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Abstract: Thanks to the advances in antiretroviral therapies (ART) and early diagnosis, pediatric HIV
has turned into a chronic infection that requires the collaboration of all pediatric subspecialists for
holistic patient management. Gastrointestinal complaints are a frequent reason for seeking access
to medical care in all pediatric patients worldwide. Intestinal involvement is present in virtually
all children with HIV infections. In high-prevalence settings, up to 25% of children accessing the
hospital for diarrhea are diagnosed with HIV. More than half of patients with advanced disease
present with gastrointestinal symptoms, from mild infectious diarrhea to severe gastrointestinal
impairment, malabsorption and failure to thrive. Gastrointestinal disorders do not spare children on
ART, particularly in the initial months of therapy. ART-associated pancreatitis and hepatitis are rare
but potentially severe adverse events, whereas lower abdominal symptoms have been reported in
more than a third of patients. The latter are usually mild and transient, but may limit ART adherence;
a correct framing of the problem is necessary to minimize therapy switches while optimizing the
quality of life of children on ART. This review aims to provide state-of-the-art guidance for the initial
approach to gastrointestinal diseases in children living with HIV.

Keywords: HIV; pediatric; diarrhea; vomiting; opportunistic; microbiota; ART; pancreatitis;
H. pylori; endoscopy

1. HIV Infection, the Intestinal Barrier, and ART: A Complex Interplay

Human immunodeficiency virus (HIV)-induced intestinal damage is transversal and
affects virtually all components of the intestinal epithelium via direct cytopathic and
indirect (immune-mediated) mechanisms. HIV attacks gut-associated lymphoid tissue
(GALT) in the early stages of the acute infection, targeting preferentially activated memory
T cells expressing C-C chemokine receptor 5 (CCR5), which are largely represented in the
intestinal mucosa [1].

In parallel, in response to the infection, the increase in pro-inflammatory cytokines
such as IL-6, IL-10, and IFN-γ in the lamina propria contributes to the depletion of mucosal
Th17, a CD4+ T-cell population that is heavily involved in maintaining gut homeosta-
sis [2,3].

In the 1990s, at the peak of the acquired immune deficiency syndrome (AIDS) epidemic,
several ex vivo studies found HIV-RNA in different intestinal cell subsets at the base of the
crypts and within the lamina propria at all stages of the disease, and demonstrated villous
atrophy, crypt distortion, a decrease in the crypt/villus ratio, and abnormal lymphocyte
infiltrates within the lamina propria [4–6]. In addition to this, the virus disrupts the integrity
of the intestinal wall, promoting enterocyte apoptosis and attacking tight and adherens
junctions [7].

The subversion of the intestinal architecture and HIV-associated intestinal immune
damage, involving GALT (and particularly Th17 cells) impoverishment and cytokine imbal-
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ances, are thought to have a key role in microbial translocation in HIV. The phenomenon of
microbial translocation occurs when microorganisms or immunogen bacterial components,
such as lipopolysaccharide (LPS) and 16S ribosomal DNA (rDNA), find a way from the
intestinal lumen into systemic circulation through the leaky epithelial barrier. In HIV-
infected subjects, microbial translocation has been associated with worse health outcomes
and cellular/soluble immune activation pathways. In patients on ART, higher plasmatic
levels of LPS/16S rDNA are associated with raised systemic inflammatory biomarkers and
poorer immune function restoration [8].

Microbial translocation is therefore seen as a contributing factor to the chronic in-
flammatory status that is the hallmark of people living with HIV despite a good virologic
response to ART [9–11]. Many clinical studies have shown that antiretrovirals, even when
started immediately, can only partially overcome the early structural damage or restore
intestinal immune functions, and a subclinical impairment of GALT has been documented
in up to one third of HIV-infected patients on treatment, regardless of the ART regimen [12].
However, most findings come from old cohorts of ART-experienced teenagers and adults
with complex drug histories, and only recent research has focused on “tested and treated”
groups, hypothesizing that a well-timed commencement of antiretrovirals may contribute
to decreasing the proviral reservoir in GALT and reducing the long-term consequences of
the intestinal damage [13].

In fact, in contrast with adults, vertically infected children started on ART soon
after birth exhibit not only a smaller proviral reservoir in GALT, but also progressively
lower levels of chronic inflammation and microbial translocation biomarkers, suggesting
that timely ART in the acute phases of the infection is effective in limiting the intestinal
damage. In particular, recent studies have questioned the model that links microbial
translocation to immune activation, although pediatric data are still somewhat discordant
or inconclusive, and longitudinal studies with longer follow-ups are needed to further
clarify these aspects [14–16].

At the other end of the spectrum, the destruction of intestinal barrier integrity, which
is associated with uncontrolled viral replication and advanced disease, constitutes so-
called “HIV enteropathy”. When ART is not promptly initiated, in most cases there will
be a progression to extensive epithelial damage and villous atrophy. Aside from the
classical picture of enterocyte disruption, other common histological findings include
inflammatory infiltrates of lymphocytes, crypt hyperplasia, and villous blunting [4,5].
The clinical features of HIV enteropathy are those of a malabsorption disorder due to
chronic intestinal failure: increased intestinal permeability, bile acid, and micronutrient
malabsorption, lactose intolerance, protein-losing enteropathy, and eventually failure to
thrive [17,18]. Severe diarrhea is not a constant, although steatorrhea is virtually always
present. Idiopathic HIV enteropathy is defined by the absence of any GI pathogen despite
extensive microbiological investigations, but in advanced HIV disease, it is common to see
an overlapping of this condition with opportunistic intestinal infections. The mainstays of
the management of HIV enteropathy are nutritional support and the prompt initiation of
effective ART [19].

2. Intestinal Microbiota Changes in HIV Infection: A Chance for New Therapeutic
Approaches?

The imbalances caused by HIV infection can alter the composition of the intestinal
microbiota, favoring a permissive environment for the proliferation of pathogenic bacteria
(pathobionts) [20].

Drugs can affect the gut microbial composition, but evidence on the direct effect of
ART on the microbiome is limited, and results are affected by several confounding factors.
It seems that protease inhibitor (PI)-based regimens have the most harmful effect [21].
Cotrimoxazole, recommended by several clinical practice guidelines for the prophylaxis of
P. jiroveci infection, does not seem to alter the microbiota, while exerting an antibiotic effect
on gut-resident streptococci, reducing intestinal and systemic inflammation [22].
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In HIV-infected children, it is common to observe a reduction in Firmicutes (lactobacilli,
streptococci, staphylococci, and clostridia) and an increase in Prevotella and Enterobac-
teriaceae, which have often been associated with microbial translocation, especially in
children with low CD4 counts. These changes appear to be constant in cohorts of patients
from different settings. As seen with other expressions of HIV-induced intestinal damage,
long-course ART may counteract dysbiosis, although pediatric evidence is still somewhat
limited and discordant [23–26].

In vitro evidence has demonstrated a link between dysbiosis, microbial translocation,
and the systemic pro-inflammatory status seen in vertically infected children. New ways
of modulating the gut microbiota in HIV are being explored as potential therapeutical
approaches to reduce intestinal inflammation, and also at the subclinical level [27–29].

A short trial with a prebiotic/probiotic combination in a cohort of perinatally-infected
children was effective to reduce dysbiosis, and a prolonged administration was associated
with increased immune reconstitution and anti-inflammatory effects. Similarly, a multi-
center randomized controlled trial showed that a prebiotic/probiotic mixture promoted
the growth of beneficial gut bacteria in healthy HIV-exposed infants. Still, more data from
larger randomized controlled trials on children living with HIV are needed [30–34].

3. Upper Gastrointestinal Diseases

Children living with HIV, either on ART or not, often suffer from symptoms associated
with upper GI involvement.

3.1. ART-Naïve Children and Advanced Disease

Oral thrush, dysphagia, difficulty swallowing, vomiting, and dyspepsia are the most
frequent upper GI complaints in older children. In contrast, odynophagia, leading to food
refusal and weight loss, can be the only presenting sign in small infants [35,36].

The oral cavity, esophagus, and stomach are frequent targets in HIV/AIDS and as-
sociated opportunistic infections (OI) in children with advanced disease. The degree of
immunosuppression is the primary determinant for OI, which are reported in almost
two-thirds of children with low CD4+ counts [37]. For many years, Candida infection
was thought to be the primary cause of gastroesophageal disorders in this population,
but after the introduction of routine GI endoscopy, cytomegalovirus (CMV), herpes sim-
plex virus (HSV), and idiopathic esophageal ulcers have emerged as leading etiologies
of upper GI morbidity. In particular, chronic CMV and Candida can cause severe ulcera-
tion and esophageal stricture, requiring invasive therapeutic approaches [38]. Idiopathic
esophageal ulcers are probably immunologically-mediated manifestations, triggered by
HIV infection [39–41].

In patients with severe immunosuppression, oral candidiasis may be used as a proxy
for esophageal involvement; however, in consideration of the diversity of etiologies, gastric
endoscopy—rather than empirical treatment with fluconazole—is currently highly recom-
mended in all such children presenting with oropharyngeal thrush, especially if associated
with fever, loss of appetite, dysphagia, or incoercible vomiting. Endoscopy is also helpful
for diagnosing other opportunistic causes of chronic esophagitis, such as HSV, CMV, and
Mycobacterium avium–intracellulare complex (MAC).

In high-prevalence settings, ART-naïve children are less frequently colonized by H.
pylori than healthy controls. In particular, low CD4+ counts and advanced disease are
associated with a reduced chance of infection [42]. The atypical presentation of oppor-
tunistic infections should always be investigated. Multiple biopsies are required as a
normal-appearing gross mucosa does not rule out an OI. Chronic nonspecific gastritis with
a histology of mononuclear cell infiltrate is a common finding, and CMV is the predominant
opportunistic agent in this setting [43].
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3.2. Children on ART

During the first months on ART, children may frequently complain about nausea,
vomiting, dyspepsia, and anorexia, usually associated with old-generation protease in-
hibitors [44]. In the presence of mild symptoms associated with the initiation of therapy
or a change of regime, a watchful wait is recommended, as symptoms tend to resolve
within the first weeks of ART. A careful medical history can identify specific problems
associated with difficulty with swallowing syrups or large tablets; in such cases, offering
an alternative drug formulation when available is a valuable strategy (Table 1).

Hypochloridria, typically associated with untreated HIV infection, reverts with ART
and gastroesophageal reflux, H. pylori infection, and peptic ulceration are more common
in patients on treatment compared with naïve ones. The search for an H. pylori infection
and an upper endoscopy with multiple biopsies are recommended if symptoms persist or
worsen [42,45].

4. The Spectrum of Diarrheal Disease in HIV

Diarrheal disease is a hallmark of advanced HIV disease and the presenting symptom
in approximately a quarter of new diagnoses. Prior to ART, diarrhea was reported in up to
90% of HIV-positive children living in low-income settings and in 40–80% of those living in
high-income countries.

Children living with HIV have a greater risk of moderate-to-severe diarrhea, hospi-
talization, and death, and are more frequently malnourished compared with uninfected
children [46].

The etiology and clinical presentation of diarrheal disease in HIV vary according to the
immune status and adherence to antiretroviral treatment. Gastrointestinal infections, HIV-
induced enteropathy, small intestinal bacterial overgrowth, malnutrition, and drug-induced
diarrhea are common underlying causes.

Thanks to prompt diagnosis and regular access to ART, HIV infection is becoming a
chronic disease. In this scenario, other non-infectious etiologies are emerging as causes
of chronic diarrhea, including celiac disease, inflammatory bowel diseases, or functional
gastrointestinal disorders. In fact, even though the incidence of opportunistic infections
has decreased, the total number of patients experiencing diarrhea has not significantly
changed, probably as a consequence of the global increase in GI diseases unrelated to
immunodeficiency [47]. These should be suspected in any child with persistent symptoms
despite ART, good immunological recovery, and the lack of evidence of an underlying
infectious cause.

4.1. Infectious Diarrhea in ART-Naïve Children and Advanced Disease

In ART-naïve children with diarrhea, investigating infectious causes is essential as
even self-limiting infections caused by common GI pathogens tend to be more protracted
and severe in HIV-infected individuals with poor immunological function compared with
healthy children. A prompt diagnosis and an aggressive treatment are essential.

Causative opportunistic agents in children with HIV span the array of bacteria, viruses,
protozoa, and fungi, and are strongly correlated with the level of patients’ immunosup-
pression. The prevalence of different etiologies varies according to settings, living con-
ditions, and diagnostic techniques used. Salmonella spp., Shigella spp., enteropathogenic
Escherichia coli (EPEC), Cryptosporidium parvum, Giardia lamblia, Entamoeba histolytica/dispar,
and CMV have all been recently confirmed as predominant agents of chronic diarrhea
among treatment-naïve children worldwide [48,49].

4.1.1. Bacterial Etiologies

The incidence of bacterial diarrhea is higher in HIV-positive and treatment-naïve
children. Salmonella spp. and Campylobacter jejuni are common pathogens of the GI tract.
Usually, given the mild and self-limiting nature of the infection, no antimicrobial treatment
is needed in isolated cases of otherwise healthy children. However, both infections tend to
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have a more prolonged and severe course in immunocompromised individuals. The risk of
non-typhoidal Salmonella invasive disease is considerably higher in malnourished children
and in advanced HIV disease [50].

Clostridium difficile infection is typically associated with the use of antibiotics (mainly
third-generation cephalosporins and the combination ampicillin-sulbactam/aminoglycoside),
and there is increasing evidence that the risk of infection is greater in HIV patients [51].

MAC usually manifests as a chronic systemic infection with low-grade fever and
weight loss, but diarrhea might be present in the case of small bowel involvement.

4.1.2. Viral Etiologies

Viral gastroenteritis, commonly causing an acute and self-limiting disease in immuno-
competent children, can represent a significant threat for treatment-naïve or advanced-
disease patients. Often, immunocompromised children shed high viral loads in feces, and it
is more likely to detect at least one virus in the stools of symptomatic HIV-infected children
compared with uninfected controls.

The epidemiology in HIV-positive children reflects the trends seen in healthy chil-
dren, with group A rotaviruses, enteric adenoviruses, noroviruses, and astroviruses being
the leading causes of viral gastroenteritis. Bocavirus, Aichi virus, and sapovirus have
recently been described as infectious agents in infected and uninfected HIV-exposed chil-
dren [52–55].

However, the rotavirus vaccine is further changing the etiological landscape of viral
gastroenteritis, particularly in high- and middle-income countries that have introduced
large-scale immunization campaigns. In such settings, norovirus is rapidly becoming the
leading agent of medically attended diarrhea; typically, children with HIV present with
prolonged and more severe disease and higher norovirus loads that correlate with the
degree of immunosuppression [56].

In the advanced stages of HIV, CMV is the leading opportunistic agent of enterocolitis.
It can be responsible for severe disease or even intractable diarrhea syndrome in severely
immunocompromised children, particularly in infants younger than 12 months of age.
Clinical symptoms include chronic, often bloody diarrhea, commonly presenting as a
protein-losing enteropathy syndrome with failure to thrive. Bleeding is caused by the
ulceration of the GI mucosa, which, in rare cases, may even lead to perforation [57].

4.1.3. Parasitic and Fungal Etiologies

GI parasitosis is reported in more than half of HIV-infected children with diarrhea.
The prevalence and the etiology vary according to the geographical setting, socio-economic
and nutritional status, and access to safe water and sanitation. Frequently isolated parasites
include Giardia lamblia, Entamoeba hystolitica/dispar, Strongyloides Stercoralis, and Taenia
spp [58,59]. In recent studies, Giardia has emerged as a leading cause of parasitic diarrhea.
However, the prevalence of giardiasis in HIV-infected children was not higher than in
the HIV-exposed but uninfected group. Giardia infection can often be asymptomatic.
Worsening immunosuppression increases the risk of symptomatic giardiasis. Still, the
disease did not seem to have a peculiar or more severe course in children living with HIV
than in the otherwise healthy group [48].

Among the opportunistic agents, Cryptosporidium, a protozoan parasite classically as-
sociated with AIDS, is the most frequent finding in children with diarrhea. The two species
more frequently isolated are C. parvum (mostly subtype IIa), usually considered a zoonotic
disease, and C. hominis, almost exclusively transmitted from person-to-person [60–62].

Candida spp. are frequently isolated from the stools of HIV-positive patients, although
in many cases, their presence does not correlate with lower-GI clinical symptoms [63].
Candida infection in symptomatic patients is often associated with previous antibiotic
use [64].

Immunocompromised children infected by Microsporidia, an obligate intracellular
fungus, may present with chronic watery diarrhea and failure to thrive or with features of
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disseminated disease. Several studies have identified Enterocytozon bieneusi as the most
common species in HIV-positive subjects. The condition, however, is more likely to be seen
in adults with advanced disease [65].

4.1.4. Diagnosis of Infectious Diarrhea

When caring for ART-naïve children with acute or chronic diarrhea, a careful review,
including family and social history, contact with ill individuals, drugs and travel history,
and recent ingestions, is the first step to guide the diagnostic approach.

Obtaining a full blood cell count with differentials, CD4+ counts, and viral load is
essential to assess the level of immune suppression and the likelihood of opportunistic
infections (Figure 1).

Figure 1. Algorithm for the clinical management of children living with HIV and gastrointestinal disorders.
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The same approach should be used in children with signs and symptoms suggestive
of advanced disease, regardless of the ART status. Treatment adherence should always
be investigated.

The diagnostic approach for GI infections should include whole-stool specimens or
rectal swabs for the culturing of typical bacteria (i.e., Enterobacteriaceae, Campylobacter
spp.) and enrichment culturing of atypical bacteria (i.e., Yersinia), as well as molecular
assays for Clostridium difficile A and B toxins, particularly in children with a history of
previous hospitalization and antibiotic use.

Direct microscopy for the identification of ova and parasites is recommended on
at least three fresh stool samples to increase the chances of detection. The search for
Cryptosporidium may not be included in standard testing; hence, it is recommended to
specifically request it to the laboratory [66,67].

Stool antigen-detection assays are helpful tools, commonly used to detect viral
pathogens and parasites such as Cryptosporidium and Giardia. Both agents can also be
identified on endoscopic biopsy or on luminal fluid aspiration during endoscopy [68].

Where available, multiplex PCR panels are highly sensitive and specific tools for the
simultaneous detection of several GI pathogens [69]. Most of these tests have not been
specifically validated in populations of HIV-positive children; however, they are expected
to retain similar diagnostic accuracy compared to other populations of children.

The diagnosis of CMV enterocolitis can be difficult because the virus can remain
quiescent for long periods. Serological tests and urine PCR are seldom sufficient for
the diagnosis of active disease. The confirmation of infection should be sought through
GI endoscopically-guided biopsy, even if the mucosa appears macroscopically normal—
suggestive histopathologic findings are intranuclear and intracytoplasmic inclusion bodies.
Other techniques, such as tissue immunostaining against CMV antigens, may increase
specificity and aid in diagnosis.

Although much less common than other infections and rarely associated with a
diarrheal onset, Mycobacterium tuberculosis infection should also be considered in the
differential diagnosis of children presenting with abdominal pain, malabsorption, intestinal
wall thickening, and signs of granulomatous inflammation, especially if the patient is ART-
naïve or living in a setting with a high TB prevalence.

Prompt initiation of effective ART and appropriate chemotherapy are the primary
initial treatments for most causes of lower GI infections in naïve children and in those with
advanced disease or failing on their current regimen. Supportive care with hydration and
the correction of electrolyte and blood count abnormalities should always be ensured. In
children with chronic diarrhea and poor growth or wasting, after a thorough anthropomet-
ric examination and evaluation of intestinal function, nutritional supplementation must
always be offered as an integral part of management.

Severe bacterial diarrhea should be treated aggressively. In profoundly immunod-
eficient children, the prompt use of specific antibiotics should also be considered in the
presence of mild symptoms to prevent extraintestinal dissemination of the infection and a
prolonged course of the disease [70].

4.2. Children on ART and Non-Infectious Causes of Chronic Diarrhea

Temporary drug-induced GI symptoms such as abdominal distension and diarrhea
are common, especially in the first year of ART. Up to 29% of patients on any class of
antiretrovirals experience mild-to-moderate diarrhea [71].

Diarrhea in children on ART is a frequently overlooked clinical need that contributes
to worsening quality of life and poses a risk for sub-optimal adherence to treatment.
The evidence base for the management of ART-associated diarrhea in the pediatric and
adult population is minimal. The recommended strategy is to use a stepwise approach
of nonpharmacologic interventions, including reassuring the patient and the caretakers
about the likely mild and transient duration of symptoms, offering supportive measures
(hydration and electrolyte supplementation), and, when possible, dietary optimization
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(increasing the consumption of fibers). Lactose intolerance should be ruled out, especially
in older children. Finally, in the presence of invalidating and chronic symptoms that
could affect the compliance to ART, modification of the antiretroviral regimen should be
considered. To date, Crofelemer, an FDA-approved antidiarrheic agent for adults with
HIV/AIDS, is not licensed for use in the pediatric population [72,73] (Table 1).

In the presence of chronic diarrhea in a child on ART with a good immunological sta-
tus, once infectious causes of enteritis have been ruled out, it is always recommendable to
expand the diagnostic workup to non-infectious causes of chronic diarrhea. The etiologies
and diagnostic approach do not differ from that of the uninfected child with chronic diar-
rhea, but it is worth keeping in mind some peculiarities related to HIV infection (Figure 1).

There is no evidence that HIV infection per se increases the risk of developing celiac
disease. However, the diagnosis of celiac diseases in HIV-infected children might be
difficult due to the possibility of finding false-positive tissue transglutaminase antibodies
and HIV-associated villous atrophy on intestinal biopsy. In HIV-infected subjects, HLA-
typing may be essential before introducing a gluten-free diet [74–76].

In subjects with advanced HIV, some clinical and radiological findings found in severe
intestinal infections (such as ulceration or perforation of the mucosa caused by CMV or
HSV) or the presence of a thickening of the intestinal wall may require differential diagnosis
with inflammatory bowel diseases (IBD). Overall, HIV-infected individuals do not appear
to have an increased risk of developing IBD. Indeed, depletion of CD4+ lymphocytes may
help in symptom control for patients with inflammatory bowel disease. HIV status was
associated with Crohn’s disease remission and with a lower likelihood of relapses [77,78].

Fecal calprotectin is a reliable indicator of gut inflammation, and it is also helpful in
children living with HIV. It should be noted, however, that baseline concentrations of fecal
calprotectin tend to be higher in younger children with lower CD4+ counts [79].

5. Hepatopancreatic Disorders

Morphological changes in the small-intestinal mucosa often appear insufficient to ex-
plain the severe malabsorption syndrome observed in many children [80]. In fact, one third
of children with advanced disease show laboratory evidence of pancreatic insufficiency,
and in these patients, there is a clear correlation between pancreatic dysfunction and fat
malabsorption. Hence, impaired exocrine pancreatic function should be ruled out in any
patient with chronic diarrhea/steatorrhea and failure to thrive. The measurement of stool
elastase is a useful screening tool, more sensitive than fecal fat. Concentrations of elastase
<200 µg/g dry feces suggest exocrine pancreatic insufficiency, although levels have to be
interpreted carefully if the stools are watery [81]. Nutrient malabsorption increases the
progression of HIV disease and is a strong negative prognostic factor. Any child with
pancreatic dysfunction should be considered for pancreatic enzyme supplementation [82].
Endocrine pancreas dysfunction is less common, but secondary insulin resistance is present
in up to 10% of children on ART with dyslipidemia and a high body mass index [83,84].

Liver disease is the most common cause of death in HIV-infected adults in most high-
income settings, accounting for up to 18% of all deaths; on the contrary, in the pediatric
population, its incidence and influence on mortality seem to be marginal. Liver injury
may result from HIV infection itself but also from ART toxicity or comorbidities, including
coinfection with hepatitis B and C viruses (HBV and HCV) and nonalcoholic fatty liver
disease (NAFLD). Isolated hepatomegaly with normal or slightly raised transaminases
(ALT less than three times the normal upper limit) is a relatively common finding in children
living with HIV, which could be associated with nutritional deficiencies or NAFLD [85].

The global prevalence of HIV-HBV coinfection has been re-shaped by immunization
campaigns and newborn prophylaxis; hence, it shows great variability (1–49%) according
to the examined setting. It is essential to screen all children for HBV before the start of ART
and, in the case of coinfection, it is recommendable to choose a lamivudine-sparing regimen
as the use of this drug could select HBV-resistant strains [86]. HBV/HIV coinfection exposes
children to a higher risk of hepatic disease and fibrosis; however, although in the adult
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population there is a well-established association between HIV/HBV coinfection and
the risk of hepatocellular carcinoma (HCC), limited data are available for the pediatric
population. It is estimated, however, that up to 40% of children with coinfection develop
HCC later in life. Recent data from a large north American cohort of adults living with
HIV have shown an increased risk of developing HCC even in the absence of HBV, but
with the exception of sporadic case reports, little is known about the association between
perinatally-acquired HIV and HCC [87–90].

Furthermore, HIV/HCV-coinfected children are at greater risk of advanced fibrosis
in late adolescence. To date, direct acting antivirals (DAAs) have been approved for the
treatment of all HCV-infected children aged 12 to 17 years. DAAs are a safe and effective
option in perinatally infected HIV/HCV patients; therapy should be started early to
prevent disease progression [91,92].

Children on ART

In children on ART, pancreatitis and hepatitis are infrequent but potentially severe
complications associated with treatment. The risk of ART-associated pancreatitis is in-
creased in children with advanced disease, in children concomitantly taking other drugs
such as cotrimoxazole, and in those with a history of hypertriglyceridemia. In the case of
persistent abdominal pain in any child on ART, especially if associated with other symp-
toms such as vomiting, it is always recommended to measure serum lipase and pancreatic
amylase. The diagnosis is confirmed in the presence of significantly raised pancreatic
enzymes and suggestive clinical symptoms; the management of the acute episode does not
differ from that of the non-HIV infected child, bearing in mind that the offending antiretrovirals
should be immediately stopped and replaced with other drugs [93,94] (Table 1).

ART-induced liver damage is reported in less than 10% of children and was more
frequently seen in the past when nevirapine was the mainstay of treatment (Table 1). Liver
damage may present with a variety of clinical forms, from idiosyncratic hepatotoxicity to
hypersensitivity reactions, where hepatitis (often severe) is characteristically associated
with skin rash and lactic acidosis. Integrase inhibitors are rarely associated with acute
liver or pancreatic damage, although the association between dolutegravir and the onset of
hyperglycemia is currently being investigated in adult populations [95–97]. The isolated el-
evation of liver enzymes may be observed in children on ART and this requires monitoring,
as well as a liver ultrasound assessment to rule out steatosis, commonly associated with
zidovudine. Non-invasive tools for liver function assessments, such as the AST-to-platelet
ratio index (APRI) and fibrosis-4 (FIB-4), are being increasingly used in the pediatric popu-
lation as they reduce the need for biopsy. In most cases, however, long-term treatment is
not associated with significant alterations of liver function [98,99].

Table 1. Gastrointestinal adverse events associated with antiretroviral drugs.

Symptoms Upper GI Antiretrovirals Characteristics Management

Nausea, Emesis All ARV, particularly PI

Incidence < 15%
Usually mild, during the first
months on ART, then resolves
spontaneously.

- Reassure caretakers.
- Recommend taking PI with

food.
- Change drug formulation

when available (smaller tablet
size, syrups).

- If persistent/severe vomiting,
consider antiemetics and
switching to a different
regimen.
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Table 1. Cont.

Symptoms Upper GI Antiretrovirals Characteristics Management

Lower GI

Diarrhea, Abdominal
Discomfort All ARV, particularly PI

Frequent, seen in up to one third of
patients during the first months on
ART.
Mild diarrhea, non-bloody, and
usually non-watery.
Lactose intolerance may be
triggered by drugs (Some FDC
tablets contain lactose)

- Reassure caretakers.
- Treat dehydration when

present. In older children,
dietary modifications may
help.

- If persistent/chronic, rule out
infections and other organic
causes.

- In case of persistent/severe
symptoms or weight loss,
consider switching to a
different regimen.

Liver

Hepatitis All ARV, particularly
NNRTI (NVP and EFV)

Incidence 1–9% (severe hepatitis
and hypersensitivity reactions <1%)
Liver involvement can range from
asymptomatic increase in liver
enzymes to severe hepatitis with
lactic acidemia and rash in
hypersensitivity reactions.

- Rule out other infections
(HAV, HBV, HCV, EBV, CMV).

- Asymptomatic
hypertransaminasemia:
monitor and discontinue
treatment if ALT > 5×UNL.

- Symptomatic hepatitis:
suspend ART and other
possibly hepatotoxic drugs. If
on NVP, discontinue
permanently.

Isolated
Hyperbilirubinemia

(indirect)
ATV

Early-onset, usually in the first
months of therapy.
ATV-associated indirect
hyperbilirubinemia is usually an
isolated finding with normal
transaminases.

- Reassure caretakers.
- ATV discontinuation not

required.

Steatosis ZDV Rare in pediatric patients, usually
develops after years on treatment.

Pancreas

Pancreatitis NRTI, PI

<2%
Unpredictable onset, usually after
months of ART.
Acute pancreatitis with significantly
raised serum lipase and amylase.

- Stop the offending drug and
substitute with other ARV

- Symptomatic management.

Adapted from [100]. Abbreviations: ARV, antiretrovirals; PI, protease inhibitors; NNRTI, non-nucleoside reverse transcriptase inhibitors;
NVP, nevirapine; EFV, efavirenz; ATV, atazanavir; ZDV, zidovudine; NRTI, nucleoside reverse transcriptase inhibitors; FDC, fixed dose
combination; UNL, normal upper limit.

6. Conclusions

Advances in therapy have transformed the spectrum of HIV in pediatric patients,
including the incidence, severity, and outcomes of HIV-associated GI complications. Intesti-
nal involvement is present in virtually all children with HIV infection. In high-prevalence
settings, more than half of patients with advanced disease present with GI symptoms, from
mild infectious diarrhea to severe GI impairment, malabsorption, and failure to thrive.
Gastrointestinal disorders do not spare children on ART, particularly in the initial months
of therapy. Lower abdominal symptoms have been reported in more than a third of pa-
tients, and may limit ART adherence, although this they are usually mild and transient. A
correct framing of the problem is necessary in order to minimize therapy switches, while
optimizing the quality of life of children on ART. ART-associated pancreatitis and hepatitis
are rare but potentially severe adverse events.

The literature about GI diseases in children living with HIV is sparse and the purpose
of this review article was to provide a quick updated reference for management strategies
to improve evidence-informed clinical practices, particularly for the child on ART. The lack
of a systematic reviewing approach and the subjective weighing of the studies included
might be considered the main limitation of this review article. However, the consideration
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given to the pathophysiology of intestinal damage in children who are either ART-naïve or
who are not, along with the global epidemiology of opportunistic infections, make it an
up-to-date resource that any HIV clinician dealing with pediatric patients in any setting
can benefit from.

Future perspectives should prioritize the evaluation of the diagnostic yield of modern
techniques to investigate the epidemiology of viral infections in children living with HIV
on ART, the collection of new evidence about GI features in children living in resource-limited
settings, and the optimization of the management of GI side-effects, as well as their monitoring
in children receiving new ART combinations (dual therapy, fixed-doses combinations).

Author Contributions: Conceptualization, F.W.B. and A.L.V.; methodology, F.W.B.; data curation,
figures and tables, F.W.B. and M.C.F.; writing—original draft preparation, F.W.B.; writing—review
and editing, M.C.F. and A.L.V.; supervision, A.L.V.; funding acquisition, A.L.V. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dandekar, S. Pathogenesis of HIV in the gastrointestinal tract. Curr. HIV/AIDS Rep. 2007, 4, 10–15. [CrossRef]
2. Dandekar, S.; George, M.D.; Bäumler, A.J. Th17 cells, HIV and the gut mucosal barrier. Curr. Opin. HIV AIDS 2010, 5, 173–178.

[CrossRef]
3. Bixler, S.L.; Mattapallil, J.J. Loss and dysregulation of Th17 cells during HIV infection. Clin. Dev. Immunol. 2013. [CrossRef]
4. Cello, J.P.; Day, L.W. Idiopathic AIDS Enteropathy and Treatment of Gastrointestinal Opportunistic Pathogens. Gastroenterology

2009, 136, 1952–1965. [CrossRef]
5. Batman, P.A.; Miller, A.R.O.; Forster, S.M.; Harris, J.R.W.; Pinching, A.J.; Griffin, G.E. Jejunal enteropathy associated with human

immunodeficiency virus infection: Quantitative histology. J. Clin. Pathol. 1989, 42, 275–281. [CrossRef]
6. Fox, C.H.; Kotler, D.; Tierney, A.; Wilson, C.S.; Fauci, A.S. Detection of HIV-1 RNA in the lamina propria of patients with AIDS

and gastrointestinal disease. J. Infect. Dis. 1989, 159, 467–471. [CrossRef] [PubMed]
7. Zevin, A.S.; McKinnon, L.; Burgener, A.; Klatt, N.R. Microbial translocation and microbiome dysbiosis in HIV-associated immune

activation. Curr. Opin. HIV AIDS 2016, 11, 182–190. [CrossRef] [PubMed]
8. Jiang, W.; Lederman, M.; Hunt, P.; Sieg, S.; Haley, K.; Rodriguez, B.; Landay, A.; Martin, J.; Sinclair, E.; Asher, A.; et al.

Plasma levels of bacterial DNA correlate with immune activation and the magnitude of immune restoration in persons with
antiretroviral-treated HIV infection. J. Infect. Dis. 2009, 199, 1177–1185. [CrossRef] [PubMed]

9. Cao, W.; Mehraj, V.; Vyboh, K.; Li, T.; Routy, J.P. Antiretroviral therapy in primary HIV-1 infection: Influences on immune
activation and gut mucosal barrier dysfunction. AIDS Rev. 2015, 17, 135–146. [PubMed]

10. Tincati, C.; Douek, D.C.; Marchetti, G. Gut barrier structure, mucosal immunity and intestinal microbiota in the pathogenesis and
treatment of HIV infection. AIDS Res. Ther. 2016, 13, 1–11. [CrossRef] [PubMed]

11. Sereti, I.; Krebs, S.J.; Phanuphak, N.; Fletcher, J.L.; Slike, B.; Pinyakorn, S.; O’Connell, R.J.; Rupert, A.; Chomont, N.; Valcour, V.;
et al. Persistent, Albeit reduced, chronic inflammation in persons starting antiretroviral therapy in acute HIV infection. Clin.
Infect. Dis. 2017, 64, 124. [CrossRef]

12. Morón-López, S.; Navarro, J.; Jimenez, M.; Rutsaert, S.; Urrea, V.; Puertas, M.C.; Torrella, A.; De Clercq, L.; Ribas, B.P.; Gálvez,
C.; et al. Switching from a Protease Inhibitor-based Regimen to a Dolutegravir-based Regimen: A Randomized Clinical Trial to
Determine the Effect on Peripheral Blood and Ileum Biopsies from Antiretroviral Therapy-suppressed Human Immunodeficiency
Virus-infected Indi. Clin. Infect. Dis. 2019, 69, 1320–1328. [CrossRef] [PubMed]

13. Dirajlal-Fargo, S.; Albar, Z.; Bowman, E.; Labbato, D.; Sattar, A.; Karungi, C.; Nazzinda, R.; Funderburg, N.; Kityo, C.; Musiime,
V.; et al. Increased monocyte and T-cell activation in treated HIV+ ugandan children. AIDS 2020, 34, 1009. [CrossRef]

14. Tagarro, A.; Chan, M.; Zangari, P.; Ferns, B.; Foster, C.; De Rossi, A.; Nastouli, E.; Muñoz-Fernández, M.A.; Gibb, D.; Rossi, P.; et al.
Early and highly suppressive antiretroviral therapy are main factors associated with low viral reservoir in European perinatally
HIV-infected children. J. Acquir. Immune Defic. Syndr. 2018, 79, 269–276. [CrossRef]

15. Fitzgerald, F.C.; Lhomme, E.; Harris, K.; Kenny, J.; Doyle, R.; Kityo, C.; Shaw, L.P.; Abongomera, G.; Musiime, V.; Cook, A.; et al.
Microbial translocation does not drive immune activation in Ugandan children infected with HIV. J. Infect. Dis. 2019, 219, 89–100.
[CrossRef] [PubMed]

16. Martínez-Bonet, M.; Puertas, M.C.; Fortuny, C.; Ouchi, D.; Mellado, M.J.; Rojo, P.; Noguera-Julian, A.; Muñoz-Fernández, M.A.;
Martinez-Picado, J. Establishment and Replenishment of the Viral Reservoir in Perinatally HIV-1-infected Children Initiating
Very Early Antiretroviral Therapy. Clin. Infect. Dis. 2015, 61, 1169–1178. [CrossRef] [PubMed]

17. Brenchley, J.M.; Douek, D.C. HIV infection and the gastrointestinal immune system. Mucosal. Immunol. 2008, 1, 23–30. [CrossRef]

http://doi.org/10.1007/s11904-007-0002-0
http://doi.org/10.1097/COH.0b013e328335eda3
http://doi.org/10.1155/2013/852418
http://doi.org/10.1053/j.gastro.2008.12.073
http://doi.org/10.1136/jcp.42.3.275
http://doi.org/10.1093/infdis/159.3.467
http://www.ncbi.nlm.nih.gov/pubmed/2915167
http://doi.org/10.1097/COH.0000000000000234
http://www.ncbi.nlm.nih.gov/pubmed/26679414
http://doi.org/10.1086/597476
http://www.ncbi.nlm.nih.gov/pubmed/19265479
http://www.ncbi.nlm.nih.gov/pubmed/26450802
http://doi.org/10.1186/s12981-016-0103-1
http://www.ncbi.nlm.nih.gov/pubmed/27073405
http://doi.org/10.1093/cid/ciw683
http://doi.org/10.1093/cid/ciy1095
http://www.ncbi.nlm.nih.gov/pubmed/30590412
http://doi.org/10.1097/QAD.0000000000002505
http://doi.org/10.1097/QAI.0000000000001789
http://doi.org/10.1093/infdis/jiy495
http://www.ncbi.nlm.nih.gov/pubmed/30107546
http://doi.org/10.1093/cid/civ456
http://www.ncbi.nlm.nih.gov/pubmed/26063721
http://doi.org/10.1038/mi.2007.1


Microorganisms 2021, 9, 1572 12 of 15

18. Miller, T.L.; Agostoni, C.; Duggan, C.; Guarino, A.; Manary, M.; Velasco, C.A. Gastrointestinal and nutritional complications of
human immunodeficiency virus infection. J. Pediatric Gastroenterol. Nutr. 2008, 47, 247–253. [CrossRef]

19. Guarino, A.; Bruzzese, E.; De Marco, G.; Buccigrossi, V. Management of gastrointestinal disorders in children with HIV infection.
Pediatric Drugs 2004, 6, 347–362. [CrossRef] [PubMed]

20. Chow, J.; Tang, H.; Mazmanian, S.K. Pathobionts of the gastrointestinal microbiota and inflammatory disease. Curr. Opin.
Immunol. 2011, 23, 473–480. [CrossRef]

21. Pinto-Cardoso, S.; Klatt, N.R.; Reyes-Terán, G. Impact of antiretroviral drugs on the microbiome: Unknown answers to important
questions. Curr. Opin. HIV AIDS 2018, 13, 53. [CrossRef] [PubMed]

22. Bourke, C.D.; Gough, E.K.; Pimundu, G.; Shonhai, A.; Berejena, C.; Terry, L.; Baumard, L.; Choudhry, N.; Karmali, Y.; Bwakura-
Dangarembizi, M.; et al. Cotrimoxazole reduces systemic inflammation in HIV infection by altering the gut microbiome and
immune activation. Sci. Transl. Med. 2019, 11, eaav0537. [CrossRef] [PubMed]

23. Sessa, L.; Reddel, S.; Manno, E.; Quagliariello, A.; Cotugno, N.; Del Chierico, F.; Amodio, D.; Capponi, C.; Leone, F.; Bernardi, S.;
et al. Distinct gut microbiota profile in antiretroviral therapy-treated perinatally HIV-infected patients associated with cardiac
and inflammatory biomarkers. AIDS 2019, 33, 1001–1011. [CrossRef]

24. Flygel, T.T.; Sovershaeva, E.; Claassen-Weitz, S.; Hjerde, E.; Mwaikono, K.S.; Odland, J.; Ferrand, R.A.; Mchugh, G.; Gutteberg,
T.J.; Nicol, M.P.; et al. Composition of Gut Microbiota of Children and Adolescents With Perinatal Human Immunodeficiency
Virus Infection Taking Antiretroviral Therapy in Zimbabwe. J. Infect. Dis. 2020, 221, 483–492.

25. Nowak, P.; Troseid, M.; Avershina, E.; Barqasho, B.; Neogi, U.; Holm, K.; Hov, J.R.; Noyan, K.; Vesterbacka, J.; Svärd, J.; et al. Gut
microbiota diversity predicts immune status in HIV-1 infection. AIDS 2015, 29, 2409–2418. [CrossRef]

26. Dubourg, G.; Surenaud, M.; Lévy, Y.; Hüe, S.; Raoult, D. Microbiome of HIV-infected people. Microb. Pathog. 2017, 106, 85–93.
[CrossRef] [PubMed]

27. Bandera, A.; De Benedetto, I.; Bozzi, G.; Gori, A. Altered gut microbiome composition in HIV infection: Causes, effects and
potential intervention. Curr. Opin. HIV AIDS 2018, 13, 73–80. [CrossRef]

28. Vujkovic-Cvijin, I.; Somsouk, M. HIV and the Gut Microbiota: Composition, Consequences, and Avenues for Amelioration. Curr.
HIV/AIDS Rep. 2019, 16, 204–213. [CrossRef]

29. Kaur, U.S.; Shet, A.; Rajnala, N.; Gopalan, B.P.; Moar, P.; Himanshu, D.; Singh, B.P.; Chaturvedi, R.; Tandon, R. High Abundance
of genus Prevotella in the gut of perinatally HIV-infected children is associated with IP-10 levels despite therapy. Sci. Rep. 2018, 8,
1–16. [CrossRef] [PubMed]

30. Gori, A.; Rizzardini, G.; Van’TLand, B.; Amor, K.B.; Van Schaik, J.; Torti, C.; Quirino, T.; Tincati, C.; Bandera, A.; Knol, J.; et al.
Specific prebiotics modulate gut microbiota and immune activation in HAART-naive HIV-infected adults: Results of the “cOPA”
pilot randomized trial. Mucosal. Immunol. 2011, 4, 554–563. [CrossRef]

31. D’Ettorre, G.; Ceccarelli, G.; Giustini, N.; Serafino, S.; Calantone, N.; De Girolamo, G.; Bianchi, L.; Bellelli, V.; Ascoli-Bartoli, T.;
Marcellini, S.; et al. Probiotics reduce inflammation in antiretroviral treated, HIV-infected individuals: Results of the “Probio-HIV”
clinical trial. PLoS ONE 2015, 10, e0137200. [CrossRef] [PubMed]

32. D’Ettorre, G.; Rossi, G.; Scagnolari, C.; Andreotti, M.; Giustini, N.; Serafino, S.; Schietroma, I.; Scheri, G.C.; Fard, S.N.; Trinchieri,
V.; et al. Probiotic supplementation promotes a reduction in T-cell activation, an increase in Th17 frequencies, and a recovery of
intestinal epithelium integrity and mitochondrial morphology in ART-treated HIV-1-positive patients. Immun. Inflamm. Dis. 2017,
5, 244–260. [CrossRef] [PubMed]

33. Cooper, P.; Bolton, K.D.; Velaphi, S.; De Groot, N.; Emady-Azar, S.; Pecquet, S.; Steenhout, P. Early Benefits of a Starter
Formula Enriched in Prebiotics and Probiotics on the Gut Microbiota of Healthy Infants Born to HIV+ Mothers: A Randomized
Double-Blind Controlled Trial. Clin. Med. Insights Pediatr. 2016, 10, 119–130. [CrossRef] [PubMed]

34. Sainz, T.; Gosalbes, M.J.; Talavera-Rodríguez, A.; Jimenez-Hernandez, N.; Prieto, L.; Escosa, L.; Guillén, S.; Ramos, J.T.; Muñoz-
Fernández, M.Á.; Moya, A.; et al. Effect of a nutritional intervention on the intestinal microbiota of vertically hiv-infected children:
The pediabiota study. Nutrients 2020, 12, 2112. [CrossRef]

35. Chiou, C.C.; Groll, A.H.; Mavrogiorgos, N.; Wood, L.V.; Walsh, T.J. Esophageal candidiasis in human immunodeficiency virus-
infected pediatric patients after the introduction of highly active antiretroviral therapy. Pediatr. Infect. Dis. J. 2002, 21, 388–392.
[CrossRef]

36. Cooke, M.L.; Goddard, E.A.; Brown, R.A. Endoscopy findings in HIV-infected children from sub-Saharan Africa. J. Trop. Pediatr.
2009, 55, 238–243. [CrossRef]

37. Miller, T.L.; McQuinn, L.B.; Orav, E.J. Endoscopy of the upper gastrointestinal tract as a diagnostic tool for children with human
immunodeficiency virus infection. J. Pediatr. 1997, 130, 766–773. [CrossRef]

38. Loveland, J.A.; Mitchell, C.E.; Van Wyk, P.; Beale, P. Esophegeal replacement in children with AIDS. J. Pediatr. Surg. 2010, 45,
2068–2070. [CrossRef]

39. Patel, N.C.; Caicedo, R.A. Esophageal infections: An update. Curr. Opin. Pediatrics 2015, 27, 642–648. [CrossRef]
40. Nakagawa, K.; Yamada, T.; Mita, E. Clinical features of esophageal ulcers in HIVpositive patients. J. Gastroenterol. Hepatol. 2016,

31, 15.
41. Nkuize, M.; De Wit, S.; Muls, V.; Pirenne, C.; Buset, M. The role of upper gastrointestinal endoscopy in the era of modern

antiretroviral therapy. Eur. J. Gastroenterol. Hepatol. 2015, 27, 1459–1465. [CrossRef]

http://doi.org/10.1097/MPG.0b013e318181b254
http://doi.org/10.2165/00148581-200406060-00003
http://www.ncbi.nlm.nih.gov/pubmed/15612836
http://doi.org/10.1016/j.coi.2011.07.010
http://doi.org/10.1097/COH.0000000000000428
http://www.ncbi.nlm.nih.gov/pubmed/29028667
http://doi.org/10.1126/scitranslmed.aav0537
http://www.ncbi.nlm.nih.gov/pubmed/30944164
http://doi.org/10.1097/QAD.0000000000002131
http://doi.org/10.1097/QAD.0000000000000869
http://doi.org/10.1016/j.micpath.2016.05.015
http://www.ncbi.nlm.nih.gov/pubmed/27216237
http://doi.org/10.1097/COH.0000000000000429
http://doi.org/10.1007/s11904-019-00441-w
http://doi.org/10.1038/s41598-018-35877-4
http://www.ncbi.nlm.nih.gov/pubmed/30518941
http://doi.org/10.1038/mi.2011.15
http://doi.org/10.1371/journal.pone.0137200
http://www.ncbi.nlm.nih.gov/pubmed/26376436
http://doi.org/10.1002/iid3.160
http://www.ncbi.nlm.nih.gov/pubmed/28474815
http://doi.org/10.4137/CMPed.S40134
http://www.ncbi.nlm.nih.gov/pubmed/28096702
http://doi.org/10.3390/nu12072112
http://doi.org/10.1097/00006454-200205000-00008
http://doi.org/10.1093/tropej/fmn114
http://doi.org/10.1016/S0022-3476(97)80020-0
http://doi.org/10.1016/j.jpedsurg.2010.06.026
http://doi.org/10.1097/MOP.0000000000000266
http://doi.org/10.1097/MEG.0000000000000467


Microorganisms 2021, 9, 1572 13 of 15

42. Hestvik, E.; Tylleskar, T.; Ndeezi, G.; Grahnquist, L.; Olafsdottir, E.; Tumwine, J.; Kaddu-Mulindwa, D.H. Prevalence of
Helicobacter pylori in HIV-infected, HAART-naïve Ugandan children: A hospital-based survey. J. Int. AIDS Soc. 2011, 14, 34.
[CrossRef] [PubMed]

43. Werneck-Silva, A.L.; Prado, I.B. Gastroduodenal opportunistic infections and dyspepsia in HIV-infected patients in the era of
Highly Active Antiretroviral Therapy. J. Gastroenterol. Hepatol. 2009, 24, 135–139. [CrossRef]

44. Werneck-Silva, A.L.; Prado, I.B. Dyspepsia in HIV-infected patients under highly active antiretroviral therapy. J. Gastroenterol.
Hepatol. 2007, 22, 1712–1716. [CrossRef]

45. Kelly, P.; Saloojee, H.; Chen, J.Y.; Chung, R.T. Noncommunicable diseases in HIV infection in low-and middle-income countries:
Gastrointestinal, hepatic, and nutritional aspects. J. Acquir. Immune Defic. Syndr. 2014, 67, S79. [CrossRef]

46. Acácio, S.; Nhampossa, T.; Quintó, L.; Vubil, D.; Sacoor, C.; Kotloff, K.; Farag, T.; Dilruba, N.; Macete, E.; Levine, M.M.; et al. The
role of HIV infection in the etiology and epidemiology of diarrheal disease among children aged 0–59 months in Manhiça District,
Rural Mozambique. Int. J. Infect. Dis. 2018, 73, 10–17. [CrossRef] [PubMed]

47. B-Lajoie, M.R.; Drouin, O.; Bartlett, G.; Nguyen, Q.; Low, A.; Gavriilidis, G.; Easterbrook, P.; Muhe, L. Incidence and Prevalence
of Opportunistic and Other Infections and the Impact of Antiretroviral Therapy among HIV-infected Children in Low- and
Middle-income Countries: A Systematic Review and Meta-analysis. Clin. Infect. Dis. 2016, 62, 1586–1594. [CrossRef]

48. Pavlinac, P.B.; John-Stewart, G.C.; Naulikha, J.M.; Onchiri, F.M.; Denno, D.M.; Odundo, E.A.; Singa, B.O.; Richardson, B.A.;
Walson, J.L. High-risk enteric pathogens associated with HIV infection and HIV exposure in Kenyan children with acute diarrhea.
AIDS 2014, 28, 2287. [CrossRef]

49. Belay, A.; Ashagrie, M.; Seyoum, B.; Alemu, M.; Tsegaye, A. Prevalence of enteric pathogens, intestinal parasites and resistance
profile of bacterial isolates among HIV infected and non-infected diarrheic patients in Dessie Town, Northeast Ethiopia. PLoS
ONE 2020, 15, e0243479. [CrossRef]

50. Sanchez, T.H.; Brooks, J.T.; Sullivan, P.S.; Juhasz, M.; Mintz, E.; Dworkin, M.S.; Jones, J.L. Bacterial Diarrhea in Persons with HIV
Infection, United States, 1992–2002. Clin. Infect. Dis. 2005, 41, 1621–1627. [CrossRef]

51. Seugendo, M.; Hokororo, A.; Kabyemera, R.; Msanga, D.R.; Mirambo, M.M.; Silago, V.; Groß, U.; Mshana, S.E. High Clostridium
difficile Infection among HIV-Infected Children with Diarrhea in a Tertiary Hospital in Mwanza, Tanzania. Int. J. Pediatr. 2020,
2020, 1–7. [CrossRef]

52. Rossouw, E.; Brauer, M.; Meyer, P.; du Plessis, N.M.; Avenant, T.; Mans, J. Virus Etiology, Diversity and Clinical Characteristics in
South African Children Hospitalised with Gastroenteritis. Viruses 2021, 13, 215. [CrossRef]

53. Moyo, S.J.; Blomberg, B.; Hanevik, K.; Kommedal, O.; Vainio, K.; Maselle, S.Y.; Langeland, N. Genetic diversity of circulating
rotavirus strains in Tanzania prior to the introduction of vaccination. PLoS ONE 2014, 9, e97562. [CrossRef]

54. Groome, M.J.; Madhi, S.A. Five-year cohort study on the burden of hospitalisation for acute diarrhoeal disease in African
HIV-infected and HIV-uninfected children: Potential benefits of rotavirus vaccine. Vaccine 2012, 30, A173–A178. [CrossRef]
[PubMed]

55. Rodrigues Portes, S.; Mello Volotao, E.; Rose, T.; Rocha, M.; Trindade Pinheiro Xavier, M.; de Assis, R.; Fialho, A.M.; Rocha,
M.S.; Miagostovich, M.P.; Gagliardi Leite, J.P. Aichi Virus Positivity in HIV-1 Seropositive Children Hospitalized with Diarrheal
Disease. Curr. HIV Res. 2015, 13, 325–331. [CrossRef]

56. Portes, S.A.R.; Carvalho-Costa, F.A.; Rocha, M.S.; Fumian, T.M.; Maranhão, A.G.; De Assis, R.M.; Xavier, M.D.P.T.P.; Rocha, M.S.;
Miagostovich, M.P.; Leite, J.P.G.; et al. Enteric viruses in HIV-1 seropositive and HIV-1 seronegative children with diarrheal
diseases in Brazil. PLoS ONE 2017, 12, e0183196. [CrossRef] [PubMed]

57. Salzberger, B.; Hartmann, P.; Hanses, F.; Uyanik, B.; Cornely, O.A.; Wöhrmann, A.; Fätkenheuer, G. Incidence and prognosis
of CMV disease in HIV-infected patients before and after introduction of combination antiretroviral therapy. Infection 2005, 33,
345–349. [CrossRef] [PubMed]

58. Idris, N.S.; Dwipoerwantoro, P.G.; Kurniawan, A.; Said, M. Intestinal parasitic infection of immunocompromised children with
diarrhoea: Clinical profile and therapeutic response. J. Infect. Dev. Ctries. 2010, 4, 309–317. [CrossRef] [PubMed]

59. Mengist, H.M.; Taye, B.; Tsegaye, A. Intestinal parasitosis in relation to CD4+T cells levels and anemia among haart initiated and
haart naive pediatric hiv patients in a model art center in addis ababa, ethiopia. PLoS ONE 2015, 10, e0117715. [CrossRef]

60. Ashigbie, P.G.; Shepherd, S.; Steiner, K.L.; Amadi, B.; Aziz, N.; Manjunatha, U.H.; Spector, J.M.; Diagana, T.T.; Kelly, P. Use-case
scenarios for an anti-Cryptosporidium therapeutic. PLoS Negl. Trop. Dis. 2021, 15, e0009057. [CrossRef]

61. Adamu, H.; Petros, B.; Zhang, G.; Kassa, H.; Amer, S.; Ye, J.; Feng, Y.; Xiao, L. Distribution and Clinical Manifestations of
Cryptosporidium Species and Subtypes in HIV/AIDS Patients in Ethiopia. PLoS Negl. Trop. Dis. 2014, 8, e2831. [CrossRef]

62. Ahmadpour, E.; Safarpour, H.; Xiao, L.; Zarean, M.; Hatam-Nahavandi, K.; Barac, A.; Picot, S.; Rahimi, M.T.; Rubino, S.; Mahami-
Oskouei, M.; et al. Cryptosporidiosis in HIV-positive patients and related risk factors: A systematic review and meta-analysis.
Parasite 2020, 27, 27. [CrossRef]

63. Rossit, A.R.B.; de Almeida, M.T.G.; Nogueira, C.A.M.; da Costa Oliveira, J.G.; Barbosa, D.M.U.; Moscardini, A.C.; Mascarenhas,
J.D.; Gabbay, Y.B.; Marques, F.R.; Cardoso, L.V.; et al. Bacterial, yeast, parasitic, and viral enteropathogens in HIV-infected
children from São Paulo State, Southeastern Brazil. Diagn. Microbiol. Infect. Dis. 2007, 57, 59–66. [CrossRef]

64. Vaishnavi, C.; Kaur, S.; Prakash, S. Speciation of fecal Candida isolates in antibiotic-associated diarrhea in non-HIV patients. Jpn.
J. Infect. Dis. 2008, 61, 1.

http://doi.org/10.1186/1758-2652-14-34
http://www.ncbi.nlm.nih.gov/pubmed/21714943
http://doi.org/10.1111/j.1440-1746.2008.05700.x
http://doi.org/10.1111/j.1440-1746.2007.04897.x
http://doi.org/10.1097/QAI.0000000000000260
http://doi.org/10.1016/j.ijid.2018.05.012
http://www.ncbi.nlm.nih.gov/pubmed/29852260
http://doi.org/10.1093/cid/ciw139
http://doi.org/10.1097/QAD.0000000000000396
http://doi.org/10.1371/journal.pone.0243479
http://doi.org/10.1086/498027
http://doi.org/10.1155/2020/3264923
http://doi.org/10.3390/v13020215
http://doi.org/10.1371/journal.pone.0097562
http://doi.org/10.1016/j.vaccine.2011.08.004
http://www.ncbi.nlm.nih.gov/pubmed/22520128
http://doi.org/10.2174/1570162X13666150511145950
http://doi.org/10.1371/journal.pone.0183196
http://www.ncbi.nlm.nih.gov/pubmed/28854225
http://doi.org/10.1007/s15010-005-5050-z
http://www.ncbi.nlm.nih.gov/pubmed/16258865
http://doi.org/10.3855/jidc.275
http://www.ncbi.nlm.nih.gov/pubmed/20539063
http://doi.org/10.1371/journal.pone.0117715
http://doi.org/10.1371/journal.pntd.0009057
http://doi.org/10.1371/journal.pntd.0002831
http://doi.org/10.1051/parasite/2020025
http://doi.org/10.1016/j.diagmicrobio.2006.11.005


Microorganisms 2021, 9, 1572 14 of 15

65. Tumwine, J.K.; Kekitiinwa, A.; Nabukeera, N.; Akiyoshi, D.E.; Buckholt, M.A.; Tzipori, S. Enterocytozoon bieneusi among
children with diarrhea attending Mulago hospital in Uganda. Am. J. Trop. Med. Hyg. 2002, 67, 299–303. [CrossRef]

66. Van Gool, T.; Weijts, R.; Lammerse, E.; Mank, T.G. Triple faeces test: An effective tool for detection of intestinal parasites in routine
clinical practice. Eur. J. Clin. Microbiol. Infect. Dis. 2003, 22, 284–290. [CrossRef]

67. Robinson, T.J.; Cebelinski, E.A.; Taylor, C.; Smith, K.E. Evaluation of the positive predictive value of rapid assays used by clinical
laboratories in Minnesota for the diagnosis of cryptosporidiosis. Clin. Infect. Dis. 2010, 50, e53–e55. [CrossRef] [PubMed]

68. Dikman, A.E.; Schonfeld, E.; Srisarajivakul, N.C.; Poles, M.A. Human Immunodeficiency Virus-Associated Diarrhea: Still an
Issue in the Era of Antiretroviral Therapy. Dig. Dis. Sci. 2015, 60, 2236–2245. [CrossRef]

69. Khare, R.; Espy, M.J.; Cebelinski, E.; Boxrud, D.; Sloan, L.M.; Cunningham, S.A.; Pritt, B.S.; Patel, R.; Binnicker, M.J. Comparative
evaluation of two commercial multiplex panels for detection of gastrointestinal pathogens by use of clinical stool specimens. J.
Clin. Microbiol. 2014, 52, 3667–3673. [CrossRef] [PubMed]

70. Bachur, T.P.R.; Vale, J.M.; Côelho, I.C.B.; de Queiroz, T.R.B.S.; de Souza Chaves, C. Enteric parasitic infections in HIV/AIDS
patients before and after the highly active antiretroviral therapy. Braz. J. Infect. Dis. 2008, 12, 115–122. [CrossRef] [PubMed]

71. Gupta, R.; Ordonez, R.M.; Koenig, S. Global impact of antiretroviral therapy-associated diarrhea. AIDS Patient Care STDs 2012,
26, 711–713. [CrossRef]

72. Clay, P.G.; Crutchley, R.D. Non-infectious Diarrhea in HIV Seropositive Individuals: A Review of Prevalence Rates, Etiology, and
Management in the Era of Combination Antiretroviral Therapy. Infect. Dis. Ther. 2014, 3, 103–122. [CrossRef]

73. Logan, C.; Beadsworth, M.B.J.; Beeching, N.J. HIV and diarrhoea: What is new? Curr. Opin. Infect. Dis. 2016, 29, 486–494.
[CrossRef]

74. Kurien, M.; Chalkiadakis, I.; Evans, K.; Sanders, D.S. False-positive tissue transglutaminase antibody levels occur in HIV-positive
patients: HLA typing is essential. J. Clin. Gastroenterol. 2012, 46, 346. [CrossRef]

75. Nellen, H.; Flores, G.; Wacher, N. Treatment of human immunodeficiency virus enteropathy with a gluten-free diet. Arch. Intern.
Med. 2000, 160, 244. [CrossRef]

76. Alkhatib, A.A.; Mehta, N.; Broaddus, R.R. Serology- and biopsy-proven celiac disease in a patient with AIDS: Case report. Dig.
Dis Sci. 2007, 52, 1448–1451. [CrossRef] [PubMed]

77. Viazis, N.; Vlachogiannakos, J.; Georgiou, O.; Rodias, M.; Georgiadis, D.; Papastamopoulos, V.; Baraboutis, I.G.; Karamanolis,
D.G.; Skoutelis, A. Course of inflammatory bowel disease in patients infected with human immunodeficiency virus. Inflamm.
Bowel Dis. 2010, 16, 507–511. [CrossRef] [PubMed]

78. Pospai, D.; René, E.; Fiasse, R.; Farahat, K.; Beaugery, L.; Lammens, P.; Reimund, C.; Duclos, B.; Le Quintrec, Y.; Vandercam, B.;
et al. Crohn’s disease stable remission after human immunodeficiency virus infection. Dig. Dis Sci. 1998, 43, 412–419. [CrossRef]
[PubMed]

79. Hestvik, E.; Olafsdottir, E.; Tylleskar, T.; Aksnes, L.; Kaddu-Mulindwa, D.; Ndeezi, G.; Tumwine, J.K.; Grahnquist, L. Faecal
calprotectin in HIV-infected, HAART-naïve ugandan children. J. Pediatr. Gastroenterol. Nutr. 2012, 54, 785–790. [CrossRef]
[PubMed]

80. Carroccio, A.; Fontana, M.; Spagnuolo, M.I.; Zuin, G.; Montalto, G.; Canani, R.B.; Verghi, F.; Di Martino, D.; Bastoni, K.; Buffardi,
F.; et al. Pancreatic dysfunction and its association with fat malabsorption in HIV infected children. Gut 1998, 43, 558–563.
[CrossRef] [PubMed]

81. Taylor, C.J.; Chen, K.; Horvath, K.; Hughes, D.; Lowe, M.E.; Mehta, D.; Orabi, A.I.; Screws, J.; Thomson, M.; Van Biervliet, S.; et al.
ESPGHAN and NASPGHAN Report on the Assessment of Exocrine Pancreatic Function and Pancreatitis in Children. J. Pediatr.
Gastroenterol. Nutr. 2015, 61, 144–153. [CrossRef]

82. Carroccio, A.; Guarino, A.; Zuin, G.; Verghi, F.; Canani, R.B.; Fontana, M.; Bruzzese, E.; Montalto, G.; Notarbartolo, A. Efficacy of
oral pancreatic enzyme therapy for the treatment of fat malabsorption in HIV-infected patients. Aliment. Pharmacol. Ther. 2001, 15,
1619–1625. [CrossRef] [PubMed]

83. Dirajlal-Fargo, S.; Shan, L.; Sattar, A.; Bowman, E.; Gabriel, J.; Kulkarni, M.; Funderburg, N.; Nazzinda, R.; Musiime, V.;
McComsey, G.A. Insulin resistance and intestinal integrity in children with and without HIV infection in Uganda. HIV Med. 2019,
21, 119–127. [CrossRef] [PubMed]

84. Innes, S.; Abdullah, K.L.; Haubrich, R.; Cotton, M.F.; Browne, S.H. High prevalence of dyslipidemia and insulin resistance in
HIV-infected prepubertal African children on antiretroviral therapy. Pediatr. Infect. Dis. J. 2016, 35, e1–e7. [CrossRef] [PubMed]

85. Sudjaritruk, T.; Bunupuradah, T.; Aurpibul, L.; Kosalaraksa, P.; Kurniati, N.; Sophonphan, J.; Trinavarat, P.; Visrutaratna, P.;
Srinakarin, J.; Chaijitraruch, N.; et al. Nonalcoholic fatty liver disease and hepatic fibrosis among perinatally HIV-monoinfected
Asian adolescents receiving antiretroviral therapy. PLoS ONE 2019, 14, e0226375. [CrossRef] [PubMed]

86. Healy, S.A.; Gupta, S.; Melvin, A.J. HIV/HBV coinfection in children and antiviral therapy. Expert Rev. Anti-Infect. Ther. 2013, 11,
251–263. [CrossRef]

87. Seers, T.; Sarker, D.; Ross, P.; Heaton, N.; Suddle, A.; Lyall, H.; Tudor-Williams, G.; Fidler, S.; Foster, C. Hepatocellular Carcinoma
in Perinatally Acquired HIV and HBV Co-Infection: A Case Report. Pediatr. Infect. Dis. J. 2017, 36, 12. [CrossRef]

88. Venkataramani, M.; Hutton, N.; Colombani, P.; Anders, R.A.; Agwu, A.L. Hepatocellular Carcinoma in a Teenager with Perinatally
Acquired HIV Infection without Hepatitis B or C Coinfection: A Case Report. AIDS Patient Care STDs 2010, 24, 693–696. [CrossRef]

http://doi.org/10.4269/ajtmh.2002.67.299
http://doi.org/10.1007/s10096-003-0919-1
http://doi.org/10.1086/651423
http://www.ncbi.nlm.nih.gov/pubmed/20218890
http://doi.org/10.1007/s10620-015-3615-y
http://doi.org/10.1128/JCM.01637-14
http://www.ncbi.nlm.nih.gov/pubmed/25100818
http://doi.org/10.1590/S1413-86702008000200004
http://www.ncbi.nlm.nih.gov/pubmed/18641847
http://doi.org/10.1089/apc.2012.0299
http://doi.org/10.1007/s40121-014-0047-5
http://doi.org/10.1097/QCO.0000000000000305
http://doi.org/10.1097/MCG.0b013e31823b3baf
http://doi.org/10.1001/archinte.160.2.244
http://doi.org/10.1007/s10620-006-9612-4
http://www.ncbi.nlm.nih.gov/pubmed/17394075
http://doi.org/10.1002/ibd.21077
http://www.ncbi.nlm.nih.gov/pubmed/19714759
http://doi.org/10.1023/A:1018883112012
http://www.ncbi.nlm.nih.gov/pubmed/9512139
http://doi.org/10.1097/MPG.0b013e318241a683
http://www.ncbi.nlm.nih.gov/pubmed/22108340
http://doi.org/10.1136/gut.43.4.558
http://www.ncbi.nlm.nih.gov/pubmed/9824586
http://doi.org/10.1097/MPG.0000000000000830
http://doi.org/10.1046/j.1365-2036.2001.01070.x
http://www.ncbi.nlm.nih.gov/pubmed/11564002
http://doi.org/10.1111/hiv.12808
http://www.ncbi.nlm.nih.gov/pubmed/31642582
http://doi.org/10.1097/INF.0000000000000927
http://www.ncbi.nlm.nih.gov/pubmed/26421804
http://doi.org/10.1371/journal.pone.0226375
http://www.ncbi.nlm.nih.gov/pubmed/31856189
http://doi.org/10.1586/eri.13.2
http://doi.org/10.1097/INF.0000000000001662
http://doi.org/10.1089/apc.2010.0038


Microorganisms 2021, 9, 1572 15 of 15

89. Sun, J.; Althoff, K.N.; Jing, Y.; Horberg, M.A.; Buchacz, K.; Gill, M.J.; Justice, A.C.; Rabkin, C.S.; Goedert, J.J.; Sigel, K.; et al. Trends
in Hepatocellular Carcinoma Incidence and Risk among Persons with HIV in the US and Canada, 1996–2015. JAMA Netw. Open
2021, 4, e2037512. [CrossRef]

90. Bohlius, J.; Foster, C.; Naidu, G.; Sengayi, M.; Turkova, A. Cancer in adolescents and young adults living with HIV. Curr. Opin.
HIV AIDS 2018, 13, 196–203. [CrossRef]

91. Carrasco, I.; Sainz, T.; Antoinette Frick, M.; de Ory, S.J.; Fortuny, C.; Burgos, J.; Montero, M.; Gavilán, C.; Falcón, M.D.; Couceiro,
J.A.; et al. Response to Direct Acting Antivirals for hepatitis C treatment in vertically HIV/HCV co-infected patients. J. Viral
Hepat. 2020, 27, 955–958. [CrossRef]

92. Indolfi, G.; Serranti, D.; Resti, M. Direct-acting antivirals for children and adolescents with chronic hepatitis C. Lancet Child
Adolesc. Health 2018, 2, 298–304. [CrossRef]

93. Szoke, D.; Ridolfo, A.; Valente, C.; Galli, M.; Panteghini, M. Frequency of pancreatic hyperamylasemia in human immunodefi-
ciency virus-positive patients in the highly active antiretroviral therapy era. Am. J. Clin. Pathol. 2016, 145, 128–133. [CrossRef]
[PubMed]

94. Manfredi, R.; Calza, L. HIV infection and the pancreas: Risk factors and potential management guidelines. Int. J. STD AIDS 2008,
19, 99–105. [CrossRef] [PubMed]

95. Lamorde, M.; Atwiine, M.; Owarwo, N.C.; Ddungu, A.; Laker, E.O.; Mubiru, F.; Kiragga, A.; Lwanga, I.B.; Castelnuovo, B.
Dolutegravir-associated hyperglycaemia in patients with HIV. Lancet HIV 2020, 7, e461–e462. [CrossRef]

96. McLaughlin, M.; Walsh, S.; Galvin, S. Dolutegravir-induced hyperglycaemia in a patient living with HIV. J. Antimicrob. Chemother.
2018, 77, 258–260. [CrossRef] [PubMed]

97. Nhean, S.; Yoong, D.; Wong, D.K.; Gough, K.; Tseng, A.L. Probable hepatotoxicity with dolutegravir: Report of two cases and
review of the literature. AIDS 2019, 33, 1261–1263. [CrossRef]

98. Melvin, A.J.; Warshaw, M.; Compagnucci, A.; Saidi, Y.; Harrison, L.; Turkova, A.; Tudor-Williams, G.; PENPACT-1 (PENTA
9/PACTG 390/ANRS 103) Study Team. Hepatic, renal, hematologic, and inflammatory markers in HIV-infected children on
long-term suppressive antiretroviral therapy. J. Pediatric Infect. Dis Soc. 2017, 6, e109–e115. [CrossRef]
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