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Abstract
Background—AIDS is characterised by
small intestinal mucosal damage, but its
aetiopathogenesis is poorly understood.
Enteric infections in Africa diVer from
those in northern countries, where proto-
zoan infections have been associated with
severe enteropathy in AIDS patients.
Aims—To characterise enteropathy in
Zambian AIDS patients compared with
local controls, and to assess relative con-
tributions of enteric infection, nutritional
impairment, and immune dysfunction.
Methods—Computer aided mucosal mor-
phometry of small intestinal biopsy speci-
mens from 56 HIV infected Zambians with
persistent diarrhoea and 26 diarrhoea free
controls, followed by regression model-
ling.
Results—Patients with HIV related diar-
rhoea had reduced villous height and
increased crypt depth compared with
controls. There was no diVerence between
HIV positive and negative controls. In
regression models applied to AIDS mu-
cosal measurements, villous height and
crypt depth were related to nutritional
parameters and to serum soluble tumour
necrosis factor receptor p55 concentra-
tion. Crypt depth was also related to
lamina propria plasma cell count. Intesti-
nal infection was found in 79%, which
consisted predominantly of microsporidia
in 34%, Isospora belli in 24%, and Crypt-
osporidium parvum in 21%, but detection
of these enteropathogens was not related
to severity of enteropathy.
Conclusions—Nutritional and immune
disturbances were associated with enter-
opathy, accounting for over one third of
the variation in mucosal morphometric
parameters.
(Gut 1997; 41: 811–816)
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HIV infection is commonly accompanied by
persistent diarrhoea and severe weight loss; this
syndrome has been referred to as “slim
disease” in sub-Saharan Africa.1 The aetiology
of diarrhoea has not been clearly defined, but
the protozoal enteropathogens found in Afri-
can patients infected with HIV2 3 almost

certainly play a part. Enteropathic changes in
HIV disease in the small intestinal mucosa have
been described in the developed world,4 and
may be more severe in the tropics as HIV
related enteropathic changes will be superim-
posed on background “tropical enteropathy”.5

These changes probably reflect fundamental
pathophysiological processes which may predis-
pose to further intestinal infection, contribute
to diarrhoea, and accelerate weight loss which
may be important in determining survival.
There are important diVerences between the
infections prevalent in the developed world6 7

and those prevalent in Africa,8 where cytomega-
lovirus (CMV)9 andMycobacterium avium com-
plex infections are uncommon.10

The pathological processes leading to mor-
phological damage in the small intestine are
incompletely understood. Several non-
infectious enteropathies are characterised by
immune activation directed against the intes-
tine: coeliac disease,11 transplant rejection,12

and graft versus host disease (GVHD).13 In
vitro work indicates that in a fetal small
intestine explant model, villous shortening can
occur following T cell activation14 or HIV rep-
lication in the mucosa.15 HIV is present in some
immune cells of the gut and possibly in
enterocytes,16 17 but there is no evidence that
AIDS is associated with mucosal T cell
activation.18–20 Furthermore, one recent report
found no diVerence in cytokine expression in
the mucosa of AIDS patients with diarrhoea
compared with healthy controls,21 but these
patients did not seem to have advanced
mucosal damage. Ultrastructural changes can
occur in small intestinal mucosa of HIV
infected individuals before the onset of oppor-
tunistic enteric infection.22

The role of opportunistic infection in HIV
related enteropathy is unclear. Some workers
have reported diVerences in mucosal morphol-
ogy in patients with HIV related diarrhoea
related to intestinal infection and those with
“pathogen negative” diarrhoea.23 Similar find-
ings were reported by Kotler et al24 with respect
to the presence of protozoa. New enteropatho-
gens continue to be recognised and it may be
that infections are more common than is
generally appreciated. There is good evidence
that cryptosporidiosis in immunocompetent
children leads to villous atrophy, crypt hyper-
trophy, and disaccharidase deficiency,25 so it
seems likely that Cryptosporidium parvum could
damage the mucosa of immunocompromised
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individuals. Recent work has shown that the
severity of mucosal abnormalities in AIDS
patients is related to the intensity of crypto-
sporidial infection,26 further supporting a
pathogenetic role for this protozoan. Other
infections such as M avium complex, rotavirus,
and giardiasis can also cause mucosal damage.
The eVect of malnutrition per se is unknown,
but it is clear that the relationship between vil-
lous height, crypt depth, and intestinal infec-
tion in Africa will clearly be complex and may
be diVerent from that in temperate climates.
We analysed the relationship between intes-

tinal mucosal morphology and potential deter-
minants of enteropathy—namely enteric proto-
zoal infection, mucosal inflammation, systemic
immune activation, and undernutrition—using
multivariate regression modelling in a cross
sectional analysis of tissue from HIV seroposi-
tive African patients with persistent diarrhoea.
We compared our findings in these patients
with local controls to minimise the influence of
tropical enteropathy.

Patients and Methods
PATIENTS

Fifty six HIV seropositive patients (30 males,
26 females; mean age 33 years, range 18–64)
with persistent diarrhoea (of over three weeks
duration) were recruited from the clinics and
wards of the University Teaching Hospital,
Lusaka. Six distal duodenal biopsy specimens
were taken at random from the third part of the
duodenum during upper gastrointestinal en-
doscopy under sedation. Nutritional assess-
ment, as described in a previous report,27

involved measurement of weight, height, mid
upper arm circumference (MUAC), and three
skinfold thicknesses (triceps, subscapular, su-
prailiac) which were then added to obtain the
total skinfold thickness (SFT). Skinfold thick-
ness was measured using Holtain calipers.
Anthropometric measurements were carried
out by the same investigator (PK) on the day of
endoscopy. Body mass index (BMI) was calcu-
lated as weight/height (kg/m2).
Twenty six patients attending for endoscopy

for dyspepsia were included as local controls.
Nineteen of these patients underwent HIV
testing and submitted one stool sample for
examination for parasites, but in seven patients
these investigations were not carried out.
Nutritional assessment was not undertaken in
the controls.
The study was approved by the Research

Ethics Committee of the University of Zambia.

EVALUATION OF ENTEROPATHY USING LIGHT AND

ELECTRON MICROSCOPY

One of the duodenal biopsy specimens from
each patient was fixed in formal saline,
processed to paraYn wax blocks, and serially
sectioned to 5 µm. These sections were stained
with haematoxylin and eosin, Giemsa, and
Ziehl-Neelsen (ZN), and used for identifica-
tion of parasites and acid-alcohol fast bacteria,
and for morphometry. Morphometry was
carried out with the Axio Home Graphics
Workstation.28 Measurements were made of
villous height (VH), crypt depth (CD), villus:

crypt ratio (VC), and total mucosal thickness
(TMT) in biopsy specimens in which at least
four well orientated villi were visible. Mucosal
inflammation was quantified by counting the
absolute number (total and diVerential) of
chronic inflammatory cells in the lamina
propria in an area defined by 300 µm of
muscularis mucosae. The intraepithelial lym-
phocyte count per 100 enterocytes (IEL) was
also measured and expressed semiquantita-
tively as normal (less than 20 per 100
enterocytes), raised (20–40), or notably raised
(over 40). Histological evaluation was carried
out by an experienced pathologist (SED), who
was blinded to the code used to identify speci-
mens. Mucosal inflammation was quantified in
all of the patients but in only seven of the con-
trols.
A second duodenal biopsy specimen was

fixed immediately in cacodylate buVered 3%
glutaraldehyde for 24 hours, and stored in
0.1 M cacodylate buVer at pH 7.4. Specimens
were treated with 1% osmium tetroxide and
stained en bloc with saturated aqueous uranyl
acetate before dehydration through a graded
ethanol series. Finally, specimens were cleared
in propylene oxide and embedded in epoxy
resin. Semithin (0.5 mm) sections were
mounted on slides and stained with toluidine
blue in 1% borax; 60–90 nm sections were
mounted on copper 300 mesh grids, stained
with uranyl acetate and lead citrate, and exam-
ined in a Jeol JEM 100SX electron microscope.
The electron microscopist (GMcP) was also
blinded to the results of other investigations.

INVESTIGATION FOR ENTERIC INFECTION

A stool specimen was collected from each
patient on the day of endoscopy, and taken
immediately to the laboratory. Up to three
stool specimens were collected over several
days, and each was examined by wet smear and
by the modified Ziehl-Neelsen and modified
trichrome stains.29 Faecal specimens were
coded and then samples decontaminated using
4% sodium hydroxide and cultured in Kirch-
ner broth and Lowenstein-Jensen medium with
glycerol and pyruvate at 30°C for six months,
with weekly examinations. Mycobacteria were
identified by conventional methods.10

ASSAYS FOR MARKERS OF SYSTEMIC IMMUNE

ACTIVATION

Serum was collected on the day of endoscopy
and stored at –20°C. Serum neopterin was
assayed by radioimmunoassay and serum solu-
ble tumour necrosis factor receptors type I
(sTNF-R55) and type II (sTNF-R75) were
assayed by enzyme linked immunological and
biological binding assay (ELIBA).30

STATISTICAL ANALYSIS

Statistical analysis was carried out using
Epi-info version 6.0 (WHO and CDC, At-
lanta). Comparisons were made using Fisher’s
exact or Kruskal-Wallis tests as some data dis-
played a skewed distribution (see later). Linear
correlation was expressed as r with 95% confi-
dence intervals (CI). Multiple linear regression
was performed using age, duration and
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frequency of diarrhoea, nutritional status
(BMI, MUAC, SFT, serum albumin), serum
neopterin, sTNF-R75 and sTNF-R55 concen-
trations, IEL count, and total and diVerential
lamina propria cell counts as potential corre-
lates, using a backwards stepwise regression
strategy and elimination of non-contributory
terms at each step according to the partial
F-test, 95% CI for the regression coeYcient,
and proportion of variability explained. In each
final model only one measure of nutritional
status was allowed. As the distribution of

serum neopterin and sTNF-R55 concentra-
tions was skewed, the analysis was repeated
using log transformations of these variables;
this made no significant diVerence to the final
model or to the regression parameters.

Results
CLINICAL AND ENDOSCOPIC FINDINGS

The patients were wasted, with advanced HIV
disease (table 1). Of the 56 patients with
persistent diarrhoea, 52 (93%) had AIDS
(stage IVc) defining conditions. Oesophageal
candidiasis was present in 33 (59%) patients.
Gastric Kaposi sarcoma was present in two
patients and gastric erosions in four.

ENTEROPATHY IN DISTAL DUODENAL MUCOSA

Distal duodenal biopsy specimens from pa-
tients with persistent diarrhoea showed marked
enteropathic changes compared with the local
controls (fig 1), but HIV positive and HIV
negative controls did not diVer (fig 2). Villous
height was reduced and crypt depth increased,
and these changes were mirrored in the villous
height:crypt depth ratio. These villus and crypt
architectural changes in biopsy specimens from
patients with diarrhoea were accompanied by
mucosal inflammation. Lamina propria total
cell count was non-significantly increased
compared with controls, but not for differential
counts (table 2). IEL counts were increased in
patients with diarrhoea compared with con-
trols: 44/56 (78%) had IEL counts over 20 per
100 enterocytes compared with none of the
controls. Five of the eight specimens which had
a heavily eosinophilic infiltrate were from
patients with isosporiasis (p=0.01 by Fisher’s
exact test), but otherwise total and diVerential
lamina propria cell counts did not diVer
between patients with diVerent infections and
those apparently “pathogen negative”.
Electron microscopy showed the presence of

parasites in 20 (36%) biopsy specimens. None
of the specimens studied had any evidence of
viruses. Electron microscopy also showed ente-
rocyte changes, including microvillous loss
(25%), mitochondrial swelling (39%), forma-
tion of lysosomal and vesicular bodies (93%),
and dilatation of the endoplasmic reticulum
(70%). Enterocytes did not appear flattened.
There was no association between these
ultrastructural changes and villous or crypt
parameters, lamina propria inflammation, or
the presence of protozoa in the biopsy
specimen.

INTESTINAL INFECTION

All 58 patients provided at least one stool for
examination, 42 (72%) provided two, and 21
(36%) provided three. The cumulative yield of
stool microscopy was 38% after one examin-
ation, 45% after two examinations, and 50%
after three examinations. Infections were found
in 79% of patients (table 3), predominantly
microsporidia, Isospora belli, and C parvum. No
oocysts of Cyclospora spp. were found. Myco-
bacteria were cultured from six patients: two
hadM avium complex, and fourM tuberculosis,10

but none of the duodenal biopsy specimens

TABLE 1 Clinical characteristics of 56 patients with HIV
related persistent diarrhoea

Parameter Mean Range

Age (years) 33.1 18–64
Male:female 30:26
Duration of diarrhoea (months) 9.6 1–48
Tuberculosis diagnosed (lifetime) 15 (27%)
BMI (kg/m2) 15.6 11–22
MUAC 20.9 15–28
SFT 17.2 9–31
Fever at time of study 24 (43%)

Reference ranges for values of BMI, MUAC and SFT are
discussed by Kelly et al.27

Figure 1: Villous height (VH), crypt depth (CD), and VH:CD ratio in 56 patients with
HIV related diarrhoea (D) and 26 diarrhoea free controls attending for endoscopy for
dyspepsia (C). Horizontal bars represent median values, and shaded boxes interquartile
range. The diVerences between patients and controls were significant using the
Kruskal-Wallis test (p<0.001 for all three parameters).
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Figure 2: Villous height (VH) in diVerent groups of subjects. In seven controls who were
HIV positive (A), VH did not diVer from that of 12 HIV negative controls (B). Within the
group of patients with HIV related persistent diarrhoea, VH did not diVer in 21 patients
with small intestinal protozoal infection seen by light or electron microscopy (C), 21 patients
with protozoal infection but in whom no small intestinal infection was detected (D), and 14
patients with no infection detected at all (E). Crypt depth also did not diVer except between
patients with diarrhoea and controls (fig 1).
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showed the infiltrative pattern commonly seen
in North American or European patients. Fun-
gal spores were present in 60% of stool
samples.

RELATIONSHIP OF ENTEROPATHY TO POTENTIAL

DETERMINANTS: UNIVARIATE ANALYSIS

Villous height, crypt depth, and total mucosal
thickness did not diVer in patients with intesti-
nal infections and in those who were apparently
“pathogen negative” (fig 3). In addition, there
was no morphological diVerence between
biopsy specimens from patients found (by
electron microscopy) to have duodenal infec-
tions and those with (presumably) more distal
infections (fig 2), nor between patients with
single or multiple infections. Age, sex, duration
of diarrhoea, frequency of diarrhoea, and
endoscopic findings were not related to the
severity of mucosal abnormalities.
Neopterin and sTNF-R concentrations in

serum were shown in a previous report to be
considerably elevated in this cohort of patients

with persistent diarrhoea compared with diar-
rhoea free controls.27 Both sTNF-R55 and
sTNF-R75 concentrations were elevated and
the same pattern was observed for both
molecules; only sTNF-R55 has been shown in
the analyses as the spread of values was slightly
greater. sTNF-R55 concentrations were not
significantly higher in febrile compared with
non-febrile subjects. VH, CD, and TMT were
correlated with sTNF-R55 concentrations and
nutritional status (table 4), but not serum
neopterin concentrations.

RELATIONSHIP OF ENTEROPATHY TO POTENTIAL

DETERMINANTS: MULTIVARIATE REGRESSION

ANALYSIS

Best fit multiple linear regression equations
were:
(1) VH = 187 + (2.0 × serum albu-

min)−(4.45 × sTNF-R55)
(F=6.46, p<0.01; proportion of variability in

VH accounted for: 25%)

(2) TMT = 426 + (4.45 × SFT)−(11.43 ×
sTNF-R55)
(F=11.93, p<0.001; proportion of variability

in TMT accounted for: 36%)

(3) CD = 64 + (7.9 × BMI) + (0.36 × lamina
propria plasma cell density)−(2.57 × sTNF-
R55)
(F=8.51, p<0.001; proportion of variability

in CD accounted for: 33%)

VH and TMT were thus positively related to
measures of nutritional status and negatively
related to sTNF-R55 concentration. In both
equations (1) and (2), serum albumin concen-
tration and total skin fold thickness (SFT) were
almost interchangeable. Crypt depth was posi-
tively related both to lamina propria plasma
cell density and to BMI, and negatively to
sTNF-R55 concentration. sTNF-R55 and
sTNF-R75 concentrations could also be inter-
changed in these equations.

Discussion
These AIDS patients in Zambia with persistent
diarrhoea had marked enteropathy, and enteric
infections, often multiple, were detected in a

TABLE 2 Lamina propria cell counts in duodenal biopsy
specimens

Controls (n=7)
Diarrhoea
(n=56) p Value

Cell count (total) 233 (144–299) 285 (173–443) 0.07
Lymphocytes 105 (23–186) 124 (38–307) 0.55
Plasma cells 106 (71–141) 147 (40–317) 0.11
Eosinophils 21 (11–31) 15 (0–83) 0.05

Mean total and diVerential cell counts in that area of lamina
propria defined by 300 µm muscularis mucosae in biopsy speci-
mens from 56 patients with HIV related diarrhoea and from
seven controls (HIV status unknown). The Kruskal-Wallis non-
parametric test was used to calculate the p values.

TABLE 3 Intestinal infection in 56 patients with HIV
related diarrhoea in Lusaka

Pathogen Number (%)

Microsporidiaa 20 (34)
Isospora belli 14 (24)
Cryptosporidium parvum 12 (21)
Blastocystis hominisb 6 (10)
Strongyloides stercoralis 3 (5)
Giardia intestinalis 1 (1)
Mycobacterium tuberculosis 4 (7)
M avium complex 2 (3)
Negative 12 (21)

a Species identified by electron microscopy in seven of these: five
Enterocytozoon bieneusi, two Septata intestinalis.
b The status of B hominis as a pathogen is controversial.

Figure 3: Villous height in patients with diVerent intestinal infections or who were
apparently “pathogen negative”. No diVerences were seen between the major diagnostic
groups. Crypt depth also showed no diVerences.
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TABLE 4 Relation of mucosal morphology to measures of
nutritional status and to sTNF-R55 concentration
(univariate analysis) in 56 patients with HIV related
diarrhoea

Nutritional measure r 95% CI

Villous height
BMI 0.19 NS
MUAC 0.30 0.04, 0.52
SFT 0.38 0.09, 0.60
sTNF-R55 −0.32 −0.54,−0.06

Mucosal thickness
BMI 0.40 0.15, 0.60
MUAC 0.40 0.15, 0.60
SFT 0.37 0.08, 0.59
sTNF-R55 −0.45 −0.63,−0.22

Crypt depth
BMI 0.30 0.05, 0.52
MUAC 0.17 NS
SFT 0.03 NS
sTNF-R55 −0.30 −0.52,−0.04

Linear correlation coeYcients for nutritional parameters and
sTNF-R55 concentration in univariate analysis of VH, CD and
TMT. r is shown, together with 95% confidence intervals (CI).
NS indicates that the 95% confidence intervals include zero.

814 Kelly, Davies, Mandanda, Veitch, McPhail, Zulu, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.41.6.811 on 1 D

ecem
ber 1997. D

ow
nloaded from

 

http://gut.bmj.com/


high proportion. There was no diVerence in
mucosal morphometry between HIV seroposi-
tive and HIV seronegative local controls. There
was no diVerence in the severity of enteropathy
in patients with diVerent infections, but few
patients were found without detectable infec-
tion, and many infections were multiple, possi-
bly obscuring any diVerences which might
exist. The multiple regression models also
indicated that enteropathy was strongly related
to nutritional status and to immune dysregula-
tion as revealed by serum sTNF-R55 concen-
trations, which we have previously reported to
be high.27 The enteropathic changes were quite
pronounced, with a 40% reduction in mean
villous height and 19% increase in mean crypt
depth. These changes cannot be explained by
tropical enteropathy as the morphometric
parameters have been compared with local
controls. The villous heights found in the con-
trol subjects here were slightly greater than
those found in a study of Afro-Caribbean
immigrants to the UK.31 Crypt depth was
increased in patients with diarrhoea, but we
note that it was positively related to nutritional
status (BMI in this instance) and negatively to
serum sTNF-R55 concentrations. This might
signify that increased crypt depth is a response
to injury which is impaired in the presence of a
nutritional deficit.
Mucosal morphometry carried out in this

way is subject to error, because of inadequacies
in the process of fixation and orientation which
mean that it is diYcult to ensure that the entire
length of the villus can be measured. Further-
more, one or two biopsy specimens from the
distal duodenum may not represent adequately
the whole of the small intestinal mucosa. We
therefore analysed villous height and crypt
depth to look for evidence that infections
detected in these biopsy specimens might
influence enteropathy, and found none. Like-
wise, anthropometry at a single time point is a
crude method of assessment of body composi-
tion, and fails to reflect rates of change. Given
these shortcomings, it is all the more notable
that the regression models were able to account
for appreciable fractions of variability in
mucosal parameters.
There was no evidence that intestinal proto-

zoal infection influenced the severity of enter-
opathy, irrespective of: the species of infecting
parasite; the presence of the parasite in the
same part of the small intestine as the biopsy
specimens were collected; or the presence of
multiple infections. This finding is at variance
with previous studies which observed some
relationship between enteropathy and proto-
zoan infection,23 24 but supports the work of
Greenson et al.32 As protozoa were found in the
majority (79%) of the patients in this study,
who had quite advanced HIV disease, it is dis-
tinctly possible that multiple infections were
more common than was apparent given the
insensitivity of most microscopic detection
techniques. C parvum is known to damage the
mucosa in immunocompetent children25 and it
would be surprising if it had no such eVect in
the immunodeficient. Other infections are also
associated with enteropathic changes, particu-

larly M avium complex. Stool cultures for
salmonellae, shigellae, and Campylobacter spp.
were not undertaken, nor were virological
examinations of stool. However, no viral parti-
cles were seen by electron microscopic examin-
ation of the biopsy specimens, and other stud-
ies have indicated that viral infections do not
play a major role in this syndrome.33 Salmonella
and Shigella spp. were not found in Zambian
patients in the study of Conlon et al,3 and
facilities for Campylobacter isolation were not
available at the time of the study. Colonic
biopsy specimens were not taken as colonic
infection seemed a priori to be unlikely to affect
mucosal morphology in the proximal small
intestine.
These regression models clearly indicate that

nutritional parameters are related to mucosal
morphometric measures. There is little direct
evidence in humans that structural intestinal
damage follows from wasting of body mass in
the absence of enteric or systemic infection, but
it is established in animals.34 Starvation in
humans can bring about enteric dysfunction,
manifest as increased secretion of water and
electrolytes.35

sTNF-R concentrations in serum were also
found to be related to mucosal change, but this
was not true of neopterin concentrations.
sTNF-R55 and neopterin concentrations in
serum probably reflect TH1 lymphocyte activa-
tion by HIV or by opportunistic pathogens
and/or macrophage directed activation by
opportunistic pathogens or lipopolysaccharide.
sTNF-R concentration is linearly related to
TNF-á concentration36 and the former was
therefore used in this study as free TNF can be
diYcult to measure in the peripheral circula-
tion because it is rapidly cleared. It is well
established that markers of immune activation
act as indicators of progression of HIV disease,
but much more work is required to define the
precise molecular and cellular basis of these
disturbances. Individual serum cytokine as-
says, if suYciently sensitive tests of a large
range of such molecules were available, would
help clarify the mechanism of disturbance.
There is little support for the hypothesis that
mucosal T cell activation occurs in HIV related
enteropathy,18 19 and in a subset of the patients
reported here, no evidence of mucosal T cell
activation was found.20 Unfortunately, when
this study was conducted, CD4 measurements
were not available in this institution. Such
measurements might have contributed usefully
to understanding the potential determinants of
enteropathy.
What is the significance of enteropathy in

AIDS? Enteropathy itself does not directly lead
to diarrhoea, as it is not uncommon to find
patients with coeliac disease and subtotal
villous atrophy who have normal bowel habit,
and this may depend on the extent of small
intestinal damage.37 However, the alteration in
balance between villous (absorptive) and crypt
(secretory) cell populations may predispose to
salt and water malabsorption and diarrhoea
will then ensue if colonic water absorption is
impaired. Although enteropathy does not
directly lead to weight loss (which is largely

Enteropathy in Zambians with HIV related diarrhoea 815
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attributable to reduced calorie intake38)
through malabsorption of calories, enteropathy
may contribute to micronutrient malabsorp-
tion.
The small intestinal mucosa in these patients

appears to have changed in response to a com-
plex array of nutritional and immunological
insults, although its relationship to current or
previous enteric infections is diYcult to under-
stand. Better understanding of the mechanism
of mucosal damage will probably require
observing the response to eradication of proto-
zoa and further study of these immunological
abnormalities.
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