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a b s t r a c t 

Objectives: Chronic diarrhoea and severe wasting associated with HIV infection were first described in 

East African patients as slim disease (SD) in 1985. The main histological features are flattening of the villi 

(villous atrophy) and crypt hyperplasia (elongated crypts), i.e., HIV enteropathy (HIVE). Selective loss of 

mucosal clusters of differentiation 4 (CD4) + T helper (Th)17 + lymphocytes is the immunological hallmark 

of HIVE. This review explores (i) the historical background of HIVE and SD, (ii) the relationship between 

gut mucosal CD4+ Th17+ and intestinal-resident intra-epithelial gamma delta (IRIE) T lymphocytes in 

pathogenesis of HIVE, (iii) the role of cytokines in regulation of intestinal epithelial proliferation, and (iv) 

the role of antiretroviral therapy in HIVE. 

Methods: Recent studies have highlighted the role of IRIE T lymphocytes, mostly CD8 + , in regulating 

gut epithelial regeneration. CD4 + Th17 + and IRIE T cells are necessary to maintain intestinal barrier in- 

tegrity and mucosal antimicrobial immune defence. However, the immunological cross-talk between such 

lymphocyte sub-sets culminating in HIVE is uncertain. We undertook a narrative literature review under 

the headings ‘HIVE’, ‘SD’, and ’Highly active antiretroviral therapy (HAART). Relevant studies were located 

using the electronic search engines Google Scholar and PubMed from 1984 to 2022. 

Results: Depletion of Th17 + cells in the lamina propria, attributed to low-level viraemia, is accom- 

panied by concomitant increase in the density of gut mucosal IRIE T lymphocytes in AIDS. The latter 

express a broad range of cytokines (interferon-gamma, tumor necrosis factor-alpha, interleukin-17) and 

chemokines e.g., keratinocyte growth factor, post exposure to HIV-infected cells. Keratinocyte growth 

factor induces epithelial proliferation mainly in the crypts, leading to functional immaturity of ente- 

rocytes, reduced gut absorptive surface area and malabsorption in animal experiments. Of note, the 

absence of IRIE T cells is associated with a reduction in epithelial cell turnover. Patients with HIVE 

receiving early HAART show enhanced expression of mucosal repair genes and improvement of gut 

symptoms. 

Conclusion: Multiple lines of enquiry suggest HIVE is directly related to HIV infection and is a conse- 

quence of perturbations in mucosal CD4 + Th17 + and IRIE T lymphocytes. The pathological result is en- 

terocyte immaturity and dysfunction. SD whose main features are malabsorption, diarrhoea and weight 

loss, is a severe clinical expression of HIVE. A better understanding of immuno-pathogenesis of HIVE 

opens a window of opportunity for the potential use of immunotherapy in HIV disease and other T cell- 

mediated enteropathies. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

∗ Corresponding author. 

E-mail address: m.kapembwa@ic.ac.uk (M.S. Kapembwa) . 

https://doi.org/10.1016/j.ijid.2023.11.037 

1201-9712/© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND 

license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

https://doi.org/10.1016/j.ijid.2023.11.037
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2023.11.037&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:m.kapembwa@ic.ac.uk
https://doi.org/10.1016/j.ijid.2023.11.037
http://creativecommons.org/licenses/by-nc-nd/4.0/


M.S. Kapembwa, P.A. Batman, S.C. Fleming et al. International Journal of Infectious Diseases 139 (2024) 86–91 

I

a

v

w

d

s

m

t

s

w

i

p

p

i

(

i

r

t

o

t

d

m

p

t

t

t

i

W

A

o

o

d

e

w

I

q

p

i

a

t

t

t

r

t

e

r

t

i

i

t

t

d

s

m

b

e

b

a

2

b

i

i

u

h

o

s

A

g

s

h

l

r

e

i

d

a

s

u

t

t

t

t

i

w

c

H

s

H

i

d

n

r

H

w

p

t

s

m

i

p

i

[

s

n

w

f

w

i

u

d

b

w

e

t

d

ntroduction 

The emergence of the HIV epidemic in Africa was first reported 

mong patients originating from Central Africa presenting with se- 

ere wasting symptoms resembling marasmus in 1983. The illness 

as associated commonly with chronic, and often life-threatening 

iarrhoea [1] . There was no evidence of an underlying immuno- 

uppressive disease, no history of blood-product transfusion, ho- 

osexuality, or intravenous-drug abuse and the disease appeared 

o affect females as frequently as males. A similar illness was de- 

cribed in a cohort of Haitian patients in 1984. Stool evaluation 

as remarkable for the absence of detectable entero-pathogens 

n one third of such patients. This observation together with the 

oor response in the course of diarrhoea to treatable potential 

athogens in the remainder gave rise to the hypothesis that HIV 

tself was responsible for the chronic diarrhoea-wasting illness. 

Donald Kotler subsequently coined the term ‘HIV enteropathy’ 

HIVE) in 1984 [2] to describe the syndrome of chronic diarrhoea 

n HIV-infected patients in the absence of enteric pathogens. He 

eported the histological small bowel biopsy appearances of par- 

ial villous atrophy with crypt hyperplasia and increased numbers 

f intraepithelial lymphocytes. The locals in rural Uganda where 

he disease was also highly prevalent named the condition ‘Slim 

isease’ (SD) in recognition of the severity of weight loss [3] . The 

ajority (89%, 84% respectively) of archived serum samples from 

atients with SD in the Rakai district of Uganda and Zaire when 

ested in 1985 were subsequently found to be sero-positive for an- 

ibodies to HIV-1. 

The description of SD in African patients and its absence from 

he Centers for Disease Control (CDC) clinical case surveillance def- 

nition of the acquired immunodeficiency syndrome prompted the 

orld Health Organisation to propose a clinical case definition of 

IDS for use in developing countries in 1986 [4] . Thus , persistence 

f diarrhoea for more than 1 month with unexplained weight loss 

f at least 10% of the premorbid weight was included as an AIDS- 

efining condition. 

The causes of diarrhoea in HIV/AIDS are multifactorial, how- 

ver, and it has not always been clear from publications on SD 

hat additional factors contribute to wasting in these patients. 

ntensive studies of SD patients carried out in 1988 and subse- 

uently in resource-rich countries revealed the presence of enteric 

athogens in up to 85% of such patients [5] of which Cryptosporid- 

um, Isospora belli, Microsporidia, Mycobacterium avium complex 

nd Cytomegalovirus were the most common. Thus, SD refers to 

he severe manifestations of HIVE perhaps reflecting increased bac- 

erial translocation, immune activation and opportunistic gut infec- 

ion. Also, since the first description of HIVE, confusion has arisen 

egarding the meaning of the term. Some authors have extended 

he definition to include patients with acute diarrhoea related to 

arly HIV infection , and others to patients presenting with anti- 

etroviral treatment-related diarrhoea. Another compounding fac- 

or for the clinical investigator is that weight loss of varying sever- 

ty accompanies chronic HIV infection in almost all reported stud- 

es with and without diarrhoea, and malnutrition is a regular fea- 

ure of late-stage HIV disease. For example, wasting and malnu- 

rition in the absence of chronic diarrhoea or other AIDS-defining 

iagnosis were reported in 7% of patients in one study. However, 

uch wasting is not always a continuous process; some patients 

ay experience alternating periods of relative weight stability and 

ody wasting. 

Other contributory causes of diarrhoea include opportunistic 

ntero-coccidial micro-organisms (cryptosporidium sp., Isospora 

elli, microsporidium sp.), small intestinal bacterial overgrowth 

nd dysregulation of the enteric immune system, highlighted in 

017 . Anorexia is a feature of chronic HIV infection and may also 

e encountered as a side effect of medication used in treatment of 
i

87 
ntercurrent infection in patients with AIDS , as may impaired food 

ntake because of dysphagia and/or odynophagia. 

Given the complexity of the task, it is not surprising that the 

nderlying pathogenetic links between villous atrophy, crypt cell 

yperplasia, intestinal intraepithelial lymphocytes, malabsorption, 

pportunistic gut pathogens and HIV infection remain elusive de- 

pite several decades of investigation, ( Figure 1 ). 

ims and methods 

The aims of this review are to explore (i) the historical back- 

round leading to the discovery of HIVE and SD (ii) the relation- 

hip between gut mucosal clusters of differentiation 4 (CD4) + T 

elper (Th)17 + and intestinal-resident intra-epithelial (IRIE) γ δ T 

ymphocytes in pathogenesis of HIVE. (iii) the role of cytokines in 

egulation of intestinal epithelial proliferation and repair; (iv) the 

ffect of antiretroviral therapy on HIVE. 

Most research on HIVE has focused on studies of patients dur- 

ng the chronic phase of HIV infection. This is largely because the 

istinctive nature of the clinical syndrome, i.e., persistent diarrhoea 

nd profound weight loss, renders such patients more readily to 

ystematic investigation. 

We, therefore, conducted a narrative review of the literature 

nder the headings ‘HIVE’, ‘SD’ and ‘Highly active antiretroviral 

herapy’ (HAART). Relevant studies were located using the elec- 

ronic search engines Google Scholar and PubMed. Pivotal descrip- 

ions of HIVE, SD, HAART, gut immuno-pathology and mucosal cy- 

okine profiles were tracked from 1984 to 2022. Studies published 

n languages other than English were excluded. Titles and Abstracts 

ere examined for relevance to the topic and selected full publi- 

ations with the highest level of evidence critically analysed. 

IV enteropathy as a malabsorption and nutritional deficiency 

yndrome 

Nutrient malabsorption has been found in most patients with 

IVE. Evidence of impaired fat absorption was demonstrated early 

n the investigations into this syndrome by several authors and the 

egree of fat malabsorption correlated with the severity of jeju- 

al villous atrophy [6] . The pathogenesis of fat malabsorption has 

emained elusive. Ultra-structural studies of jejunal mucosa from 

IV-infected patients have shown lipid accumulation in cytoplasm, 

ithin the basolateral membrane spaces, and in the lamina pro- 

ria. Proliferation of the smooth endoplasmic reticulum and mi- 

ochondrial damage have also been reported. These observations 

uggest two possible mechanisms for fat malabsorption, namely 

etabolic derangements within the villous enterocytes leading to 

mpaired triglyceride synthesis, and/or lymphatic obstruction. 

Other functional abnormalities affecting the digestive system in 

atients with HIV disease were investigated in the early 1990s, 

ncluding lactase deficiency and exocrine pancreatic insufficiency 

7] . Bile acid and vitamin B12 malabsorption have been described 

uggesting distal ileal dysfunction. Impaired absorption of both 

utrients was first shown in a clinical study of HIV + patients 

ith jejunal villous atrophy and co-incidental entero-coccidial in- 

ection. Significant sugar malabsorption was observed in AIDS- 

asting syndrome in 1992, and altered small intestinal permeabil- 

ty was subsequently reported in Caucasian white male homosex- 

al and African heterosexual patients residing in the United King- 

om and Uganda [8] . Increased intestinal permeability measured 

y decreased absorption of mannitol was demonstrated in patients 

ith AIDS or AIDS-Related Complex (ARC) irrespective of the pres- 

nce or absence of diarrhoea. The reduced absorption of manni- 

ol suggested that the functional absorptive surface of the intestine 

eclines as HIV disease progresses. Increased intestinal permeabil- 

ty in AIDS patients was shown to correlate significantly with CD4 
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Figure 1. HIV enteropathy and Slim Disease: Diagram depicting the chronology of events from the first descriptions of the AIDS in 1981 to 2023. 

Key: CD, clusters of differentiation; Th, T helper. IRIE γ δ T lymphocytes – intestinal-resident intra-epithelial gamma-delta T lymphocytes. HAART – Highly active antiretroviral 

therapy. 
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ounts and body mass index. The aetiology of weight loss in HIV 

nfection also includes failure to utilise nutritional substrates. 

ignificance of mucosal CD4 + CD17 + T-helper lymphocytes and 

ytokines 

Immunological changes in the gastrointestinal tract were recog- 

ised early in the epidemic as features of both acute and chronic 

IV infection. The major and most consistent immunological fea- 

ure in the intestinal mucosa in both phases of infection is the 

elective depletion of the memory subset of CD4 + T-helper lym- 

hocytes [9] . It is estimated that during acute infection, up to one 

uarter of the CD4 + T-lymphocytes are depleted from the intesti- 

al mucosa coinciding with the intense viral replication that oc- 

urs during the first few weeks of HIV infection. Similar depletion 

f small bowel mucosal CD4 + T-lymphocytes is observed within 

ays of acute simian immunodeficiency syndrome (SIV) infection, 

 disease of macaques that closely mimics the pathogenesis, im- 

unology, and pathology of HIV-induced disease in humans. 

During untreated chronic HIV infection, there is a relentless de- 

line in the memory CD4 + T-lymphocyte population, which ul- 

imately leaves affected individuals highly susceptible to oppor- 

unistic infections. The partial restoration of CD4 + T-lymphocytes 

bserved during recovery from acute HIV infection does not per- 

ist into the chronic stage. One study showed that before deplet- 

ng CD4 + T cells in the gut, acute HIV infection induces infil- 

ration of the mucosa with activated effector memory CD4 + and 

D8 + T cells. One explanation for this controversial finding is 

hat there may simply be re-distribution of T-lymphocytes rather 

han local proliferation of such cells in the gut. The chronic de- 

line in CD4 + T cells is more pronounced in the small bowel mu- 

osa than in peripheral blood as patients progress to AIDS suggest- 

ng differential impact of HIV between the two compartments. In 

ubsequent studies, it was shown that most of the CD4 + T cells 
88 
epleted from the gut during progressive HIV and SIV infection 

elong to the Interleukin-17 (IL-17)-producing Th17 + lymphocyte 

ubset first identified in 2005 [10] . 

Th 17 + cells, like other T-helper lymphocyte subsets, are of the 

emory phenotype. They differentiate from naive CD4 + T cells af- 

er T-cell receptor (TCR) stimulation and co-stimulation by antigen- 

resenting cells in the presence of Th17 promoting cytokines. In 

ealthy individuals, the highest frequencies of CD4 + Th17 + cells 

re found in the gastro-intestinal tract compared with all other 

natomic sites [11] . These cells are mediators of cellular immu- 

ity and play a critical role in the activation of other immune cells 

uch as B-cells and cytotoxic T-cells. They regulate innate intestinal 

mmunity via production of interleukin (IL)-17, IL-21 and IL-22. IL- 

7 promotes tight junction formation at mucosal surfaces through 

he upregulation of claudin-1, claudin-2, and zona occludens-1 ex- 

ression, which are all key proteins essential for maintenance of 

pithelial barrier integrity. IL-21 and IL-22 synergize with IL-17 to 

nhance the expression of antimicrobial peptides in mucosal tis- 

ues. Of note, IL-22 has also been shown to regulate intestinal ep- 

thelial regeneration and proliferation through the modulation of 

tem cells [12] . 

Interestingly, subjects with long term HIV-1-infection who are 

non-progressors’ appear to preserve their gut mucosal Th 17 + 

ells well and maintain IL-17 expression that is no different from 

hat of HIV-uninfected controls [13] . Similarly, non-human pri- 

ates with non-pathogenic SIV infection maintain high levels of 

D4 + Th 17 + cells and develop neither enteropathy nor progress 

o AIDS. Thus, the loss of gut-derived CD4 + Th 17 + lymphocytes, 

nd by inference, loss of essential cytokines such as IL-22 play a 

ey role in the pathogenesis of chronic HIVE. 

Gut-associated lymphoid tissue (GALT) constitutes the largest 

ool of T lymphocytes in the body and is, therefore, an 

mportant reservoir for HIV-1. The rapid destruction of CD4 + T 

ells is matched by downregulation of genes in GALT responsi- 
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le for controlling mucosal growth, maintenance, and repair. Of 

ote, CD4 + T-lymphocyte depletion in the terminal ileum, includ- 

ng Peyer’s patches, may be accompanied by extensive collagen de- 

osition. The ensuing architectural change might disrupt the abil- 

ty of GALT to support normal cell-cell interactions, trafficking, and 

urvival. 

he role of intestinal-resident intra-epithelial gamma delta T 

ymphocytes 

Several mechanisms have been proposed to explain the loss of 

D4 + T cells during HIV infection. They include killing of infected 

ells directly by HIV, natural killer cells or cytotoxic T cells (CTL) 

nd/or by immune activation resulting in by-stander cell death. 

esearch has also focussed on intestinal-resident intra-epithelial 

IRIE) T lymphocytes, a minor subset of T cells [14] that are long- 

ived resident effector cells interspersed between epithelial cells 

long the entire length of the intestine. They are mostly CD8 + , 

n contrast to gamma delta T lymphocytes in the lamina propria 

hich are predominantly CD4− CD8−, i.e., double negative. The 

isappearance of Th17 + cells in the lamina propria is accompanied 

y a concomitant increase in the density of IRIE T lymphocytes in 

he duodenum of AIDS patients both of which were shown to per- 

ist following antiretroviral therapy [15] . The striking expansion in 

he total number of IRIE T lymphocytes despite significant reduc- 

ion of mucosal CD4 + T lymphocytes bears a striking resemblance 

o that observed in coeliac disease. Although the exact functions 

nd behaviour of IRIE T lymphocytes remain elusive at present, 

heir primary role seems to be in regulating gut epithelial turnover 

nd repair. For example, IRIE T cells were shown to modulate ep- 

thelial growth in a mouse model of villus atrophy via secretion of 

he epithelial cell mitogen, keratinocyte growth factor (KGF). The 

itogen induced epithelial proliferation mainly in the crypts, and 

o a lesser degree in the upper region of villi [16] . Furthermore, 

he absence of IRIE T cells was associated with a reduction in ep- 

thelial cell turnover [17] . These observations provide evidence that 

GF secreted by IRIE T cells is an important factor for maintenance 

f intestinal epithelial cell proliferation and villus growth. The na- 

ure of the cross-talk between the IRIE T lymphocytes, the classical 

nd much better known CD4 + helper T cells and CD8 + cytotoxic T 

ells is currently unknown. However, a possible link might be via 

ytokines since IRIE T cells are known to display a broad range of 

ytokines (inteferon- γ , tumor necrosis factor [TNF]- α, IL-17) and 

hemokines (RANTES, IP-10, lymphotactin) following recognition of 

IV-infected or transformed cells. 

he role of perforin 

Under normal physiological conditions, the structure of the in- 

estinal mucosa is maintained by a delicate balance between ‘pro- 

rammed cell death’ apoptosis and cellular regeneration. Perforin, 

 glycoprotein expressed by antigen-exposed mucosal cytotoxic 

D8 + T lymphocytes and Natural killer (NK) cells, is responsi- 

le for punching holes in enterocyte cell membranes (‘pore’ for- 

ation), through which granzymes can enter and initiate apopto- 

is. CD4 + T lymphocytes are critical for maintenance of cytotoxic 

D8 + T cells. However, CD4-positive T-cells are also able to express 

 low amount of perforin, when classic cytotoxicity is ineffective or 

isturbed. 

An important pathological manifestation of intestinal disease 

uring acute HIV infection recognised in 2008 is accelerated 

poptosis [18] . In one histological study of HIV-infected patients, 

erforin-expressing mucosal cytotoxic CD8 + T-lymphocytes were 

ncreased and there was a positive correlation between the num- 

er of mucosal (lamina propria and intra-epithelial) perforin- 

xpressing CD8 + T cells and apoptotic loss of enterocytes. In ad- 
89
ition, there was clustering of apoptotic epithelial cells at the vil- 

ous tips coinciding with a high density of intra-epithelial perforin- 

ositive CD8 + T cells [19] . This observation is in agreement with 

ata showing accumulation of perforin-expressing CD8 + T cells 

n the gut mucosa during acute SIV infection. Surprisingly, mu- 

osal perforin expression is lost in the late stages of both HIV and 

IV infections despite persistently increased numbers of mucosal 

D8 + T cells. It is assumed that this decline is linked to the loss

f CD4 + T-cells that occurs later in infection. Increased concen- 

ration of perforin-expressing CD8-positive T cells in the gut mu- 

osa has also been documented in coeliac disease, a T-cell medi- 

ted enteropathy induced by ingesting dietary gluten. In the con- 

ext of HIV disease, apoptosis provides a mechanism by which 

he body might effectively lyse cells without the requirement that 

ach depleted cell be infected with HIV. Other factors of HIV in- 

ection may play a role in the induction and regulation of epithe- 

ial cell apoptosis. These include TNF-alpha and nitric oxide which 

re produced as components of a pro-inflammatory response dur- 

ng acute HIV infection, as well as viral protein R (Vpr) of HIV-1, 

n ’accessory’ protein that serves many functions in the viral life 

ycle. 

illus and crypt architectural abnormalities in HIV enteropathy 

Considerable circumstantial evidence began to accrue from the 

980s for an immunological basis for HIVE when a striking re- 

emblance with other T-lymphocyte-mediated enteropathies such 

s untreated coeliac disease, graft-vs-host disease and in children 

ith small intestinal disease secondary to impaired cell-mediated 

mmunity was recognised. The most characteristic change to vil- 

ous architecture in the small intestine of such patients was found 

o be blunting of villus height, i.e., villous atrophy. Data on crypt 

ell kinetics associated with villous atrophy in HIVE are con- 

radictory, however, with various authors reporting crypt hyper- 

lasia, crypt hypoplasia, and crypts of normal length. Evidence 

rom human foetal intestinal explants maintained in culture un- 

er sterile conditions and subsequently exposed to HIV in vitro 

n 1994 showed crypt cell hyperproliferation compared with non- 

xposed explants; crypt hyperplasia was thus confirmed as the 

ain driver of villous atrophy, the pressure of proliferation forc- 

ng crypt cells onto the sides of villi, pushing the crypt–villus 

unction in a luminal direction, and effectively reducing the ab- 

orptive villous surface area [20] . Presently, it is unclear what 

echanisms drive the crypt hyperplastic response in HIV infection. 

owever, it has been speculated that HIV infection of lymphoid 

ells in the lamina propria stimulates T-cell activation resulting 

n release of cytokines which, in turn, induce crypt epithelial cell 

roliferation [21] . 

Histological evaluation of the distribution of villous atrophy 

ased on gut mucosal biopsies obtained via capsule endoscopy 

nd functional studies suggest that HIVE is disproportionately ex- 

ressed in the proximal small bowel mucosa, suggesting a differen- 

ial impact of HIV infection along the intestine. Crypt hyperplastic 

illous atrophy may be exacerbated further by opportunistic intra- 

ellular gut pathogens, e.g., Enterocytozoon bieneusi (microsporid- 

osis). A consequence of such entero-protozoal infections in im- 

unocompromised patients might be to worsen and extend the 

nteropathy to involve the entire small intestine. 

Changes within the lamina propria of the small bowel of HIV- 

nfected patients were described at the outset of the study of 

IVE, including infiltration by lymphocytes, eosinophils, plasma 

nd mast cells. HIV colitis was described subsequently. The de- 

ection of HIV proteins and nuclear acids in various cell types 

f the gut in 1989, namely epithelial cells, lymphocytes, and 

acrophages, suggested that structural changes may be related di- 

ectly to local HIV infection and there emerged evidence of HIV 
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nfection of lymphoid cells in the lamina propria of the gut [22] . 

nly a minority of studies suggested that enterocytes themselves 

ecome infected by the virus. Several hypotheses have been put 

orward to account for the morphological damage to villous en- 

erocytes including a ‘virotoxic’ effect of HIV per se , supported by 

he finding of HIV in proximity to abnormally differentiated en- 

arged enterocytes, enteric microtubule depolymerization and in- 

reased intestinal fatty acid binding protein, (a marker released 

nto the bloodstream upon enterocyte damage) among chronically 

IV-infected patients compared to HIV elite controllers i.e., long 

erm non-progressors. Interestingly, despite the presence of such 

iomarkers of enterocyte damage and cytotoxic T lymphocytes, 

here is no evidence in the literature of gut mucosal necrosis or 

lceration in patients with HIVE. 

olecular basis of diarrhoea 

Several explanations have been advanced as molecular mech- 

nisms of diarrhoea in HIVE, supported to a variable degree by 

xperimental evidence. In vitro studies in 1995 demonstrated that 

p120, an envelope protein of HIV, induces microtubule disrup- 

ion, decreasing trans-epithelial resistance, promoting calcium sig- 

alling within the cell and altering intracellular architecture. HIV- 

 Tat (‘Trans-Activator of Transcription’), a regulatory protein en- 

oded for by the Tat gene, impairs intestinal glucose absorption 

nd induces calcium-dependent chloride ion secretion in human 

ntestinal epithelial cells. HIV-1 Tat may also activate oxidative 

tress pathways, leading to disruption of the actin cytoskeleton, an 

ltra-microscopic feature associated with HIVE, decrease sodium- 

ependent glucose absorption, and increase intercellular perme- 

bility. Such ultrastructural epithelial damage allows leakage of mi- 

robial products (e.g., lipopolysaccharide) into plasma leading to 

ystemic immune activation and poor long-term outcome in HIV- 

nfected patients. 

esponse to antiretroviral therapy 

Conventionally anti-retroviral treatment protocols of HIV- 

nfected individuals involve the use of three anti-retroviral drugs 

hat inhibit different enzymes involved in HIV replication. The cur- 

ent recommended regimen, namely highly active anti-retroviral 

herapy (HAART), consists of a backbone of two drugs from one 

lass that inhibits the enzyme, nucleoside reverse transcriptase, 

o called nucleoside reverse transcriptase inhibitors plus either, 

n integrase inhibitor or boosted protease inhibitor (PI) as the 

hird drug [23] . In fully adherent patients, HAART maximally and 

urably suppresses HIV in plasma resulting in significant increase 

n the levels of CD4 + Th17 + T-cells in the gut mucosa and decline

f T-cell activation . However, regardless of the level of immune re- 

onstitution with suppressive HAART, mucosal CD4 + Th17 + cells 

emain depleted when compared with HIV-uninfected control sub- 

ects despite immune reconstitution in the peripheral blood. The 

ecline of CD4 + Th17 + cells in the lamina propria has been at- 

ributed to low-level viraemia evidenced by persistent HIV-1 provi- 

al DNA and RNA in gut mucosa. Such incomplete suppression of 

iral replication despite HAART [24] could be explained in part 

y low intracellular concentrations of antiretroviral drugs prevent- 

ng complete HIV suppression in this reservoir compartment. Ad- 

itional studies suggest HIV concentrations are higher along the 

ntire gastrointestinal tract when compared with blood HIV lev- 

ls in patients treated with ART. The causes of the differential vi- 

al burden between the two compartments are likely to be multi- 

actorial. One pharmacologic explanation is that the expression of 

rug-metabolizing enzymes and transporters is not uniform along 

he gastrointestinal tract. For example, there exists considerable 
90 
ariation in cytochrome P450 (CYP) enzyme, including CYP3A, ex- 

ression along the length of the gastrointestinal tract, with the 

ajority of CYP expression occurring in the proximal section of 

he gut [25] . Furthermore, human studies show significant differ- 

nces in expression of efflux transporters including Breast Can- 

er Resistance Protein (BCRP), multi-drug resistant protein (MRP) 

, and P-glycoprotein (P-gp), among patients and different sections 

f the gut. Finally, a well-described complication of HIV infection 

s autonomic neuropathy [26] , which might lead to faster intestinal 

ransit times and possible antiretroviral drug malabsorption. Auto- 

omic neuropathy has been associated with chronic diarrhoea in 

ther diseases. 

The above physiological differences would, therefore, be ex- 

ected to give rise to regional differences in antiretroviral concen- 

rations in the gut and, thus provide the virus some degree of pro- 

ection from antiretroviral suppression. In addition, the extensive 

ollagen deposition and fibrosis observed in gut-associated lym- 

hoid tissue (GALT) including Peyer’s patches in chronic HIV infec- 

ion may irreparably damage the ability of the remaining lymphoid 

issue to support significant CD4 T-cell restoration. 

The data on gut cytokines in response to HAART are con- 

icting. The results from a recent systematic review of twenty- 

ight studies suggest HAART stimulates the production of pro- 

nflammatory cytokines (significantly IL-6 and TNF- α) when viral 

oad is high. However, following HAART-induced viral suppression, 

he pro-inflammatory cytokines decline towards normal [27] . An- 

ther documented effect of long-term suppressive ART is regener- 

tion of gut epithelial barrier function [28] and restoration of nor- 

al crypt structure in patients receiving HAART. The latter is sup- 

orted by evidence showing inhibition of HIV-driven stem cell hy- 

erproliferation at the crypt bases [29] and data showing regenera- 

ion of the mucosal epithelium following early anti-retroviral ther- 

py with coincidental enhanced expression of mucosal repair and 

egeneration genes [30] . In addition, most treated patients experi- 

nce dramatic reversal of the pathogen-negative diarrhoeal disease. 

verall, HAART has led to significant reduction in mortality for pa- 

ients with HIV/AIDS with life expectancy of adults approaching 

hat of individuals without HIV infection. 

onclusion 

Taken together, the occurrence of HIVE at any stage of HIV 

nfection among all age groups, apparent absence of identifiable 

ntero-pathogens, and evidence of regeneration of the mucosal ep- 

thelium and dramatic improvement of gut symptoms following 

AART suggest a direct pathogenetic role for HIV in HIVE. Per- 

urbations in mucosal CD4 + Th17 + and IRIE T lymphocytes lead 

o mucosal cytokine changes, crypt epithelial cell proliferation, and 

ncroachment of crypt stem cells onto villi resulting in villous at- 

ophy. 

This review has inherent limitations which might impact the 

alidity of our main conclusions. The variable quantitative assess- 

ent techniques used by different investigators confounds inter- 

retation of the small bowel histological findings especially those 

elating to crypt morphology. In addition, many of the clinical 

tudies carried variable levels of bias attributed to heterogeneous 

tudy design, misclassification of diagnostic status, and patient se- 

ection. 

Further well-designed studies are required to determine 

hether HAART sustainably restores normal gut mucosal morphol- 

gy and function. 
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