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ABSTRACT
Background There is limited knowledge of chest
radiographic abnormalities over time in HIV-infected
children in resource-limited settings.
Objective To investigate the natural history of chest
radiographic abnormalities in HIV-infected African
children, and the impact of antiretroviral therapy (ART).
Methods Prospective longitudinal study of the
association of chest radiographic findings with clinical
and immunological parameters. Chest radiographs were
performed at enrolment, 6-monthly, when initiating ART
and if indicated clinically. Radiographic abnormalities
were classified as normal, mild or moderate severity and
considered persistent if present for 6 consecutive months
or longer. An ordinal multiple logistic regression model
assessed the association of enrolment and time-
dependent variables with temporal radiographic findings.
Results 258 children (median (IQR) age: 28 (13–51)
months; median CD4+%: 21 (15–24)) were followed for
a median of 24 (18–42) months. 70 (27%) were on
ART at enrolment; 130 (50%) (median age: 33 (18–56)
months) commenced ART during the study. 154 (60%)
had persistent severe radiographic abnormalities, with
median duration 18 (6–24) months. Among children on
ART, 69% of radiographic changes across all 6-month
transition periods were improvements, compared with
45% in those not on ART. Radiographic severity was
associated with previous radiographic severity
(OR=120.80; 95% CI 68.71 to 212.38), lack of ART
(OR=1.72; 95% CI 1.29 to 2.27), enrolment age
<18 months (OR=1.39; 95% CI 1.06 to 1.83), diffuse,
severe radiographic abnormality at enrolment (OR=2.18;
95% CI 1.33 to 3.56), hospitalisation for lower
respiratory tract infection during the previous 6 months
(OR=1.88; 95% CI 1.06 to 3.30) and length of follow-
up: at 18–24 months (OR=0.66; 95% CI 0.49 to 0.90),
and at 30–54 months (OR=0.42; 95% CI 0.32 to 0.56).
Conclusions Most children had severe radiographic
abnormalities persisting for at least 18 months. ART was
beneficial, reducing the risk of radiographic deterioration
or increasing the likelihood of radiological improvement.

INTRODUCTION
Acute and chronic respiratory illness is the leading
cause of morbidity and mortality in HIV-infected chil-
dren.1–4 This high burden of respiratory disease is
reflected in abnormalities of the chest radiograph, a
common investigation for respiratory illness.
Although combination antiretroviral therapy (ART)
programmes reduce incidence and severity of

respiratory disease in HIV-infected children, there are
limited longitudinal data on the chest radiographic
abnormalities in HIV-infected children in low-income
or middle-income countries (LMICs), especially
where access to ART has been suboptimal.5–11

We have previously reported that among a group
of HIV-infected South African children with late
access to ART, over 50% demonstrated severe chest
radiographic abnormalities, either confluent opacifi-
cation, a nodular pattern or in combination. These
radiographic patterns were most common in chil-
dren aged 24–48 months and were associated with
advanced HIV disease and immune suppression.12

Prior to the availability of ART comprising three
antiretrovirals (ARV), a 4-year longitudinal study of
287 HIV-infected North American children, some
of whom were receiving one or two ARVs,
reported a 29% (n=83) cumulative prevalence of
persistent chest radiographic abnormalities, with
23% (n=64) having severe abnormalities, manifest-
ing as persistent consolidation or nodules.13 There
is no comparable study in LMICs where a high
burden of paediatric HIV disease, limited access to
healthcare, malnutrition, poverty and a high inci-
dence of respiratory infections such as pulmonary
TB (PTB) contribute to respiratory morbidity.14

The aim of this study was to longitudinally inves-
tigate the prevalence, features and progression of
chest radiographic abnormalities, and the impact of
ART, in HIV-infected African children.

Key messages

What is the key question?
▸ What is the cumulative prevalence of chest

radiographic abnormalities in HIV-infected
African children where antiretroviral therapy
(ART) access was initially limited?

What is the bottom line?
▸ There is a very high (60%) cumulative prevalence

of persistent, severe chest radiographic
abnormalities in HIV-infected African children,
which can be reduced with subsequent ART.

Why read on?
▸ The main causes of persistent, severe chest

radiographic abnormality will be identified and
the benefits of subsequent ART quantified.
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METHODS
Study population
We conducted a prospective longitudinal study of HIV-infected
children enrolled in an isoniazid (INH) prophylaxis trial at the
Red Cross War Memorial Children’s Hospital and Tygerberg
Children’s Hospital in Cape Town, South Africa.15 16 Children
were recruited over a 5-year period, from December 2002 to
November 2007. All children attended public healthcare facil-
ities and were vertically infected.

Clinical assessment
Baseline
At enrolment, study investigators recorded a standardised base-
line assessment on a customised case report form. This included
a detailed history incorporating socioeconomic parameters, and
a physical examination. CD4 count and percentage were mea-
sured. HIV-staging was according to the Centres for Disease
Control and Prevention (CDC) clinical and immunological cat-
egories.17 For clinical suspicion of PTB, children had at least
two induced sputa for smear and liquid culture.15 16

Follow-up
Patients were seen at monthly intervals for the first 6 months,
6-weekly for the next 6 months and 3-monthly thereafter. At
each visit, an abbreviated history and physical examination,
including height and weight, were undertaken. CD4+ cells and
percentage were measured 12-monthly. Tuberculin skin testing
was repeated 6-monthly if prior tests were negative.

Caregivers kept diaries of intercurrent illnesses and clinic
attendance between study visits and a questionnaire reflecting
diary entries was completed at each study visit. When a child
was hospitalised, caregivers contacted a study investigator,
thereby facilitating recording of hospitalisation data. Children
hospitalised for acute lower respiratory tract infection (LRTI)
were investigated for bacterial, viral, mycobacterial and fungal
pathogens and treated according to current South African public
sector guidelines. All hospitalisations for LRTIs were included
on the study database.

Access to ART through public programmes became available
from 2004. Follow-up for children commencing ART was
according to standard guidelines for ART safety and compliance.
ART adherence was assessed at each visit as percentage compli-
ance, based on medication dispensed and returned.

Throughout the study, nutritional supplements (multivitamin
syrup, elemental iron and folic acid) were prescribed as standard
of care. In addition, Primary Health Care facilities provided food
supplementation to moderately malnourished children. Severely
malnourished children were hospitalised for initial management.

Radiological assessment
Anteroposterior and lateral chest radiographs were acquired at
enrolment and then 6-monthly. Additional radiographs were
performed prior to initiating ART or if hospitalised for LRTI, if
PTB was suspected, or at the discretion of the treating doctor.

Reporting
A paediatric radiologist blinded to the clinical details undertook
chest radiographic interpretation. The standardised reporting
methodology and customised force-choice reporting template
have been previously described (see online supplementary file 1,
12). Overall radiographic severity was assigned according to the
most advanced radiographic abnormality and stratified as grade
0 (normal), grade 1 (mild/moderate abnormality—bronchial wall

thickening and/or mild atelectasis) or grade 2 (severe abnormal-
ity—confluent opacification, a nodular/reticulonodular/reticular
pattern, moderate/severe atelectasis, bronchiectasis, cysts or
cavities).

The distribution of severe (grade 2) features was further ana-
lysed on the anteroposterior radiograph by dividing each lung
into three zones. Focal disease was confined to one zone, multi-
focal to between two and four zones, and diffuse when in more
than four zones.

Statistical analysis
Descriptive statistics (frequencies, medians, IQRs and propor-
tions) were calculated at baseline and across time. To assess the
differences between the subgroup without follow-up radio-
graphs and the study cohort with follow-up radiographs, base-
line demographic and clinical characteristics were compared
using 2-sample t tests and χ2 tests.

The cumulative prevalence and median duration of persistent,
severe radiographic abnormality was calculated by analysis of
the longitudinal radiographic status of individual patients. Any
child showing severe abnormality on consecutive 6-monthly
follow-up radiographs was considered to have persistent severe
abnormality. The number of consecutive radiographs demon-
strating severe abnormality determined its duration. Descriptive
tables of transition in the radiographic status of the cohort were
compiled at each 6-monthly point of follow-up and stratified by
ART status. As a summary descriptive metric, the cumulative
total of transitions (improvement and deterioration) was calcu-
lated for ARTand non-ART periods.

To assess radiographic severity over time, an ordinal multiple
logistic regression model included independent variables from
two components of the study, (A) enrolment variables (gender,
age in months, anthropometric data, CDC clinical classification,
CD4+%, radiographic severity, active PTB, hospitalisation for
LRTI, INH prophylaxis, ART status) and (B) time dependent
variables (radiographic severity 6 months prior, hospitalisation
for LRTI within the preceding 6 months, diagnosis of active
PTB in the preceding 6 months, INH status at the preceding
6-monthly clinical evaluation, ART status, CD4+% and
anthropometric data at each point of follow-up). Using radio-
graphic findings in the preceding 6 months as a variable in the
model made this a transitional model for radiographic severity.

In addition, changes in the composition and chest radio-
graphic severity risk of the cohort due to withdrawals, death or
duration of follow-up were accommodated by incorporating a
time factor termed ‘length of follow-up’. This key model com-
ponent was defined by the three time periods, 6–12 months,
18–24 months and 30–54 months, and was used to evaluate the
differential effects over time of risk factors such as anthropo-
metric data, CD4+%, use of ART, INH treatment status and
prior radiographic severity. The evaluation was performed by
incorporating various interaction terms into the model and
testing them for significance; none were significant.

The model accounted for the dependency of repeated mea-
sures for each participant by using a robust cluster variance
approach. Multiple imputations (n=20) of missing covariate
values for ART (1% missing), CD4+% (13% missing) and the
weight-for-age z-score (WHOWAZ, 24% missing) were done
for the model. For the imputations, logistic and multivariate
normal regression models were used with complete baseline
covariates such as age, sex, INH status and radiological class.

To evaluate the proportional odds assumption as the outcome
in the ordinal multiple logistic regression model, an approxi-
mate likelihood ratio test was applied across the radiographic
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severity categories as follows: grade 0 versus grade1/2 and grade
0/1 versus grade 2.

RESULTS
Study population
Of 330 children enrolled, 24 (7%) died and 24 (7%) were with-
drawn in the first 6 months, while 24 (7%) did not have retrievable
follow-up radiographs. The remaining 258 children (78%; m=138,
53%; median (IQR) age: 28 (13–51) months) had at least one
follow-up radiograph and were included in this analysis, contribut-
ing 2024 radiographic studies. During follow-up 8 children (3%)
died, while 74 (29%) were withdrawn from the study (table 1).

Comparison between the subgroup with no radiographic
follow-up (n=72) and the study cohort (n=258) showed no sig-
nificant difference in radiographic profile at enrolment.
However, those without follow-up radiographs were younger,
malnourished and had more advanced HIV disease.

Socioeconomic features
All 258 children were from poor urban or peri-urban
backgrounds. Almost half (120, 47%) lived in informal
housing, more than half (141, 55%) were without running
water in their homes, while 146 (57%) used outside toilet
facilities.

Table 1 Study population

ART, antiretroviral therapy; PTB, pulmonary TB; WHOWAZ, weight-for-age z-score.
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Clinical features
At enrolment, 233 (90%) had moderate or advanced clinical
HIV disease and most had moderate immune suppression
(median (IQR) CD4+%=21 (15–28)) (table 2). Thirty-seven
(14%) had PTB at enrolment, 3 being culture-confirmed and 34
clinically diagnosed. Seventy children (27%) were already on
ART at enrolment, for a median of 7 (5–15) months (table 2).
During the study, an additional 130 children (50%), median age
33 (18–56) months, commenced ART. At study end, 200 (78%)
were on ART, having received treatment for a median of 16 (9–
25) months.

Median length of follow-up was 24 (18–42) months, during
which 72 children (28%) required at least one hospitalisation
for acute LRTI, with 39 (15%) having multiple admissions.
Sixty-one patients (24%) had disease progression by CDC clin-
ical category. On final analysis, 250 (97%) had moderate or
advanced clinical HIV disease. An additional 36 children (14%)
developed PTB during the study, of whom, 14 were culture-
confirmed and 22 diagnosed on clinical criteria. The immuno-
logical status of children followed for 54 months (median CD4
+%=32 (26–36)) showed sustained improvement from enrol-
ment (median CD4+%=21 (15–28)).

At enrolment, a third of the cohort (n=84, 33%) had a
WHOWAZ below −2. For the first 2 years of follow-up there
was steady improvement in nutritional status. By 24 months, the

WHOWAZ was below −2 in only 33 subjects (17%).
Thereafter, there was little further nutritional improvement.
Persistent failure to thrive was ascribed to late diagnosis of HIV
infection and delayed access to ART.

Radiological progression
At enrolment, 229 (89%) children had a chest radiographic
abnormality, with 130 (50%) showing severe (grade 2) abnor-
mality (table 3, see online supplementary file 2). In the first
6 months, the proportion with severe abnormality increased
slightly from 50% to 53%, remaining unchanged at 12 months.
Subsequently, slow but sustained radiological improvement was
noted, with 40%, 28%, 19% and 16% showing severe abnor-
mality at 24 months, 36 months, 48 months and 54 months,
respectively. The cumulative incidence of persistent, severe
abnormality was 154 (60%), with a median duration of 18 (12–
24) months.

Nodules alone (n=49), or with homogeneous opacification
(n=73), accounted for 122 (79%) cases of persistent, severe
abnormality, visualised for a median of 18 (12–24) months.
Nodule distribution was predominantly symmetrical and either
multifocal or diffuse (n=107; 97%), with a mean nodule diam-
eter of 2 mm.

Seventy-one patients (28%) with persistent nodules met CDC
criteria for lymphocytic interstitial pneumonitis (LIP).18 Of

Table 2 Demographic and clinical findings over time

Parameter
n (%), median (IQR)

Baseline
n (%)

6 months
n (%)

12 months
n (%)

18 months
n (%)

24 months
n (%)

30 months
n (%)

36 months
n (%)

42 months
n (%)

48 months
n (%)

54 months
n (%)

Total 258 (100) 258 (100) 249 (97) 224 (87) 201 (78) 128 (50) 97 (38) 86 (33) 70 (27) 49 (19)
Male 138 (53) 138 (53) 131 (53) 118 (53) 109 (54) 63 (49) 48 (49) 42 (49) 35 (50) 22 (45)
Age in months 28 (13–51) 33 (19–56) 39 (25–62) 45 (30–70) 50 (34–75) 52 (40–73) 60 (47–76) 64 (52–83) 70 (59–89) 79 (65–96)
On ART 70 (27) 115 (45) 159 (64) 163 (73) 157 (78) 101 (82) 80 (82) 71 (83) 58 (83) 38 (78)
CD4+% 21 (15–28) 21 (15–29) 24 (18–30) 25 (18–31) 27 (20–33) 26 (20–32) 27 (21–34) 29 (23–35) 30 (25–37) 32 (25–35)
Weight-for-age z-score <2 84 (33) 73 (28) 62 (25) 43 (19) 33 (16) 18 (14) 15 (15) 14 (16) 11 (16) 9 (18)
PTB diagnosed in period 37 (14) 16 (6) 11 (4) 5 (2) 0 2 (1) 1 (0) 1 (0) 0 0
Hospitalised in period n/a 48 (19) 34 (13) 11 (4) 9 (3) 3 (1) 5 (2) 1 (0) 0 0
CDC clinical category
N 3 (1) 2 (1) 2 (1) 0 (0) 0 0 0 0 0 0
A 22 (9) 12 (5) 10 (4) 4 (2) 2 0 0 0 0 0
B 163 (63) 158 (61) 145 (58) 127 (57) 109 (54) 56 (44) 45 (46) 36 (42) 26 (37) 16 (33)
C 70 (27) 86 (33) 92 (37) 93 (42) 90 72 (56) 52 (54) 50 (58) 44 (63) 33 (67)

ART, antiretroviral therapy; CDC, Centres for Disease Control and Prevention; PTB, pulmonary TB.

Table 3 Radiological findings over time

Radiological parameters
Baseline
n (%)

6 months
n (%)

12 months
n (%)

18 months
n (%)

24 months
n(%)

30 months
n (%)

36 months
n (%)

42 months
n (%)

48 months
n (%)

54 months
n (%)

Same – 182 (70) 186 (75) 166 (74) 155 (77) 94 (74) 71 (73) 63 (73) 52 (74) 37 (78)
Improved – 28 (11) 40 (16) 46 (21) 22 (11) 27 (21) 18 (19) 17 (20) 10 (14) 8 (14)
Deteriorated – 48 (19) 23 (9) 12 (5) 24 (12) 6 (5) 8 (8) 6 (7) 8 (11) 4 (8)
Grade 0 28 (11) 13 (5) 33 (13) 37 (17) 34 (17) 35 (27) 28 (29) 35 (41) 29 (41) 23 (43)
Grade 1 100 (39) 107 (41) 83 (33) 95 (42) 86 (43) 45 (35) 42 (43) 33 (38) 28 (40) 218 (41)
Grade 2 130 (50) 138 (54) 133 (54) 92 (41) 81 (40) 47 (37) 27 (28) 18 (21) 13 (19) 8 (16)
Nodules alone 30 (12) 47 (18) 48 (19) 45 (20) 40 (20) 22 (17) 11 (11) 8 (9) 4 (6) 5 (10)
Opacification alone 59 (23) 41 (16) 41 (16) 16 (7) 20 (10) 15 (12) 7 (7) 6 (7) 6 (9) 1 (2)
Nodules with opacification 41 (16) 50 (19) 44 (18) 29 (13) 20 (10) 13 (10) 5 (5) 1 (1) 2 (3) 0 (0)
Bronchiectasis 7 (3) 13 (5) 17 (7) 14 (6) 22 (11) 13 (10) 9 (9) 7 (8) 7 (10) 4 (8)
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these, 46 (65%) had a purely nodular chest radiographic
pattern, while 25 (35%) had areas of superimposed persistent
confluent opacification during follow-up. Thirty-six patients
(median CD4+%=18 (14–30); median age: 43 (31–69)
months) had LIP at enrolment and 35 (median CD4+%=20
(16–27); median age: 35 (23–54) months) developed LIP
during the study.

Persistent homogeneous opacification occurred in 32 cases
(21%) and was present for a median of 12 (6–18) months.

Of the 73 children diagnosed with PTB, 47 (64%) had
persistent severe abnormality, with a median duration of 24
(18–30) months. Homogeneous opacification alone or nodules
with opacification were each noted in 19 cases (40%), while
nodules alone occurred in 9 cases (19%). The median age at the
time of PTB diagnosis was 31 (13–61) months and the median
CD4+% at diagnosis was 18 (13–25).

Repeated hospitalisation for acute LRTI was implicated in per-
sistent severe radiographic abnormality in eight patients (3%).

At enrolment, seven (3%) patients (median age: 19 (17–38)
months; median CD4+%=21 (19–22)) had features of bronchi-
ectasis. A further 24 (9%) patients (median age: 27 (24–67)
months; median CD4+%=20 (13–28)) developed radiographic
signs of bronchiectasis during the study. Twenty-nine of these 31
patients (94%) also had persistent nodules and/or opacification.
Thus, bronchiectasis alone accounted for less than 1% of the
persistent severe radiographic abnormalities in our cohort, but
in combination with other severe abnormalities was implicated
in 12% of cases. Eleven patients with LIP (15%) developed fea-
tures of bronchiectasis at a median of 12 (6–12) months after
the onset of LIP and 10 patients with PTB (10/47; 21%) devel-
oped such features at a median of 6 (0–12) months after the
PTB diagnosis. Bronchiectasis was basal in 28 cases (90%) and
multifocal in 25 (80%). Tubular bronchiectasis (n=25, 81%)
predominated with 6 (19%) showing cystic features.

Impact of ART
There was good adherence to ART, with 190 children (95%)
reaching at least 90% compliance (see online supplementary
file 3). Among children on ART, 69% (162/235) of changes in
chest radiographic status across all the 6-month transition
periods were improvements, and 31% (73/235) were deteriora-
tions. By comparison, among those not on ART, 45% (54/120)
of all changes were improvements and 55% (66/120) deteriora-
tions. Thus, compared with those not on ART, children on ART
had 24% more improvements and 24% fewer deteriorations
across the transition periods.

Ordinal multiple logistic regression analysis
A main-effects model is presented, since evaluation of the inter-
action of follow-up time with prior chest radiographic severity
and ART status revealed that neither was significant (p=0.1551
and p=0.1219, respectively) (table 4). The approximate likeli-
hood ratio test of proportionality of odds across radiographic
severity categories confirmed the assumption that the estimated
regression coefficients were equal across categories (p=0.1666).

Chest radiographic severity was associated with radiographic
abnormality on the previous film, absence of ART, enrolment age
less than 18 months, diffuse severe radiographic abnormality at
enrolment, hospitalisation for acute respiratory tract infection in
the preceding 6 months and the duration of follow-up (table 4).

The influence of prior chest radiographic severity was most
striking when the previous radiograph demonstrated severe
(grade 2) abnormality. Here, the odds for remaining in the
severe abnormality class were 120 times greater than a child

with a normal radiograph at the preceding visit (OR=120.80;
95% CI 68.71 to 212.38). Similarly, a mild (grade 1) abnormal-
ity on the previous film increased the probability of progression
to severe abnormality on the subsequent film by 10-fold
(OR=10.70; 95% CI 6.93 to 16.55).

For a child not on ART, the odds of having a more severe
abnormality were almost double that of a child on ART
(OR=1.72; 95% CI 1.29 to 2.27) independent of the period
of follow-up. At each point of follow-up, children younger
than 18 months at enrolment had an almost 40% increased risk
of being in a higher severity category compared with children
older than 18 months at enrolment (OR=1.39; 95% CI 1.06
to 1.83).

Diffuse, severe radiographic abnormality at enrolment had a
detrimental effect over the whole study period, more than
doubling the odds of increased radiological severity, compared
with children without this feature (OR=2.18; 95% CI 1.33
to 3.56).

Hospitalisation for LRTI in the preceding 6 months almost
doubled the risk of being in a more severe category, compared
with a child not hospitalised (OR=1.88; 95% CI 1.06 to 3.30).

Table 4 Ordinal multiple logistic regression analysis

Risk factor OR (95% CI) p Value

Age below 18 months at enrolment
No 1.00
Yes 1.40 (1.06 to 1.83) 0.016

Diffuse, severe, radiological
abnormality at enrolment
No 1.00
Yes 2.18 (1.34 to 3.56) <0.002

Radiological severity 6 months prior <0.001
grade 0 1.00
grade 1 10.71 (6.92 to 16.55) <0.001
grade 2 120.80 (68.71 to 212.38) <0.002

Hospitalised in the last 6 months
No 1.00
Yes 1.87 (1.07 to 3.30) 0.029

On ART
Yes 1.00
No 1.72 (1.29 to 2.27) <0.001

Months on the study (months) <0.0001
6–12 1.00
18–24 0.66 (0.49 to 0.90) 0.008
30–54 0.37 (0.28 to 0.51) <0.001

Diagnosed with TB
No 1.00
Yes 2.87 (0.95 to 8.64) 0.060

Gender
Male 1.00
Female 0.97 (0.75 to 1.25) 0.811

CD4+% 0.99 (0.90 to 1.00) 0.062
CDC clinical classification 0.211
A+N 1.00
B 1.63 (0.78 to 3.38) 0.192
C 1.91 (0.88 to 4.12) 0.101

INH at visit 6 months prior
Yes 1.0

No 1.39 (0.99 to 1.96) 0.056
Weight-for-age z-score 98 (0.90 to 1.08) 0.747

ART, antiretroviral therapy; CDC, Centres for Disease Control and Prevention.
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The risk of being in a more severe category declined signifi-
cantly with time. Compared with children followed for 6–
12 months, those followed for 18–24 months had reduced risk
of severe radiographic disease (OR=0.66, 95% CI 0.49 to
0.90), while those followed for 30–54 months had a further
reduction (OR=0.37, 95% CI 0.28 to 0.51). Gender, CDC clin-
ical classification, PTB, anthropometric parameters, CD4+%
and INH usage were not associated with radiographic severity
(table 4).

DISCUSSION
In this first longitudinal analysis of chest radiographic abnormal-
ities in HIV-infected African children, we found a 60% cumula-
tive prevalence of persistent severe abnormality, almost
threefold above HIV-infected North American children prior to
the availability of ART.13 In the US study, persistent abnormality
was defined as present for 3 consecutive months or longer, in
contrast to our definition of 6 months or longer. The prevalence
of persistent changes in our study therefore represents a conser-
vative estimate. The high prevalence of persistent and severe
radiographic abnormalities highlights the substantial burden of
HIV-associated chronic respiratory disease in children in
sub-Saharan Africa (SSA).

LIP (45%) and PTB (31%) were the leading causes of persist-
ent, severe abnormality, accounting for over three quarters of
cases. In the North American study, the cause of severe abnor-
mality was established in 23 of 64 cases (35%); LIP (16/64;
25%) predominated, followed by chronic Pneumocystis infec-
tion (5/64; 8%) and PTB (2/64, 3%).13 The 10-fold higher
prevalence of PTB in our cohort underscores the significant
PTB burden in SSA.19 The prevalence of LIP is also higher than
reported by Norton (16/287;6%), but comparable to retrospect-
ive studies of symptomatic HIV-infected children in North
America and the UK.20–23 Reasons for the variable incidence of
LIP may relate to the epidemiology of Epstein-Barr virus (EBV)
infection, which has been implicated in LIP pathogenesis,24–26

to the diagnostic criteria used, age range and selection of patient
populations.

The preceding chest radiograph was the single most important
predictor of subsequent radiological severity. This strong associ-
ation reflects the intractability of the underlying lung disease, as
exemplified by LIP and PTB, where severe abnormalities per-
sisted for a median of 18 months and 24 months, respectively.
This study therefore provides important new information on the
persistence of severe radiological abnormality in HIV-associated
pulmonary disease. The study also suggests that repeated chest
radiographs are not indicated in HIV-infected children with
severe radiological findings without clinical deterioration.

Importantly, we have shown that ART can decrease the risk of
progression to severe radiographic abnormality and ameliorate
established abnormality. The benefits of ART manifested within
6 months of commencing treatment and the beneficial effects
were quantifiably sustained across all time periods. ART almost
halved the burden of radiological severity at each time point,
especially in LIP and PTB. The impact of ART on LIP has, to
our knowledge, not been previously described in children. Thus
far, a single study documented complete resolution of LIP27 in
four of five adults (80%) after 6 months of ART. Further study
of the pathogenesis and immunological correlates of LIP are
required to better understand the mechanism of radiological
improvement. The ART-related radiographic response in PTB
may be achieved through arresting clinical progression of HIV
disease,28 29 enhancing immunity30 or increasing the efficacy of
TB treatment.11

The findings of this study suggest that early initiation of ART
may prevent the radiological abnormalities documented in this
cohort. We found that young age and diffuse, severe radio-
graphic abnormality at enrolment (when a minority of children
was on ART) were associated with radiographic severity at each
point of follow-up, that ART had a sustained capacity to
prevent and reverse radiological abnormality, and that there was
a natural tendency to radiographic improvement beyond 12
months of follow-up.

A strength and a limitation of the study is that the same experi-
enced paediatric radiologist undertook all of the reporting using
standardised reporting methodology.12 The potential for interob-
server variation in the interpretation of grade 0 (normal) and
grade 1 (mild/moderate) radiographic abnormalities is well recog-
nised.31 However, interobserver variation is less likely to impact
on the reported incidence of more radiologically overt severe
findings which, in our study, were mostly multifocal or diffusely
distributed. Good interobserver agreement can be achieved by
systematic and standardised reporting of such features,32 as in
our study. A further limitation is the potential for under-
reporting of features such as bronchiectasis, which usually
require CT for definitive diagnosis. Resource limitations and
ethical concerns regarding unnecessary exposure to radiation pre-
cluded its use in most children. The prevalence of chronic radio-
logical disease in this study may therefore be underestimated.

Although clinical features such as cough, respiratory rate and
chest auscultation findings were recorded for all children at each
follow-up visit, correlation with radiographic findings is difficult
and could not be included in this analysis. However, there was a
marked reduction in hospitalisation for acute LRTI over time,
concomitant with clinical and radiological improvement.

Currently, an estimated 2.9 million children in SSA and
400 000 in other resource-limited settings are HIV-infected.14

Our findings suggest that almost two million of these children
may have persistent, severe chest radiographic abnormalities.
Furthermore, in LMICs, only a third of those eligible are receiv-
ing ART, well short of the Millennium Development Goal of
100% ART coverage by 2015.33 The finding that ART can
either reduce the risk of radiographic progression or reverse
established abnormality underscores the importance of univer-
sal, early access to treatment.
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