte is clearly not
important because xylose and glucose absorption in
the patients with non-megaloblastic anaemia were
similar to that in non-anaemic controls (Cook,
1972a; 1974a). Monosaccharide malabsorption in

the presence of systemic infection is probably in
part via folate deficiency; serum y-globulin and
IgG concentrations are usually high in infections,
however, and a separate mechanism seems likely.
Many patients had a systemic infection on admis-

sion, although most had been adequately treated at
investigation; such infections are associated with
impaired glucose and xylose absorption (Cook,
1971a; 1972a). However, mean serum y-globulin and
IgG concentrations were not raised in the patients
with megaloblastic anaemia; serum IgG was, in fact
low in them compared with Zambian Africans with
out anaemia or systemic infection (Cook an d Lewis
1975). Systemic infection might have been a con-
tributory factor in the depression of xylose absorp-
tion, but it seems extremely unlikely that it was en-
tirely responsible. The patients in the present in-
vestigation did not have tropical sprue (Klipstein,
1968; Baker, 1972; Cook, 1974a). The clinical pre-
sentation and absence of severe morphological
changes in the jejunum, in those in whom it was
studied, are inconsistent with that diagnosis. Al-
though difficult to define (Baker, 1972), sprue seems
to be very unusual in tropical Africa (Cook, 1967;
1974a; Foy and Kondi, 1971; Thomas and Clain,
1975) and no cases have been reported from Lusaka.
Low serum immunoglobulin (especially IgG) con-
centrations have been reported in that disease
(Jarnum et al., 1968; Klipstein and Falaiye, 1969).
Subclinical malnutrition was not excluded in the
present study, but that has been shown to be as-
sociated with normal glucose, glycine, glycylglycine,
and xylose absorption (Cook, 1974c).
The present observation may explain in part the

high incidence of subclinical malabsorption in
tropical Africa, where folate depletion is very com-
mon. Together with systemic infections, previously
associated with glucose and xylose malabsorption
(Cook, 1971a; 1972a; 1973a; 1974a, b), that may be
important in human nutrition.
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