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Small bowel morphology in British Indian and Afro-
Caribbean subjects: evidence of tropical enteropathy

GM Wood, J C Gearty, B T Cooper

Abstract
Distal duodenal biopsy specimens taken from
30 white, 35 Indian, and 20 Afro-Caribbean
residents of West Birmingham during routine
endoscopy for dyspepsia, were assessed by
dissecting microscopy and morphometry.
Finger-shaped villi were significantly less
frequent in the Indian and Afro-
Caribbean subjects than in the white subjects
when assessed by dissecting microscopy
(p<0.005), and both immigrant groups had
decreased mucosal thickness (p<0.01), vilious
height (p<0.001), villous: crypt ratios (p<0.01)
and enterocyte height (p<005) compared with
the white group. In the Indian subjects, villous
height and villous:crypt ratios correlated signi-
ficantly with the time since the last visit to the
Indian subcontinent (p<0.005). Serum alka-
line phosphatase values were significantly
higher in the Indian subjects compared with
the whites (p<0.02), and serum globulins were
increased in both the Afro-Caribbean and
Indian subjects (p<0.01). There were no cor-

relations between morphometric indices and
body habitus or biochemical or haematological
indices and the long term effect of the morpho-
logical changes is not clear.

Small bowel morphology of inhabitants of
tropical countries differs from that of white
Europeans and North Americans; blunted villi
and increased inflammatory cell infiltrates are
common even in asymptomatic people.'-8 It is
unclear whether this tropical enteropathy is
genetic or environmental in origin, and effects of
migration to temperate lands on villous architec-
ture have not been properly documented.
Visitors from temperate countries, however,
may develop these changes in villous architec-
ture while resident in the tropics9 '0 and regres-
sion of these abnormalities on return is
described."
The aims of this study were to compare the

morphological appearance of distal duodenal
biopsy specimens from British residents of dif-
ferent ethnic origin and correlate morphology
with length of domicile in this country.
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Methods

SUBJECTS
Distal duodenal biopsy specimens were

obtained, with informed consent, from 35 Indian
(from the Indian subcontinent), 30 white, and 20
Afro-Caribbean residents of West Birmingham
undergoing routine outpatient diagnostic
endoscopy for dyspeptic symptoms. Weights
and heights were recorded and the body mass

TABLE I Clinical details ofethnic groups

White Afro-
subjects Indians Caribbeans
(n=30) (n=3S) (n=20)

Age:Mean(SD) 37.5(14) 36-5(13-1) 43-1(15-3)
(Range) (15-67) (15-64) (17-66)

Male:female 16:14 16:19 11:9
Years in UK: Median - 20 26*

(Range) (2-32) (14-34)
Years since last
home: Median - 3 15-1*

(Range) (0.25-20) (0.33-34)
Height (m): Median 1-673 1-623*** 1.664t

(Range) (1-51-1-84) (1-435-1-78) (1-55-1-83)
Weight (kg): Median 66-3 61-5 70.3t

(Range) (44-104) (35.5-85) (49-5-101-5)
Body mass index:
Median 23-7 24-3 26-3
(Range) (16-1-32-3) (15-32-5) (19-2-35-3)

*Indians v Afro-Caribbeans, p<001; **Indians v Afro-
Caribbeans, p<0-001: ***White v Indians, p<O-05. tIndians v
Afro-Caribbeans, p<0-05. There were no other significant
differences between the groups.

index (weight (kg)/height2 (m)) was calculated.
Blood samples were taken for routine haema-
tological and biochemical tests.
The subjects' country of origin and the total

time they had been resident in the United
Kingdom were noted as well as the date of the
last visit to their native country.

Clinical details are shown in Table I; there
were no significant differences between the
groups with regard to age and body mass index,
although the Indian subjects were of smaller
stature than the white subjects (p<0 05), and
were smaller and weighed less than the Afro-
Caribbean subjects (p<0 05).
The Indian subjects had been resident in

Birmingham for a significantly shorter time than
the Afro-Caribbeans (p<0-01) and had revisited
their native country more recently (p<0-001).
Two mucosal biopsy specimens were taken

from beyond the distal end of the second part of
the duodenum using the Olympus GIF-ITIO
endoscope and large Olympus biopsy forceps
(FB-13K). The specimens were washed in 0 9%
saline and carefully orientated on monofilament
nylon mesh (Schuco International Ltd, London)
with the villous surface uppermost. Orientation
was checked using dissecting microscopy and
biopsy specimens were graded according to the
following scheme: grade I, finger-shaped villi;
grade II, finger and leaf-shaped villi; grade III,
leaf-shaped villi; grade IV, leaf-shaped villi and
ridges; grade V, ridges or convolutions, or both.
The mounted specimens were fixed in formol
saline, embedded in paraffin wax, and 3 [t
sections were cut and stained with haematoxylin
and eosin. Stained sections were identified by a
code number and morphometric assessment was
carried out blind by one observer. Intraepithelial
lymphocytes were counted for at least 500
enterocytes on sections where central, basal
enterocyte nuclei were present using a 100x
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oil immersion lens and results expressed as
intraepithelial lymphocytes/100 enterocytes.`2
Further morphometric assessment was carried
out using a Leitz projecting microscope. Stained
sections were projected onto a board at fixed
magnification and the projected image was cali-
brated using a stage micrometer slide; measure-
ments were made to the nearest mm. Enterocyte
heights were estimated by measuring at least 20
cells randomly chosen throughout the section;
selected cells had oval, basal nuclei and were
located in the middle third of villi.'3 Mean
enterocyte heights ([t) were calculated. Mucosal
thickness was estimated by measuring from the
muscularis mucosae to the tips of at least 10
consecutive villi, and villous height was derived
by subtraction ofmean crypt depth (derived in a
similar manner) from mean mucosal thickness.
Villous:crypt and mucosal:crypt ratios were cal-
culated. 4 Surface area:volume ratios were

derived by projecting images of stained sections
onto a 15 line hexagonal pattern at constant
magnification and random orientation. The ratio
of the number of times the lines cut the mucosal
surface ('c') to the number of times and end
points of the lines fell on the lamina propria ('h')
is an index of surface area:volume and the mean
number of hits ('h') is an index of mucosal
volume. 15

Apart from ages of the subjects, which were

normally distributed and analysed by the
Student's t test, data were analysed by the Mann-
Whitney U and X2 tests and Spearman rank
correlation coefficient.

This study was approved by the Ethical Com-
mittee ofWest Birmingham Health Authority.

Results

DISSECTING MICROSCOPY
Results of dissecting microscopic assessment of
villous morphology are shown in the Figure.
Subtotal villous atrophy was not seen in any
biopsy specimen. Digitate villi were present in
22 (73%) of the white subjects and were signifi-
cantly less frequent in Indian (seven of 35,
p<0O001) and Afro-Caribbean (five of 20,
p<0005) subjects. In the latter groups, leaves
and ridges predominated.

MORPHOMETRY
Table II shows the results of objective morpho-

Appearances at dissecting
microscopy ofdistal
duodenal biopsy specimens
from 30 white, 35 Indian,
and 20 Afro-Caribbean
subjects.

Specimens were grouped
into the following grades -
I.finger-shaped villi;
II:finger and leaf-shaped
villi; III: leaf-shaped villi;
IV: leaf-shaped villi and
ridges; V: ridges or
convolutions, or both.

TABLE II Morphometric indices (median (range)) of
duodenal biopsy specimensfrom White, Indian, and
Afro-Caribbean subjects

Index

Mucosal thickness
(m)
Crypt depth
(m)
Villous height
(m)
Villous:crypt
ratio
Villous:mucosal
ratio
Enterocyte height
(m)
IEL count
(/100 enterocytes)
Surface area: volume
ratio
Mucosal volume.

White
subjects
(n=30)

584
(439-768)
185
(123-249)
386
(287-529)
2-21
(1*15-3.74)
0-69
(0.54-0479)
30-2
(25-1-35-1)
15-2
(5.9-26.6)
51-8
(31-5-93-1)
11-6
(7-14-7)

Indians
(n=35)

531***
(401-628)
185
(127-282)
349***
(194-442)
1-97***
(0.79-3.1)
0-64
(0.44-0 75)
28.3**
(224-34.2)
18.4*
(7.9-36.5)
51

(22.2-87.7)
11-3
(7-17-2)

Afro-
Caribbeans
(n=20)

491t
(327-718)
186
(135-274)
302j-
(138-581)
1.75tt
(0.62-424)
0-64
(0.38-081)
27.2*
(224-35)
13-9
(7-9-39- 1)
51-7
(34 6-77 4)
10-2
(6-7-15-5)

Immigrants v white subjects: *p<005; **p<002; ***p<0.01;
tp<0-002; ftp<O0OOl.
IEL=intraepithelial lymphocyte.

metric assessment of mucosal biopsy specimens.
In comparison with white subjects, Indians had
significantly decreased mucosal thickness
(p<0 01), shorter villi (p<0 001), lower villous:
crypt and villous:mucosal ratios (p<0 01), and
lower enterocyte heights (p<002). Intra-
epithelial lymphocyte counts were significantly
higher in the Indian subjects (p<005). There
were no differences in crypt depth, surface to
volume ratios, or mucosal volume.

Similar results were seen in Afro-Caribbean
subjects, who had lower mucosal thickness
(p<0002), villous heights (p<0 001), vil-
lous:crypt (p<0001) and villous:mucosal ratios
(p<0 02), and lower enterocyte heights
(p<005) than white subjects but intraepithelial
lymphocyte counts were similar. The only signifi-
cant difference between the Indian and Afro-
Caribbean subjects was a higher intraepithelial
lymphocyte count in the Indian group (p<00 1).

In the Indian subjects, there were no signifi-
cant correlations between morphometric
measurements and time of domicile in Britain.
Villous heights and villous:crypt and vil-
lous:mucosal ratios, however, showed signifi-
cant correlations with time since the last visit to
the Indian subcontinent (p<0005). Thus lower
values were seen in those who had more recently
visited India. There were no significant correla-

TABLE iII Differences in biochemical and haematological
values (median (range)) between white, Indian, and
Afro-Caribbean subjects

White Afro-
subjects Indians Caribbeans
(n=30) (n=35) (n=20)

Mean corpuscular 29.5 28 5* 29.5
haemoglobin (pg) (21-3-34-5) (20-7-31-1) (26-2-34-1)
Serum vitamin B12 339 287 588**
(nglml) (130-640) (104-1129) (307-1032)
Iron deficient 4/29 10/33 2/17
Serum globulins 28 31*** 31*
(g/l) (23-25) (26-37) (26-39)
Serum orosomucoids 0 73 0.62* 0.57
(gil) (026-1.14) (0-32-1.32) (0-43-1.0)
Serum alkaline 66 73tt 79
phosphatase (IW/I) (3-196) (30-154) (46-174)

*White subjects v Indians, p<005; **Afro-Caribbeans v white
subjects and Indians, p<0-001; ***Indians v white subjects,
p<0.001. tAfro-Caribbeans v white subjects, p<0-01;
ftIndians v white subjects, p<002.
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tions for the Afro-Caribbean subjects with either
length of domicile in Britain or time since last
visit home.

Differences in biochemical and haemato-
logical values between the three groups are
shown in Table III. Serum globulin (p<0001)
and alkaline phosphatase values (p<002) were
higher in the Indian than in the white subjects,
and mean corpuscular haemoglobin and serum
orosomucoid values were lower (p<005).
Serum vitamin B12 concentrations were signifi-
cantly higher in the Afro-Caribbean group com-
pared with both the white and Indian subjects
(p<0001), and serum globulins were raised
compared with the white subjects (p<001).
There was no significant difference between the
groups with respect to haemoglobin, mean cell
volume, serum folate, albumin, calcium, and
phosphate. No significant differences could be
detected between Indian subjects with vil-
lous:crypt ratios <2 (n= 18) and those with ratios
>2 (n=17) with respect to body habitus or
biochemical or haematological variables.

Discussion
Asymptomatic inhabitants of tropical countries
have different small bowel morphology to those
living in temperate lands - leaf villi and ridges are
more common and digitate villi are unusual on
dissecting microscopy and histologically, vili are
broader and more stunted, often with an in-
creased inflammatory cell infiltrate.'-8 These
changes are sometimes associated with evidence
of mild malabsorption, usually of xylose' 2 45 11 16
and with changes in small intestinal passive
permeability.'7 Such minor abnormalities in
small bowel morphology have been described in
asymptomatic Thais,' 4 Vietnamese,'8 black
Africans,78 1920 Indians,5 Pakistanis,23
Mexicans,22 Haitians, and Puerto Ricans.6
The relation between these minor small bowel

abnormalities (tropical enteropathy) and similar
but more noticeable abnormalities in sympto-
matic subjects (tropical sprue) is controversial
and the conditions may represent different
aspects of the same disease process23 or may be
different disorders.5 The cause of the minor
abnormalities in healthy subjects is also unclear.
Jejunal biopsy specimens from stillborn fetuses
in the tropics have digitate villi, but in infancy
leaves and ridges predominate.24 This implies
that these changes are environmental rather than
genetic. Environmental factors that could be
responsible are nutrition,22 diet,25 parasites, viral
and bacterial infections,5 919 20 and socioeconomic
status.92026 Direct evidence for an environmental
cause is provided by studies of American ex-
patriates living in tropical countries in whom
decreased xylose and vitamin B12 absorption and
minor abnormalities on dissecting microscopy of
small bowel biopsy specimens were found.927
These abnormalities returned to normal in
almost all cases after repatriation to the United
States." 27 The changes did not seem to be related
to the type of food eaten - for example, spiced
food - and it was suggested that they were due to
recurrent gastrointestinal infections.

In the only two studies of small bowel mucosa
ofimmigrants from tropical countries resident in

a temperate climate, some immigrants to the
United States had evidence of jejunal morpho-
logical abnormalities and xylose malabsorption
which were less noticeable the longer they had
lived in the United States.28 29
This is the first study to investigate

immigrants to Britain from tropical countries
and has used biopsy specimens from the distal
duodenum where morphometric parameters are
similar to those of the jejunum, although there is
a tendency for villi to be shorter and villous:crypt
ratios lower. '4 We have shown that Indian and
Afro-Caribbean subjects living in England had
shorter villi and enterocytes than white subjects.
The similar surface area:volume ratios in the
groups may be explained by the lower mucosal
thickness in the non-white subjects.
Although we did not study asymptomatic

patients, we think our study reflects the 'normal'
small bowel morphology of immigrant subjects,
as no subject had diarrhoea or the clinical
features of small bowel disease. The observation
that total length of residence in the United
Kingdom ofthe Indian subjects did not correlate
with changes in villous architecture but that
length of time since their last visit to India did,
implies that an environmental rather than a
genetic factor may cause the changes in villous
morphology. The morphological abnormalities
decreased with time spent in the temperate
climate which suggests that an environmental
factor such as spiced food is not responsible. The
increased intraepithelial lymphocyte count and
raised serum globulin values suggest that these
changes may be related to intestinal infections,
perhaps reacquired during visits to India.
The relation between the time, since the last

visit home and villous architecture was not seen
in the Afro-Caribbeans, who had lived longer in
Birmingham than the Indian subjects. Few had
recently visited the West Indies, which suggests
the possibility of genetic factors. In contrast to
India, little is known about small bowel histology
in normal residents of the English-speaking
West Indies, although tropical enteropathy and
tropical sprue occur in Puerto Rico, Haiti, and
the Dominican Republic.629 30 31
We have been unable to find any relation

between villous abnormalities and anthropo-
metric, haematological, or biochemical measure-
ments in the immigrant subjects, although few
were studied within the first six months after a
visit to a tropical country when such abnor-
malities may have been apparent. Lack of similar
correlations, however, has been noted in the
tropics.2 The differences in serum globulin
between immigrants and the indigenous popula-
tion is probably not surprising as it is known that
residents of tropical countries have hyperglobu-
linaemia, which may be one of the consequences
of alterations in passive small intestinal per-
meability associated with tropical enteropathy.'7
The other minor differences between the groups
are unexplained.

Clinicians should be aware of these minor
changes in small bowel morphology in
immigrants, should not necessarily assume that
they are abnormal, and would be unwise to
ascribe symptoms to them. The long term effects
of this tropical enteropathy are uncertain, how-
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ever, and consequences for nutritional status or
ill effects from possible associated changes in
intestinal permeability cannot be excluded.

We thank Sister A Huggins and the staff of the Endoscopy
Department at Dudley Road Hospital, Birmingham for expert
assistance.
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