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Background: Despite that confirmative diagnosis of pulmonary drug-sensitive tuberculosis (DS-TB) and
multidrug resistant tuberculosis (MDR-TB) is determined by microbiological testing, early suspicions of
MDR-TB by chest imaging are highly desirable in order to guide diagnostic process. We aim to perform an
analysis of currently available literatures on radiological signs associated with pulmonary MDR-TB.
Methods: A literature search was performed using PubMed on January 29, 2018. The search words
combination was “((extensive* drug resistant tuberculosis) OR (multidrug-resistant tuberculosis)) AND
(CT or radiograph or imaging or X-ray or computed tomography)”. We analyzed English language articles
reported sufficient information of radiological signs of DS-TB vs. MDR-TB.

Results: Seventeen articles were found to be sufficiently relevant and included for analysis. The reported
pulmonary MDR-TB cases were grouped into four categories: (I) previously treated (or ‘secondary’, or
‘acquired’) MDR-TB in HIV negative (-) adults; (II) new (or ‘primary’) MDR-TB in HIV(-) adults; (III)
MDR-TB in HIV positive (+) adults; and IV) MDR-TB in child patients. The common radiological findings
of pulmonary MDR-TB included centrilobular small nodules, branching linear and nodular opacities (tree-
in-bud sign), patchy or lobular areas of consolidation, cavitation, and bronchiectasis. While overall MDR-TB
cases tended to have more extensive disease, more likely to be bilateral, to have pleural involvement, to have
bronchiectasis, and to have lung volume loss; these signs alone were not sufficient for differential diagnosis
of MDR-TB. Current literatures suggest that the radiological sign which may offer good specificity for
pulmonary MDR-TB diagnosis, though maybe at the cost of low sensitivity, would be thick-walled multiple
cavities, particularly if the cavity number is >3. For adult HIV(-) patients, new MDR-TB appear to show
similar prevalence of cavity lesion, which was estimated to be around 70%, compared with previously treated
MDR-TB.

Conclusions: Thick-walled multiple cavity lesions present the most promising radiological sign for MDR-
TB diagnosis. For future studies cavity lesion characteristics should be quantified in details.
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Introduction

Pulmonary tuberculosis (TB) is the ninth leading cause
of death worldwide and the leading cause from a single
infectious agent, ranking above HIV/AIDS. In 2016,
there were an estimated 1.3 million TB deaths among
HIV-negative patients (down from 1.7 million in 2000)
and an additional 374,000 deaths among HIV-positive
patients. An estimated 10.4 million people fell ill with
TB in 2016, with 56% in five countries: India, Indonesia,
China, the Philippines and Pakistan (1). During anti-TB
treatment, there is a selection pressure on the population
of Mycobacterium tuberculosis (M.tb) resulting in the
occurrence of spontaneous resistance-causing mutations
in susceptible bacilli, which then gradually increase to
become the dominant strain (2). However, the frequency
of these single mutations is sufficiently low that if the
appropriate combination chemotherapy is administered
and reliably ingested. Multidrug-resistant tuberculosis
(MDR-TB) refers to TB infection resistant to at least two
most powerful anti-TB drugs, isoniazid and rifampicin.
Extensively drug-resistant TB (XDR-TB) is defined as
TB that has evolved resistance to rifampin and isoniazid,
as well as to any member of the quinolone family and at
least one of the second line injectable drugs: kanamycin,
amikacin and capreomycin. Of MDR-TBs, XDR-TB
accounts for 4-20% of these infections (3,4). In 2016, there
were 600,000 new cases with resistance to rifampicin, the
most effective first-line drug, of which 490,000 had MDR-
TB. Almost half (47%) of these cases were in India, China
and the Russian Federation. There were 476,774 reported
cases of HIV(+) TB (1). Erratic and inappropriate use of
medications and HIV/TB co-infection contribute to the
concerns. When resistant mutants arise during treatment
with anti-TB drugs, it is considered acquired resistance
(previously treated MDR-TB, ptMDR-TB). People who are
infected with an already drug-resistant strain could develop
primary resistance (new MDR-TB, nMDR-TB), which
is observed in newly diagnosed TB patients. It has been
estimated that globally 3.5% (which can be much higher in
some regions) of newly diagnosed TB patients, and 20.5%
of previously treated patients had MDR-TB (5). For already
existing strains of drug-resistant M.tb, it is vital to halt their
transmission in community or hospital.

The treatment success rate of patients with drug-
resistance to one of the first-line anti-TB drugs, particularly
isoniazid mono-resistant TB, is similar to that of TB
patients who are drug-sensitive (DS) to all first-line anti-
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TB drugs, but the treatment success rate of patients with
MDR-TB was only around 48% and the mortality rate
ranged from 1% to 30% among patients with MDR-TB (6).
Prevention and early detection of MDR-TB are priorities
for proper MDR-TB control. Successful treatments
outcomes in MDR-TB patients are related to the use
of second line anti-TB drugs, use of greater number of
effective drugs, and the longer treatment (20-24 months)
as compared with DS-TB (6 months) (7). For the first
time in 40 years, new anti-T'B drugs have been introduced
recently. New TB drugs, bedaquiline and delamanid, were
recommended for programmatic management of MDR-
TB by World Health Organization (WHO) in 2013 and
2014 respectively (8,9). However, despite that wide range
of geno- and phenotypic tests are available to detect M.tb
strains and their susceptibility/resistance to drugs used,
delay of appropriate MDR-TB treatment is common and
sometime can take several weeks (10,11). The suspicion of
MDR/XDR-TB by chest imaging can further guide and
even intensify diagnostic process for MDR-TB. In this
article, we describe the results of our literature review on
radiological (imaging) signs associated with pulmonary
MDR/XDR-TB.

Methods

We performed a literature search using PubMed (https://
www.ncbi.nlm.nih.gov/pubmed) on January 29, 2018. The
search words combination was “((extensive* drug resistant
tuberculosis) OR (multidrug-resistant tuberculosis)) AND
(CT or radio-graph or imaging or X-ray or computed
tomography)”. This search generated 427 titles. The titles
and abstracts of these papers were screened, and only
English literatures were retrieved. We searched for articles
describing radiological signs associated pulmonary MDR-
TB (as compared to DS-TB), particularly we looked for
radiological signs which may offer differentiation between
pulmonary MDR-TB and DS-TB. It has already been
known that cavitary lesion can be seen in both DS-TB
and MDR-TB, and with higher prevalence in MDR-TB
(12-16). However, cavitary lesion alone does not offer
differential diagnosis of MDR-TB, thus articles merely
reported the differences of cavitary lesion prevalence in DS-
TB and MDR-TB were not analyzed in this review. Since
one of the important determinants of radiologic patterns
of parenchymal abnormalities in TB patients is patient’s
own immunity (17,18), during the analysis we divided the
reported pulmonary MDR-TB cases into four categories:
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Table 1 Cavity lesion characteristics of pulmonary ptMDR-TB vs. DS-TB in HIV(-) adults

Cavity prevalence

Cavity features

Study
Variables MDR-TB DS-TB Variables MDR-TB DS-TB
Chuchottaworn et al. (20) By CXR 63.4% 23.4% Cavity =30 mm 83.7%* 14.%*
>3 cavities 45% 11.8%
Joshi et al. (21) 53% >1 cavities 88%
Chung et al. (22) 7% 38% >1 cavities 7% 34%
Kim HC et al. (23) 62% 34% >1 cavities 66% 33%
No. of cavities 1-12* 1-3
Mean no. of cavities 2.9 1.4
Zahirifard et al. (24) By CXR 80% CT: multiple lobe cavities 93.3%
By CT 100% CT: single lobe cavities 6.7%

*Percentage out of those with cavities (the same below); **>3 cavities were observed only in MDR-TB patients.

(I) previously treated MDR-TB (ptMDR-TB) in HIV(-)
adults; (I1) new MDR-TB (nMDR-TB) in HIV(-) adults;
(IIT) MDR-TB in HIV(+) adults; and IV) MDR-TB in
child patients. Previously treated MDR-TB, referred as
‘acquired’ or ‘secondary’ MDR-TB in some publications,
was termed to the patients with TB who had a prior history
of treatment with anti-TB drugs for >1 month; new MDR-
TB, referred as ‘primary’ MDR-TB in some publications,
was termed to the patients with TB who had never received
treatment for TB or patients with TB who had taken any
anti-TB drugs for less than 1 month (19).

Results
General findings and limitation of the reported studies

With the criteria defined in the method section, 17 articles
were included for analysis (20-36). The commonly reported
imaging findings of pulmonary MDR-TB included
centrilobular small nodules, branching linear and nodular
opacities (tree-in-bud sign), patchy or lobular areas of
consolidation, cavitation, and bronchiectasis (20-36). The
centrilobular small nodules and tree-in-bud sign reflect the
presence of endobronchial spread and are due to the presence
of caseous necrosis and granulomatous inflammation filling
surrounding terminal and respiratory bronchioles and
alveolar ducts. These signs are considered a marker of the
activity of the pathological process (37,38), rather than being
MDR-TB specific. Signs such as bronchiectasis and calcified
granulomas may be associated with chronicity of infections
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(37,38). The imaging findings from the reported studies
(20-36) which offer potential diagnosis of MDR-TB are
summarized and tabulated in Tables 1-§.

There are many limitations of the reported studies. Many
studies reported no more than 50 cases of patients, and were
retrospective. These studies might have patient selection
bias. Most studies reported CT data, while patients with
the characteristic chest X-ray (CXR) findings of TB might
not to have undergone chest CT, and CT scans tend to
be performed in patients with more severe symptoms and
signs. For cases reported from tertiary referral hospitals,
patients with more severe symptoms or cases that were
more complicated might have been selectively included
and reported. For comparative studies, the durations of
TB infection tended to be not well controlled for patients
with MDR-TB or DS-TB. The variation in imaging
manifestations across the studies could be a consequence
of differential time intervals between disease onset and
chest imaging examination, which could have led to varied
progression of imaging manifestation (29,31). Sometimes,
the exact time between symptom onset and an imaging
study were not available. In some studies the majority of
patients in the DS-control group were patients who did
not have a history of previously treated pulmonary TB,
while ptMDR patients developed drug-resistance after
receiving anti-TB drugs, and also ptMDR patients tends
to have longer disease history. In some studies, DS-control
group were composed of a mixture of previous treated
and untreated cases. The duration of TB disease may have
had an effect on the likelihood of cavity lesion formation.
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Table 2 Prevalence of selected imaging signs of pulmonary ptMIDR-TB vs. DS-TB in HIV(-) adults

Study Variables MDR-TB  DS-TB Variables MDR-TB  DS-TB
Chuchottaworn et al. (20) by CXR Bilateral lungs 52.2% 14.7% =2 lung zones 59.8% 23.5%
Joshi et al. (21) Bilateral lungs 92% Bronchiectasis 42%
Chung et al. (22) Bronchiectasis 60% 31%
Zahirifard et al. (24) Bilateral lungs 80%
Kim HC et al. (23) Bronchiectasis 79% 55%
Chuchottaworn et al. (20) by CXR Pleural effusion 24.3% 9.7% Atelectasis 14.5% 41%
Joshi et al. (21) Pleural involvement 50%
Joshi et al. (21) Pleural effusion 28.6%
Chung et al. (22) Pleural effusion 57% 27% Lobar volume decrease 71% 46%
Kim HC et al. (23) Pleural effusion 17% 23% Lung destruction 32% 6%
Zahirifard et al. (24) CXR: pleural thickening 31%
Zahirifard et al. (24) CXR: pleurisy 14%
Zahirifard et al. (24) CT: pleural involvement 93%
Table 3 Cavity lesion characteristics of pulmonary nMDR-TB vs. DS-TB in HIV(-) adults
Cavity prevalence (%) Cavity number
Study
MDR-TB DS-TB MDR-TB DS-TB

Kim SH et al. (25) 85 55 3.1 (range, 0-23) 1.2 (range, 0-5)
Yeom et al. (26) 90 64 6.6 (range, 0-36) 1 (range, 0-7)
Kim W et al. (27) 68.2 34% (cavity no. >1); 23% (bilateral cavity)
Cha et al. (28) 69* 36" 40%* (cavity no. >1); mean =2.5 15%* (cavity no. >1); mean =1.4
Lietal. (29)

Cavity in consolidation 48.3 47.2

Cavitary nodule or mass 57.3 38.2

*According to CT.

Some studies only reported CXR results, while CT is more
sensitive than CXR in the detection and characterization
of subtle diseases. CT helps the detection of small foci of
cavitation in areas of confluent pneumonia and in areas of
dense nodularity and scarring.

In the following results section, the description of imaging
signs is based on CT unless specified as based on CXR.

Imaging signs of pulmonary ptMDR-TB in HIV(-) adults

For pulmonary ptMDR-TB adults without HIV infection,
the results from five studies are summarized in Tables 1,2.
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Joshi et al. (21) reported 50 ptMDR-TB patients. Chung
et al. (22) reported 35 MDR-TB patients (31 ptMDR-TB,
and 4 nMDR-TB) and 113 DS-TB patients as controls.
Kim HC er 4l. (23) reported 47 MDR patients (45 ptMDR,
2 nMDR) and 47 DS-TB patients as controls. Zahirifard
et al. (24) reported 35 MDR-TB patients (all with XCR,
and 15 with CT), with 33 (94%) being ptMDR-TB and 2
(6%) being nMDR-TB. Chuchottaworn er 4/. (20) reported
CXR findings of 145 patients with MDR-TB (4.8% HIV+),
including 140 (96.6%) ptMDR-TB and 5 (3.4%) nMDR-
TB; and the controls were 145 DS-TB patients [2.8%
HIV(+)]. Note these studies also included a small portion
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Table 4 Prevalence of selected imaging signs in pulmonary nMDR-TB vs. DS-TB in HIV(-) adults
Study Variables MDR-TB DS-TB Variables MDR-TB DS-TB
Yeom et al. (26) Bilateral lungs 82% 28% Number of lobe involved 4.2 2.3

Seg/lobar consolidation 64% 18%
Li et al. (29) Bilateral lungs 77.5% 83.1% Atelectasis 18% 10.1%
Cha et al. (28) Pleural effusion 24%* 26%* Bronchiectasis 55% 18%
Yeom et al. (26) Pleural effusion 15% 10% Bronchiectasis 36% 33%
Li et al. (29) Bronchiectasis 69.7% 56.2%
*According to CT.
Table 5 Selected imaging signs of pulmonary mixed nMDR-TB and ptMDR-TB vs. DS in HIV(-) adults
Study Variables MDR-TB DS-TB Variables MDR-TB
Kahkouee et al. (30)* Cavity prevalence 76.7% >1 cavity 60.5%

=1 cavity 14%
Song et al. (31)* 1-2 cavity 15.4% 32.6%
>3 cavity 33.3% 37.0%
Cheon et al. (32) 79.1% Mean cavity number 2.9
Lee et al. (33) 76.5% Bronchiectasis 80%
Kahkouee et al. (30)* Pleural effusion 20.9% Bronchiectasis 79%
Pleural thickening 58.1% Lung volume loss 53.5%
Lee et al. (33) Pleural thickening 11.8%
Cheon et al. (32) Pleural thickening 25% Number of lobe involved 2.9
Mean size of cavity * 24 mm Mean cavity wall thickness 8.3 mm

*Kahkouee et al.’s study probably mainly included ptMDR-TB patients. **Chuchottaworn et al. (20) reported that a maximum diameter =30 mm

was associated with lung MDR-TB.

of nMDR-TBs, but the majority of cases were ptMDR-
TB. Chuchottaworn et #/. further concluded that the
characteristics of cavities, including having a maximum
diameter >30 mm, number of cavities >3, and the presence
of cavities in >2 lung zones, were associated with lung
MDR-TB (20).

Table 1 suggests that cavity lesion occurs in approximately
70% of ptMDR-TB patients, and in approximately 30% of
DS-TB patients. Cavities in MDR-TB are more likely to be
multiple, and larger in size. Multiple cavities are common
in MDR-TB patients. The probability of MDR-TB is high
when three or more cavities exit. Table 2 shows MDR-TBs
are more likely to have bilateral involvement, and more likely
to have bronchiectasis which may be related to the chronic
history of many ptMDR patients. However, high proportion
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of DS-TB patients also has bronchiectasis. Pleural effusion is
more common in ptMDR than in DS-TB.

Imaging signs of pulmonary nMDR-TB in HIV(-) adults
For pulmonary nMDR-TB adults without HIV infection,

the results from five studies are summarized in Table 3.
Kim SH et al. (25) reported 40 nMDR-TB patients and 40
DS-TB patients as controls. Yeom et 4/. (26) reported 39
nMDR-TB patients and 39 DS-TB patients as controls.
Kim W er al. 27) reported 44 nMDR-TB patients. Cha
et al. (28) reported 65 nMDR-TB patients (CXR available
in 53 patients and CT available in 42 patients) and
compared with 141 DS-TB patients as controls (both CXR
and CT available for all patients). Li ez al. (29) reported 89
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Table 6 Comparison of selected imaging signs of pulmonary MDR-TB vs. XDR-TB

Study Variables MDR-TB XDR-TB
Cheon et al. (32) Cavity prevalence 74% 76%
Mean no. of cavities 3.0 3.3
Wall thickness of cavity* (mm) 8.0 11.5
Mean size of cavity* (mm) 21 36
Cha et al. (26) Mean no. of cavities 2.45* 4.86™
Lee et al. (33) Cavity prevalence 77% 85%
Cavity involving lobes 1.36 1.65

*To measure the wall thickness of cavities, the CT images were magnified two or three times and by using electronic caliper, three portion
of wall thickness were measured at largest portion of cavity. The mean cavity wall thickness was calculated by dividing the sum of three

portion of cavity wall thickness. **According to CT.

Table 7 CXR characteristics of lung MDR-TB in HIV(+) adults (34)

Variables HIV(+) nMDR-TB (n=33)  ptMDR-TB (69% HIV+) (n=13) HIV(+) MDR-TB (n=50)  HIV(-) MDR-TB (n=10)

Cavity prevalence 9% 46% 18% 50%

Pleural effusions 48% 8% - -

Lymphadenopathy 20% 8% - -

Table 8 Imaging signs of pulmonary MDR-TB in children*

Variables HIV(-) MDR-TB  HIV(+) MDR-TB ptMDR-TB nMDR-TB 0-6 years 6-12 years
(n=22) (n=20) (n=19) (n=26) (n=18) (n=27)

Cavity prevalence 31.8% 35% 52.6% 15.4% 16.7% 40.7%

Pleural effusion 13.6% 10% 10.5% 10.0 % - -

*based on Manikkam et al. (36).

nMDR-TB patients and 89 DS-TB as controls. Cha ez a/.’s
study also confirmed the superiority of CT over CXR in
characterizing the details of pulmonary TB lesions.

Table 3 suggests cavity occurs in approximately 75% of
ptMDR patients, while in approximately 45% of the DS-
TB patients (which are slightly higher than the cavity
prevalence in the DS controls in 7able I). Multiple cavities
are more common in MDR-TB than in DS-TB. Taking
together the results of Tables 1,3, it can be seen that there
may be not much difference in cavity prevalence among
nMDR and ptMDR patients. Tables 2,4 suggest that while
nMDR lesion may tend to be more extensive, pleural
effusion or bronchiectasis do not allow for differentiation
between nMDR-TB and DS-TB.

Li et al. (29) reported that calcification and calcified
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lymph nodes were more frequently seen in DS-TB than in
nMDR-TB. This suggests that many their DS-TB patients
might have had a chronic disease course, which is also

reflected by the high bronchiectasis rate (1able 4).

Imaging signs of pulmonary mixed nMDR-TB and
PptMDR-TB in HIV(-) adults

A few studies reported mixed nMDR-TB and ptMDR-
TB patients, or MDR-TB patients with unknown being
primary or secondary cause. The results from these studies
are summarized in 7able 5. Kahkouee et al. (30) reported 43
MDR-TB patients. Song et al. (31) reported 39 MDR-TB
patients with Type 2 diabetes mellitus, 46 DS-TB patients
with Type 2 diabetes mellitus, and 72 DS-TB without Type
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2 diabetes mellitus (as controls). Cheon ez 4/. (32) reported
72 MDR-TB (30 nMDR-TB, and 42 ptMDR-TB) patients.

Kahkouee er 4l. (30) noted that cavities in MDR-TB
were thick-walled in the background of consolidation,
while non-tuberculosis mycobacterium (NTM) cavities
were more likely thin-walled. The results of 7Table 5 tend to
confirm the observations in Tubles 1-4. Dholakia et al. (16)
reported that there was a significant association between
a sensitive or mono-resistant DST profile and unilateral
cavities compared with an MDR (mixed nMDR-TB and
ptMDR-TB) profile with bilateral cavities, and MDR-TB
was specifically associated with bilateral cavitation.

Song et al. (31) reported cavity lesion may be as common
in DS-TB patients as in MDR patients. Actually, both
the two studies from China reported relative lower cavity
prevalence in MDR-TB patients, and a relative higher
cavity prevalence in DS-TB patients (29,31). It remains
unknown the results were due to sampling bias. However,
it is possible for a developing country like China, some DS-
TB patients might have had a longer pre-treatment history,
and their TB diagnosis might have been initially delayed.

Comparison of imaging signs of pulmonary MDR-TB and
XDR-TB

Cheon et al. (32) reported 50 MDR-TB patients and 25
XDR-TB patients who were matched by applying 2:1
propensity score matching. Variables such as presence of
cavities, number of cavities, number of involved lobes, signs
of tree-in-bud pattern, consolidation, pleural effusion, and
lymphadenopathy were not significantly different between
two groups. The statistically significant imaging findings
between MDR- and XDR-TB were the cavity wall thickness
and cavity size. The mean thickness of cavities was 8.3 mm
in MDR-TB group and 11.5 mm in XDR-TB group; while
the mean size of cavities was 21 mm in MDR-TB group and
36 mm in XDR-TB group (7able 6).

Cha er al. (28) compared 65 nMDR-TB (CXR available
in 53 patients and CT available in 42 patients) and 17 XDR-
TB (mixed new and post-treatment XDR; CXR available
in 15 patients and CT available in 7 patients), and reported
the mean number of cavities for MDR-TB and XDR-TB
patients was 2.45 and 4.86, respectively. Cha et al. suggested
that imaging findings were not different between patients
with MDR-TB and XDR-TB. However, CT was available
in only 7 of their XDR patients. Lee et a/. (33) reported 20
XDR-TB patients and 85 MDR-TB patients (assumed to be
a mixture of nMDR-TB and ptMDR-TB), and concluded
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that CT findings of pulmonary XDR-TB were similar to
those of non-XDR MDR-TB; however, XDR-TB tends
to have more extensive consolidation and tree-in-bud
appearance. Thus, XDR-TB may overall appear even more
aggressive than MDR-TB, with more number of cavities,
larger cavities, and cavities of thicker wall. However, XDR-
T'B is relatively less common clinically, more radiological
studies are necessary.

Imaging signs of pulmonary MDR-TB in HIV(+) adults

The imaging signs of lung MDR-TB in HIV(+) adults are
till now primarily based on a 1998 CXR based report by
Fishman et 4l. (34). In that study, Fishman e 4. described 33
HIV(+) nMDR-TB, 13 ptMDR-TB (69% HIV+), and 60
DS-TB patients. The majority of HIV(+) nMDR patients
show non-cavitary consolidations, pleural effusions (26%,
6/23), and lymphadenopathy, and with lower prevalence of
cavity lesions (7able 7). For MDR-TB as well as DS-TB,
severe immune suppression may limit the development of
a radiographically observable response to TB infection, as
cavitation may require some degree of immunocompetence
(17,18). However, Table 7 shows in HIV(+) patients cavitary
disease is still common for ptMDR cases.

These points in Fishman er 4l.’s study have been
supported by other reports. Nunes ez /. (35) reported
that there was no cavity in their 10 pulmonary MDR-TB
HIV(+) patients. Kiyan er a/. (39) retrospectively analyzed
the medical records of 63 non-AIDS immunocompromised
patients and 80 immunocompetent patients with
pulmonary TB. In immunocompromised patients, TB
was more frequently disseminated (23.8% vs. 3.8%), and
lung infiltrations were more often lobar or segmental
consolidation (20.6% vs. 0%) and miliary lesions (17.5% vs.
3.8%) than in the control patients. Hilar and/or mediastinal
adenopathy was also more frequently documented in
immunocompromised patients (14.3% vs. 2.5%). Cavitation
is slightly less common in immunocompromised patients
(20.6%) than in the immunocompetent patients (31.3%).
In a small HIV(+) cohort, Dholakia et /. (16) reported HIV
positivity was associated with mediastinal adenopathy and
miliary TB with borderline significance. Long ez 4/. (40) and
Pitchenik et al. (41) also reported that cavitation occur less
frequently in HIV(+) TB patients.

Imaging signs of pulmonary MDR-TB in child patients
The identification of MDR-TB is equally important in the
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pediatric population, as a child with TB is as likely as an
adult to have MDR-TB (5). Studies on pulmonary MDR-
TB in child patients remained limited. The CXR study of
Manikkam ez a/. (36) involving 45 pulmonary MDR-TB
children (all <12 years, median age: 6 years) is the largest
report till now (7able §). Among their subjects, 48.9%
were HIV(-) and 44.4% were HIV(+). The most common
CXR finding was consolidation (53.5%), followed by
lymphadenopathy (35.6%), bronchopneumonic opacification
(33.3%) and cavities (31.1%). There were no statistically
significant differences in any of the CXR patterns in HIV(-)
children compared with HIV(+) children. Cavities were more
common in ptMDR than nMDR. Manikkam ez 4/. suggested
that the development of cavitation in CXR of children with
TB could raise concern for the possibility of MDR-TB, and
prompt further testing (36). However, Manikkam ez 4/. did
not separately report cases of both nMDR and HIV(+), so
it could not be known from their report that whether child
patients with both nMDR and HIV(+) had less prevalence of
cavity lesion.

The cavity lesion prevalence of in Manikkam ez al.’s
report was similar to other reports of South African child
patients of pulmonary MDR-TB [mixed ptMDR/nMDR,
and mixed HIV(+/-)], where cavities have been described
in 35-38% of the patients (42,43). The 31.1% prevalence
was lower than those in adult MDR-TB patients (estimated
to 70%). However, this may be higher than DS-TB child
patients. The prevalence of cavity lesion is considered to be
14.0-16.2% in South African child patients without MDR
(44,45). Note cavities were found more frequently in the
6-12-year age group than the <6-year group (40.7% in
older children compared with 16.7% in younger children)
(1able 8), thus cavity lesion prevalence may be even lower in
very young child MDR-TB patients.

Discussion

It was reported that imaging findings of pulmonary MDR-
TB do not differ from those of DS-TB (37). Our literature
analysis demonstrates that, while overall pulmonary MDR-
TBs tend to have more extensive disease, more likely to
be bilateral, to have pleural involvement, and to have
bronchiectasis (Tiables S1-S5), based on imaging findings
alone these signs are insufficient to differentiate MDR-
TB from DS-TB. The only sign which may offer good
specificity, though maybe at the cost of low sensitivity,
will be thick-walled multiple cavities, particularly, if the
cavity number is >3, cavity size is 230 mm (20). While it
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can be postulated that ptMDR-TB will have higher cavity
prevalence than nMDR-TB, our literature analysis shows
for adult HIV(-) patients, nMDR appeared to have no lower
prevalence of cavity compared with ptMDR, both estimated
to have a prevalence of 70%, as opposed to the estimated
cavity prevalence of 30-40% in DS-TB (Table SI1). In a
large cohort of 1,219 MDR-TB patients [mostly HIV(-)],
Kurbatova et al. (46) reported a cavity prevalence of 76.9%
(937/1,219). In a high TB incidence area, by restriction
fragment length polymorphism (RFLP) analysis Van Rie
et al. (47) reported that even in some cases of ptMDR-TB,
the MDR M.tb strain was actually transmitted. However,
studies in children by Manikkam ez #/. and in HIV(+) adults
by Fishman er al. did suggest that ptMDR patients have
higher prevalence of cavity than nMDR patients (34,36).
Literatures also showed that compared with cavity in MDR-
TB, cavities in XDR-TB may have even thicker wall and
even larger size (32), and nMDR in HIV(+) patients may
show low prevalence of cavity (34). Until now most of the
reported studies did not describe cavity size, cavity wall
thickness, and cavity wall morphology in details. As thick-
walled multiple cavities may present the most promising
imaging sign for differential diagnosis of MDR-TB, it is
warranted that for future studies cavity lesion characters
should be quantified in sufficient details.

Lung cavity is believed to be the biological foundation
for MDR/XDR-TB (48). In addition to that cavitary
lesion is a key means of disease transmission, the lining of
the cavity reduce the amount of drug that can penetrate
from the bloodstream. The increased risk associated
with cavitary disease could be explained by the increased
bacillary burden within cavitary lesions, in which the
likelihood of spontaneous mutations associated with drug
resistance is greater, and/or the existence of subpopulations
of bacilli that survive either due to metabolic dormancy or
exposure to sub-inhibitory drug concentrations (49-51).
High bacillary titers in cavities increase the probability of
establishing drug-resistant bacterial populations (52,53).
It is therefore understandable that thicker walls and larger
cavities are more likely to be associated with MDR-TB and
XDR-TB (20,32). Additionally, it is also possible that some
strains of M.tb are more likely to be associated with cavity
lesion. Chatterjee er al. (54) reported that strains of M.tb
from Western Maharashtra, India exhibit a strain-specific
associations with drug resistance, cavitary disease and
treatment failure.

If the liquefying contents of a cavity escape into the
bronchial tree, the bacilli can become widely dispersed to
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other parts of both lungs, including previously unaffected
areas of the lung, partly by gravity and coughing. Therefore,
bilateral involvement and a greater number of lobes
affected by parenchymal lesions are more likely to occur in
MDR-TB with cavities. MDR-TB patients tend to have a
significantly higher sputum smear-positivity rate than those
with mono-resistant or DS-TB. Metcalfe ez al. (55) reported
that sputum smear-positivity rate was 80.0% in MDR-TB
patients, and 53.3% in DS-TB patients. Perrin ez al. (56)
described the presence of cavities is associated with heavier
mycobacterial load. Chuchottaworn ez al. (20) showed that
a sputum AFB smear-positive score of 3+ is an independent
risk factor for MDR-TB. Patients with radiological cavities
are typically more infectious than patients without cavitary
disease (57). Pulmonary TB with cavitary lesion is associated
with poor outcomes (58-63). Holtz et al. (64) reported that
bilateral cavitation on CXR was an independent predictors
of a longer sputum culture conversion time for MDR-
TB patients. Pulmonary TBs with cavitary lesion are
also associated with the development of XDR-TB during
MDR-TB treatment (65). These observations suggest that
one of the important roles of imaging for TB patients’
management, including MDR-TB patients, is to find
cavities and follow-up the change of cavities. If there are
cavities which are with very thick-walled or too big which
may inhibit anti-TB drug penetration, or no response of
cavities to treatment, then individualized treatment such
as aggressive medication or surgery, rather than standard
regimens, may be considered. In a meta-analysis Bastos
et al. (66) demonstrated that the pooled treatment success
for MDR-TB patients that received individualized regimens
was significantly higher when compared with patients who
received standardized regimens (64% vs. 52%).

Of course, imaging is not meant to compete for MDR-
TB diagnostics with microbiological and genomics
methods. However, in some cases, sputum is not ideal
material for testing, especially at the end of the treatment,
or for some groups of patients such as children. It is difficult
to standardize across patients and may be not representative
especially for patients with significant cavities acting like
“safe heaven” for pathogen. Imaging may offer significant
insight when sputum samples no longer show the presence
of active TB such as when at the end of the treatment.
If thick-walled cavities do not diminishing in size during
treatment, it may sometimes call for surgical treatment and
removal of most stubborn resources of infection (67,68).
Statistics of drug resistance in repeat TB patients suggests
that significant number of such patients were not fully cured
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in the course of their initial drug treatment. Even though
according to some guidelines patients with negative sputum
tests are deemed “cured”, the statistics of repeat MDR
patients perhaps call for a re-evaluation of these guidelines.
To help recognizing the lungs still harboring the active
pathogen with high probability of re-infection, we would
need to collect large collections of lung images of patients
that were released from hospitals after TB treatment, but
came back with relapse (in time most consistent with relapse
but not another infection). Comparing such images (based
on expert radiologist annotation, or using deep learning
and other artificial intelligence methods) with similar
cohort of patients that did not experience a relapse can help
identifying factors and characteristics useful for improved
diagnosis.

In addition to radiological study, the diagnosis of MDR-
TB should be combined with history and other tests. The
management of prior episodes of pulmonary TB is an
important factor in the development of MDR-TB. Most
commonly, the development of acquired drug resistance
occurs when there is a large multiplying bacillary population
such as what occurred in pulmonary cavities when an
inadequate drug regimen (inappropriate drugs, insufficient
dosages and duration, etc.) is prescribed, or when there is
a combined failure of both the patient and the provider
to ensure that an adequate therapeutic regimen is taken.
Rarely, malabsorption of one or more anti-TB drugs may
account for acquired resistance. Patients with ptMIDR-TB
were reported to be associated with lower educational level
and economic status, and less compliance with treatment
than those with primary drug-resistance (13,15). It is of
great importance that early diagnosis of drug resistance,
prompt therapy with appropriate second-line drugs, and
strategies to ensure treatment adherence are implemented.

In conclusion, this literature analysis shows that until
now the research on imaging signs of pulmonary MDR-TB
remain limited. The prevalence of cavity lesions in MDR-TB
patients may be around 70%, and the mean cavity number
in cavity positive MDR-TB patients may be >3. nMDR-TB
appears to have no lower cavity prevalence compared with
ptMDR-TB. Further studies into the detailed morphology
of cavity lesions are warranted in order to better define
diagnostic imaging signs for MDR/XDR-TB.
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Supplementary

Table S1 Cavity prevalence in MDR-TB and DS-TB patients

Cavity prevalence

Study

MDR-TB DS-TB
Chuchottaworn et al. (20) (By CXR) 63.4% 23.4%
Joshi et al. (21) 53% -
Chung et al. (22) 77% 38%
Kim HC et al. (23) 62% 34%
Zahirifard et al. (24)

By CXR 80% -
By CT 100% -
Kim SH et al. (25) 85% 55%
Yeom et al. (26) 90% 64%

Kim W et al. (27) 68.2% -
Cha et al. (28) 69% 36%
Kahkouee et al. (29) 76.7% -
Cheon et al. (32) 79.1% -
Lee et al. (33) 76.5% -
Li et al. (29)
Cavity in consolidation 48.3% 47.2%
Cavitary nodule or mass 57.3% 38.2%
Song et al. (31) 15.4% 32.6%
1-2 cavity
>3 cavity 33.3% 37.0%

Table S2 Mean cavity number in MDR-TB and DS-TB patients

Mean cavity number

Study

MDR-TB DS-TB
Kim HC et al. (23) 2.9 1.4
Kim SH et al. (25) 3.1 1.2
Yeom et al. (26) 6.6 1
Cha et al. (28) 2.5 1.4

Cheon et al. (32) 2.9 -




Table S3 Percentage of bilateral lung involvement cases in MDR-TB and DS-TB patients

Percentage
Study
MDR-TB DS-TB
Chuchottaworn et al. (20) (by CXR) 52.2% 14.7%
Joshi et al. (21) 92% -
Zahirifard et al. (24) 80% -
Yeom et al. (26) 82% 28%
Lietal. (29) 77.5% 83.1%
Table S4 Percentage of cases with bronchiectasis in MDR-TB and DS-TB patients
Percentage
Study
MDR-TB DS-TB
Cha et al. (28) 55% 18%
Yeom et al. (26) 36% 33%
Lietal. (29) 69.7% 56.2%
Joshi et al. (21) 42% -
Chung et al. (22) 60% 31%
Kim HC et al. (23) 79% 55%
Kahkouee et al. (30) 79% -
Table S5 Percentage of pleural involvement cases in MDR-TB and DS-TB
Percentage
Study Variables
MDR-TB DS-TB
Chaet al. (28) Pleural effusion 24% 26%
Yeom et al. (26) Pleural effusion 15% 10%
Zahirifard et al. (24) CXR: pleurisy 14% -
Kahkouee et al. (30) Pleural effusion 20.9% -
Chuchottaworn et al. (20) Pleural effusion 24.3% 9.7%
Chung et al. (22) Pleural effusion 57% 27%
Kim HC et al. (23) Pleural effusion 17% 32%
Kahkouee et al. (30) Pleural thickening 58.1% -
Lee et al. (33) Pleural thickening 11.8% -
Cheon et al. (32) Pleural thickening 25% -
Joshi et al. (21) Pleural involvement 50% -
Zahirifard et al. (24) CXR: pleural thickening 31% -
Zahirifard et al. (24) CT: pleural involvement 93% -




