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The gut in HIV infection 
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INTRODUCTION 

The acquired immunodeficiency syndrome (AIDS) is caused by a human 
retrovirus which was originally designated by a variety of names including 
HTL V III (human T lymphotropic virus III) and LA V (lymphadenopathy 
virus)1.2, and which is now called human immunodeficiency virus (HIV). HIV 
is a member of the lentivirus subfamily. A second human lentivirus, HIV-2, 
has been isolated from patients with AIDS, especially in Africa, which is a 
novel member of the human lentivirus family and not an envelope variant 
of original isolates of HIV3•4 • The original isolates are now designated as 
HIV-1. Since the first description of AIDS cases in 1981 this disease has 
spread as an epidemic, and is now a major health problem all over the world. 
The number of patients with AIDS registered by the WHO in the middle of 
1990 is more than 250000 worldwide5. The estimated number of individuals 
infected with HIV is 6-8 million by 1990. 

HIV has the ability to cause progressive deterioration of the host's immune 
function leading to opportunistic infections and neoplasms, the hallmarks of 
AIDS. A high proportion of patients infected with HIV suffers from 
gastrointestinal symptoms6 - S• Although infections by opportunistic and other 
enteric pathogens are a major cause of these disturbances, it is important to 
note that even when thorough and repeated investigations are used a 
significant fraction of patients remains in whom neither opportunistic causes 
nor other intestinal pathogens can be found. This clinical finding has given 
rise to the hypothesis that HIV itself might cause intestinal dysfunction9 ,1O. 

Such an 'HIV-induced' enteropathy might either be caused by direct damage 
of intestinal epithelial cells by HIV, or mucosal integrity could be disturbed 
by changes in the mucosal immune system, since a close relationship between 
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the local immune system and enterocyte growth and function has been shown 
in several studies 11 ,12 (see Chapter 8 in this volume). 

In this chapter data on HIV infection of the intestinal mucosa, changes in 
the intestinal immune system, as well as structural and functional changes 
of the small intestinal mucosa in HIV infection will be discussed. Based on 
these data a hypothesis will be put forward that HIV itself is an intestinal 
pathogen causing a characteristic pattern of small intestinal damage. 

GASTROINTESTINAL MANIFESTATIONS IN HIV INFECTION 

Gastrointestinal symptoms such as diarrhoea, weight loss, abdominal pain, 
vomiting, and dysphagia are among the most common and devastating 
problems in HI V-infected patients. These symptoms can in part be attributed 
to a wide variety of opportunistic and other enteric pathogens (Table 12.1) 
as well as secondary malignancies like Kaposi's sarcoma and malignant 
lymphomas8 ,13-16. However, even repeated investigations of multiple stool 
samples and intestinal biopsies including electron microscopy and immuno
histology fail to identify a known cause of the gastrointestinal symptoms in 
a significant proportion of the patients (Fig. 12.1). The percentage of patients 
with diarrhoea in whom no intestinal pathogen is identified varies in different 

Table 12.1 Frequency of opportunistic and non-opportunistic 
gastro-intestinal pathogens in patients with HIV infection and 
gastrointestinal symptoms 

Agents 

Adenovirus 
B. hominis 
C. difficile 
c. perf ring ens 
Campylobacter sp. 
Chlamydia sp. 
Coronavirus 
Cryptosporidium 
Cytomegalovirus 
E. histolytica 
G. lamblia 
Herpes simplex virus 
I. belli 
M. avium Complex 
M. tuberculosis 
Salmonella sp. 
Shigella sp. 
Spirochetes 
Yersinia sp 

None 

Rates of detection (%) 

3-6 
7-14 
1-6 
1 
2-10 
1-3 
1 
5-59 
7-45 
3-25 
2-15 
4-29 
1-19 
5-25 
1-3 
1-15 
1-10 
1-9 
I 

15-56 

Values were taken from references 10, 15-20, 106, and own 
unpublished results. 
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No Diarrhea Diarrhea No Weight Loss Weight Loss 

Figure 12.1 Frequency of gastrointestinal pathogens in 159 AIDS patients with and without 
diarrhoea or weight loss. At least three different stool samples and gastrointestinal biopsies were 
investigated. Diarrhoea is significantly associated with the presence of an intestinal pathogen 
(p < 0.05). However, intestinal pathogens are also present in patients without diarrhoea, and a 
considerable fraction of patients with diarrhoea remains, in whom no pathogen can be found. 
There is no significant association between weight loss and the presence of an intestinal pathogen 
(own unpublished results) 

studies between 15% and 50%10,15 -19. Furthermore, when analysing the 
presence of intestinal pathogens in stool or biopsy in relation to the presence 
or absence of gastrointestinal symptoms, the causative relevance of several 
agents detected remains questionable20 (own results; submitted for publication, 
see also Fig. 12.1). 

Evidence that small intestinal dysfunction with malabsorption may occur 
in HI V-infected patients and contribute to diarrhoea and weight loss is 
provided in several studies9,lO,13,21. Laboratory parameters indicative of 
malabsorption, such as serum albumin, calcium, zinc, folic acid, and vitamin 
B12 , are reduced in a significant percentage of HI V-infected patients. Reduced 
serum concentrations are found even at early disease stages 10. Direct tests 
of absorptive function were also performed in HIV -infected patients with 
gastrointestinal symptoms: significant fat malabsorption was found in 29-80%, 
xylose malaborsption in 54-100%, and vitamin B12 malaborsption in 75% 
of AIDS patients; however, the number of patients was low in these 
studies9,10.13.21-24. Lactase deficiency as measured by H2-exhalation after 
oral lactose ingestion was found in about 50% of HIV -infected patients even 
at early stages of the disease 1o. Again, malabsorption is also recognized in 
the absence of an additional enteric pathogen in a considerable percentage 
of patients. A recent study suggests that patients with severe weight loss, 
high stool volumes, and severe malabsorption are more likely to harbour an 
additional intestinal pathogen than patients with less severe gastrointestinal 
symptoms, in whom even repeated investigations fail to recognize a pathogen23. 

Thus, although a wide variety of intestinal pathogens is found in HIV -infected 
patients with gastrointestinal symptoms, a fraction of patients remains in 
whom neither secondary infections nor malignancies are found; in addition, 
the pathogenic relevance of some abnormalities detected is doubtful. 
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HIV INFECTION OF THE INTESTINAL MUCOSA 

Target cells of HIV infection 

The severe cellular immunodeficiency caused by HIV results from virus 
infecting CD4-positive T lymphocytes. The molecular mechanism of this 
cellular tropism is a high-affinity binding of HIV to the CD4 molecule via 
the HIV envelope glycoprotein, gp12025 (Fig. 12.2). It has been shown that 
the affinity of gp120 to CD4 is even higher than that of MHC Class II 
molecules, the natural ligand ofCD425 . With HIV infection the CD4-positive 
T cell is either killed or impaired in function 2,26. 

Subpopulations of monocytes and macro phages also express the CD4 
antigen although in low density, and it has been shown that these cells can 
be infected with HIV27 - 30. A second mechanism by which macro phages and 
monocytes may be infected with HIV is the binding of antibody-HIV 
complexes to Fc receptors or complement receptors on these cells and 
subsequent phagocytosis of these complexes31 ,32 (Fig. 12.2). In contrast to 
the CD4-positive T cell, HI V-infected macrophages and monocytes are 
relatively resistant to the cytopathic effect of HIV27 ,33; these cells may 
therefore serve as an important reservoir for the persistance of HIV in the host. 

In addition, it has been shown that follicular dendritic cells are also infected 
with HIV in vivo34- 36 . HIV-infected follicular dendritic cells were observed 

Figure 12.2 Possible mechanisms of cellular HIY infection: (1) HIY envelope antigen gp120 
binds with high affinity to cell surface CD4 molecules followed by virus entry. (2) HIY -antibody 
complexes bind to Fc receptors on the cell surface followed by internalization of the complex. 
(3) HIY-antibody complexes bind to complement receptors on the cell surface 
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both in peripheral lymph nodes and in intestinal mucosal lymphoid follicles 3 7 ,38. 
The mechanism by which these cells are infected is not completely understood, 
as they lack the CD4 molecule and express only the low affinity Fc receptor 
for IgE35. Since follicular dendritic cells form an extensive network of cellular 
processes in the centre of lymph follicles, CD4-positive T cells come into 
close contact with these cells and may become infected by direct cell-to-cell 
contact. 

Presence of HIV-Infected cells In the mucosa 

Approximately 70% of T cells within the mucosa are targets for HIV because 
they bear the CD4 molecule on their surface (see below). Macrophages in 
the mucosa and follicular dendritic cells in mucosal lymphoid follicles may 
also be infected and constitute important reservoirs for HIV. Both 
immunohistology and in situ hybridization have been used to identify 
HIV -infected cells in the intestinal mucosa which were found in 30-50% of 
the investigated patients10,37,39,40 (Table 12.2). HIV-infected mononuclear 
cells in the lamina propria were found in all studies and morphologically 
assessed as lymphocytes or macrophages; however, the definite identification 
of the cell type infected with HIV was not possible in these studies. In one 
study, binding of HI V-specific DNA probes predominantly to basal crypt 
cells was reported, and infected cells were identified as enterochromaffine 
cells, enterocytes, and goblet cells using an argentaffin stain and morphology39. 
However, in the remaining studies HI V-infected cells were either completely 
absent in the epitheliallayer40 or very rarely observed, and assessed rather 
as intraepitheliallymphocytes1o,37. These differences might therefore be due 
to technical reasons rather than reflect true biological differences. Thus while 
intestinal epithelial cells in vitro are infectable by HIV41 even in the absence 
of detectable CD4 expression42, the relevance of this finding remains to be 
studied, since its demonstration in vivo is controversial; furthermore, no 
cytopathic alterations were documented in HIV -infected epithelial celllines41 . 

Table 12.2 Summary of different studies on the presence of HIV -infected cells in the intestinal 
mucosa in patients with HIV infection 

Nelson 
et al. 39 

Ullrich 
et al. 10 

Fox 
et al.4O 

Jarry 
et al37 

Patients/ 
stage 

lO/IV 

11 /11 or III, 
4O/IV 

25j1V 

127j1V 

Method 

DNA 
Hybridization 

Immuno-
histology 

RNA 
Hybridization 

Immuno-
histology 

HI V
detection 

5/10 

Infected cells Localization 

Enterochromaffine Cryptbase, lamina 
and goblet cells, propria 
enterocytes, mono-
nuclear cells 

20/51 Mononuclear cells Lamina propria, 
two intraepithelial 

7/25 Mononuclear cells Lamina propria 

38/127 Mononuclear cells, Lamina propria, 
(one dendritic, two intraepithelial 
one epithelial cell) 
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In conclusion, the studies available at present document HIV infection of 
mononuclear cells in the intestinal lamina propria, whereas the significance 
of HIV infection of epithelial cells is questionable. 

IMMUNOPATHOGENIC MECHANISMS OF HIV INFECTION 

Consequences of HIV Infection for T cell function 

HIV infection causes depletion of CD4-positive T cells. The exact mechanism 
for the cytotoxic effect of HIV is still not completely understood (Table 12.3). 
Several mechanisms have been discussed: intensive virus budding may be 
responsible for the formation of microholes in the cell membrane43, insertion 
of HIV envelope glycoproteins in the T cell membrane may cause changes 
in membrane permeability to ions4 4, and there is also evidence that binding 
of gp120 to intracellular CD4 induces cell death45• Accumulation ofunintegrated 
viral DNA in the cytoplasm is also highly toxic for the ce1l46. The well-known 
phenomenon of syncytia formation after in vitro infection of CD4 T cells 
with HIV may be caused by binding of gp120 on the cell surface of infected 
cells to CD4 of neighbouring uninfected T cells47•48. Autoimmune phenomena 
to CD4 T cells bearing gp120 on their surface have also been described in 
HI V-infected patients: both antibody-dependent cytotoxicity and cellular 
cytotoxic mechanisms may be of relevance49- 51 . 

The selective killing of the CD4-positive T cell subset, which plays a central 
role in the immune response, will compromise the function of a variety of 
other cell types resulting in multiple immunological deficits ofthe organism26•52. 

The different subsets of the CD4-positive lymphocyte population are intimately 
involved in B cell function, differentiation of cytolytic T cells, suppressor T 
cell function, natural killer cell activity and certain macrophage/monocyte 
functions. 

In addition to the depletion of CD4 T cells, abnormalities in CD4 T cell 
function have been observed at all stages of HI V infection (Table 12.3). Helper 

Table 12.3 Consequences of HIV infection on T cell function 

Cytotoxic effects of HIV 
Formation of microholes in the cell membrane 
Changes in cell membrane permeability 
Accumulation of unintegrated viral DNA in the cytoplasm 
Binding of HIV envelope proteins to intracellular CD4 molecules 
Syncytia formation by binding of HIV antigen gp120 to surface CD4 molecules 
Autoimmune processes to CD4-positive T cells bearing gpl20 on the surface 

Non-cytotoxic effects of HIV 
Disturbed helper function of CD4 T cells for B cell differentiation 
Decreased proliferation of T cells to soluble and viral antigens 
Defective IL-2 and interferon-y production by T cells 
Low anti-CD3 reactivity of T cells 
Impairment of signal transduction 
Downregulation of the genes for CD4. CD3, CD2, and CD25 
Decrease in CD29 expression ('memory' T cells) 
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activity for B cell differentiation is disturbed 53, T cell proliferative responses 
to soluble and viral antigens are decreased even at early stages of HIV 
infection54- 57, antigen-induced interferon-/, production58 and IL-2 production 59 
by T cells is low. T cell proliferation to anti-CD3 antibodies is decreased, 
and low anti-CD3 reactivity, independent of the number of CD4-positive T 
cells, seems to be of predictive value for progression to AIDS60. HIV infection 
has been reported to down-regulate cellular genes or inhibit synthesis of 
proteins critical for T cell function such as CD445 .61, CD3, CD2, and CD25 
(IX-chain of the IL-2 receptor)62.63. There is also evidence for an early loss 
of CD29-positive memory T cells in HIV infection64.65. 

Viral antigens themselves may have stimulatory effects on T cells: HIV 
envelope peptides induce proliferation of T cells, and native gp120 induces 
increased IL-2 receptor expression in T cells66- 68. In contrast, the response 
of CD4-positive T cells activated by mitogen or antigen is suppressed by 
HIV and HIV antigen preparations, notably gp12066. 

Thus, besides its direct cytopathic effect, HIV alters T cell function in 
several ways, and these functional abnormalities probably contribute 
substantially to the pathogenesis of the progressive immune dysfunction in 
HIV infection. Disturbed function of CD4-positive T cells may also be of 
special importance for immunoregulation at mucosal surfaces, since activated 
CD4-positive T cells predominate in this compartment of the immune system 
(see below). 

Role of T cell activation in HIV replication 

After entry of HIV into the target cell viral RNA is transcribed into DNA 
by viral reverse transcriptase. HIV-specific DNA then is partially integrated 
into the host genome and partially remains unintegrated in the cytoplasm. 
Once the HIV proviral DNA is integrated in the host's chromosomal DNA, 
viral replication may enter a latent phase, depending on the state of activation 
of the infected ce1l69 •70. In resting T cells no or very low-level virus expression 
is observed. This may be due to a regulatory protein, rpt-l, which is selectively 
expressed in resting CD4 T cells, and which down-regulates both the promoter 
region of the IL-2 receptor IX-chain gene and the expression of the HIV 
L TR 71. Activation of infected lymphocytes is followed by transcription, 
protein synthesis, post-translational processing, assembly of viral RNA and 
protein and finally budding of the mature virions69. Recent studies indicate 
that factors specific to activated T cells stimulate viral transcription by binding 
to regions on viral DNA 72. It has been shown that the T cell activation 
factor, NFKB, binds to a NFKB binding site and activates in vitro transcription 
of the HIV promoter 73. 

T cell activation can be achieved in vitro by mitogenic, antigenic, or 
allogeneic stimuli; in vivo several concurrent infections may activate T cells 
and thereby induce HIV replication. Coinfections with other viruses such as 
herpes simplex virus, cytomegalovirus, and Epstein-Barr virus have also 
been shown to upregulate HIV expression 74-77. In addition, cytokines may 
be important in the efficient replication of HIV78.79. TNF-Q( is an especially 
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potent stimulator of increased HIV expression of infected cell lines in 
vitro8o- 82 . Thus, efficient replication of HIV is closely associated with 
activation of T cells. 

Characteristics of lamina propria T cells as targets for HIV 

In recent years specific differences have been recognized between lamina 
propria T cells and T cells of other origin. Using immunohistochemical 
techniques on frozen tissue sections and flow cytometry on isolated lymphocytes 
it has been shown that intestinal lamina propria lymphocytes are predominantly 
of the helper/inducer phenotype (CD4-positive)83-86. In addition, lamina 
propria T cells possess a low expression of the CD45RA antigen (recognized 
by monoclonal antibody 2H4) and a high expression of CD45RO (recognized 
by UCHL_l)86,87. CD45RA-Iow, CD45RO-high T cells have been shown to 
represent memory T cells, i.e. T cells which have already been in contact 
with antigen88,89. However, another marker of circulating memory T cells, 
CD29, is expressed only on about 50% oflamina propria T cells86 ,87. Lamina 
propria T cells therefore have an only partially overlapping phenotype with 
memory T cells. In addition, about 40% of T cells in the lamina propria 
express the T cell marker, HML-l, which is nearly exclusively found in the 
mucosa86,90. The specific phenotype of lamina propria T cells corresponds 
functionally with a specific response to antigens: in an animal model of 
intestinal infection and inflammation (Chlamydia trachoma tis proctitis of 
non-human primates) lamina propria T cells did not proliferate when 
stimulated in vitro with specific antigen, although T cells from mesenteric 
lymph nodes, the spleen, or the peripheral blood did proliferate under identical 
conditions. However, lamina propria T cells provided help for Ig synthesis 
after stimulation with the same antigen91 . Thus lamina propria T cells 
resemble differentiated effector cells which carry out important immunoregula
tory functions in the microenvironment of the mucosa in response to enteric 
pathogens. 

Another important finding in the context of mucosal HIV infection is that 
lamina propria T cells are more activated than T cells in other compartments 
of the immune system. Using cytofluorometric analysis of intestinal lymphocytes 
it was shown that lamina propria lymphocytes have increased expression of 
CD25, the IX-chain of the IL-2 receptor, as compared to other T cells86,92. 
This result was confirmed at the molecular level: Northern blot analysis of 
lymphocytes isolated from different tissue sites revealed that only lamina 
propria lymphocytes contained clearly detectable mRNA for the IL-2 
receptor without in vitro stimulation92. Other gene products associated with 
T cell activation were also studied: resting lamina propria T lymphocytes 
were similar to other T cells in that IL-2 was not detected in culture 
supernatants. However, after stimulation with mitogen, lamina propria 
lymphocytes synthesized significantly more IL-2 compared to the other 
populations92. The concept of an increased state of activation of lamina 
propria T cells is also supported by the finding that HML-l is an activation 
antigen86. In summary, these results clearly demonstrate that lamina propria 
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T cells are more activated than T cells in other sites of the immune system; 
HIV infection of these cells might have specific consequences for T cell 
function in the intestinal mucosal immune system93 (Fig. 12.3). 

Mucosal T cells In HIV Infection 

Disturbances of the mucosal immune system in HIV infection have been 
studied so far only by immunohistological and electron microscopical 
techniques. A reduction in the number of CD4-positive mononuclear cells, 
the known target cells of the AIDS virus, in the intestinal lamina propria 
has been described in several studies37.94-96. In our own investigations only 
a minor reduction in the number of CD4-positive cells has been found with 
an increase in the number of CD8-positive cells97.98. Thus, as in the 
circulation, the CD4/CD8 ratio is decreased in the lamina propria of the 
intestine in AIDS (Table 12.4). Impairment of T cell function in the intestinal 
mucosa in HIV infection is indicated by the finding of a decreased number 
of CD25-positive cells (cells expressing the IX-chain of the IL-2 receptor) in 
the lamina propria97.98. One important finding in most of these phenotype 
studies is that the reduction in the number of CD4-positive cells in the 
intestinal lamina propria is considerably less pronounced compared to the 

mitogens 
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• Loss 01 activated lamina propria cells 
• Functional impairment 01 lamina propria T cells 

Secondary gastrointestinal infections 
Secondary malignancies 

Impairment 01 intestinal epithelial 
cell growth and differentiation 

Figure 12.3 Infection by HIV of lamina propria CD4-positive T cells may lead to functional 
impairment of these cells. Since CD4-positive T cells playa central role in immunoregulation 
at mucosal surfaces, the mucosal immune barrier subsequently may be disturbed leading to 
opportunistic and non-opportunistic infections. Loss of activated T cells in the mucosa may 
also influence the growth and differentiation of intestinal epithelial cells 
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peripheral blood (Table 12.4). An explanation for this may be that the 
replication of HIV and its cytotoxic effect depend upon cellular activation 
and proliferation (see above). Intestinal lamina propria T cells differ from 
circulating T cells in both their state of activation and their inability to 
proliferate after stimulation with antigen. Therefore, HIV infection of 
intestinal CD4-positive cells may lead not to cell death, but rather to an 
impaired expression of surface markers essential for T cell function such as 
the IL-2 receptor. The loss of activated cells in HIV infection with the relative 
preservation of CD4-positive T cells therefore indicates mainly a functional 
impairment of mucosal T cells which might also be a consequence of HIV 
infection (see above) (Fig. 12.3). 

The number of intraepitheliallymphocytes in the large and small intestinal 
mucosa in different stages of HIV infection has been found to be normal in 
most studies99- lO \ a slight increase in the number might occur in the small 
intestine when compared to controls99. Using immunohistology a decrease 
in CD3-positive and CDS-positive intraepithelial lymphocytes per 500 
epithelial cells was found 37. An electron microscopical study has shown that 
intraepithelial lymphocytes in AIDS patients possess more granules and 
appear activated99. From the studies presently available no clear conclusions 
can be drawn regarding changes in intraepithelial lymphocyte phenotype 
and function in HIV infection. 

Little information exists also on mucosal secretory immunity in HIV 
infection: a reduction of IgA-containing plasma cells in small intestinal and 
colonic biopsies from patients with AIDS has been reported, and an increase 
oflgM-containing plasma cells, while IgG-containing cells were found to be 
normaP02. In a recent study it was shown that salivary IgAl levels were 
normal in AIDS patients, whereas IgA2 levels were markedly decreased103. 
Changes in immunoglobulin isotype expression in HIV infection might also 
be caused by abnormalities in mucosal T cells which regulate B cell isotype 
differentiation. Further studies clearly are needed to clarify the relevance of 
secretory mucosal immunity in AIDS. 

Table 12.4 Lymphocyte subpopulations of the duodenal lamina propria in HIV infection 

Rodgers Ellakany Budhraja Ullrich 
et al. 94 et al.95 et al. 96 et al. 98 

Number of patients 5 C, 12 HIV 10 C, 6 HIV 7 C, 14 HIV 20 C, 51 HIV 
T cells 60%" 80%" 
CD4+ 60%" 20%" 
CD8+ 130%" 200%" 
CD4/CD8 

Controls 1.8b 2.3b 
HIV 0.7b 0.2b 

C = Controls; HIV = HIV-infected patients 
"Mean of HIV-infected patients/mean of controls 
bMean 

80%" 
50%" 

180%" 

0.8b 
0.2b 

C Median of HIV-infected patients/median of controls 
dMedian 
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120%C 
l00%C 
16O%C 

1.9d 
1.ld 

Jarry 
et al. 37 

10 C, 33 HIV 
115%" 
10%" 

240%" 

1.7b 

O.lb 
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SMALL INTESTINAL STRUCTURE AND FUNCTION IN HIV INFECTION 

The gut epithelium is functionally related to the mucosal immune system 11 ,12 

(discussed in detail elsewhere in this volume); e.g. hyperregenerative adaptation 
of the mucosa, i.e. villous atrophy with increased proliferation of crypt cells 
leading to crypt hyperplasia, is found in states of mucosal T cell activation 
both in vitro ll and in ViV0 104. Therefore, changes in mucosal architecture 
might reflect alterations in mucosal immunity. By three-dimensional 
morphometry of microdissected duodenal specimens partial villous atrophy 
was found in HI V-infected patients with gastrointestinal symptoms; however, 
the specific type of mucosal transformation was dependent on both the 
presence of secondary pathogens and mucosal HIV infection 1 0. In patients 
with HIV -infected cells in the mucosa villous atrophy was accompanied by 
reduced crypt cell proliferation. If secondary infections were present, the 
number of mitotic figures per crypt were slightly increased but inappropriately 
to the villous atrophy resulting in impaired crypt hyperplasia. Thus HIV 
infection is associated with epithelial hypoproliferation1o,105. In addition, 
the maturation of enterocytes is disturbed as indicated by decreased activities 
of brush-border enzymes10,97; e.g. lactase deficiency, the prevalence of which 
is about 10% in whites, was found in nearly 50% of white HI V-infected 
patients, and was significantly commoner in patients with mucosal HIV 
infection, secondary intestinal infections, or both as compared with controls. 
As discussed above, it is unlikely that these abnormalities in mucosal structure 
and function result from cytopathic HIV infection of enterocytes, since 
mucosal HIV infection was found restricted to mononuclear lamina propria 
cells in most studies. However, the findings fit into the concept of 
immune-mediated mucosal transformation (Fig. 12.4); crypt cell proliferation 
is induced by T cell activation; therefore the activated T cells present in the 
normal lamina propria might be involved in the maintenance of the normal 
mucosal architecture. The epithelial hypo proliferation seen in HI V-infected 
patients, which is most pronounced if mucosal HIV infection is found, thus 
indicates impaired activation of lamina propria T cells. In fact, this has been 
demonstrated by reduced expression of CD25 in the lamina propria of 
HIV-infected patients98, and is in accordance with the suppressive effect of 
HIV on T cell activation induced by other stimuli as documented in vitro66. 
It is tempting to assume that enterocyte maturation is also influenced by the 
postulated as-yet-unidentified trophic factor(s) produced by activated lamina 
propria T cells. Impairment or depletion of activated regulatory T cells in 
the lamina propria by HIV might thus lead not only to a breakdown of the 
mucosal immune barrier resulting in a variety of opportunistic infections, 
but also to malabsorption due to mucosal atrophy or enterocyte dysfunction 
(see Fig. 12.3). The existence of such an HIV enteropathy is strongly supported 
by the presence of gastrointestinal symptoms and malabsorption in HIV-infected 
patients without detectable secondary abnormalities, and especially in early 
stages of the disease when HIV is virtually the only intestinal pathogen 
identifiable in a considerable proportion of patients. The intestinal abnormalities 
in HIV infection may thus represent a specific immunologically mediated 
form of an intestinal adaptation87 ,97,98. 
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Normal mucosa 

Villous atrophy with 
hypo regeneration 

Infection 
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• 
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Figure 12.4 Impairment of mucosal T cell activation by HIV infection might cause enteropathy. 
Hyperregenerative villous atrophy is associated with, and can in vitro be induced by, T cell 
activation. The normal architecture of the mucosa is maintained by the balance between villus 
cell slough and crypt cell proliferation, which probably is affected by the activated T cells present 
in the normal lamina propria. Functional impairment or loss of these activated regulatory cells 
by HIV infection thus could lead to the hyporegenerative villous atrophy seen in patients with 
detectable HIV -infected cells in the mucosa, as well as to the inadequate crypt hyperplasia seen 
in patients with secondary infections 
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