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Introduction
Globally, paediatric tuberculosis (TB) remains an area of significant concern. In 2012, the total 
estimated number of childhood notifications from all countries was 349 000.1 In the paediatric 
population, chest X-rays remain the initial investigation in the work-up of suspected pulmonary 
TB; however, overlapping clinical and chest X-ray features with other causes of acute pneumonia, 
and poor sensitivities for the tuberculin skin test (TST), make confirmation of TB difficult.2 The 
emergence of multidrug-resistant TB (MDR-TB), defined as resistance to both isoniazid and 
rifampicin, is a particular area of public health concern in South Africa, where the estimated 
MDR-TB burden in 2012 was 1.8% for new cases and 6.7% for retreatment cases, with a total 
number of laboratory-confirmed MDR-TB cases of 15 419.1

Drug-resistant TB necessitates a prolonged duration of treatment with a more intensive treatment 
regimen. In terms of the clinical outcome of paediatric MDR-TB, in a cohort study of children with 
culture-confirmed MDR-TB in the Western Cape, South Africa, the majority of children were 
treated successfully, with 82% having favourable outcomes (cured and treatment completed) in 
contrast to adult data.3 Although the majority of children were treated successfully, a further 
study in this region, which documented four known deaths (10%), suggested that earlier 
recognition of drug resistance could probably have prevented a further two deaths and morbidity.4 

Background: Paediatric multidrug-resistant tuberculosis (MDR-TB) necessitates a prolonged 
duration of treatment with an intensive treatment regimen. The chest X-ray patterns of 
pulmonary TB depend on a multiplicity of factors, including immune status, and therefore 
identifying the influence of HIV on the chest X-ray appearances of MDR-TB may assist with 
improving the diagnostic criteria.

Objectives: To describe the demographic characteristics and chest X-ray patterns of children 
with pulmonary MDR-TB and to compare the chest X-ray patterns of pulmonary MDR-TB 
between children who are HIV-infected and HIV-uninfected.

Method: Retrospective chart review of hospital notes and chest X-rays of children with 
pulmonary MDR-TB at King Dinuzulu Hospital, Durban. The chest X-rays were 
systematically  reviewed for the presence of the following variables: hilar/mediastinal 
lymphadenopathy, bronchopneumonic opacification, segmental/lobar consolidation, cavities, 
miliary opacification and pleural effusion.

Results: Forty-five children (mean age, 6.29 years; median age, 6.00 years) with pulmonary 
MDR-TB met the inclusion criteria. The most common chest X-ray finding was consolidation 
(53.5%), followed by lymphadenopathy (35.6%), bronchopneumonic opacification (33.3%) and 
cavities (31.1%). Cavities were more common (OR 6.1; 95% CI 1.52–24.66) in children who had 
been initiated on standard anti-TB treatment for the current TB episode. There were no 
statistically significant differences in any of the chest X-ray patterns in HIV-uninfected (n = 22) 
compared with HIV-infected (n = 20) children.

Conclusion: The most common chest X-ray finding was consolidation, followed by 
lymphadenopathy, bronchopneumonic opacification and cavities. The finding of a significantly 
higher frequency of cavities in children who had received prior standard anti-TB treatment for 
the current TB episode could reflect poor disease containment and increased parenchymal 
damage, owing to a delay in the recognition of MDR-TB. The development of cavitation in 
chest X-rays of children with TB could raise concern for the possibility of MDR-TB, and prompt 
further testing.
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This observation highlights the importance of early detection 
and treatment of MDR-TB.

In poorly resourced settings, drug-susceptibility testing is 
frequently reserved for cases that do not respond to 
standard anti-TB treatment. Early identification of MDR-TB 
with early onset of treatment may prevent morbidity and 
mortality; therefore identifying chest X-ray features which 
may alert the clinician to the possibility of MDR-TB on 
initial presentation may be important. The most commonly 
described chest X-ray findings in children with MDR-TB are 
segmental/lobar opacification (70%)3,4 and hilar/mediastinal 
lymphadenopathy (48% – 51%).3,4 Cavities have been described 
in 35% – 38%.3,4

The chest X-ray manifestations of pulmonary TB depend on 
several factors, including age and immune status;5 therefore 
identifying the influence of HIV on the chest X-ray 
appearances of MDR-TB may be of value. To our knowledge, 
no studies have compared the chest X-ray appearance of 
pulmonary MDR-TB between HIV-infected and HIV-
uninfected children.

Objectives
The objectives of the study were to:

1.	 describe the demographic characteristics of children with 
pulmonary MDR-TB

2.	 describe the chest X-ray patterns of children with 
pulmonary MDR-TB

3.	 compare the chest X-ray patterns of pulmonary MDR-TB 
between children who are HIV-infected and HIV-
uninfected.

Ethical clearances
Ethical approval was obtained from the University of 
KwaZulu-Natal Biomedical Research Ethics Committee and 
site approval was obtained from the hospital. Informed 
consent was not required for the retrospective study.

Method
A retrospective review of patient records was conducted at 
the paediatric ward and paediatric outpatients’ department 
of a referral MDR-TB facility in Durban (King Dinuzulu 
Hospital) for the period 01 January 2013 to 31 December 2013, 
to identify children diagnosed with pulmonary MDR-TB.

Children (<12 years) were included if they had been diagnosed 
with pulmonary MDR-TB between 01 January 2013 and 31 
December 2013, and a baseline chest X-ray performed within 
one week of initiation of MDR-TB treatment.

MDR-TB (defined as resistance to both isoniazid and rifampicin) 
was diagnosed on samples of sputum, gastric aspirate or 
bronchoalveolar lavage using the following methods:

1.	 molecular testing using polymerase chain reaction 
(PCR)  with MTBDRplus, a molecular genetic assay for 

identification of resistance to rifampicin and/or isoniazid 
of Mycobacterium tuberculosis complex

2.	 agar-based culture and drug sensitivity testing
3.	 If the results for the above methods were not available, 

rifampicin resistance was confirmed with molecular 
testing using Gene Xpert.

Data were collected through chart review. The following 
information was extracted from the available records:

•	 results of drug-susceptibility testing
•	 history of contact with an adult with pulmonary TB, 

obtained through primary caregiver recall (as recorded in 
chart notes)

•	 duration of any previous anti-TB treatment for the current 
episode. This was defined as a standard treatment regimen 
(i.e. isoniazid, rifampicin and pyrazinamide, with or 
without ethambutol) and did not include TB prophylaxis.

•	 history of a previous TB episode, which was defined as 
standard TB treatment for at least 1 month, followed by a 
symptom-free period of at least 6 months (determined on 
the basis of reports by the parent/caregiver) before the 
start of the current MDR-TB episode; this is a commonly 
used programmatic definition of a separate episode3

•	 HIV status. In HIV-infected children, the following 
additional information was obtained from the patient 
records: antiretroviral (ARV) treatment regimen, and 
absolute CD4 T-lymphocyte count and percentage, at 
the  time of the baseline chest X-ray. In this group of 
children, the degree of immunosuppression was 
stratified, depending on the CD4 count, using the WHO 
immunological classification.6

Frontal chest X-rays were acquired using digital radiography 
(with Kodak dual or single receptor units DR 7500 and 9500 
respectively) or analogue radiography (with a Picker 
Synergen 350 unit). The images were printed to make film 
hard copies. The chest X-rays were all read by the same senior 
consultant radiologist, who read chest X-rays systematically 
with a standardised recording. The reporting radiologist was 
blinded to the HIV status and immunological data.

The chest X-rays were reviewed for the presence of the 
following variables:

•	 hilar/mediastinal lymphadenopathy, described as 
nodular masses according to site7

•	 bronchopneumonic opacification, described as multiple, 
ill-defined, confluent, nodular opacities8

•	 segmental/lobar consolidation, described as a 
homogeneous increase in pulmonary parenchymal 
attenuation that obscures the margins of vessels and 
airway walls9

•	 cavities, described as gas-filled spaces, seen as a lucency 
or low-attenuation area, within pulmonary consolidation9

•	 miliary opacification, described as profuse, tiny, discrete, 
rounded pulmonary opacities (≤3 mm in diameter) that 
are generally uniform in size and diffusely distributed 
throughout the lungs9

•	 pleural effusion, described as pleural opacification.7

http://www.sajr.org.za
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Statistical analysis was performed using IBM SPSS statistics 
software. For continuous variables such as age, the mean, 
median and range were calculated. Results were recorded 
as  frequencies and percentages for categorical variables. 
The  Pearson chi-square test or Fisher exact test (where 
cell  frequencies were <5) were used to test for significant 
relationships between the frequency of each chest X-ray 
pattern, and the age. The level of significance was set at 
p < 0.05. The odds ratio (OR) and 95% confidence limits (CI) 
were estimated using univariate logistic regression in SPSS.

Results
During the study period, 55 children <12 years were 
diagnosed with pulmonary MDR-TB based on clinical and 
laboratory findings; however, 10 children were excluded 
from this analysis as they did not have a retrievable chest 
X-ray taken within 1 week of MDR-TB treatment initiation; 
therefore the chest X-rays of 45 children were analysed in the 
present study (Figure 1). The median age was 6.00 years, and 
age range 3 months to 11 years and 9 months. Twenty-two 
children (48.9%) were HIV uninfected, and 20 children 
(44.4%) were HIV infected. The HIV status was unknown for 
3 children (Figure 1). In the 20 children who were HIV 
infected, 16 (80%) were on an ARV treatment regimen. 
MDR-TB was confirmed using specimens of sputum (19 
children [42.2%]), gastric aspirate (14 children [31.1%]) and 
bronchoalveolar lavage (1 child [2.2%]), and was unspecified 
in 11 children (Figure 2 and Figure 3).

Eighteen children (40%) had a history of contact with an 
adult with TB, of whom 8 children reported a history of a 
contact diagnosed with MDR-TB; and 6 children indicated no 
prior TB treatment for the current episode.

Prior to presentation at the MDR-TB facility, 19 children 
(42.2%) had been initiated on a standard anti-TB treatment 
regimen for the current TB episode. In this group, there was a 
mean duration of 4.39 months (range 0.25 – 12 months) of 
treatment prior to a diagnosis of MDR-TB being made. 

Sixteen children (35.6%) were immediately initiated on MDR-
TB treatment following diagnosis. In 10 children (22.2%), no 
history of an anti-TB treatment regimen for the current TB 
episode was recorded. A history of a prior episode of TB was 
found in 13 children (28.9%), of whom only 1 child had a 
reported history of previous MDR-TB.

On evaluation of the chest X-ray patterns, 22 children (48.9%) 
had ≥2 findings on the chest X-ray, and 10 (22.2%) had no 

†, World Health Organization. WHO case definitions of HIV for surveillance and revised 
clinical staging and immunological classification of HIV-related disease in adults and 
children. 2007 [cited 11 September 2013]. Available from: http://www.who.int/hiv/
pub/guidelines/HIVstaging150307.pdf

FIGURE 1: Demographics.

All children
n = 45

Mean age = 6.29 years
Median age = 6.00 years

Interquar�le range = 7.00

HIV uninfected
n = 22 (48.9%)

Mean age = 4.95 years
Median age = 3.50 years

Insignificant to mild
immunosuppression†

n = 11 children

Advanced to severe
immunosuppression†

n = 5 children

Insufficient data to
classify degree of

immunosuppression
n = 4 children

HIV infected
n = 20 (44.4%)

Mean age = 7.55 years
Median age = 8.50 years

HIV status unknown
n = 3

FIGURE 2: Pulmonary multidrug-resistant tuberculosis in an 11-year-old girl. 
Frontal chest radiograph. Bronchopneumonic opacification and consolidation 
with cavitation is noted in the left upper lobe. Ill-defined focal consolidation with 
cavitation is evident in the right upper zone. Dense nodular opacities are noted 
in the right lower zone, suggesting calcified granulomas. Aortopulmonary 
window and right hilar lymphadenopathy is noted. Evidence of right lower lobe 
atelectasis.

FIGURE 3: Multidrug-resistant tuberculosis in a 6-year-old girl. Frontal chest 
radiograph demonstrating diffuse miliary opacification. There is enlargement of 
the hilar regions bilaterally suggestive of associated hilar lymphadenopathy.
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abnormality. The most common chest X-ray finding in 
all  children was segmental/lobar consolidation (53.5%), 
followed by lymphadenopathy (35.6%), bronchopneumonic 
opacification (33.3%) and cavities (31.1%). When comparing 
the chest X-ray patterns in children of ages 0 – 6 years and 
6 – 12 years, miliary opacification and pleural effusions were 
not seen in the 0 – 6-year age group, and cavities were found 
more frequently in the 6 – 12-year age group (40.7% in older 
children compared with 16.7% in younger children) (Table 1).

Cavities were found more frequently in children who had been 
initiated on a standard anti-TB treatment regimen for the 
current TB episode, compared with children with no recorded 
history of standard anti-TB treatment for the current episode 
(52.6% compared with 15.4%; OR 6.111 (1.515–24.658) (Table 2).

Chest X-ray findings of bronchopneumonic opacification, 
segmental/lobar consolidation, cavities and miliary 
opacification were common in HIV-infected children 
compared with HIV-uninfected children; however, this was 
not statistically significant (Table 3).

Discussion
MDR-TB represents a significant challenge in the attainment 
of global TB control. The identification of this clinical entity 
is  equally important in the paediatric population, because 
a  child with TB was shown to be as likely as an adult to 
have  MDR-TB.1 In clinical practice, early identification is 
important  as it will result in a reduction of morbidity and 
mortality relating to the disease. Factors contributing to early 

identification include chest X-ray changes as well as a history 
of contact.

The most frequent chest X-ray finding in children with 
pulmonary MDR-TB in our study was consolidation, followed 
by lymphadenopathy, bronchopneumonic opacification and 
cavities. When comparing the chest X-ray patterns in the 
different age groups, pleural effusions were not seen in the 
0  – 6-year age group. This is consistent with  the literature 
which described tuberculous pleural effusion developing 
mainly in children >5 years old following recent  primary 
infection.10 Cavities were found more frequently in the older 
age group (6 – 12 years), consistent with adult-type cavitating 
disease, which is the dominant disease manifestation following 
recent primary infection in older children (>10 years of age).10

The finding of a significantly higher frequency of cavities in 
children who had received prior standard anti-TB treatment 
for the current TB episode, compared with children with no 
recorded history of standard anti-TB treatment for the 
current  episode, may reflect poor disease containment and 
increased parenchymal damage,10 either owing to a delay in 
the recognition of MDR-TB, or the development of MDR-TB 
owing to an inappropriate treatment regimen or poor 
compliance with the standard treatment regimen, although 
the development of MDR-TB may be a less likely consideration 
because of the paucibacillary nature of paediatric TB.4

Regarding the effect of drug resistance on the chest X-ray 
appearance of pulmonary TB, we compared our findings 
with studies by Donald et al.11 and Lamont et al.7 of children 

TABLE 1: Chest X-ray patterns in all children and comparison by age.

Chest X-ray pattern All children  
(%) (n = 45)

Children age 0 – 6 years  
(%) (n = 18)

Children age 6 – 12 years  
(%) (n = 27)

p value in comparing children age 0–6 
years and 6 – 12 years

Hilar/mediastinal lymphadenopathy 16 (35.6) 5 (27.8) 11 (40.7) 0.373

Bronchopneumonic opacification 15 (33.3) 5 (27.8) 10 (37.0) 0.519

Segmental/lobar consolidation 24 (53.5) 9 (50.0) 15 (55.6) 0.714

Cavities 14 (31.1) 3 (16.7) 11 (40.7) 0.087

Miliary opacification 6 (13.3) 0 6 (22.2) –

Pleural effusion 5 (11.1) 0 5 (18.5 ) –

TABLE 2: Comparison of chest X-ray patterns in children with prior standard TB treatment for the current episode and children with no recorded prior standard TB 
treatment for the current episode.
Chest X-ray pattern Prior standard TB treatment (%) (n = 19) No recorded prior TB treatment (%) (n = 26) Odds ratio (95% CI)

Hilar/mediastinal lymphadenopathy 7 (36.8) 9 (34.6) 1.102 (0.321 – 3.783)

Bronchopneumonic opacification 8 (42.1) 7 (26.9) 1.974 (0.562 – 6.939)

Segmental/lobar consolidation 12 (63.2) 12 (46.2) 2.000 (0.597 – 6.705)

Cavities 10 (52.6) 4 (15.4) 6.111 (1.515 – 24.658)

Miliary opacification 3 (15.8 ) 3 (11.5) 1.437 (0.257 – 8.050)

Pleural effusion 2 (10.5) 3 (11.5) 0.902 (0.135 – 6.005)

TABLE 3: Comparison of chest X-ray patterns in HIV-uninfected and HIV-infected children.
Chest X-ray pattern HIV uninfected (%) (n = 22) HIV infected (%) (n = 20) Odds ratio (95% CI)

Hilar/mediastinal lymphadenopathy 9 (40.9) 7 (35.0) 0.558 (0.218 – 1.428)

Bronchopneumonic opacification 6 (27.3) 9 (45.0) 0.877 (0.422 – 1.823 )

Segmental/lobar consolidation 11 (50.0) 12 (60.0) 1.000 (0.520 – 1.925)

Cavities 7 (31.8) 7 (35.0) 0.697 (0.294 – 1.651)

Miliary opacification 3 (13.6) 3 (15.0) 0.742 (0.223 – 2.471)

Pleural effusion 3 (13.6) 2 (10.0) 0.573 (0.121 – 2.717)

Normal 4 (18.2) 4 (20.0) –

http://www.sajr.org.za
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in the Western Cape with bacteriologically confirmed 
pulmonary TB. Although these study populations were not 
tested for MDR-TB, the incidence is presumed to be low 
because MDR-TB was first detected in South Africa in the 
mid-1980s, with subsequent surveillance data for this period 
showing low prevalence levels.12 Our study found a higher 
frequency of cavitation (31.3% v. 14.0%11 – 16.2%7). The finding 
of a higher frequency of cavitation in MDR-TB reflects a 
similar trend in adult patients, where cavities were more 
frequently observed in computed tomography (CT) scans of 
MDR-TB adult patients as compared with drug sensitive 
(DS)-TB;13 and multiple cavities were seen more frequently in 
MDR-TB adult patients as compared with DS-TB on both 
chest X-rays13 and CT.14 The development of cavitation in 
chest X-rays of children with TB could raise concern for the 
possibility of MDR-TB, and prompt further testing.

When compared with the studies of Donald et al.11 and Lamont 
et al.,7 our study found a lower frequency of lymphadenopathy 
(35.6% v. 62.5%11 – 63.0%7) that could be partly explained by 
the absence of lateral chest X-rays in our study, which are of 
value in detecting lymphadenopathy in children investigated 
for TB.15 Although our study found a lower frequency of 
lymphadenopathy when compared with  the studies of 
Donald et al.11 and Lamont et al.,7 lymphadenopathy was the 
second most common finding in our study, and is considered 
the radiological hallmark of primary TB in childhood.16 
Therefore  the combination of consolidation, cavitation and 
lymphadenopathy may alert the clinician to the possibility of 
MDR-TB and prompt further investigation.

The frequency of the rest of the chest X-ray findings in the 
study by Donald et al. were similar to those of our study: 
segmental lesion, referring to any radiographic opacity which 
filled a lobe or a segment of a lobe (56%); bronchopneumonia 
(30%); pleural effusion (16%) and a miliary pattern (10%).11

When comparing the frequency of chest X-ray patterns in 
HIV-uninfected and HIV-infected children, bronchopneumonic 
opacification was found more commonly in the HIV-infected 
group. Although not statistically significant, this may be the 
result of poor disease containment at the site of the Ghon 
focus or lymphadenopathy, owing to the immunosuppressive 
effect of HIV and subsequent intra-bronchial spread of 
disease.10 The absence of statistically significant differences 
between HIV-uninfected and HIV-infected children is 
consistent with a study evaluating the clinical features and 
outcome of children admitted to a TB hospital in the Western 
Cape in South Africa, where no statistically significant 
difference in chest X-ray appearances of TB was seen 
between  these subgroups; however, in that study, drug 
resistance was confirmed in 19% of the 93 children for whom 
these test results were available.17

The chest X-ray patterns of children with pulmonary MDR-
TB described in our study are similar to the results of studies 
describing the clinical features of children with MDR-TB by 
Seddon et al.3 and Schaaf et al.;4 however, bronchopneumonic 

opacification was found more frequently in our study than in 
those by Seddon et al.3 and Schaaf et al.4 (33% v. 19%). The 
difference may be explained partly by the fact that the studies 
by Seddon et al.3 and Schaaf et al.4 included children with 
extrapulmonary TB as well as pulmonary TB. A further 
reason may be the limitation of the classification of 
bronchopneumonic opacification to describe widespread 
bronchopneumonic changes in the study by Seddon et al.3

Limitations
The limitations of the present study include its retrospective 
study design. A limitation in obtaining a history of a TB 
contact was that the history was based on recall of the parent 
or caregiver present at the first visit; in some cases, there 
might have been a TB contact that was not diagnosed at 
this  time, and the actual figure might be even higher. The 
X-rays were read by a single radiologist only; therefore 
interobserver variability could not be determined, reducing 
the reliability of results. The presence of a viral or bacterial 
co-infection might have accounted for the chest X-ray 
appearances in certain cases. Missing CD4 counts and the 
sample size limited our ability to compare the influence of 
degree of immunosuppression owing to HIV on the chest 
X-ray patterns.

Conclusion
The most common chest X-ray finding in children with 
MDR-TB in our study was consolidation, followed by 
lymphadenopathy, bronchopneumonic opacification and 
cavities. Cavities were found more frequently in children 
who had received standard anti-TB treatment for the current 
TB episode, which may reflect poor disease containment 
and  increased parenchymal damage owing to delay in the 
recognition of MDR-TB. The chest X-ray findings of 
consolidation, cavitation and lymphadenopathy on initial 
presentation, or the development of cavitation in chest X-rays 
of children receiving standard anti-TB treatment, could raise 
concern for the possibility of MDR-TB and prompt further 
testing. We intend to pursue research with the inclusion of 
children with DS-TB as controls for further assessment. There 
were no statistically significant differences between patterns 
in HIV-uninfected and -infected children.
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