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Abstract

Until recently, little attention has been given to chronic lung disease (CLD) in HIV-infected children. As the HIV epidemic matures
in sub-Saharan Africa, adolescents who acquired HIV by vertical transmission are presenting to health services with chronic
diseases. The most common is CLD, which is often debilitating.

This review summarizes the limited data available on the epidemiology, pathophysiology, clinical picture, special investigations
and management of CLD in HIV-infected adolescents. A number of associated conditions: lymphocytic interstitial pneumonitis,
tuberculosis and bronchiectasis are well described. Other pathologies such as HIV-associated bronchiolitis obliterans resulting in
non-reversible airway obstruction, has only recently been described.

In this field, there are many areas of uncertainty needing urgent research. These areas include the definition of CLD,
pathophysiological mechanisms and common pathologies responsible. Very limited data are available to formulate an effective

plan of investigation and management.
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Introduction

As the HIV epidemic matures in sub-Saharan Africa, adoles-
cents with undiagnosed HIV disease may present to health
services. The majority of these HIV-infected youth have
severe immunosuppression and a heavy burden of chronic
complications, with the most common chronic complications
being growth failure, lung and cardiac disease [1]. It is
postulated that this represents an emerging, previously
unrecognized severe burden of disease in countries with
a high HIV burden. It is estimated that 36% of perinatally
infected children may be slow progressors, who would have a
mean survival of 16 years without combination of antiretro-
viral therapy (ART) [2]. From using data collected in Zimbabwe
and South Africa, modelling suggests that a substantial
number of previously undiagnosed HIV-infected adolescents
will present with chronic disease, with a high percentage
having chronic lung disease (CLD) [2]. This problem is likely to
increase over time, as currently only 30% of children requiring
ART are treated in sub-Saharan Africa [3] and with increasing
ART use, more children will reach adolescence and will
contribute to the pool of adolescents with chronic diseases
including CLD.

In an excellent review of non-infectious CLD in HIV-infected
children, lymphocytic interstitial pneumonitis (LIP), malig-
nancies, immune reconstitution inflammatory syndrome
(IRIS), bronchiectasis, interstitial pneumonitis and aspiration

pneumonia were described [4]. That review clearly describes
the available information on the pathogenesis, clinical
picture, and management of these conditions and will not
be the focus of this review. The aim of this review is to
highlight the magnitude of the CLD in HIV-infected children
and adolescents, review the diseases that contribute to
the spectrum of CLD, their possible pathogenesis, clinical
features and management.

Methods

Electronic search was done using the keywords: HIV-infected,
children, adolescents, CLD, LIP, bronchiectasis and tubercu-
losis (TB). Only articles in English and those electronically
available were selected. The search engines used were
PubMed and Google Scholar.

Epidemiology of CLD in children and adolescents
Very few studies have extensively examined the epidemiology
of CLD in children and adolescents. In a study of 301
adolescents (10—18 vyears) hospitalized in Zimbabwe, 41%
were HIV-infected. In view of a high prevalence of stunting
and either being orphaned or having an HIV-infected mother,
perinatal HIV acquisition was felt to be most likely in 80%
of these infected youth [5]. Of 116 consecutive adole-
scents attending two outpatient clinics in Harare investigated
for CLD, 71% were between 13 and 18 years of age, all were
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stunted and 69% were on ART [6]. The vast majority, 86%, met
study definition for CLD. Similar data are now emerging from
Malawi where, in a study of 79 consecutive adolescents, over
50% reported dyspnea sufficient to limit their daily activities
and a third had abnormal lung function tests [7]. No gender
differences have been noted for CLD disease in HIV-infected
children and adolescents [6—14].

Due to the limited data available, the full impact of
HIV-related CLD cannot at present be estimated. However,
from emerging data it seems likely that adolescent survivors
of perinatal HIV infection an increasing prevalence of
chronic disease, of which CLD is the largest burden. Health
services are unlikely to be geared up to diagnose and
manage this emerging epidemic of CLD amongst HIV-infected
adolescents.

Defining CLD

CLD is a non-specific term that does not define the under-
lying pathology, but only suggests that there is an underlying
chronic lung condition present. The symptoms associated
with CLD such as cough or breathlessness could equally be
due to chronic cardiac disease. Radiological criteria to
define CLD are also problematic as they are observer
dependent and terminology in radiological abnormalities
varies between readers. Changes associated with bronchiec-
tasis, LIP and bronchiolitis are not precise and subject to
interpretation. Many factors contributing to CLD are shown
in Figure 1.

Therefore, in this review we suggest that the definitions
used by Ferrand et al., who have published the most
extensive article on CLD in adolescents, should be used as
a screening tool [6]. Suspected CLD should include two or
more of the following features:

1)  Chronic cough (defined as a cough present most days
for three months per year in the past two years);
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Figure 1.
RTI, recurrent respiratory tract infection.
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2)  Recurrent respiratory tract infections ( >two antibiotic
courses in the last year);

3) Moderate to severe limitation in physical activity
caused by breathlessness (New York Heart Association
class 2—4);

4)  Existing diagnosis and/or signs of cor pulmonale;

5) Hypoxia (O, saturation <92%) at rest or desaturation
(O, saturation >5% reduction) on exercise.

The limitation of this definition is that data on all the
elements are not available in primary care clinics in many
parts of the world where HIV prevalence is highest. Children
with the clinical elements of CLD should be referred to
regional/tertiary hospitals to confirm CLD, determine its
cause and exclude other possible causes such as chronic
cardiac disease.

Conditions associated with CLD

Lymphoid interstitial pneumonitis

LIP was described in the 1980s in children with (AIDS),
predating diagnostic tests for HIV. The first descriptions
indicate that children with LIP were older than those pre-
senting with Pneumocystis jerovicii pneumonia (PCP) and had
a better outcome, as LIP occurred in slow progressors and
was associated with a relatively preserved CD4 cell count [8].
LIP is thought to be a lymphoproliferative response to HIV or
Epstein-Barr virus (EBV) [15]. Children with LIP had chronic
cough, tachypnoea, clubbing and accompanying hypoxia. As
part of a lymphoproliferative response, an interstitial pneu-
monitis, generalised lymphadenopathy, parotid swelling and
hepatosplenomegaly were also noted.

The typical chest x-ray (CXR) and CT scan appearance is of a
diffuse, symmetrical reticulonodular or nodular pattern.
Bronchiectasis is a recognised complication in children in
12.5% of cases [8]. The pathogenesis of the bronchiectasis
remains unclear. As children with LIP have repeated lower
respiratory tract infections, it is uncertain if it is the repeated
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Potential pathophysiologic mechanisms leading to CLD in HIV-infected children and adolescents.
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infections that result in bronchiectasis or HIV itself. LIP
responds well to ART [16].

Bronchiectasis
Bronchiectasis is characterized by permanent and abnormal
widening of bronchi due to loss of elastin and more advance
disease by destruction of muscle and cartilage [17]. The first
descriptions in HIV-infected children were from two retro-
spective case series in the United States (USA). Between
1981 and 1990, 32 out of 77 children had LIP in the first
series. Four children with LIP had bronchiectasis confirmed
by CT scan [8]. The second study, conducted in 1997, of
HIV-infected children referred to a pulmonology clinic noted
bronchiectasis in 26 (15.8%) out of 164 children. Common
predisposing factors were LIP and recurrent and unresolved
pneumonia [14]. In a more recent retrospective study,
bronchiectasis occurred in 5.7% of children. Mean age at
first presentation with HIV-disease was 2.1 years, with age
7.8 years when bronchiectasis was first diagnosed [9]. The
risk factors for developing bronchiectasis were recurrent
pneumonia, severe immunosuppression and LIP [9].
Bronchiectasis was not thought to be common in Africa.
Cases were first described by Kiwanuka et al. who reported
bronchiectasis in five out of 110 children investigated for
TB [11]. Recently, data was published on 35 HIV-infected
children with bronchiectasis. Median age was 6.9 years; all
were already on ART, but continued to have significant
morbidity [12]. The aetiology of the bronchiectasis was not
explored.

TB as a cause and complicating disease of CLD

In adult studies, lung function impairments were noted
following TB treatment, with increasing impairment occurring
with recurrent episodes of TB [18]. Ehrlich et al. noted a
combined obstructive/restrictive lung function pattern in
adults after TB [19]. Whether this is also true for adolescent
patients is uncertain.

TB was commonly implicated as a cause of bronchiectasis
preceding the HIV pandemic [12,20]. In HIV-infected children
with symptoms and signs of CLD not responding initially to
three months of “standard” treatment including for TB, TB
was still confirmed in 29% by lung biopsy [10]. Similarly, in a
case series of older HIV-infected children receiving ART
complicated by bronchiectasis, 36% were previously treated
for TB, with microbiological confirmation in 11% of cases.
These two studies highlight the difficulty in making and
confirming the diagnosis of TB in HIV-infected children with
CLD [12]. The relationship between pulmonary TB and
bronchiectasis remains unclear in adolescent HIV-infected
patients, but a history of treatment for TB is common in such
patients [6].

Regardless of the role of TB in CLD pathogenesis, the
diagnosis of TB should always be considered and actively
evaluated. TB can cause bronchiectasis through airways
destruction and patients with HIV-related CLD can acquire
TB at any time.

Bronchiolitis obliterans
Bronchiolitis obliterans is characterised by fibrotic constric-
tion and/or complete obstruction of the bronchioles [21].

In children, it is usually linked to events in the first two
years of life, especially severe adenoviral and mycoplasma
pneumonia requiring supplemental oxygen and assisted
ventilation [21,22]. These children have small airway disease
with significant air trapping and wheezing. Co-existing
bronchiectasis occurs commonly. The ongoing clinical course
of post-infective bronchiolitis obliterans in HIV-infants and
children still needs to be described. In the Zimbabwean study
of HIV-infected adolescent patients with CLD, bronchiolitis
obliterans was the most common cause of CLD, although
many adolescents had co-existing radiological features of
bronchiectasis. The authors speculate that the bronchiolitis
obliterans was caused by multiple bacterial and/or viral
infections. HIV immunosuppression might also contribute by
facilitating ongoing small airway inflammation. A further
hypothesis is that a progressive inflammatory bronchiolitis
obliterans may be caused by HIV itself. Further research to
delineate the cause and effective management of bronchio-
litis obliterans in HIV-related CLD is needed [6].

Chronic aspiration pneumonia

Children with HIV are also at increased risk for esophagitis
due to Candida albicans and cytomegalovirus. In a radi-
ological review, aspiration pneumonia was proposed as
cause of CLD frequently associated with gastro-oesophageal
reflux disease in HIV-infected children [23,24]. In a case
series describing swallowing problems in 25 HIV-infected
young children, 83% (15/18) of children referred for assess-
ment due to recurrent respiratory tract infections had
swallowing dysfunction [25].

Interstitial lung disease

Other interstitial lung diseases rarely occur in HIV-infected
children and adolescents. Their clinical picture would be
difficult to distinguish form other causes of interstitial lung
disease or infection [4]. For an accurate diagnosis, an open
lung biopsy is required, but rarely performed in HIV-infected
children.

Special investigations

Radiology

In a prospective study of HIV-infected children in the United
States from the pre-ART era, a progressive accumulation of
chronic CXR abnormalities, defined as abnormalities lasting
more than three months, was present in children by four
years of age in 32.8% of 86 HIV-infected children followed
from birth [13]. The most common abnormalities were in-
creased bronchovascular markings and reticular densities.
Risk factors for chronic CXR abnormalities were declining CD4
count and increasing viral load [13].

Ferrand et al. found radiological abnormalities in 51 (68%)
out of 75 adolescents, of which 74% were classified as
severe. The most common reported abnormalities were ring/
tramline opacities and alveolar consolidation. Predominant
consolidation was associated with progressive dyspnea (odds
ratio 5.6 (95% Cl 1.6—20)) [26]. In a subsequent study, using
high-resolution computer tomography (HRCT) in adolescents
with suspected CLD, the major finding was decreased
attenuation, consistent with small airway disease, most likely
representing obliterative bronchiolitis [6]. The next most
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common findings were consistent with large airway abnorm-
alities, i.e., bronchial wall thickening, small and large airway
plugging, indicating bronchiectasis (43%).

More specific radiological features, associated with specific
diagnoses such as LIP, bronchiectasis, TB, interstitial lung
disease and malignancies are commonly present in these
patients. The interpretation of CXR findings in HIV-infected
children is complicated by persistent radiological changes
and an increased range of chronic respiratory tract pathol-
ogies including TB and acute lower respiratory tract infec-
tions. In a recent review, the authors appealed for greater
cooperation between clinicians and radiologists to facilitate
interpretation of the chest radiographic findings and to avoid
unnecessary mistakes [27].

Lung function testing

In the earliest report of lung function in HIV-infected
children, the airway resistance in the HIV-infected children
was higher when compared to that in HIV-uninfected children
(0.84+0.3 vs. 0.644-0.08 kPa L~ 1s; p <0.0001) [28]. The
airway resistance declined in HIV-uninfected patients over
time, but increased in the HIV-infected children, suggesting
ongoing pathology. The extent of airway resistance was
associated with the duration of HIV infection, rather than
intercurrent infections, suggesting that HIV itself might
contribute to ongoing airway disease.

Evidence of large airway obstruction has also been noted.
In the Zimbabwean study of HIV-infected adolescents, 33%
had a peak expiratory flow rate (PEFR) below 80% of pre-
dicted, and 45% had forced expiratory volume in 1 second
(FEV,) below 80% of predicted [6]. In a similar study of
79 HIV-infected youth in Malawi (median age 10.8 years),
abnormal spirometry was detected in 33% [7]. Of these,
almost a third (31%) had non-reversible airway obstruction as
demonstrated by no bronchodilator response and suggesting
structural lung disease in this group. In this study, 22% had
hypoxia at rest and a further 35% desaturated on walking [7].
In a study of HIV-infected children with bronchiectasis in South
Africa, the median FEV,% was only 53% of predicted (range:
5-86%) and median mid-expiratory flow rate (FEF;5_759,) Was
52% (range 11-165%) [12]. This study suggests both large and
small structural airways disease.

The measurement of oxygen saturations, before and after
exercise, should be included in evaluating patients suspected
of CLD, as at least one third might be missed if symptom-
based screening is used [7].

There are no follow-up lung function studies of children or
adolescents with CLD to investigate the progression of lung
disease, especially in older children and adolescents receiving
ART. These studies are important to follow the course of
structural lung disease and investigate if early ART would
prevent CLD, especially bronchiolitis obliterans, developing. A
paucity of lung function data limits the predictions of the
progression of disease and the response to treatment.

Microbiology

In investigating the organisms isolated from sputum in
HIV-infected children with bronchiectasis in South Africa,
Haemophilus influenzae and H. parainfluenzae accounted
for 49% of the isolates while Pseudomonas aeruginosa

(2%), Staphylococcus aureus (2%) and Mycobacterium
tuberculosis (1%) were rarely isolated [12]. In a study of
HIV-infected adolescents in Zimbabwe, sputum cultures were
positive for bacteria or fungi in 18 (46%) and mycobacteria
in 12 (22%) of 54 samples [6]. H. influenzae, Moraxella and
S. aureus were the most common bacterial isolates.
Mycobacterium tuberculosis was found in eight adolescents,
of whom seven were also sputum Ziehl-Neelsen positive. In
addition, the sputum was smear positive in 16% of cases
from whom no Mycobacterial species was cultured. These
adolescents were treated for TB [6]. This study indicates that
there might be a large burden of mycobacterial disease other
than TB disease in adolescents with CLD, requiring further
investigation.

Haemophilus influenza has been implicated as a ciliotoxic
bacterium, causing secondary immotile ciliary dysfunction
[17]. The role of chronic bronchial infection with this and
other organisms in the progression of CLD needs to be
investigated as this could have implications in the treatment
of CLD in HIV-infected adolescents.

Echocardiography

Echocardiographic evidence of pulmonary hypertension has
been documented in 7% of adolescents with CLD [6]. In a
study on the echocardiographic study findings in consecutive
HIV-infected Zimbabwean adolescents, abnormal left ventri-
cular (LV) hypertrophy (67%), impaired LV relaxation or
restrictive LV physiology, and right ventricular dilatation
without pulmonary artery hypertension (29%) were reported
[29]. This data partially explains why limited ability to
exercise, breathlessness and desaturation on exercise are
common in HIV-infected adolescents even with minimal
changes on the chest radiograph. Of note, CLD was not
reported in this study. There are no reports of obstruc-
tive sleep apnea in HIV-infected adolescents that might
complicate their CLD. Adult reports suggest that this may
occur [30], but studies in children and adolescents are
required.

The role of ART

The Children with HIV Early Antiretroviral (CHER) trial, which
commenced in 2005 and ended in 2011, emphasized the
importance of early diagnosis and early ART initiation by
seven weeks of age, which reduced the risk of death or
disease progression by 76% compared to a deferred strategy
with initiation of ART at a median of six months of age. The
incidence of TB was 50% lower in infants on early ART than
when deferred [31]. Benefits of early ART were sustained.
After a median follow-up of 4.8 years, there were five cases
of CLD, including two with bronchiectasis and one with LIP
in 377 trial participants [32]. It is likely that early ART is
important in protecting the lungs against damage from
frequent intercurrent and severe infections.

Data from CLD studies strongly suggest that delayed
initiation of ART in older children and adolescents will not
improve lung function in the short-term, even with excellent
adherence [6,12].

Paradoxically, ART has been linked to deteriorating lung
disease. In IRIS, pulmonary infiltrates will temporarily
increase, as has been described for pulmonary TB [33,34].
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In a cross-sectional study of adults with airways obstruc-
tion, ART was associated with increased airways obstruction
[35]. These data, however, require prospective studies for
confirmation.

Challenges and limitations

Methodological issues

The major limitation of all the cross-sectional studies is that
temporality cannot be determined. Also, many studies are
uncontrolled. A selection bias is likely as many studies focus
on patients with severe disease. Therefore, detailed prospec-
tive studies are required.

Definitions of CLD

At present there are no agreed definitions of CLD in HIV-
infected adolescents. The definitions would require high
sensitivity and be applicable in primary care clinics in rural
settings. Identified children and adolescents would require
referral to regional/tertiary institutions for further investiga-
tions. These should include chest radiography, saturation
monitoring (at rest, during exercise and during sleep),
sputum culture for bacteria and mycobacteria, lung function
testing and electrocardiography (EKG). In selected cases
HRCT and echocardiography will be required. An algorithm
to investigate children and adolescents should be devel-
oped and scientifically tested to ensure high sensitivity and
specificity.

Response to therapy

There are no randomized controlled studies available to
guide therapy. Although it seems logical to follow the
guidelines for management of non-cystic fibrosis bronchiec-
tasis, there is no evidence to support this approach. The
postulated ongoing airways inflammation in bronchiolitis
obliterans might respond to immunomodulation with macro-
lide antibiotics and should be studied [36]. Early identifica-
tion of HIV-infected infants and children and immediate
initiation of ART regardless of CD4 count may be essential to
prevent CLD. Justification for this approach is the lack of
association between the CD4 count, duration of ART and lung
function tests indicating irreversible lung damage in adoles-
cent patients with CLD [6].

Pathogenesis

A number of risk factors that commonly occur in HIV-infected
children and adolescents could lead to CLD. These include
repeated respiratory tract infections, LIP, pulmonary TB, poor
nutrition and exposure to increased biomass pollution at
home. The risk of developing CLD would be exacerbated by
tobacco smoke, late initiation of ART and late recognition of
the symptoms and signs suggestive of CLD. Urgent research is
required to elucidate which factors are responsible for the
development of CLD in adolescence and which interventions
will prevent the progression of CLD.

Management

To initiate the correct therapy, adolescents and children with
symptoms and signs suggestive of CLD should be carefully
evaluated and the most appropriate treatment initiated.
This requires that patients with suspected CLD be referred
to regional/tertiary hospitals for evaluation and treatment.

In many parts of sub-Saharan Africa, facilities to make an
accurate diagnosis are lacking. Therefore, at present it seems
logical to use guidelines recommended for management of
children with non-cystic bronchiectasis [37].

The aims of the treatment as modified from the above
guidelines should be:

1) To identify and treat underlying cause to prevent
disease progression;

2)  To maintain or improve lung function;

3) To reduce exacerbations and improve quality of life by
reducing daily symptoms;

4) To ensure optimal ART and preventative treatment
including trimethoprim-sulphamethoxazole [38,39] and
isoniazid preventative treatment [40].

Briefly, this would include patient education, aggressive
treatment of acute bacterial exacerbations and annual
immunization against influenza and pneumococcal vaccina-
tion every five years. Home-based physiotherapy and airway
clearance techniques, bronchodilators for those with rever-
sible airway obstruction and long-term home oxygen therapy,
where possible, should be prioritized. Acute bacterial exacer-
bations of lower airway infections should be treated with
antibiotics for 14 days. The choice of antibiotics should be
guided by sputum cultures.

Children and adolescents should be hospitalized if the
work of breathing has significantly increased, if supplemen-
tary oxygen is required, if unable to take oral antibiotics or
requires intravenous antibiotics or if a complication has
developed. The most common complications are respiratory
failure, haemoptysis and pulmonary hypertension leading to
cor pulmonale. Protocols to manage these complications,
appropriate to the level of care needed should be developed.
Patients requiring long-term oral antibiotics, nebulised anti-
biotics, inhaled corticosteroids or possible lung resection of
localized disease should be referred to tertiary institutions for
advice.

All of the above-suggested treatment strategies require
scientific validation, preferably in randomized control trials.
Prior to this occurring, databases similar to those used in
national cystic fibrosis registers might be helpful in identify-
ing timely interventions that will benefit adolescents with
CLD.

Conclusions

CLD in HIV-infected children and adolescents requires
heightened awareness to clinically identify children and
adolescent patients at an early stage to prevent ongoing
lung function loss. Sub-clinical CLD is likely to be common
and markers of early lung damage require exploration. The
success of this new era in the management of HIV-infected
children and adolescents will be determined by our efforts to
improve quality of life, with CLD requiring urgent attention.
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