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Prediction of multiple drug resistant pulmonary tuberculosis against drug sensitive pulmonary

tuberculosis by CT nodular consolidation sign.
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Abstract
Multidrug-resistant tuberculosis (mdrtb) refers to TB infection resistant to at least two most powerful
anti-TB drugs, isoniazid and rifampincin. 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
mdrtb. Extensively drug-resistant TB (xdrtb) has 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. xdrtb accounts for 4-20% of mdrtb. Early detection and targeted
treatment are priorities for mdrtb/xdrtb control. The suspicion of mdr/xdr -pulmonary TB (mdrptb or
xdrptb) by chest imaging shall suggest intensive diagnostic testing for mdrptb/xdrptb. We
hypothesize that multiple nodular consolidation (NC) may serve one of the differentiators for
separating dsptb vs mdrptb/xdrptb cases. For this study, mdrptb cases (n=310) and XDR-PTB cases
(n=158) were from the NIAID TB Portals Program (TBPP) <https://tbportals.niaid.nih.gov>. Drug
sensitive pulmonary TB (dsptb) cases were from the TBPP collection (n=112) as well as the Shenzhen
Center for Chronic Disease Control (n=111), Shenzhen, China, and we excluded patients with HIV(+)
status. Our study shows NC, particularly multiple NCs, is more common in mdrptb than in dsptb, and
more common in xdrptb than in mdrptb. For example, 2.24% of dsptb patients, 13.23% of mdrptb
patients, and 20.89% of xdrptb patients , respectively, have NCs with diameter >= 10mm equal or

more than 2 in number.

Introduction

Multidrug-resistant tuberculosis (MDR-TB) refers to TB infection resistant to at least two most
powerful anti-TB drugs, isoniazid and rifampincin. Extensively drug-resistant TB (XDR-TB) has
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. XDR-TB accounts for

4-20% of MDR-TBs (1, 2). It has been estimated that globally 3.5% (which can be much higher in
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some regions) of newly diagnosed TB patients, and 20.5% of previously treated patients had MDR-TB
(3). Early detection and targeted treatment of MDR-TB are priorities for MDR-TB control (4). Though
geno- and phenotypic tests are available to detect Mycobacterium tuberculosis (M.tb) strains and
their susceptibility/resistance to anti-TB drugs, delay of MDR-TB diagnosis and treatment is common.
These tests can still produces inconclusive results and may not be available in resource-poor localities.
The suspicion of MDR/XDR-pulmonary TB (mdrptb or xdrptb) by chest imaging shall suggest intensive
diagnostic testing for MDR/XDR-TB.

During the course of our study reviewing CT images of drug-sensitive pulmonary TB (dsptb), mdrptb,
and xdrptb, we conceived the possibility that multiple nodular consolidation may serve one of the
differentiators for separating dsptb vs mdrptb/xdrptb cases. This possibility has also been recently
suggested by other authors, though not specifically and not quantitatively (5, 6). This study
meticulously quantified the number and size of NCs in a large collection of PTB database with CT

images, and suggested some statistics that may help clinical decision making during PTB management.
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Materials and Methods

The MDR-PTB cases and XDR-PTB cases were from the NIAID TB Portals Program (TBPP)
<https://tbportals.niaid.nih.gov> (7). dsptb cases were from base the TBPP collection as well as the
Shenzhen Center for Chronic Disease Control, Shenzhen, China (table-1). We excluded patients with
HIV(+) status, as patients with compromised immunofunction have been noted to have different ptb
presentation (8). The category of being dsptb, mdrptb, or xdrptb was based on either (1) sputum
cultured M.tb drug sensitivity testing, or (2) M.tb molecular testing results, (3) clinically diagnosed,

i.e. favorable response and outcome following standard treatment regimen for dsptb (table-2).

Table-1, source of the TPB cases analyzed in this study.

country dsptb mdrptb xdrptb

n=, (mean agezsd yrs)

n=, (mean agezsd yrs)

n=, (mean agezsd yrs)

Belarus (n=432)

94, (46.9+17.2)

214,41.8+14.4

124, 39.3£12.9

China (n=111)

111, (33.8+11.9)

0

0

Romania (n=97)

3, (29.7+15.1)

67, (41.7£13.4)

27, (42.9+11.7)

Azerbaijan (n=31)

13, (36.7£16.6)

15, (40.0+14.1)

3, (28.314.0)

Moldova (n=17)

1, (43)

12, (35.7£15.2)

4, (43.8+14.1)

Georgia (n=3)

1, (20)

2,(24.5£12.0)

0

total

223, (39.4£15.9)

310, (41.4+14.2)

158, (39.8+12.7)

Table-2, diagnostic method for assessing anti-TB drug sensitivity status.

diagnostic method dsptb (other than China) | dsptb (China) mdrptb xdrptb
M.tb culture DST 72 64 309 157

M.tb molecular test 1 12 1 1

clinically diagnosed 39 35 0 0

All the CT images were ready by at least one reader (XLH), a radiology trainee with two years’
experience in reading PTB imaging, and an experienced radiologist. The final reading was based on
consensus, with input from a third radiologist when disagreement occurs. The current report focus on
the CT feature of nodular consolidation (NC). For all NCs with diameter 2 6 mm, the number was

counted for each patient; the diameter for each NC was measured on axial CT images showing the
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largest size and the mean of two perpendicular lengths was taken as the size of the NC. Some

examples of the nodules are shown in Fig-1, and the measurement of a NC is illustrated in Fig-2.

- -

Fig-1, Examples of nodular consolidation (NC). A and B are from dsptb cases; C and D are from

mdrptb cases; and E and F are from xdrptb cases.

Fig-2, An example of measurement of nodular consolidation (NC)’s diameter. The diameter for each
NC was measured on axial CT images showing the largest size and the mean of two perpendicular

lengths was taken as the size of the NC.
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Results
Results of NC analysis for the study cohorts are shown in Fig-3, and examples are given in table-3.
Moreover, for inter-regional comparison, our preliminary analysis shows there was no apparent NC

prevalence difference between the Eastern Europe/Caucasus dsptb patients and Chinese dsptb

patients (Fig-4).

75-% 509 %
724 = o DS 481 = B
A 46 o Ds
69 MDR
664 o 44 MDR
o = XDR 42
ol - 40 - m_ XDR
57 38+
" SR 36- ..
ol nodule consolidation No. 21 341 nodule consolidation No. 22
] =
481 321 o
45 301
424 1 284
39 26- o
364 244
334 o 221 o
304 204
274 184
24] ° 16+ L]
214 ° 144
184 o 124 ©
154 S - 10 -
124 %o 8- °
94 61
6 o - 4 o °
34 21 °
0 ° 3 o4+ —— . 00 8 @ B
5 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
son Yo sy o ;
48- 481
48+ o DS C 461 D
444 44 4
42 MDR 421 o Ds
404 ROk 401 MDR
38 381
36 36 = XDR
g dul lidation No. =3 bod
2] = nodule consolidation No. > 2] :
by e SR SR ' gg nodule consolidation No. 24
26 - 26
244 244
22+ 224 "
204 ] 204
18+ 184 .
16 - 164 -
14 144 -
124 124
104 " 10+
8- L] 8 -
6 64
[-]
4 o - 4 o -
2 i
0 %000 2o 5 8

B - -
T ——— 0 0+ 0
5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

diameter of nodule consolidation (mm)

Fig-3, Prevalence of nodular consolidation (NC) of certain sizes in dsptb (DS), mdrptb (MDR), and
xdrptb (XDR) patients. X-axis, NC diameter in mm. Y-axis, percentage prevalence of NC number of 21
(A), 22(B), 21(C), and 21 (D). For example, it can be seen that A shows approximately 72% of xdrptb
cases have at least one NC with diameter equal or larger than 6mm; C show approximately 1% of
dsptb cases have at least three NCs with diameter equal or larger than 9mm.
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Number of NC with diameter 26mm

0.89%#c0
Eastern Europe/Caucasus dsptb g i . Shenzhen-CN dsptb
n=112 cases i n=111 cases

Fig-4, Prevalence of nodular consolidation (NC) of 26 mm or 2 10 diameter among dsptb patients
from Eastern Europe/Caucasus and from China (Shenzhen). Transverse-axis: prevalence of NC;
longitudinal -axis: number of NCsin0, 1, 2, 3,4,5,6,7,8,9, and 2 10 respectively. This graph shows
there is no apparent NC prevalence difference between the Eastern Europe/Caucasus dsptb patients
and Chinese dsptb patients.
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Table-3, Selected criteria for predicting the probability based on nodular consolidation (NC) size and

nhumber.
No NC = 10mm NC2=10mm & n=2 * NoNC=6mm | NC=6mm & n23 **
dsptb 85.7% 2.24% 74.0% 5.39%
mdrptb 61.3% 13.23% 38.4% 21.29%
xdrptb 50.0% 20.89% 27.9% 32.32%

* criteria-1, ** criteria-2.

If the mdrptb prevalence in a specific population is 5% for new ptb patients, then for 1000 new

patients (950 cases of dsptb and 50 cases of mdrptb):

1. 950*2.24% =21.28 patients will have NCs with diameter > 10mm equal or more than 2 in
number (criteria-1).

2. since these 1000 new patients will have 50 cases of mdrptb, these cases will have
50*13.23%=6.615 cases meeting criteria-1.

3. if we see a new patient meeting criteria-1, then probability of 6.615/(21.28+6.615)= 23.7% of
this patient will be a mdrptb.

1. 950*5.39%= 51.205 patients will have NC with diameter 2 6mm and equal or more than 3 in
number (criteria-2)

2. since these 100 new patients will have 50 cases of mdrptb, these cases will have
50*21.29%=10.645 cases meeting criteria-2.

3. if we see a new patient meeting criteria-2, then probability of 10.645/(50.1205 +10.645)= 17.2%
of this patient will be a mdrptb.

If the mdrptb prevalence in specific population is 20% for re-treatment ptb patients, then for 1000 re-
treatment patients (800 cases of dsptb and 200 cases of mdrptb) and if the CT feature of new dsptb

and re-treatment mdrptb patients are the same, then:

1. 800%*%2.24% =17.92 dsptb patients will have NC with diameter 2 10mm and equal or more than

2 in number (criteria-1)
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2. since these 1000 new patients will have 200 cases of mdrptb, these cases will have
200*13.23%=26.46 cases meeting criteria-1.

3. If we see a re-treatment patient meeting criteria-1, then a probability of 26.46/(17.92+26.46)=
59.6% of this patient will be a mdrptb.

1. 80*5.39% =4.312 dsptb patients will have NC with diameter = 6mm and equal or more than 3
in number (* criteria-2)

2. since these 1000 re-treatment patients will have 20 cases of mdrptb, these cases will have
20*21.29%= 4.258 cases meeting criteria-2.

3. if we see a re-treatment patient meeting criteria-2, then a probability of 4.258/(4.312+4.258)=
49.7% of this patient will be a mdrptb.

A high probability of mdrptb should trigger intensive diagnostic testing such as sputum microbiology
culture drug sensitivity or GeneXpert testing (since the overall prevalence of xdrptb is very low, unless

distinct signs for xdrptb is found. Here we do not offer examples for estimating xdrptb probability ).

Discussion

In a review published in early 2018, we summarized the radiological features for mdrptb (8). Till the
end of 2017, the importance of multiple NCs as an imaging suggesting mdrptb was not recognized.
Differentiation of dsptb and mdr/xdrptb has generally been considered impossible. For the computer
assisted analysis, it was noted that no solution has sufficient prediction accuracy (10-14). Our study
suggests a combination of NC number and size can be used to predict the probability of mdrptb,
taking into account of the local prevalence of mdrptb. It can be expected that the quantification of NC
number and size can be facilitated by computer aided detection. We are actively working to (1)
increase the sample size of dsptb, (2) analyze and incorporate the mdrptb cases in Shenzhen Center
for Chronic Disease Control into our mdrptb case pool, (3) incorporate other imaging features such as
cavitary lesion and TB lesion lobular distribution etc into the prediction model. It has been suggested

that multiple cavities, particularly those with thick wall, are associated with mdrptb or xdrptb (8, 15).
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We can envisage that models incorporating multiple validated CT features as well as clinical risk

factors will have high reliability for predicting mdrptb.
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