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Abstract
Background—Diarrhoea in AIDS is asso-
ciated with anorexia and weight loss. The
importance of gastrointestinal transit in
such symptoms has not been addressed.
Aims—To assess jejunal to caecal transit
times in subjects with AIDS related diar-
rhoea and weight loss and correlate these
with measures of absorptive capacity and
intestinal permeability.
Methods—Jejunal to caecal transit times
were assessed in 20 seronegative controls
and 60 HIV seropositive subjects from
serum analysis of 3-O-methyl-D-glucose
and sulphapyridine after ingestion of the
monosaccharide and sulphasalazine in
aqueous solution. The method also allows
an estimation of gastric emptying times
for liquids. Intestinal absorptive capacity
and permeability were assessed by a com-
bined test using 3-O-methyl-D-glucose,
D-xylose, L-rhamnose, and lactulose.
Results—Gastric emptying was signifi-
cantly delayed in all groups of patients with
AIDS. Mean jejunal to caecal transit times
were not significantly diVerent between
controls (246 (62) minutes) and patients
without diarrhoea (AIDS, well: 278 (103)
minutes; AIDS, wasting: 236 (68) minutes),
cytomegalovirus colitis (289 (83) minutes),
pathogen negative diarrhoea (192 (100)
minutes), or microsporidiosis (190 (113)
minutes), although 30% of patients had
values below the control range. Patients
with cryptosporidiosis diVered signifi-
cantly from controls (135 (35) minutes,
p<0.0001), seven of 10 having rapid transit
times. Absorptive capacity was reduced
and intestinal permeability significantly
increased in AIDS, but did not correlate
significantly with transit times.
Conclusion—Small bowel transit is accel-
erated in many patients with AIDS, par-
ticularily in protozoal diarrhoea, but is
not the sole explanation for malabsorption
of monosaccharides.
(Gut 1999;45:70–76)
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Gastrointestinal symptoms are common and
distressing features of HIV infection. Watery
diarrhoea with increased stool frequency is a
major cause of morbidity in AIDS and is often
associated with profound weight loss. Diar-
rhoea is likely to be multifactorial, but the role

of altered small bowel transit and its contribu-
tion to malabsorption has not been studied.
The relevance of rapid intestinal transit in the
pathogenesis of diarrhoea is suggested by the
usually good response to opiate antidiarrhoeal
agents. Furthermore, there is clearly a discrep-
ancy between mild mucosal structural changes
in the jejunum and ileum and the often severe
malabsorption of simple sugars, vitamin B12,
and bile acids,1 2 which might be at least in part
due to rapid intestinal transit.

Most non-invasive methods for assessing
small intestinal transit measure orocaecal tran-
sit time, such as the hydrogen breath test
following lactulose ingestion and serum sulp-
hapyridine following sulphasalazine, but the
results are aVected by gastric emptying. In HIV
seropositive individuals, symptoms suggestive
of gastroparesis (early satiety) are common and
may complicate the interpretation of orocaecal
transit tests by underestimating the severity of
rapid intestinal transit and its role in diarrhoea
and malabsorption. In this study we used a
technique which separates gastric emptying
and jejunal to caecal transit using a liquid test
solution in a large number of patients with
AIDS, and correlated results with small bowel
absorption and permeability.

Materials and methods
STUDY POPULATION

Between May 1992 and November 1995, 60
subjects (mean age 37 (SD 6) years) were
recruited from the HIV/GUM departments and
wards at the Chelsea and Westminster Hospital
and King’s College Hospital. Subjects were
positive for HIV antibody by enzyme linked
immunosorbent assay (ELISA) and line immu-
noassay (INNO-LIA for HIV-antibody 1 and 2,
Inc star, Wokingham, UK) and all had a positive
AIDS diagnosis,3 stage IV C1. The following
patient groups with AIDS were examined:
asymptomatic; wasting (involuntary loss of
greater than 10% of body weight in the last year)
with solid stool; pathogen negative diarrhoea
(bowel movement three or more times a day
with loose or liquid stools for longer than a
month and no pathogens in at least three stool
samples, small and large bowel biopsy); cytome-
galovirus (CMV) colitis; and small bowel crypt-
osporidiosis or microsporidiosis. Exclusion cri-
teria were: dual intestinal infection; upper
gastrointestinal CMV; vomiting; renal impair-
ment (serum creatinine more than 120 mmol/l);
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and significant neurological, pulmonary, cardio-
vascular, or hepatic disease, malignancy, or
diabetes.

Thirty three per cent of patients were on
zidovudine, zalcitabine, or didanosine. Fifty
eight per cent were on cotrimoxazole, 28% on
dapsone, 8% on inhaled or intravenous penta-
midine, and 6% took no Pneumocystis carinii
prophylaxis. Previous studies have not shown
any significant eVect of these drugs on intesti-
nal function (absorption, permeability, and
inflammation).1 2 However, although none of
the drugs that the HIV seropositive patients
took has previously been shown to have a direct
eVect on neuromuscular transmission and
none has been implicated in altering intestinal
transit times, it was impractical to test the effect
of individual drugs and the various drug com-
binations on intestinal transit.

Twenty healthy, presumed HIV seronegat-
ive, clinic staV and medical students, without
gastrointestinal symptoms and not receiving
any medication, were recruited as controls for
the transit studies (mean age 33 (4) years). A
normal reference range for the absorption per-
meability test was obtained from the same 20
volunteers and was similar to that previously
established,2 based on 57 healthy volunteers.

All subjects gave written informed consent to
these studies which were approved by the ethi-
cal committees of the Harrow, Camberwell,
and Riverside Health Authorities.

STOOL ANALYSIS

All HIV seropositive subjects provided three
stool samples within two weeks of study entry.
Stool samples were cultured on standard media
for pathogenic bacteria followed by full identifi-
cation with standard biochemical tests. Smears
were stained with auramine phenol for crypto-
sporidia and if positive, diagnosis was confirmed
by a modified Ziehl-Neelsen stain. Specimens
were inoculated onto Löwenstein-Jensen slants
and cultured for mycobacteria. A standard
formalin-ether concentration method was used
to look for ova and parasites by direct micros-
copy. Concentrated preparations were examined
for cryptosporidia if three standard preparations
were negative. Three stools were examined for
microsporidia spores using a calcoflur stain and
Weber’s strong trichrome method.4 A cytotoxic-
ity assay for Clostridium difficile toxin was carried
out on one stool sample from all the HIV sero-
positive patients. One stool specimen from each
patient was also examined by electron micros-
copy for enteric viruses.

MUCOSAL BIOPSY

Oesophagogastroduodenoscopy with four dis-
tal duodenal biopsies and sigmoidoscopy or
colonoscopy with biopsy were performed on all
subjects with diarrhoea and/or weight loss.
Impression smears were made from one
duodenal biopsy, air dried, fixed for one to two
minutes, stained with Giemsa, and examined
under oil immersion (×1000). All histological
biopsy specimens were fixed in 10% formalin
saline and paraYn wax sections 2–5 µm thick
were stained with haematoxylin and eosin,
periodic acid SchiV (PAS), PAS-diastase, and

Ziehl-Neelsen stains; at least two levels per
block were examined. Immunoperoxidase
staining for CMV and adenovirus was per-
formed on all rectal and duodenal biopsy
specimens. The primary antibodies used were
as follows: for CMV a mouse monoclonal anti-
body (Dakopatts, Denmark) in a dilution of
1/100 and for adenovirus, mouse monoclonal
antibody (Serotec, Oxford, UK) in a dilution of
1/1000. The secondary antibody used was
biotinylated horse antimouse monoclonal
(Vector, Peterborough, UK) in a dilution of
1/300 and the third layer was Avidin-Biotin
(Vector) in a dilution of 1/100.

TEST RATIONALE FOR MEASUREMENT OF JEJUNAL

TO CAECAL TRANSIT TIME AND LIQUID GASTRIC

EMPTYING TIME

The main objective of the transit test was to
compare the time for appearance of two well
characterised indicators absorbed from a de-
fined region in the intestinal tract, allowing cal-
culation of jejunal to caecal transit time. The
indicators were 3-O-methyl-D-glucose and sul-
phasalazine which were administered in an
aqueous solution. 3-O-methyl-D-glucose is ab-
sorbed rapidly (within minutes following direct
instillation in normals) from the jejunum5 by an
active carrier mediated transport system shared
with D-glucose and D-galactose.6 The lag time
from ingestion of the solution and first appear-
ance of 3-O-methyl-D-glucose in serum should
therefore indicate the arrival of the “head” of the
test solution in the jejunum, providing an index
of orojejunal transit which is principally deter-
mined by the gastric emptying time of a liquid
test solution. Sulphasalazine, on the other
hand, passes intact through the small bowel
lumen in normals and is metabolised in the
caecum by azo-reductase of bacteria to yield
5-aminosalicylic acid and sulphapyridine.7

Sulphapyridine is absorbed within minutes of
caecal instillation8 and the use of serum
sulphapyridine as a measure of orocaecal transit
is well established.5 8 9 Kellow and colleagues8

validated the sulphasalazine-sulphapyridine test
by showing that sulphasalazine transit times
from duodenum to caecum were comparable
with simultaneously measured transit with
technetium-99m labelled diethylenetriami-
nopentaacetate (scintigraphic study) and lactu-
lose (breath test), as well as showing predictable
transit time responses to poorly absorbed solute
and morphine.

The reliability of “first appearance of mark-
ers in serum” to indicate arrival of test
substances at a particular level in the intestine
requires that mucosal uptake of the markers
used is prompt and occurs at similar rates. In
normal subjects, 3-O-methyl-D-glucose in-
stilled into duodenum5 and sulphasalazine into
the caecum,8 are associated with detectable
serum concentrations of 3-O-methyl-D-glucose
and sulphapyridine within 10 and six minutes,
respectively. In the absence of significant
large bowel disease in AIDS, permeation of
sulphapyridine is assumed to be normal, as in
inflammatory bowel disease.

However, two aspects of the transit time test
required further validation. Firstly, we as-
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sessed the rate of appearance of 3-O-methyl-
D-glucose in serum after intraduodenal instil-
lation in patients with AIDS, as malabsorption
of this sugar is common in these patients2 10

and it is possible that this malabsorption is
associated with delayed absorption. Six pa-
tients (mean age 30 (8) years) with AIDS were
studied. These had stage IV C1 disease and
were admitted to the wards for study of
indigestion and diarrhoea, and/or weight loss.
All had malabsorption of 3-O-methyl-D-
glucose with the combined absorption perme-
ability test (11.4%, 14.3%, 19.7%. 20.0%,
24.4%, and 27.2%, respectively; normal, more
than 30%). At endoscopy a 50 ml test solution
containing 3-O-methyl-D-glucose (2.5 g) was
instilled directly into the third part of the duo-
denum. Blood samples were taken before and
at two minute intervals after the dose for 14
minutes.

Secondly, although previous studies have
not consistently shown significant small bowel
bacterial overgrowth in AIDS,11 12 it may be a
problem in a subset of patients with AIDS.
The eVect of small bowel bacterial overgrowth
on the metabolism of sulphasalazine and the
interpretation of the test result was therefore
assessed. Six patients with Crohn’s disease
(mean age 34 (10) years) were studied to
assess the eVect of small bowel overgrowth on
transit time measurement by our transit time
technique. All had small intestinal strictures
and a positive 14C-glyocholate breath test for
small bowel bacterial overgrowth, confirmed
by coliform cultures from duodenal aspirates.

PROTOCOL FOR MEASUREMENT OF SMALL BOWEL

TRANSIT AND GASTRIC EMPTYING

Subjects stopped all medication known to
aVect gastric emptying or small bowel transit
such as opiate antidiarrhoeals, antiemetics,
alcohol, and antibiotics (other than Pneumo-
cystis carinii pneumonia prophylaxis) 48 hours
before the transit test. Subjects fasted from
midnight and an intravenous cannula was
inserted into a large arm vein before the start of
the test at 8 am. A baseline blood sample (7 ml)
was drawn and subjects ingested the 100 ml
test solution containing 3-O-methyl-D-glucose
(5.0 g, Sigma Pharmaceuticals, Poole, UK)
and sulphasalazine (3.0 g, sulphasalazine
syrup, Kabi-Pharmacia, Milton Keynes, UK).
Blood (7 ml) was drawn at 15, 30, 45, 60, 90,
120, 150, 180, 240, 300, and 360 minutes. All
subjects lay supine (except for use of the lava-
tory) and fasted throughout the test. Subjects
had an intravenous infusion of 1 litre of normal
saline in the opposite arm or via an indwelling
venous catheter during the test.

SMALL BOWEL ABSORPTION/PERMEABILITY

Between two and five days after the small bowel
transit test, subjects had a combined absorp-
tion and permeability test. Forty eight hours
before the test, subjects abstained from taking
any agents known to aVect small bowel perme-
ability, absorption, or motility, including non-
steroidal anti-inflammatory drugs, alcohol,
antidiarrhoeals, and antibiotics. After an over-
night fast subjects drank a 100 ml test solution

(240 mosm/l) containing 3-O-methyl-D-
glucose (0.2 g), D-xylose (0.5 g), L-rhamnose
(1.0 g), and lactulose (5.0 g = 7.5 ml of 67%
wt/vol lactulose solution BP). A complete five
hour urine collection was made into a bottle
containing 1–2 ml (10% wt/vol) merthiolate as
preservative. Baseline urine samples contained
none of the test substances.

MARKER ANALYSIS

Serum 3-O-methyl-D-glucose was measured by
thin layer chromatography and densitometry,13

and sulphapyridine by high pressure liquid
chromatography with ultraviolet detection,14

with coeYcients of variation characteristically
3.5–8.5% and 4–11%, respectively. Urinary
3-O-methyl-D-glucose, D-xylose, L-rhamnose,
and lactulose were measured by a quantitative
thin layer chromatography method,13 modified
to estimate both monosaccharides and
disaccharides.15 The diVerential five hour
urinary excretion ratio of lactulose and
L-rhamnose (percentage ingested dose) pro-
vides an index of small bowel permeability.16

STATISTICS

Statistical analysis was performed using
Analyse-It medical statistics addition to Micro-
soft Excel. A Shapiro-Wilks W prime test
showed the absorption-permeability and tran-
sit data to be normally distributed while the
gastric emptying data were not. Values for the
former are therefore presented as mean (SD)
and the latter as median and range. A one way
analysis of variance (ANOVA) was used to
show significant diVerences between the
groups where the data were normally distrib-
uted; Student’s t test was then used to assess
statistical diVerences between controls and the
subgroups of HIV seropositive patients using
Bonferroni’s correction. The Mann-Whitney
test was used to assess statistical diVerences in
the gastric emptying data from controls and
patients. Pearson’s correlation coeYcient was
used to assess the correlation between meas-
ures of small bowel function.

Results
VALIDATION EXPERIMENTS

After intraduodenal instillation of 3-O-methyl-
D-glucose in the six patients with AIDS and
malabsorption of this monosaccharide, 3-O-
methyl-D-glucose was detected in serum within
six minutes (three at 2 minutes, two at 4, and
one at 6 minutes) which is comparable with that
reported in normals.5 Figure 1 shows represen-
tative permeation profiles from controls and
patients with AIDS and Crohn’s disease.

In controls 3-O-methyl-D-glucose appeared
in serum and rose sharply, usually within 15
minutes of ingestion of the transit time test
solution. There was no measurable sulphapyri-
dine until 180–360 minutes. When sulphapyri-
dine appeared in the normal subjects it rose
more than 10-fold to 0.1–2% dose/l. One
patient with AIDS is normal, the other showing
delayed gastric emptying and rapid small intes-
tinal transit. The patients with Crohn’s stric-
tures and bacterial overgrowth had the same
sharp 3-O-methyl-D-glucose peak as controls.
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However, in five of the six patients low concen-
trations of sulphapyridine (0.014–0.035%
dose/l) were detected in serum until a more
definite, and easily distinguishable, more than
fivefold increase, resembling that seen in
controls occurred. Figure 1 shows representa-
tive permeation profiles from two of these
patients. Low concentrations of sulphapyridine
were evident in serum prior to the characteris-
tic and obvious increase which we take to indi-

cate small intestinal bacterial metabolism of
sulphasalazine and the arrival of the “head of
the solution” in the caecum, respectively.

GASTRIC EMPTYING

Table 1 shows that gastric emptying of the liq-
uid solution was significantly delayed in all
subgroups of patients with AIDS compared
with controls.

Figure 1 Representative permeation profiles of 3-O-methyl-D-glucose (open circles) and sulphapyridine (closed circles)
after ingestion of the monosaccharide and sulphasalazine in two control subjects (A), two patients with AIDS (B), and two
patients with Crohn’s disease associated with small bowel bacterial overgrowth (C).
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JEJUNAL TO CAECAL TRANSIT TIME IN AIDS

Table 2 shows that the 20 control subjects for
the transit studies weighed significantly more

than patients with AIDS, but there was no sig-
nificant diVerence in weight between patients
in the various subgroups with AIDS. Similarly
CD4 count did not diVer significantly between
the AIDS subgroups.

Figure 1 shows representative permeation
profiles from two patients with AIDS. The pat-
tern, in comparison with controls, was often
that of a variable delay of the appearance of
3-O-methyl-D-glucose. However, similar to
controls, and unlike the pattern found in the
Crohn’s disease patients with small bowel bac-
terial overgrowth, there was a period where
sulphapyridine was not measurable in serum.
When sulphapyridine appeared it rose over
fivefold to a plateau as in controls. Figure 2
shows the individual jejunal to caecal transit
time (time of appearance of sulphapyridine less
the time of appearance of 3-O-methyl-D-
glucose) in controls (246 (SD 62) minutes);
AIDS, well (278 (103) minutes); AIDS,
wasting (236 (68) minutes); CMV colitis (289
(83) minutes); pathogen negative diarrhoea
(192 (100) minutes); microsporidiosis (190
(113) minutes); and cryptosporidiosis (135
(35) minutes). A one way ANOVA showed sig-
nificant (p<0.0005) diVerences between the
groups. Twenty two patients with AIDS (37%)
had evidence of rapid intestinal transit, but
only in the group with cryptosporidiosis was
the mean jejunal to caecal transit time
significantly more rapid than in controls
(p<0.0001; Student’s t test with Bonferroni’s
correction). In the case of pathogen negative
(p=0.07; mean compared with normal) and
microsporidial diarrhoea (p=0.08) half of the
patients had evidence of a rapid jejunal to cae-
cal transit.

SMALL INTESTINAL ABSORPTION AND

PERMEABILITY

Table 2 shows the results of the combined
absorption-permeability test. The absorption
of 3-O-methyl-D-glucose did not diVer signifi-
cantly from normal in patients with AIDS.
There was significant malabsorption of the two
other monosaccharides in all groups of patients
with AIDS. Intestinal permeability was signifi-
cantly increased in all subgroups except in
AIDS, well patients.

There was no significant (p>0.08) correla-
tion between the urinary excretion of 3-O-
methyl-D-glucose (r=0.10), D-xylose (r=0.12),
and L-rhamnose (r=0.24), or the diVerential

Table 1 Gastric emptying of a liquid in AIDS

Median time (range) in
minutes of first appearance of
3-O-methyl-D-glucose in serum

Controls 15 (15–30)
AIDS, well 22.5 (15–60)*
AIDS, weight loss 30 (15–60)†
Pathogen negative diarrhoea 30 (15–45)‡
CMV colitis 30 (15–90)*
Microsporidiosis 15 (15–45)*
Cryptosporidiosis 15 (15–90)*

Statistical analysis performed by the Mann-Whitney test.
*DiVered significantly from controls (p<0.05).
†DiVered significantly from controls (p<0.005).
‡DiVered significantly from controls (p<0.001).
CMV, cytomegalovirus.

Figure 2 Individual jejunal to caecal transit times in the patients with AIDS. The two
horizontal lines represent the upper and lower normal range as obtained from the 20 control
subjects. Horizontal bars represent mean values and the vertical bars represent SD.
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Table 2 Small intestinal absorption and permeability in AIDS

Number
CD4 count
(cells ×106/l)

Body mass index
(weight/ height2)

3-O-m-D-glucose
(% dose) D-xylose (% dose)

L-rhamnose
(% dose)

Lactulose/
L-rhamnose

Controls 20 26 (2) 47.5 (11.1) 31.7 (7.3) 12.8 (2.6) 0.03 (0.01)
AIDS, well 6 112 (146) 21 (3)* 33.4 (3.0) 23.3 (3.0)‡ 5.0 (1.4)‡ 0.04 (0.05)
AIDS, weight loss 11 9 (9) 18 (2)‡ 31.5 (17.2) 12.5 (4.2)‡ 3.4 (1.3)‡ 0.14 (0.12)‡
Pathogen negative diarrhoea 10 25 (29) 19 (3)† 36.3 (14.6) 20.5 (12.1)‡ 4.7 (2.3)‡ 0.15 (0.09)‡
CMV colitis 12 35 (41) 20 (4)‡ 39.6 (14.3) 15.5 (6.3)‡ 4.2 (1.5)‡ 0.20 (0.14)‡
Microsporidiosis 11 37 (52) 19 (3)‡ 31.7 (16.7) 13.4 (7.1)‡ 3.2 (2.1)‡ 0.09 (0.06)‡
Cryptosporidiosis 10 19 (15) 18 (4)* 33.4 (12.4) 15.9 (7.0)‡ 3.7 (1.7)‡ 0.15 (0.14)‡

Values presented are mean (SD).
A one way ANOVA was showed significant (p<0.0001) diVerences in absorption-permeability data between the groups, apart from the 3-O-methyl-D-glucose group.
*DiVered significantly from controls (p<0.05; Student’s t test using Bonferroni’s correction).
†DiVered significantly from controls (p<0.01).
‡DiVered significantly from controls (p<0.001).
CMV, cytomegalovirus.
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urinary excretion of lactulose/L-rhamnose
(r=−0.13) and jejunal to caecal transit times.

Discussion
This study shows a uniformly severe impair-
ment of small bowel absorption and permeabil-
ity in patients with AIDS. These changes are
frequently associated with delayed gastric
emptying of the liquid test solution and rapid
intestinal transit, particularly in patients with
pathogen negative and protozoal diarrhoea.
There is no significant correlation between
intestinal absorption/permeability parameters
and transit times which may relate to the mul-
tifactorial nature of diarrhoea in these patients.

The definition of pathogen negative diar-
rhoea, in this and other studies, is a particularly
contentious issue and it is possible that a more
extensive investigation would have identified
more pathogens in this group of patients. For
instance, exclusion of the diarrhoea due to
Clostridium diYcile infection with one faecal
sample can be improved somewhat by multiple
sampling,17 18 and other techniques besides
electron microscopy might be needed to
exclude enteric viruses completely.19 However,
at the time of study a similar algorithm for
investigation of diarrhoea associated with HIV
was used by us in related studies of intestinal
function in HIV/AIDS.1 2 The diagnostic label
of “pathogen negative” diarrhoea needs to be
viewed with this in mind as well as the fact that
the diagnostic criteria for “pathogen negative”
diarrhoea are constantly changing and diYcult
to anticipate prospectively.

GASTRIC EMPTYING

The primary aim of this study was to measure
and correlate jejunal to caecal transit time with
intestinal absorption and permeability. The
choice of the transit test used was in part to
control for possible delayed gastric emptying.
The appearance of 3-O-methyl-D-glucose in
serum provided a measure of gastric emptying
of a liquid meal and was significantly delayed in
all AIDS subgroups. Delayed gastric emptying
may be the consequence of malnutrition,20

neuropathy,21 or systemic disease22 and may
explain symptoms such as early satiety, nausea,
and bloating. Extrapolation of the results of a
liquid test solution to what may happen with
solid foods is, however, fraught with diYculty.
Nevertheless, this study oVers a logical ration-
ale for studying gastric emptying of solid test
meals in patients with HIV.

SMALL BOWEL TRANSIT

Our study indicates that rapid intestinal transit
may contribute to diarrhoea in over 50% of
patients with AIDS and cryptosporidiosis,
microsporidiosis, and pathogen negative diar-
rhoea. A potential problem with the technique
used for assessing the intestinal transit times, in
common with most other non-imaging tests
such as the lactulose breath test, is that signifi-
cant small bowel bacterial overgrowth could
lead to luminal metabolism of the test sub-
stance, giving an early signal mistakenly
indicating that the “head” of the test solution
had entered the caecum. To assess this we

examined patients with Crohn’s disease and
small intestinal bacterial overgrowth. In these
patients sulphapyridine was indeed detected in
serum shortly after ingestion of the test
solution. However, these low concentrations
were easily distinguished from the definite and
much higher rise in serum concentrations seen
subsequently and resembling those in controls.
These low concentrations, which we interpret
as cleavage of the azo bond of sulphasalazine by
the overgrowth of small intestinal bacteria,
were not seen in any control subjects or
patients with AIDS. While this argues against
significant small bacterial overgrowth in the
patients with AIDS, in keeping with some other
studies,11 12 this is not excluded as only
azo-reductase containing bacteria split the azo
bond of sulphasalazine.

The reason for rapid intestinal transit in half
of the patients with AIDS with pathogen nega-
tive or protozoal diarrhoea is uncertain.
Histopathological studies show damage to the
intrinsic nerve plexus in jejunal and rectal
biopsy specimens from patients with AIDS.23 24

It is unclear whether enteric nerve damage
precedes or is the result of protozoal infection,
though generalised autonomic neuropathy is
well described, particularly in late HIV
infection,25 presumably as a direct consequence
of the neurotropic eVects of the virus.26 In
either case, the often excellent symptomatic
response to opiate antidiarrhoeals is consistent
with the suggestion that intrinsic nerve plexus
damage contributes significantly to rapid small
bowel transit and diarrhoea in AIDS.

It has been suggested that microsporidiosis
and cryptosporidiosis have diVerent and dis-
tinct disease expression in HIV seropositive
individuals. Microsporidiosis is characterised
by increased faecal tumour necrosis factor á,27

a cachetic pattern of weight loss,28 and
diarrhoea that may respond to the antitumour
necrosis factor á agent, thalidomide.29 How-
ever, subjects with cryptosporidiosis have a
decreased metabolic rate,28 characteristic of
starvation,30 and normal tumour necrosis
factor á in stools.27 Rapid small bowel transit in
some of these patients could explain the
starvation response, perhaps due to a voluntary
reduction in food intake in order to decrease
stool volumes.

Half of the patients with pathogen negative
diarrhoea had rapid intestinal transit, which is
further evidence for underlying pathology such
as occult pathogens, an “HIV enteropathy”, or
neuronal damage.

SMALL INTESTINAL ABSORPTION AND

PERMEABILITY

Enterocyte damage, perhaps secondary to T
cell activation and release of cytokines,31 may
lead to malabsorption of monosaccharides and
increased small intestinal permeability. While
malabsorption may contribute to weight loss
and malnutrition,32 increased intestinal perme-
ability may lead to an inflammatory
enteropathy.16 33 34 The prevalence and severity
of malabsorption and increased intestinal
permeability in this study is comparable with
that found in previous work,1 2 10 35 but lack of a
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significant correlation with transit time
suggests a more complex pathogenesis for the
diarrhoea.

The pathogenesis of gastrointestinal abnor-
malities in AIDS is complex and multifactorial
and therefore unlikely to be explained by a sin-
gle pathophysiological event. This study con-
firms that all groups of patients with AIDS
have significant malabsorption and increased
intestinal permeability. Accelerated small intes-
tinal transit is a feature of many patients with
pathogen negative and protozoal diarrhoea and
may exacerbate anorexia and weight loss.
Although the reasons for the motility altera-
tions are unknown, the combination of a delay
of gastric emptying of the liquid test solution
and intestinal hurry might suggest an intestinal
autonomic neuropathy.
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